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INTRODUCTION 

The corpus callosum is a thick bundle of nerve fibers connecting both the cerebral hemi-

spheres. The splenium is located in the posterior part of the corpus callosum and contains 

crossing axonal fibers from the occipito-parietal and temporal cortex [1,2]. Transient lesions 

of the splenium are reported in a variety of cytotoxic lesions of the corpus callosum (CLOCC), 

including mild encephalitis/encephalopathy with a reversible isolated SCC lesion (Middle 

East respiratory syndrome [MERS]), and reversible splenial lesion syndrome (RESLES) [3-5]. 

Lesions in the splenium of the corpus callosum are associated with various diseases, includ-

ing infection, metabolic disturbance, drug use, epilepsy, malignancies, cerebrovascular dis-

ease, and trauma [6-10]. Recently, various neurological complications related to coronavirus 

disease 2019 (COVID-19) have been reported, and among them, there was a case in which 

a transient splenial lesion was observed [11]. In this article, we review the transient splenial 

lesions observed in various infectious diseases such as COVID-19. 

ANATOMY, DEVELOPMENT, AND FUNCTION OF SPLENIUM 

The corpus callosum is a fiber connecting the left and right cerebral hemispheres and is com-

Transient splenial lesion of the corpus callosum can be observed in various diseases such as cancer, 
drug use, metabolic disorders, and cerebrovascular disorders, as well as in patients with infectious 
diseases. During the coronavirus disease 2019 (COVID-19) pandemic, there were increasing reports 
of these lesions being detected on brain imaging tests performed in patients with neurological 
symptoms. On brain magnetic resonance imaging, findings suggestive of cytotoxic edema are ob-
served in the splenium; these are known to disappear with improvement of clinical symptoms. Cy-
tokinopathy caused by infection increases the permeability of the blood–brain barrier and activates 
the glial cells of the brain to induce cytotoxic edema. Most patients have a good prognosis. The 
causes, mechanism, diagnosis, treatment and prognosis of transient splenial lesions of the corpus 
callosum will be summarized in this review. 

Key Words: corpus callosum; COVID-19; infections; magnetic resonance imaging  
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posed of four parts: the rostrum, genu, body, and splenium 

(Figure 1). Among them, the splenium contains fibers con-

necting the temporal and posterior parietals and the temporal 

cortex, during the 8th and 20th weeks of gestation period, the 

corpus callosum development is formed by development of 

the callosal precursors and complete by the age of four [12]. 

The internal carotid artery provides an arterial supply to most 

of the corpus callosum, but splenium receives blood suppls 

by the anterior pericallosal artery of the anterior circulation 

and the posterior pericallosal artery and posterior accessory 

pericallosal artery of the posterior circulation [1]. Splenium 

contains fibers connecting the temporal, parietal, and occipital 

cortex in both cerebral hemispheres, and thus is responsible 

for related functions. Callosotomy has been performed since 

1940 for the  treatment of epilepsy, and its function has been 

elucidated since then, and it is known that it is mainly related 

to visuospatial information transfer, language, reading and cal-

culation, IQ, behavior and consciousness [13]. 

ETIOLOGY, AND INCIDENCE OF TRANSIENT 
SPLENIAL LESIONS 

Transient splenial lesions are observed in various diseases and 

conditions and can be classified as follows: infectious disease, 

drug and toxic substance-related, metabolic disturbance, func-

tional brain disease, malignancy, vascular disease, trauma, 

and miscellaneous (Table 1). According to a report published 

in 2011, the most common associated condition was epilepsy, 

followed by infection [5]. Among the recently reported cases, 

there are many reports related to infection, which include not 

only viral and bacterial infections, but also various infectious 

diseases such as mycoplasma, malaria, and dengue fever [14-

17]. Infection-related cases are increasing, especially after the 

outbreak of COVID-19 [18-20]. According to a recent study, 

brain imaging was performed on 167 patients with neurologi-

cal symptoms among 3,403 COVID-19 patients, and it was re-

ported that splenium lesions were the most common among 

them [21]. The incidence of reversible splenium lesions is not 

precisely known, but it has been reported in several studies. 

In a study with 450 subjects, the prevalence was up to 3%, 

and in another study with 5,078 su, 30 splenial lesions were 

observed [22,23]. However, as magnetic resonance imaging 

(MRI) is difficult to perform in all patients, this result may be 

underestimated. 

CLINICAL SYMPTOMS AND MANIFESTATIONS 

The clinical symptoms of patients with transient splenial le-

sions are nonspecific and depend on the underlying disease. 

Many patients show symptoms that may suggest encepha-

lopathy or encephalitis. The most common symptom is fever, 

which often appears as a prodromal symptom before the onset 

of neurological symptoms, and symptoms such as headache, 

vomiting, and diarrhea are also common [24]. In addition, 

altered mental status, seizures, confusion, behavioral change, 

acute urinary retention, and delirium are known common 

neurological symptoms. Motor deterioration, slurred speech, 

neck stiffness, coma, tremor, ataxia, somnolence, dysarthria, 

visual disturbance, and dizziness have also been reported [24-

26]. However, there are cases where only a headache or fever is 

■ Transient splenial lesion of the corpus callosum is associ-
ated with various diseases including infections.

■ Transient splenial lesions of the corpus callosum can be 
diagnosed using brain magnetic resonance imaging ex-
amination.

■ Transient splenial lesions of the corpus callosum have 
also been observed in some patients with coronavirus dis-
ease 2019 (COVID-19).

KEY MESSAGES

Figure 1. Sagittal view of the corpus callosum. G: genu; R: rostrum; B: 
body; S: splenium.
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Table 1. Causative etiology of transient splenial lesion of the corpus callosum
Infection

Viral infection Bacterial infection Other infection 
Influenza Legionella pneumophila Mycoplasma pneumoniae
Rotavirus Streptococcus pneumoniae Malaria
Measles Salmonella enteritidis Dengue fever
Adenovirus Escherichia coli
Human parvovirus B19 Enterococcus faecalis
Cytomegalovirus Klebsiella pneumoniae
Varicella‐zoster Campylobacter jejuni
Adenovirus
Rubella
Human herpesvirus-6
Human herpesvirus-7
HIV
Mumps
Parainfluenza
Enterovirus
Epstein-Barr virus
SARS-CoV-2

Drug related
Antiepileptic drug Other drug and toxic substances 
Carbamazepine Methyl bromide exposure
Phenytoin 5‐fluorouracil
Valproate Cisplatin
Lamotrigine Carboplatin

Corticosteroids
Metronidazole
Tetracycline
Intravenous immunoglobulin
Alcoholism
Carbon monoxide poisoning

Metabolic disorder
Hypoglycemia
Hypernatremia
Hyponatremia
Marchiafava–Bignami disease
Hemolytic–uremic syndrome
Thyroid storm
Wernicke encephalopathy
Vitamin B12 deficiency

Functional brain disorder
Epilepsy
Status migrainosus
High-altitude disease
Transient global amnesia

Malignancies
Lymphocytic leukemia
Glioblastoma
Spinal meningeal melanocytoma

Cerebrovascular disorder or vasculitis
Subarachnoid hemorrhage
Ischemic stroke
Kawasaki disease

(Continued to the next page)
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present without neurological symptoms [27]. Clinical symptoms 

of transient splenial lesions usually fully disappear within one 

month. Only isolated reversible lesions have a good prognosis 

[26]; however, patients with severe neurologic manifestations 

have a poor prognosis regardless of lesion improvement [27]. 

IMAGING FEATURES 

Typical MRI features are reversible hyperintense signal change 

on T2 weighted images, fluid-attenuated inversion recovery im-

ages, diffusion-weighted images, decreased apparent diffusion 

coefficient (ADC) values on ADC map, and hyper-isointense 

signals on T1-weighted images without contrast enhancement 

(Figure 2) [26]. Most imaging findings disappear within 2 weeks 

[26]. These type of MRI findings suggest cytotoxic edema, and 

some studies have reported that they leave neurological sequel-

ae, but most of them disappear completely without sequelae 

[4]. According to the lesion type, size, and location, they are 

classified into two patterns as follows: (1) a small round or oval 

lesion, isolated in the center of splenium and (2) a lesion in the 

splenium expanding into the adjacent cerebral white matter or 

a lesion in the splenium extending into the anterior portion of 

the corpus callosum (the boomerang sign) [4]. 

PATHOPHYSIOLOGY 

The exact pathophysiological mechanism is not well under-

stood. Hypotheses include intramyelinic edema, inflammatory 

infiltrates, hyponatremia, oxidative stress, neuroaxonal dam-

age, autoimmune process, and cytotoxic edema [4,5,26,28-

30]. When cytotoxic edema is described as a mechanism, it is 

sometimes referred to as “cytotoxic lesions of the corpus cal-

losum” (or “CLOCC”) based on this [4]. When inflammatory 

cytokines are released they can cause overexpression of the ex-

citatory neurotransmitter glutamate, which ultimately leads to 

cellular swelling and cytotoxic edema due to trauma, inflam-

mation, infection, metabolic derangement, and other associat-

ed conditions [4]. Compared with other parts of the brain, the 

neurons, astrocytes, and oligodendrocytes of the corpus callo-

sum and splenium have a higher density of cytokine receptors, 

glutamate, and other excitatory amino acid receptors, toxin 

receptors, and drug receptors. Therefore, the corpus callosum 

and splenium may be prone to cytotoxic edema [31]. 

TREATMENT 

Reported treatment for transient splenial lesions vary. There 

have been reports of immunotherapy, such as steroids and im-

munoglobulin, along with supportive care for the underlying 

disease, or treatment with prophylactic antibiotics and antivirals 

[24,28]. However, no differences were observed in clinical recov-

ery and prognosis depending on the treatment method [28]. 

Traumatic brain injury
Diffuse axonal injury

Autoimmune disease
Autoimmune encephalitis
N‐methyl‐d‐aspartate receptor encephalitis
Autoimmune thyroid disease
Anti-voltage‐gated potassium channel autoantibody syndrome
Systemic lupus erythematosus

Other conditions
Mumps vaccine
Radiation therapy
Renal failure
Preeclampsia
Anorexia nervosa
Malnutrition
Sympathomimetic‐induced kaleidoscopic visual illusion syndrome
Charcot-Marie-Tooth disease

HIV: human immunodeficiency virus; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

Table 1. Continued
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Figure 2. Two types of transient splenial lesions of the corpus callosum. Splenial lesions produce a high signal intensity on T2 diffusion-weighted 
imaging, a low signal intensity on T1 imaging, and decreased apparent diffusion on a coefficient map. (A) Small round lesion in the center of the 
splenium (arrows). (B) Boomerang sign. Lesion in the splenium extending into the adjacent cerebral white matter (arrowheads).

TRANSIENT SPLENIAL LESIONS AND 
INFECTIOUS DISEASE 

Transient splenial lesions have been identified alongside var-

ious infections including viral (influenza, rotavirus, measles, 

adenovirus, human parvovirus B19, cytomegalovirus, varicel-

la-zoster, adenovirus, rubella, human herpesvirus-6, human 

herpesvirus-7, human immunodeficiency virus, mumps, 

parainfluenza, enterovirus, Epstein–Barr virus, Hantaan virus), 

bacterial (Legionella pneumophila, Streptococcus pneumo-

niae, Salmonella enteritidis, Escherichia coli, Enterococcus 

faecalis, Klebsiella pneumoniae, Campylobacter jejuni), and 

others (Mycoplasma pneumoniae, malaria, dengue fever). Al-

though the incidence rate in patients with infectious diseases 

is unknown, it is reportedly low. One study reported transient 

splenial lesions in 13 (1.1%) out of 1,177 children with enceph-

alitis in a large prospective data study [24,26]. In a study of 

COVID-19 patients, splenial lesions were observed in three out 

of 73 (4.1%) COVID-19 patients who underwent MRI [31]. Ac-

cording to studies confirming the occurrence of brain lesions 

during the COVID-19 pandemic using brain imaging, macro-

hemorrhage or microvascular injury of subcortical white and 

deep white matter were observed as along with decreased dif-

fusion of the corpus callosum [21,32,33]. Although most stud-

ies have been conducted on severely ill patients or patients 

with neurological symptoms, considering that there are cases 

found even in patients without neurological symptoms, the 

actual incidence of brain lesions is thought to be higher, and 

the incidence of transient splenial lesions are also expected to 

be higher. Development of viral or bacterial infectious diseases 

is known to induce cytotoxic edema by increasing the perme-

ability of the blood–brain barrier and activating glial cells after 

infection, similar to the mechanism underlying cytotoxic ede-

ma resulting from causes other than infection [31]. However, 

in the case of COVID-19 patients, it was also reported that the 

ischemic nature may be caused by hypercoagulability [34]. 

CONCLUSIONS 

Transient splenial lesion of the corpus callosum was previous-

ly recognized as an imaging finding of encephalitis or enceph-

alopathy, but recently it has been reported that it can occur in 

various clinical situations. With the recent COVID-19 pandem-

ic, reports of associations with viral diseases are increasing. 

The prognosis is good in most cases, and brain imaging can be 

helpful for identifying transient splenial lesions in patients who 
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present with an infectious disease accompanied by neurologi-

cal abnormalities, and can also help determine treatment and 

predict the prognosis of patients by differentiating stroke, etc. 
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INTRODUCTION 

Broadly, stroke has been defined as rapidly developing clinical signs of focal (at times glob-

al) disturbance of cerebral function, lasting more than 24 hours or leading to death with no 

apparent cause other than that of vascular origin [1]. Between 2000 and 2010, the percentage 

of stroke deaths decreased to 35.8% in the United States [2]. More than two-thirds of patients 

post-stroke receive rehabilitation services after hospitalization [3]. Stroke patients can be 

classified into ischemic and hemorrhagic. Ischemic strokes resulted from the loss of blood 

Background: Fiberoptic endoscopic evaluation of swallowing (FEES) has been recommended to 
assess aspiration in stroke. This study aimed to determine the diagnostic and prognostic roles of 
FEES in the early assessment of aspiration, intensive care unit (ICU) stay and mortality in acute 
stroke patients.
Methods: Fifty-two patients with acute stroke admitted to the Alexandria Main University Hospi-
tal were included. Complete examinations and assessment of aspiration using the 8-point penetra-
tion-aspiration scale (PAS) with FEES protocol were performed. 
Results: The patients were classified into three groups: normal with no or low risk of aspiration 
(n=15, 27.3%; PAS level 1), low to moderate risk (n=8, 14.5%; PAS level 2–4), and high risk (n=32, 
58.2%; PAS ≥5). There was high incidence of aspiration pneumonia, prolonged ICU stay, and mor-
tality in both moderate- and high-risk groups (P=0.001, P<0.001, and P<0.001, respectively). The 
PAS score predicted aspiration pneumonia (hospital-acquired pneumonia) with sensitivity and 
specificity of 80.0% and 76.0%, respectively (negative predictive value [NPV], 76.0; positive pre-
dictive value [PPV], 80.0; 95% confidence interval [CI], 0.706–0.940) and mortality with sensitivity 
and specificity of 88.46% and 68.97% (NPV, 87.0; PPV, 71.9; 95% CI, 0.749–0.951). The PAS score 
could predict the length of ICU stay with sensitivity and specificity of 70.21% and 87.50, respec-
tively (NPV, 33.3; PPV, 97.1; 95% CI, 0.605–0.906).
Conclusions: The standard FEES protocol using PAS score is a useful tool to assess aspiration in 
acute stroke patients and could be used to predict length of ICU stay and mortality.
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delivery to the brain, while hemorrhagic strokes resulted from 

a tear of a vessel or an abnormal structure of a vessel [4]. 

Dysphagia post-stroke is not uncommon and its early screen-

ing is a crucial part of stroke management in the acute stage. 

According to the studies, the swallowing abnormalities could 

be developed in 22% to 65% of patients, and it depends on the 

tool of evaluation used [5], this may continue in some patients 

for a long time [6,7]. Dysphagia post strokes are now consid-

ered an indicator of poor prognosis that leads to increased risks 

of pneumonia, nutritional problems, permanent disability, 

long hospital stay, and mortality [8]. In some patients improper 

coordination of swallowing, particles enter the airway below 

the vocal cords (aspiration) making feeding via the oral route a 

considerable risk [9]. Oropharyngeal dysfunction results in a se-

vere form of dysphagia [10], which is a common consequence 

of neurological diseases including stroke [11]. 

The pulmonary complications resulting from aspiration are 

difficult to manage, and the detection of aspiration occurring 

during the pharyngeal phase of deglutition is important for the 

conditions being determined by clinical evaluation followed 

by examination such as videofluoroscopic or fiberoptic en-

doscopic evaluation of swallowing (FEES) for prognosis and 

rehabilitation [12]. FEES has been recommended as a useful 

complementary tool for studying swallowing [13]. Although 

FEES was conceived as an alternative to the gold standard 

X-ray-based video fluoroscopic swallowing study, nowadays it 

is established as an independent and efficient gold standard. 

FEES is now considered the first option of investigations in Eu-

rope because of the advantages it offers: easy to use, well-toler-

ated, bedside applicability examination, and less costly [14]. 

The penetration-aspiration scale (PAS) includes 8 points, 

developed by Rosenbek et al. [15], which was originally de-

signed to detect penetration and severity of aspiration during 

a videofluoroscopic assessment of swallowing. The scale de-

pends on the depth or level that material reaches into the air-

way passages and the airway rescue of the material. Recently, 

the PAS although not initially designed for such, has been used 

for FEES in research and clinical fields [16]. So, although not 

initially developed for use with FEES, the PAS gives a scalable 

way of estimating penetration and aspiration to discriminate 

abnormal from normal swallowing and to explore the effects 

of swallowing disorders treatment [17]. Thus the purpose of 

this study was to determine the study diagnostic and prognos-

tic role of FEES in the early assessment of aspiration in acute 

stroke patients as a primary outcome also intensive care unit 

(ICU) stay and mortality as a secondary outcome. 

MATERIALS AND METHODS 

This observational cohort study included 52 patients who were 

admitted to the Main University Hospital of Alexandria with 

the diagnosis of acute stroke. Both genders were eligible for 

the study according to specific inclusion criteria that included 

(adult [≥18 years old] and patients with acute stroke including 

ischemic and hemorrhagic) and exclusion criteria that includ-

ed: (patients admitted ≥48 hours after the diagnosis of acute 

stroke, age less than 18 years old, pregnant females, refusal to 

be involved in the study by patient’s relatives, patients with 

preexisting dysphagia, Patients with severely reduced con-

scious level (Glasgow coma score [GCS] ≤8) and patients on 

mechanical ventilation. 

The study was done according to the Medical Ethics Board 

of Alexandria Faculty of Medicine (IRB No. 00007555) and the 

ethical guidelines of the Declaration of Helsinki and informed 

consent was taken from the patient himself or his first-degree 

relatives. All patients enrolled in this study were completely 

evaluated, complete medical history was taken, complete 

physical examination was done, routine laboratory investi-

gations were performed, with complete neurological exam-

ination using GCS-Full Outline of UnResponsiveness (FOUR) 

score [18], National Institutes of Health Stroke Scale (NIHSS), 

[19] and computed tomography (CT) brain on admission.  

All patients were subjected to MetroHealth Dysphagia 

Screening and spontaneous saliva swallowing test before 

going to the bolus test for safety with a high-risk group of aspi-

rations were subjected only to the non-bolus test. All patients 

included were subjected to clinical assessment of aspiration 

by MetroHealth Dysphagia Screen, endoscopic examination 

of swallowing using the standard protocol, and classified using 

the 8-point PAS. All patients were subjected to fiberoptic endo-

scopic dysphagia severity scale (FEDDS; score of 6 points) to 

detect the proper way of feeding in aspiration penetration with 

different materials. 

■ In acute stroke dysphagia is considered an indicator 
of poor prognosis that may lead to an increased risk of 
aspiration pneumonia.

■ Fiberoptic endoscopic evaluation of swallowing has 
been recommended, as a useful complementary tool 
for studying swallowing in acute stroke.

KEY MESSAGES
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Technique 
Endoscopic assessment of swallowing using standard (FEES) 

Langmore protocol [20] within 48 hours of stroke onset after 

hemodynamic and respiratory stabilization using rhino-laryngo 

fiberscope 3.5 mm, 30 cm (Karl Storz 11302BD). (1) Applica-

tion of topical anesthesia to nasal passages using 2% lidocaine 

solution. (2) Introduction of the fiberoptic endoscope transna-

sally down to the pharynx and larynx and checking their struc-

tural integrity. (3) The standard FEES protocol will be followed 

including (a) anatomical assessment including: base of the 

tongue, hypopharynx, and larynx for movement and symme-

try and airway protection by assessment of glottis closure and 

movement of vocal cords and (b) ability to swallow food and 

liquids. Consistency will be variable according to patient needs 

and problems observed. Suggested consistency to be tried in-

cludes the following: 5-ml puree consistency (vanilla pudding) 

and 5-ml drink of milk. (4) Administration of these consisten-

cies will vary using syringe, spoon, or cups. Then the patients 

will be assessed for aspiration and classified according to the 

8-point PAS (Table 1) [15]. 

Statistical Analysis of the Data 
Data were fed to the computer and analyzed using IBM SPSS 

ver. 20.0. (IBM Corp., Armonk, NY, USA). The Kolmogor-

ov-Smirnov was used to verify the normality of the distribution 

of variables. Comparisons between groups for categorical vari-

ables were assessed using the chi-square test (Monte Carlo). 

analysis of variance was used for comparing the three studied 

groups and followed by a post hoc test (Tukey) for pairwise 

comparison. Kruskal-Wallis test was used to compare different 

groups for abnormally distributed quantitative variables and 

followed by a post hoc test (Dunn’s for multiple comparisons 

test) for pairwise comparison. Spearman coefficient was used 

to correlate between two distributed abnormally quantitative 

variables. Logistic regression was used to detect the most af-

fecting factor for affecting the incidence of hospital-acquired 

pneumonia (HAP). The receiver operating characteristic (ROC) 

curve is generated by plotting sensitivity true positive value on 

Y-axis versus 1-specificity false positive value on X-axis at dif-

ferent cutoff values. The area under the ROC curve denotes the 

diagnostic performance of the test. Area more than 50% gives 

acceptable performance and an area of about 100% is the best 

performance for the test. The ROC curve allows also a compar-

ison of performance between two tests. The significance of the 

obtained results was judged at the 5% level. 

RESULTS 

The patients were classified according to the Gugging swal-

lowing screen and they were classified into three groups: no 

dysphagia (n=13, 23.7%, score 20), mild to moderate dyspha-

gia (n=16, 29%, score of 10–19), and severe dysphagia (n=26, 

47.3%, score 0–9). The patients were classified according to 

their PAS level into three groups: normal (PAS level score 1, 

n=15, 27.3%) had no dysphagia, low to moderate risk (PAS level 

score 2–4, n=8, 14.5%) was mild dysphagia, and high risk (PAS 

level score >5, n=32, 58.2%) was moderate to severe dysphagia. 

The patients were classified according to FEDDS for classifica-

tion of the degree of severity into group A with no dysphagia 

(n=16, 29%), group B with mild to moderate dysphagia (n=12, 

22%), and group C with severe dysphagia (n=27, 49%) and 

about 13 patients (23.7%) were on tube feeding.  

Baseline Characteristics of Patients 
Our study included 55 patients there was 31 male and 24 

female. The mean age and standard deviation (SD) was 

62.49±14.46 years. The mean GCS for the three groups were 

11.53±1.68, 12.25±1.16, and 11.59±1.36, respectively (Figure 1).  

The mean FOUR score were 11.13±3.09, 12.0±2.07, and 

11.03±2.74, respectively (Figure 2). The mean NIHSS were 

Table 1. Penetration aspiration scale
Score Description
1 Material does not enter the airway.
2 Material enters the airway, remains above the vocal folds, and is ejected from the airway.
3 Material enters the airway, remains above the vocal folds, and is not ejected from the airway.
4 Material enters the airway, contacts the vocal folds, and is ejected from the airway.
5 Material enters the airway, contacts the vocal folds, and is not ejected from the airway.
6 Material enters the airway, passes below the vocal folds, and is ejected into the larynx or out of the airway.
7 Material enters the airway, passes below the vocal folds, and is not ejected from the trachea despite effort.
8 Material enters the airway, passes below the vocal folds, and no effort is made to eject.
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14.13±6.52, 14.13±6.92, and 15.59±6.24), respectively (Figure 3). 

According to CT brain finding done on admission, we found 

that anterior circulation is more common 89.1% (especially right 

middle cerebral artery infarction 21.8% and left 38.2%) than pos-

terior circulation stroke 10.9%. Demographic, laboratory, and 

clinical data of patients of different groups are shown in Table 2. 

Outcome 
Regarding the incidence of HAP, the correlation between HAP 

incidence and PAS level in the three groups showed that 30 

(54.5%) including 3 in normal, 3 in low- to moderate-risk, and 

24 in high risk developed aspiration pneumonia with statistical 

significance between the normal groups (P=0.001). The ICU 

stay days were 10.27±4.20, 10.50±6.02, and 21.62±6.73 for the 

three groups respectively (P<0.001). Regarding mortality (n=26, 

47.3%), patients including 1 in normal, 2 in low- to moder-

ate-risk, and 23 in the high-risk group died with statistical sig-

nificance between the three groups (P<0.001). 

ROC Curves 
The PAS level could be used to predict incidence of HAP (area 

under the curve [AUC], 0.823; P<0.001; 95% CI, 0.706–0.940) 

with sensitivity and specificity of (80.0% and 76.0%), respective-

ly (NPV, 76.0; PPV, 80.0) (Figure 4). The PAS level could predict 

the length of ICU stay more than 7 days using cutoff value 3 

points or more (AUC, 0.755; P=0.022; 95% CI, 0.605–0.906) with 

sensitivity and specificity (70.21% and 87.50%) respectively 

(NPV, 33.3; PPV, 97.1) (Figure 5). The PAS level could be used 

to predict incidence of mortality (AUC, 0.850; P<0.001; 95% 

CI, 0.749–0.951) with sensitivity and specificity of 88.46% and 

68.97%, respectively (NPV, 87.0; PPV, 71.9) (Tables 3-5, Figure 6). 

DISCUSSION 

Dysphagia occurs in many neurological disorders and fre-

quently detects the outcome [21]. Stroke is considered the 

most frequent cause. This study found that FEES plays an 

important diagnostic and prognostic role in the early assess-

ment of aspiration, ICU stays, and mortality in acute stroke. 

using PAS level we found three groups: the normal group (PAS 

level score 1, n=15, 27.3%) had no dysphagia; low risk (PSA 

level score 2–4, n=8, 14.5%) was mild dysphagia; and high risk 

(PSA level score >5, n=32, 58.2%) was moderate to severe dys-

Figure 1. Correlation between penetration-aspiration scale (PAS) 
levels with Glasgow coma score (GCS). aSpearman correlation.

Figure 3. Correlation between penetration-aspiration scale (PAS) 
levels with National Institutes of Health Stroke Scale (NIHSS). 
aSpearman correlation.

Figure 2. Correlation between penetration-aspiration scale (PAS) 
levels with Full Outline of UnResponsiveness (FOUR) score. aSpearman 
correlation.
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Figure 4. Receiver operating characteristic curve for penetration-
aspiration scale level to predict incidence of hospital-acquired 
pneumonia. AUC: area under the curve.

Table 2. Relation between PAS level and different parameters

Variable  Normal group 
(PAS level 1)

Low- to moderate-risk 
group (PAS level 2–4)

High-risk group 
(PAS level ≥5) Test of sig. P-value

Age (yr) 52.7b±12.3 64a,b±7.2 66.1a±15.8 F= 4.981b 0.010c

Male:female 9a:7a 1b:7b 19a:12a χ2=6.063b MCP=0.046c

GCS 12.1a,b±1.7 12.5a±1.1 11.2a±1.4 F=3.378b 0.042c

FOUR score 13.1a±1.8 12.5a±1.3 9.9b±2.7 F=11.21b <0.001c

NIHSS 10.7b±3.9 9.8b±4.2 18.4a±5.6 F=17.56b <0.001c

Hb (mg/dl) 11.6a±1.9 11.5a±2.1 11a±2.2 F=0.492 0.614
WBC (×106/L) 15a (4.4–27) 18.5a (8–24) 13a (4.5–33) H=4.070 0.131
Platelet (×109/L) 326.5a (90–550) 280a (121–400) 322a (89–552) H=0.733 0.693
INR 1.13a,b±0.2 1.05b±0.1 1.3a±0.2 F=5.367b 0.008c

Na (mEq/L) 137.1a±4.6 139.1a±3.1 138.8a±5.5 F=0.738 0.483
K (mEq/L) 3.7a±0.4 3.6a±0.5 3.8a±0.4 F=1.336 0.272
Urea (mg/dl) 37.1a±8.8 39a±7.9 42.5a±14 F=1.106 0.338
Creatinine (mg/dl) 1a (0.5–1.5) 0.8a (0.5–1.2) 1a (0.3–2) H=3.783 0.151
Respiratory rate (beats/min)  20.6a±2.7 23a±4 20.3a±3.4 F=2.185 0.123
Heart rate (beats/min)  89.6a±13.5 81.1a±19.4 95.8a±18.3 F=2.525 0.090
Systolic blood pressure (mm Hg) 139.4a±22.1 155a±22.7 144.4a±19.9 F=1.484 0.236
Diastolic blood pressure (mm Hg) 83.1a±12.5 83.8a±16 84.5a±11.8 F=0.066 0.936
Temperature (°C) 37.4a±0.4 37.6a±0.5 37.6a±0.6 F=0.618 0.543

Values are presented as mean±standard deviation or median (range). Normal group: n=15, 27.3%; Low- to moderate-risk group: n=8, 14.5%; High-risk group: 
n=32, 58.2%. 
PAS: penetration-aspiration scale; MCP: Monte Carlo methods; GCS: Glasgow coma score; FOUR: Full Outline of UnResponsiveness; NIHSS: National Institutes of 
Health Stroke Scale; Hb: hemoglobin; WBC: white blood cell; INR: international normalized ratio.
a,bLetters in the same raw are not significant (i.e., different letters are significant); cStatistically significant at P≤0.05.
F: F for analysis of variance test; pairwise comparison between each two groups was done using post hoc test (Tukey). χ2: chi-square test. H: H for Kruskal-Wallis 
test; pairwise comparison between each two groups was done using post hoc test (Dunn's for multiple comparisons test). P-value for comparing between PAS 
levels.
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phagia. The mean ICU stay was (10.27±4.20, 10.50±6.02, and 

21.62±6.73 days; P<0.001) for the three groups, respectively, 

and mortality (n=26, 47.3%) patients including 1 in normal, 2 

in low- to moderate-risk, and 23 in high-risk group died with 

statistical significance between the three groups (P<0.001). 

Regarding demographic data in the current study, there was 

an increased percentage of stroke incidence in males more 

than in females, this might be due to the effect of sex steroid 

hormones on cerebral vasculature, but without statistical 

significance among the three groups. This is coinciding with 

other studies that described the same male predominance as 

in Grau et al.’s study [22]. 

The current study demonstrated that acute stroke occurred 

more frequently in people over the age of 60 among the three 

groups, this was statistically significant at P<0.05 and that was 

because people over 60 years had more risk factors. In contrast 

to our study as regard age, Singh et al. [23] found no statistical 

difference as regards age in acute ischemic stroke. Ovbiagele 

et al. [24] was evaluating the role of recent smoking in progno-
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Figure 5. Receiver operating characteristic curve for penetration-
aspiration scale level to predict intensive care unit stay more than 7 
days. AUC: area under the curve.

Figure 6. Receiver operating characteristic curve for penetration-
aspiration scale level to predict mortality. AUC: area under the curve.
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Table 3. Agreement (sensitivity and specificity) for PAS level to predict incidence of HAP
Cut-off Sensitivity, % (95% CI) Specificity, % (95% CI) PPV NPV
>3 86.7 (69.3–96.2) 68.0 (46.5–85.1) 76.5 81.0
>4 80.0 (61.4–92.3) 68.0 (46.5–85.1) 75.0 73.9
>5 80.0 (61.4–92.3) 76.0 (54.9–90.6) 80.0 76.0
>6 66.7 (47.2–82.7) 88.0 (68.8–97.5) 87.0 68.7
>7 36.7 (19.9–56.1) 92.0 (74.0–99.0) 84.6 54.8

PAS: penetration-aspiration scale; HAP: hospital-acquired pneumonia; CI: confidence interval; PPV: positive predictive value; NPV: negative predictive value.

Table 4. Correlation between PAS levels with ICU stay more than 7 days 
Cut-off Sensitivity, % (95% CI) Specificity, % (95% CI) PPV NPV
>1 76.6 (62.0–87.7) 50.0 (15.7–84.3) 90.0 26.7
>2 70.2 (55.1–82.7) 62.5 (24.5–91.5) 91.7 26.3
>3 70.2 (55.1–82.7) 87.5 (47.3–99.7) 97.1 33.3
>4 66.0 (50.7–79.1) 87.5 (47.3–99.7) 96.9 30.4
>5 61.7 (46.4–75.5) 87.5 (47.3–99.7) 96.7 28.0
>6 46.8 (32.1–61.9) 87.5 (47.3–99.7) 95.7 21.9

PAS: penetration-aspiration scale; ICU: intensive care unit; CI: confidence interval; PPV: positive predictive value; NPV: negative predictive value.

sis after acute ischemic stroke. They found that smokers had 

increased poor functional outcomes regardless of other statis-

tically significant factors, so they mentioned that smokers de-

veloped poorer outcomes than nonsmokers after 3 months of 

acute ischemic stroke. Similarly, in the current study, there was 

an increased percentage of smokers among stroke patients. 

In the current study, there was an increased percentage of 

diabetics and mortality especially in the high compared with 

normal and low-risk groups. Similarly, Hamidon and Ray-

mond [25] evaluated the characteristics of stroke in patients 

with diabetes mellitus and those without. They concluded that 

diabetes was a significant indicator of mortality and poor level 
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of consciousness in stroke patients. Mortality is also signifi-

cantly attributed to increased blood glucose levels at admis-

sion. For comparing the FESS results, they were classified us-

ing the PAS of Rosenbek et al. [15]. The highest point reached 

in either the fluids or the semisolids was considered the last 

score. As the cutoff value for validation, similarly, in our study, 

we chose the risk aspiration versus minimal or no aspiration 

to classify patients using PAS. For the FEES, therefore, the PAS 

target value was between levels 4 and 5 at the level of laryngeal 

penetration of particles (fluids or semisolid) reaching the vocal 

folds. The capability of bringing out these particles from the 

airway passages was therefore the crucial point for risk of aspi-

ration. 

Trapl et al. [26] found that classification of dysphagia using 

PAS, three patients (16%) developed no dysphagia (PAS score, 

1–2), three patients (16%) developed mild dysphagia (PAS, 

3–4), four patients (21%) developed moderate dysphagia (PAS, 

5–6), and almost (50%) of the studied group had severe dys-

phagia (9 patients, 47%, PAS, 7–8). Similarly, in our study, we 

found that according to PAS dysphagia classification patient’s 

risk of dysphagia and hence aspiration was: normal (PAS level 

score 1, n=15, 27.3%) had no dysphagia, low risk (PAS level 

score 2–4, n=8, 14.5%) was mild dysphagia, and high risk (PAS 

level score >5, n=32, 58.2%) was moderate to severe dysphagia. 

However, due to the apparent lack of ordinarily, we categorized 

the PAS into such three groups as a definitive scale or what is 

known as (“categorical PAS”). Similarly, a retrospective study 

reported by Pikus et al. [27] concluded that classification of air-

way violation by depth (i.e., PAS level 1 vs. levels 2–5, levels 6–7, 

and level 8) are accompanied by the relative risk of aspiration 

pneumonia. However, many other studies mentioned that it is 

not a linear relationship [28]. Many subsequent trials continue 

to mention that level 4 and 6 PAS scores is exceptionally rare 

[29]. 

Our study showed that dysphagia patients had a slightly 

higher NIHSS on admission, especially among the high-risk 

group in comparison to the two other groups without statisti-

cal significance (high-risk group: mean±SD, 15.54±6.24). This 

coincides with results by Dziewas et al. [30], who showed that 

patients with an NIHSS >3 had signs of penetration and aspira-

tion, and the different cutoff value, might be due to the differ-

ent sample size, the type of studied population, use of formal 

dysphagia screening form for all patients and excluding those 

who are not eligible to the bolus testing and timing of the test 

(done early within 48 hours) because although NIHSS is pre-

dictive it is not sufficiently sensitive to be used as a treatment 

of the disorder and complimentary assessment needed [31]. 

Ifejika-Jones et al. [32] reported the relationship between the 

occurrence of aspiration pneumonia and NIHSS, where they 

were more prone to need post-acute stroke care. In contrast, 

our study showed no association between the incidence of 

pneumonia and NIHSS in the three studied groups and this 

might be due to different sample sizes and different baseline 

characteristics. The early management of stroke-like tissue 

plasminogen activator is associated with increased recovery 

from stroke symptoms by up to 50% (tissue plasminogen acti-

vator for acute ischemic stroke) [33]. 

In our study, we found that GCS was slightly lower in a high-

risk group of dysphagia but with no statistical significance be-

tween the three groups in contrast to Walter et al. [34] showed 

that GCS was significantly associated with the presence or 

absence of dysphagia using cutoff value 13 point and this dif-

ference in our study might be due to different sample size, type 

of the studied population, the presence of other factors affect-

ing post-stroke pneumonia such as commensal gut bacterial 

translocation and dissemination as a novel pathway for post-

stroke pneumonia and not only dysphagia severity using NI-

HSS and also may be due to stroke laterality and distribution, 

for example, anterior cerebral region stroke associated with 

more severe oropharyngeal dysphagia is more common. 

Kwan and Hand [35] mentioned that infection occurring 

post-stroke could prolong the duration of stay of patients, in 

the acute stage of stroke. Similarly, in the current study, there 

was a prolonged length of hospital stay among patients with 

Table 5. Agreement (sensitivity and specificity) for PAS level to predict mortality
Cut-off Sensitivity (95% CI) Specificity (95% CI) PPV NPV
>2 88.5 (69.8–97.6) 55.2 (35.7–73.6) 63.9 84.2
>3 88.5 (69.8–97.6) 62.1 (42.3–79.3) 67.6 85.7
>4 88.5 (69.8–97.6) 69.0 (49.2–84.7) 71.9 87.0
>5 80.8 (60.6–93.4) 69.0 (49.2–84.7) 70.0 80.0
>6 69.2 (48.2–85.7) 82.8 (64.2–94.2) 78.3 75.0

PAS: penetration-aspiration scale; CI: confidence interval; PPV: positive predictive value; NPV: negative predictive value.
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pneumonia, especially in the high-risk group using the cutoff 

value (PAS ≥3). Komiya et al. [36] showed that aspiration pneu-

monia was related to short and long-term mortality. Similarly, 

our study showed a high incidence of mortality among the 

high-risk group of dysphagia (P<0.001) in comparison to nor-

mal and low-risk groups. 

In our study univariate and multivariate analysis using age, 

GCS, FOUR score NIHSS, PAS level as risk factors for aspira-

tion pneumonia showed that only PAS level is an independent 

indicator of pneumonia (P<0.001; OR, 1.631; 95% CI, 1.276–

2.084). In contrast to Nedeltchev et al. [37] regression analysis 

found that only the NIHSS is an independent indicator of 

pneumonia. This might be due to different sample sizes and 

different types of the studied population. Similarly, our study 

found that higher admission NIHSS, lower GCS, lower FOUR 

score, dysphagia especially high-risk group (PAS level >5) all 

are predictors of mortality. In our study, we performed logistic 

regression and not a linear regression and only the univariate 

regression analysis showed that PAS is an independent indica-

tor of pneumonia (P<0.001). 

Advantages and Disadvantages 
Although our study had many advantages such as studying the 

population from the main university hospital which represents 

a tertiary center, a representative sample with no selection 

bias, and all patients selected consequently, we have many 

limitations as it is a prospective observational study, so we 

cannot detect true causal association as in the analytic study. 

We just detected the association, also further research is to be 

conducted on a larger study sample. The standard FEES proto-

col using PAS could be used for the evolution of aspiration risk 

in patients with acute stroke with high sensitivity and specifici-

ty, also it could predict the length of ICU stay and mortality. 
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INTRODUCTION 

An admission to the intensive care unit for many patients, despite advances in diagnostics 

and therapeutics and general reductions in mortality, remains an event where many are 

left with significant post intensive care morbidities [1]. Most patients remain bedridden for 

prolonged periods during their intensive care stay and have significant reductions in mobil-

ity, as seen in the worsening of frailty [1-4]. Early initiation of rehabilitation was previously 

Background: Early intensive care unit (ICU) protocolized rehabilitative programs have been de-
scribed previously, yet with differing starting time points and mostly on mechanically ventilated 
patients. We extended the concept to all admitted ICU patients and investigate the efficacy of 
early mobilization in improving mobility of the critically ill, address issues surrounding the timing 
and intensity of an early rehabilitative program. 
Methods: Prospective cohorts of patients admitted consecutively before-and-after (control, n=92; 
intervention, n=90) the introduction of an early mobilization program in a single center, general 
hospital ICU. Improvement in mobility as assessed by ICU mobility score, on ICU admission and 
upon ICU discharge, was measured as a primary outcome. 
Results: Those receiving early mobilization in the intensive care unit had higher ICU mobility score 
(2.63; 95% confidence interval, 0.65–4.61; P<0.001) upon discharge from the intensive care, with 
earlier out of bed mobilization on day 5 compared to the control group of day 21 (P<0.001). No 
differences were found in terms of mortality, intensive care hospitalization and subsequent hospi-
talization duration after discharge from ICU. 
Conclusions: Here, we report that improvement in mobility score earlier in the course of intensive 
care hospitalization with the introduction of a protocolized early rehabilitative program. 

Key Words: critical illness; early ambulation; intensive care unit; physical therapy
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described but with mixed results, where in general there was 

an observed reduction in length of stay for mechanically ven-

tilated patients [5-7]. To our knowledge, most rehabilitative 

interventions begin at different time points after admission to 

the intensive care unit, ranging from the first day of admission 

to the first day of liberation from ventilation [3,8], while some 

specifying the commencement of mobilization after 5 days of 

intensive care hospitalization [9]. Thus, the definition of “early 

mobilization” remains unclear, while differences between ear-

ly mobilization and standard care are often poorly described 

[10]. This also brings to question of what and when constitutes 

early mobilization and is an appropriate level of mobilization 

during the course of acute illnesses. 

In particular, mechanically ventilated patients suffer most 

with increased use of muscle relaxants and sedatives [2]. Clin-

ically this results in a worsening of frailty, mobility and many 

are at increased risk of delirium. A previous program using 

early initiation of early whole-body physiotherapy resulted in 

more ventilator free days, shortened delirium and return to 

baseline functional states. This use of an early rehabilitative 

program also included reducing or daily cessation of sedation 

and its titration against a recognized sedation scoring system, 

and training in functional independence [5]. Some authors 

also describe the importance of a team composed of all staff 

within the intensive care unit, in addition to physiotherapists, 

due to the scarcity of physiotherapist resources [6,11]. 

However, many patients who are not mechanically venti-

lated may also benefit from early initiation of a rehabilitative 

program. Many similarly suffer from reduced mobility and 

may have multi-organ impairments. Further, there is a trend 

towards reduced use of mechanical ventilation for various re-

spiratory conditions [12-14]. Hence, it is equally important to 

explore the use of an early rehabilitative program on non-me-

chanically ventilated individuals. 

Aims of the investigation are as follows: (1) Investigate the 

efficacy of early mobilization in all intensive care patients; (2) 

Explore the optimal timing for key steps of the mobilization 

program; (3) Identify specific predictors of outcomes with the 

mobilization exercise performed. 

MATERIALS AND METHODS 

Data Collection and Setting 
This early rehabilitative program is a before-and-after study, 

with an initial observation period in April to October of 2017 as 

control group, and subsequently an intervention group from 

April to October 2020 in a single center, 15-bed intensive care 

unit and with an approximately 650-bed district general hospi-

tal with general medical, surgical and orthopedic capacities. In 

both periods, patients underwent the same selection criteria 

for initiation of physiotherapy within the intensive care unit. 

In our hospital locality, despite the coronavirus disease 2019 

(COVID-19) pandemic, our hospital or intensive care capacity 

was not overwhelmed during the period of intervention in 

question, allowing fairly suitable comparison of data between 

the two time periods. 

Patients are screened within 24 hours of intensive care unit 

admission. In addition to mechanically ventilated patients, we 

include all consecutively admitted medical, surgical and or-

thopedic patients except whom early physiotherapy is not pos-

sible, namely those on prone ventilation, active hypertensive 

emergency, bradycardia on active pharmacological therapy or 

awaiting pacemaker insertion, uncontrolled intracranial pres-

sure, active seizures, unstable or suspected unstable spinal in-

juries, rapidly developing neuromuscular diseases and active 

uncontrolled hemorrhage. All patients were adults (>18 years 

old). We consider patients completing an initial program once 

they have 3 physiotherapy sessions. 

COVID-19 patients were excluded from our study as we 

were unable to provide dedicated equipment to all COVID-19 

patients and hence, may not have received all aspects of our 

early physiotherapy program. Further, COVID-19 was not a 

known disease in the control group with improving therapies 

throughout 2020 and direct comparisons are thus invalid.  

Physiotherapy Methodology  
This intervention program consists of a program with a range 

of mobilization exercises performed, with sedation titrated 

against the Richmond Agitation Sedation Score (RASS) of 0 to 

–2 for mechanically ventilated patients [5]. Patients admitted 

to the ICU are evaluated within 24 hours by a physiotherapist 

who is experienced in critical care physiotherapy for their 

■ Protocolized early mobilization in the intensive care is ef-
fective in improving patient mobility scores.

■ Median time taken for patients to mobilize out-of-bed is 5 
days after intensive care unit admission.

■ Tolerability of early mobilization in critically ill patients is 
high and without major adverse events.

KEY MESSAGES
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ability to begin mobilization. Physiotherapy is performed at 

least once a day, with daily cessation or reduction in sedation 

as appropriate, and early mobilization is delivered by physio-

therapists and/or trained nursing staff in mobilization, led by 

a senior physiotherapist responsible for oversight of the early 

mobilization program at the unit. For unresponsive patients, 

passive limb mobilization is performed for at least 30 minutes 

daily. Otherwise, patients receive mobilization on the bed. 

Out-of-bed mobilization, such as transfer training, sitting out 

of bed with assistance and assisted cycling or upper limb exer-

cises in supported sitting, is initiated once no exclusion criteria 

is met for such mobilization. Subsequently, patients progress 

stepwise to dangling and sitting at edge-of-bed when limb 

power reaches at least grade 3 in the Medical Research Coun-

cil Muscle (MRC) scale. Patients not reaching this continue 

passive or assisted active mobilization out-of-bed. Once limb 

power of MRC grading reaches 4 with satisfactory truncal con-

trol, other out-of-bed mobilization such as standing at bedside 

with aids is attempted with subsequent gradual reduction in 

standing assistance and an attempt on marching on spot. This 

prepares for the final achievement stage of walking, which is 

defined as the ability to walk for at least 5 meters with or with-

out aids (Figure 1, Supplementary Material 1). 

Outcome Measurements 
Outcome measurements are defined a priori. Primary out-

Conventional care

Passive limb mobilization

Continue out-of-bed mobilization

Attempt walking with or without aids

Continue passive mobilization or assisted 
active mobilization on bed

Continue passive mobilization or assisted 
active mobilization on bed

Transfer training

Sitting out-of-bed with assistance

Assisted exercises in supported sitting

Dangling

Supported sitting at edge-of-bed

Daily assessment of clinical condition for 
presence of exclusion criteria for mobilization

Unconscious, unable to follow command

Start passive limb mobilization or assisted active
mobilization on bed

Presence of exclusion criteria for out-of-bed 
mobilization

Absence of any of the following:
Iimb power MRC scale ≥3, stable spine, adequate 

trunk control

Begin out-of-bed mobilization

Standing at bedside with or without aids

Standing and marching with minimal assistance

No

Yes

Yes

Yes

Yes

Examples

Successful

No

No

No

No

Yes

Successful

Limb power MRC scale ≥4 and trunk control 
satisfactory

Figure 1. Flowchart showing an overview of the study protocol and description of each incremental steps of the early mobilization program 
offered to the interventional group. Patients are recruited within 24 hours of admission to the intensive care unit. Assessment for mobilization 
after initial recruitment is performed daily according to the listed steps. MRC: Medical Research Council.



289https://www.accjournal.orgAcute and Critical Care 2022 August 37(3):286-294

Ho L, et al. Improving mobility in the intensive care

come measurement is the improvement in mobility score, 

where mobility score is assessed according to the ICU Mobility 

Scale, with the pre-score recorded in the first mobilization ses-

sion and the post-score at the final assessment upon discharge 

from the intensive care unit by the attending physiotherapist. 

Prior studies show excellent inter-rater agreement between 

physiotherapists [15]. Secondary outcome measurements in-

clude mortality, hospitalization days, and the time to achieving 

a mobility score. Safety details are reviewed, noting the cause 

of termination against a predefined set of criteria for cessation 

of exercise (Table 1). The subjects’ clinical notes were also re-

viewed for any potential complications during physiotherapy 

such as dislodgement of catheters, patient fall or injury, which 

were routinely documented according to the local protocols of 

the intensive care unit. 

Statistical Methodology 
For analysis of length of stay and mobility score differences, 

multivariate linear regression analysis is performed, which in-

cludes main effect and two-way interaction analyses. Mortality 

is analyzed using Cox proportional hazard model, whereas 

analysis of the length of time and selected mobilization stages 

is done using Mantel-Cox test. Otherwise, categorical data is 

analyzed using chi-square test and continuous data utilizes 

Wilcoxon signed-rank test. Analysis is performed using R ver. 

3.6.0. (RStudio), whilst graphing output is performed on Prism 

9 (GraphPad, San Diego, CA, USA). 

Reporting Standards 
Reporting in this work adheres to the Strengthening the Re-

porting of Observational Studies in Epidemiology (STROBE) 

statement.  

Ethical Statement  
Ethical review was sought and approved from the local Institu-

tional Review Board of Prince of Wales Hospital (No. 2021.396) 

with waiver for individual consent, and this work complies 

with the Declaration of Helsinki. Individual consent was not 

applicable due to the before-and-after, consecutive nature of 

the program. 

RESULTS 

Baseline Characteristics 
The characteristics of patients on admission to the intensive 

care unit are described in Table 2. With the exception of the 

number of ventilated patients, namely a reduction in mechan-

ically ventilated patients seen in the early mobilization cohort, 

all other variables including the Acute Physiology and Chronic 

Health Evaluation (APACHE) IV scores and the predicted mor-

tality for all patients were essentially similar. 

Effect on Mortality and Hospital Stay
In the analysis of length of hospital stay, no differences were 

found in the intensive care hospitalization nor after discharge 

from the intensive care (Figure 2A and B). The 30- and 60-

day mortality analysis using a Cox proportional hazard model 

Table 1. Predefined criteria for cessation of mobilization
Criteria to stop exercise Control (n=640) Early mobilization (n=685)
Perceived high degree of exertion (Borg’s scale>13) 0 0
Patient distress (evidenced by non-verbal cues, gesture) 3 (0.5) 1 (0.1)
Patient who did not want to continue due to fear, tiredness, or dizziness, etc.  6 (0.9) 10 (1.5)
Heart rate increased or decreased by >20 bpm 4 (0.6) 12 (1.8)
BP increased or decreased by >20 mm Hg 9 (1.4) 8 (1.2)
RR >35/min or SpO2 <92% 2 (0.3) 1 (0.1)
ECG showing major arrhythmia, ST or T changes 1 (0.2) 0 (0.0)
Decrease in alertness 1 (0.2) 3 (0.4)
Marked ventilator asynchrony 0 0
Others 5 (0.8) 4 (0.6)
Total 31 (4.8) 39 (5.7)

Values are presented as number (%). The reason, number and percentage of premature termination of early mobilization are shown. All physiotherapy sessions in 
the control and the early mobilization groups are reviewed with no missing data. In the control group, 20 patients had early termination of physiotherapy with 
31 total sessions terminated. The total sessions terminated was 39 while the number of patients with terminated sessions was 24 (n=90) in the early mobilization 
group.
BP: blood pressure; RR: respiratory rate; SpO2: oxygen saturation; ECG: electrocardiogram; ST: ST segment.
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Table 2. Characteristics of the control group and the group receiving early mobilization on their admission to the intensive care unit
Characteristics Control (n=92) Early mobilization (n=90) P-value
Male (%) 70.7 66.7 0.63
Age (yr) 67 (56–78) 66 (56–76) 0.87
Speciality (%)
 Medical 51.1 47.9 0.77
 Surgical and orthopedics 48.9 52.1
Admission type (%)
 Nonoperative 66.3 64.4 0.88
 Postoperative 33.7 35.6
APACHE IV score 84 (66.5–102.3) 76.5 (60–100.5) 0.26
Ventilated patient (%) 81.5 64.4 0.01
Ventilation day 3 (0.25–5) 1 (0–3) <0.01
Mobility on admission to ICU 1 (1–1) 1 (0–1) 0.68
ICU attendance 5 (3–7) 4 (3–9) 0.48

Values are presented as median (interquartile range) unless otherwise indicated.
APACHE: Acute Physiology and Chronic Health Evaluation; ICU: intensive care unit.

shown no difference in mortality (Figure 2C). Ninety days 

mortality analysis also showed no difference but is not shown 

due to the small number of participants and wide overlapping 

confidence intervals. 

Subgroup analysis with three specific subgroups of patients, 

namely mechanically ventilated patients, postoperative pa-

tients, and severely ill patients, did not yield statistically sig-

nificant results. This was expected due to the relatively small 

number of patients in each subgroup. 

Early Mobilization Improves Mobility Score
Despite similar length of intensive care hospitalization, we 

observed an improvement in mobility scoring of 2.63 (95% 

confidence interval, 0.65–4.61; P<0.001) (Figure 2D) within 

intensive care hospitalization in the group receiving early mo-

bilization, a substantial improvement from the usual mobility 

score of 1–2 (mean, 1.8; standard deviation, 1.8) in the control 

cohort. 

Higher Mobilization Scores Were Achieved Earlier 
In the early mobilization group, patients were able to achieve 

higher mobility scores earlier on in the course of their inten-

sive care unit stay. While there is no difference in limb mobi-

lization achievements in the control group of day 2 and early 

mobilization group of day 1 (P=0.39), mobilization out of bed 

is the first stage showing differences in outcomes, with the 

control group mobilising out of bed on day 21 compared to day 

5 (P<0.001) of the early mobilization group. While only one pa-

tient achieved walking in the control group at day 11 (median 

undefined), 44.4% were able to do so in the early mobilization 

group at a median of day 14 (P<0.001) (Figure 2E). 

Early Mobilization Was Well Tolerated
Early mobilization was well tolerated in the majority of pa-

tients, with the distribution of a predefined criterion for stop-

ping mobilization similar to the control group (Table 1). Due 

to low numbers of failure in early mobilization, in analysis 

with grouped patient factors, cardiovascular-respiratory and 

other reasons for cessation of exercise, comparison with the 

control group showed no differences in terms of the frequen-

cy of cessation of exercise (P=0.25, n=1,325; chi-square test). 

We did not note any major safety events leading to direct pa-

tient harm. 

DISCUSSION 

Extending Early Mobilization as an Intervention 
Benefited All Intensive Care Unit Patients 
An extension towards all admitted patients yielded similar in-

tensive care hospitalization days but did not show a reduction 

in post intensive care hospitalization days. However, patients 

who were involved in an early rehabilitative program had sub-

stantially better mobility scores compared to the control group. 

Importantly, this mean discharge mobility score indicates an 

ability for basic self-function in the subsequent general ward 

stay [16,17]. In keeping with our expectations, no mortality dif-

ference was observed between the cohorts. Importantly, sur-

gical and orthopedic patients can also benefit from increased 
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mobilization as the effect is not limited to mechanically venti-

lated patients. 

Defining Earliness in Early Mobilization 
Classically, most intensive care patients are minimally mo-

bilized and the majority of physiotherapy performed evolves 

around chest physiotherapy [3,4,18]. Earlier mobilization had 

been proposed by various authors with good results but with-

out clear consensus on the “earliness.” To our knowledge, no 

literature currently defines the timeframe in the performance 

of certain targets as early, while most studies opt to define ear-

ly mobilization merely as the commencement of mobilization 

within a certain timeframe or suggest optimal times for begin-

ning mobilization [6-8,10,19]. 

We show that limb mobilization can generally be performed 

by day 1 of intensive care unit admission, whereas mobiliza-

tion out of bed can mostly be achieved by day 5 of intensive 

care admission. Limb mobilization itself is frequently per-

formed in all patients even prior to the establishment of an 

early physiotherapy program and does not have any value in 

predicting subsequent mobility. Further works teasing out the 

effect of each mobilization step, including its omission, will 

prove interesting. Although initial results do question the value 

of passive limb mobilization, where its effect alone is absent in 

terms of length of stay and unclear in prevention of contrac-

tures in neurological diseases [6,20], it may provide theoretical 

advantage in preparation for the next mobility phase [21]. 

Importantly, sitting out of bed itself is the major achieve-

Figure 2. (A) The length of hospitalization in the intensive care unit (ICU) of the control group (n=92; median, 6; interquartile range [IQR], 4–9) 
and the early mobilization group (n=90; median, 6; IQR, 4–10) show no differences (P=0.89; 95% confidence interval [CI], –6.86 to 6.00; R2=0.95). 
(B) The length of hospitalization in general ward after discharge from the intensive care. The control group (n=92; median, 11; IQR, 4.25–24) and 
the early mobilization group (n=90; median, 11; IQR, 4–19) show no differences (P=0.72; 95% CI, –134 to 94; R2=0.31). (C) Survival analysis of the 
control group and the early mobilization group shows no significance at 30 and 60 days after ICU admission (P=0.27). Shaded areas within the 
dotted lines represent the 95% CI. (D) ICU Mobility Scale on admission of the control cohort (mean, 0.8; standard deviation [SD], 0.4; blue) and 
early mobilization cohort (mean, 1.2; SD, 1.5); and upon discharge in control group (mean, 1.8; SD, 1.8) and early mobilization group (mean, 4.9; 
SD, 2.9). There is a significant improvement in the mobilization scores (2.63, P<0.001; 95% CI, 0.65–4.61). (E) Time taken to achieve the selected 
mobilization targets. All data, censored and events, are marked.
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ment offered by such a program. This posture is associated 

with improved oxygenation and respiratory mechanics [22,23]. 

Further, this posture requires substantial truncal tone and 

lays the foundation for further standing and walking exercises 

[24,25]. This is important as out of bed mobilization is most 

strongly associated with reduced weakness and function, in-

cluding at after discharge from hospital [17]. 

We also show that day 14 is an achievable target for walking, 

and in addition a larger proportion of patients were also able 

to walk in the early mobilization group in comparison to the 

control group. Walking, including in-patient walking in gener-

al wards, has been associated with preservation of functional 

independence and reduced frailty, which are themselves 

valuable outcomes [26,27]. Our data reveals certain early at-

tainable targets and can serve as a reference for further works 

in this topic, although we caution against setting targets based 

on a rigid timeframe without correlation to the clinical context 

of the patient and employ rigorous clinical appraisal of limb 

strength prior to extending targets of mobilization. 

Despite this, we found no effect as described by interaction 

terms regarding the dose effect of physiotherapy, which is de-

fined by the surrogate marker of the number of physiotherapy 

sessions given. This again is in coherence with previous analy-

sis on the dose of physiotherapy [6,26], although we specifically 

excluded in analysis of patients who did not receive a minimum 

of 3 physiotherapy sessions. Hence, the attainment of an out-

of-bed target for most patients, with progress tailored to their 

tolerance, is perhaps a key determining factor of success.  

Implementation of This Program Detected No Major 
Adverse Patient Centered Effects 
One adverse event was detected, namely blood staining over 

the insertion site of a radial arterial catheter, immediately af-

ter mobilization. A review of the event showed that no issues 

with catheter integrity and its usage was continued for the 

subsequent 24 hours. The most common reasons for early 

termination are tachycardia and patient refusal. Increases in 

heart rate beyond 20 bpm is likely due to mobilization exercis-

es causing physical exertion. Overall, the results of our study 

agree with previous work in this field, indicating the feasibility 

and relative safety of early mobilization [28-30], as we did not 

find any differences in the reasons for cessation of physiother-

apy session in both groups. Interestingly, contrary to previous 

works, we did not find nurse or physician concern to be a fac-

tor for early termination [11]. Possible explanations can be the 

involvement of trained nurses in mobilization as part of the 

physiotherapy delivery team. 

Limitations of the Study 
The assessment of mechanically ventilated patients in our 

dataset is limited by the differences in the proportion of ven-

tilated individuals despite an overall similar severity of illness 

presented. This is most likely a random effect but may also 

represent changes due to the general trends in intensive care, 

or could be an improvement due to the initiation of an early 

mobilization program [12-14]. We are unable to determine 

the magnitude of the effect with these important caveats, and 

hence the differences seen in ventilated patients must be inter-

preted with caution, despite seemingly reaffirming prior stud-

ies where number of ventilated days are reduced in an early 

mobilization group [5,6,31]. Furthermore, as limited by the 

number of subjects in this study, we are unable to determine 

the subgroup of patients, such as according to disease severity, 

mechanical ventilation or postoperative status, benefit most 

from our early mobilization program. Although the outcomes 

after discharge to general ward and their subsequent discharge 

home are of great interest to assess the aftereffects of a critical 

care episode, this was not possible as it was not measured. 

Conclusion 
Early mobilization during intensive care can be offered for all 

intensive care patients and improves patient mobility scores 

upon discharge from the intensive care unit. Early mobiliza-

tion for all patients however is not associated with differences 

in terms of mortality, intensive care hospitalization and the 

length of stay after intensive care hospitalization. Further, we 

show that very early and moderately intense mobilization can 

be done with a substantial number of participants able to mo-

bilize out of bed within 5 days, and a substantial proportion 

of patients can walk by day 14 of initial intensive care unit ad-

mission. Prospective studies done in future may elucidate the 

long-term impact and to clarify the effects of each segment of 

the program. 
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INTRODUCTION 

Intensive care unit (ICU)-acquired weakness can result from catabolism, immobility, and 

critical illness polymyoneuropathy and is of significant consequence to long-stay critically ill 

patients [1]. Despite recent advances in prevention through rehabilitation and nutrition, it is 

estimated that one-quarter to one-half of long-stay ICU survivors live with significant weak-

ness as a consequence of their illness, resulting in impaired mobility and function [2,3]. The 

loss of lean body mass in critical illness is related to prolonged catabolism, immobility, and 

critical illness polymyoneuropathy, but it is also associated with an imbalance between cata-

Background: To explore the feasibility, safety, and potential benefits of administration of the ana-
bolic steroid nandrolone to patients in the recovery phase from critical illness weakness. 
Methods: In this phase II, double blind, randomized, controlled trial, adult critically ill patients ad-
mitted to one of two tertiary Intensive Care Units in Western Australia for longer than 7 days with 
significant weakness were enrolled. Patients received nandrolone (200 mg males, 100 mg females) 
intramuscularly or placebo weekly for up to 3 weeks in addition to standard care. The primary out-
come measures were improvement in grip strength, Medical Research Council muscle strength 
sum score, and functional activity level (Chelsea critical care assessment tool [CPAx]). 
Results: A total of 22 patients was enrolled between September 2017 and May 2019. No signifi-
cant adverse events were detected. Median grip strength change was non-significantly greater in 
the nandrolone group (8.5 vs. 13.0, P=0.185), while hospital length of stay (36 vs. 26 days, 
P=0.023) and duration of mechanical ventilation (377 vs. 168, P=0.032) were lower. The discharge 
CPAx and intensive care unit mobility scores were higher in the nandrolone group, although there 
was no difference in the change in CPAx score (17.0 vs. 17.7, P=0.865). There were no changes in 
ultrasound-detected muscle thickness between the two groups. 
Conclusions: In patients with prolonged critical illness, nandrolone appears to be safe. However, a 
larger study, potentially combined with resistance exercise, is needed to definitively address the 
potential benefits of nandrolone. 
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bolic and anabolic hormones [4-6]. Testosterone level in crit-

ically ill patients is extremely low, even in the recovery phase 

from acute illness [7,8]. One potential treatment is to provide 

anabolic support in the recovery phase from prolonged critical 

illness [9].  

Anabolic steroids stimulate protein and muscle synthesis. 

The synthetic anabolic steroids nandrolone and oxandrolone 

exhibit significantly greater selectivity for myotropic proper-

ties, with minimal androgenic effects, potentially minimising 

adverse outcomes [10]. Testosterone and oxandrolone have 

been shown to have beneficial effects on muscle catabolism in 

patients with burns [11]. Wischmeyer et al. [12]  suggested that 

while oxandrolone combined with structured exercise show 

clinical benefit, these trials have not been conducted in non-

burn ICU populations. Nandrolone has been used successfully 

in a randomized controlled trial to reverse weight loss in hu-

man immunodeficiency virus/acquired immunodeficiency 

syndrome patients and in patients with chronic obstructive 

pulmonary disease to improve respiratory function and mus-

cle wasting [13-15]. One small study has suggested nandrolone 

to be beneficial for patients recovering from critical illness [16]. 

This phase II, randomised, controlled trial was designed to 

explore the feasibility, safety, and potential benefits of nan-

drolone on muscle strength and recovery from critical illness. 

The primary objective of this trial was to assess whether nan-

drolone can improve muscle strength and functional recovery 

in deconditioned ICU patients. 

MATERIALS AND METHODS 

This investigator-initiated study was a placebo controlled, 

randomised clinical trial conducted in two adult tertiary ICUs 

in Western Australia between September 2017 and May 2019. 

The study was approved by the Sir Charles Gairdner and 

Osborne Park Hospital Human Research Ethics Committee 

(RGS0000001841). A prospective registration of the trial was 

made on ANZ Clinical Trials Registry, and a clinical trial noti-

fication was sent to the Therapeutic Goods Administration of 

the Australian Department of Health (CT-2016-CTN-02891). 

Patients provided written informed consent to participate in 

the trial. 

Adult patients were eligible to participate if they had been 

admitted to the ICU for more than 7 days and had significant 

weakness as deemed by the treating clinician or weight loss 

(defined as body mass index <20 kg/m2 or greater than 10% 

weight loss in the previous 6 months) as a result of the ICU stay 

or pre-intensive care condition. Patients needed to be able to 

participate in physiotherapy and to be receiving nutrition at 

an estimated goal rate for at least 3 days prior to enrolment. 

Exclusion criteria were inability to consent, intercurrent septic 

shock (defined as infection requiring vasopressor support), 

prostate or breast cancer, active cardiac disease (myocardial 

infarction in the previous 2 weeks or ejection fraction <35%), 

ongoing non-curable reason for catabolic state (such as active 

malignancy, HIV with opportunistic infection, or inadequate 

nutritional intake), normal baseline level of serum testoster-

one, pregnancy, nephrotic syndrome (proteinuria >3 g/day) 

or elevated liver function test (alanine aminotransferase >5× 

normal), and impaired bilirubin excretion. 

Patients were screened based on length of stay in the ICU 

and routine strength assessments conducted by the unit 

physiotherapy team. After applying the inclusion/exclusion 

criteria, patients were approached for consent by a member of 

the research team. Participants were randomised at a 1:1 ratio 

to receive nandrolone or placebo using a computer-generated 

randomisation list. The randomisation list was generated by an 

independent statistician, stratified by site and provided direct-

ly to the pharmacist responsible for preparing the study drug. 

As a double blind, randomized, controlled trial, the clinical 

teams, research staff, and patients were blinded to treatment 

allocation. To ensure blinding at administration, both the pla-

cebo (sterile water) and study drug were prepared in masked 

syringes (covered in aluminium foil) so that the contents were 

not visible to the person administering the treatments.  

Intramuscular doses of nandrolone or placebo were ad-

ministered into the lateral thigh weekly for up to a total of 

three doses. Female participants received 100 mg and males 

received 200 mg. Dose selection was based on our previous 

experience, as well as published data from other patient pop-

ulations, and the duration was based on the likelihood of the 

■ The use of nandrolone was safe in patients in the recovery 
phase of prolonged critical illness (>7 days) in this pilot, 
randomized, controlled trial.

■ There was no benefit of nandrolone in terms of muscle 
strength after 3 weeks, but a non-significant trend was ob-
served towards improved physical functioning based on 
36-item short form survey.

■ A larger study is needed to definitively address the poten-
tial benefits of nandrolone in a similar cohort.

KEY MESSAGES
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patients remaining in hospital for ongoing administration and 

measurements [13,16,17]. The first dose was administered 

while the patient was still in the ICU, but the subsequent doses 

could be given when the patient had gone to the ward. The 

study drug was only administered if the patient was still in hos-

pital, and not all patients received three doses. 

No other changes to standard clinical management of these 

patients occurred. Improvements in critical illness weakness 

also might result from changes in physical therapy or nutrition. 

Estimates of daily caloric and protein intake were recorded by 

dietitians using food intake records, and duration of physical 

therapy received was recorded. The ICUs had dedicated phys-

iotherapists, and early rehabilitation was encouraged. 

The primary outcome measures were improvements in 

strength measures of grip strength as measured by hand dyna-

mometry, Medical Research Council (MRC) muscle strength 

sum score (sum of muscle strength from 0–5 in six muscle 

groups on both sides; sum score range, 0–60), and functional 

activity level using the Chelsea critical care assessment tool 

(CPAx, a 10-item bedside functional assessment) [18]. Hand 

dynamometry, MRC, and CPAx assessment scores were 

measured by trained physiotherapists. Secondary outcome 

measures were change in body weight, mid-arm circumfer-

ence, ultrasound-measured quadriceps muscle thickness, and 

length of ICU and hospital stays. Ultrasound measurements 

were performed by two trained clinicians using previously 

described protocols [19]. All measurements were performed 

at baseline and weekly until discharge. The MRC and CPAx 

assessment scores were measured up to hospital discharge, 

whereas the intensive care mobility scale (IMS; ranges from 0 

(immobile in bed) to 10 (walking independently)) was mea-

sured until discharge from the ICU. Safety considerations 

included targeted monitoring of renal and liver function, lipid 

profile, and screening for new onset heart failure; virilisation; 

and polycythaemia. A follow-up phone call at 3 months follow-

ing discharge was conducted to assess the patient’s functional 

state using the 36-item short form survey (SF-36) score. 

As a phase II pilot study, an a priori sample size calculation 

to detect a specific effect size difference was not undertaken. 

Descriptive statistics were based on frequency distributions 

for categorical data and on means, standard deviations, me-

dians, interquartile ranges, and ranges for continuous data. 

Group comparisons were based on treatment groups. Uni-

variate analysis included chi-square and Fisher exact tests, as 

appropriate, for categorical comparisons and Mann- Whitney 

U-tests and t-tests for comparison of continuous outcomes. 

Ventilation and length of stay duration were estimated using 

Kaplan-Meier survival probabilities, with log-rank tests used to 

test group differences. Linear mixed models incorporating ran-

dom subject effects were used to examine group differences in 

nutritional, physical rehabilitation, and hormonal measures at 

days 1, 7, 14, and 21 days and in pre-post MRC, CPAx, and IMS 

scores. 

Results are summarised as predicted marginal mean and 

corresponding 95% confidence interval. Outcome variables 

were dichotomised according to accepted cut-offs (MRC score 

<48=ICU-acquired weakness, CPAx score ≤18=at risk of phys-

ical disability on discharge [20], and IMS score of 8 [walking 

with one item of assistance]). Statistical analysis was conduct-

ed using Stata 16.0 (StataCorp., College Station, TX, USA) and 

IBM SPSS ver. 26.0 (IBM Corp., Armonk, NY, USA). All hypoth-

esis tests were two-sided, and P-values <0.05 were considered 

statistically significant. 

RESULTS 

A total of 22 patients was enrolled in the study (21 at Sir 

Charles Gairdner Hospital and 1 at Royal Perth Hospital), with 

11 in each group (Figure 1). Baseline characteristics are out-

lined in Table 1. Patients received their first dose of nandrolone 

on average at day 15 after ICU admission. Despite randomisa-

tion, there were some differences in the baseline mobility and 

strength characteristics between the two groups. While these 

might have occurred due to chance, the MRC sum score (40.5 

vs. 28.2, P=0.001), CPAx tool score (24.7 vs. 14.8, P=0.011), IMS 

score (5.1 vs. 2.7, P=0.005), and grip strength (9.6 vs. 3.4 on the 

right, P=0.165) were all higher in the nandrolone groups at 

baseline (Table 1, Supplementary Table 1). Table 2 outlines the 

treatments received in the rehabilitation period, with the pla-

cebo group receiving more calories, protein, and physiothera-

py input. 

Table 3 shows the improvement in strength in the two 

groups. The MRC score change over time (from baseline to 

end measurement) was significantly lower in the nandrolone 

group (17.6 vs. 9.3, P=0.001). The median grip strength change 

was greater in the nandrolone group but without significance 

(8.5 vs. 13.0, P=0.185). The CPAx score and the discharge IMS 

score were higher in the nandrolone group, although there 

was no significant difference in the change in CPAx score from 

baseline to discharge (17.0 vs. 17.7, P=0.865). 

More patients were discharged home in the nandrolone 

group than the placebo group (6 vs. 0). The lengths of ICU stay 
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(23 vs. 12 days) and hospital stay (36 vs. 26 days) and mechan-

ical ventilation (377 vs. 168 hours, P=0.032) were all shorter in 

the nandrolone group, but with no difference in hospital or 90-

day survival in either group. Figure 2 shows the Kaplan-Meier 

curves for length of hospital stay, which was significantly 

shorter in the nandrolone group (Log-rank test P=0.023). 

Supplementary Table 1 outlines the changes in ultra-

sound-measured quadriceps thickness, weight, and biceps 

diameter over time. While there was a significant difference 

between the groups in terms of grip strength, when an interac-

tion effect was calculated for the rate of change over time, this 

difference was no longer significant (P interaction=0.185). This 

was unchanged when adjusted for caloric and protein intake 

(P=0.182). 

The SF-36 results were available for 16 patients at 3 months 

after enrolment. Supplementary Table 2 outlines the results 

by domain. All but three patients (in the nandrolone group) 

were living independently prior to hospitalisation. There was 

a non-significant trend towards improved physical function-

ing (56.6 vs. 40.7, P=0.32) reduced limitations due to physical 

functioning (58.3 vs. 17.9, P=0.076), and reduction in pain (77.6 

vs. 47.4, P=0.065) in the nandrolone group but no changes in 

the other domains. We did not detect any adverse effects from 

nandrolone in the monitored blood parameters (renal, liver 

function, and lipids) (Supplementary Table 1). We did not 

record any other pre-specified significant adverse events with 

regards to cardiac failure or virilisation. 

In terms of the feasibility of the study, Table 2 outlines the 

number of doses of study drug received in the two groups: sev-

en of the patients in the nandrolone group received two doses, 

whereas seven of the placebo group received three doses. All 

patients received at least one dose. One hospital only enrolled 

one of the 22 patients in the trial. This appeared to be a result 

of their case-mix, whereby their long-stay patients were pre-

Figure 1. Consort diagram. ICU: intensive care unit; SF-36: 36-item short form survey.

34 Assessed for eligibility 

22 Randomized 

12 Excluded
2 Treating team declined participation 
1 Unable to participate in rehab 
1 Deteriorated prior consent
8 Medical exclusion criteria (3 liver function, 

2 cardiac dysfunction, 2 ongoing sepsis/
shock, 1 neurological cause for weakness)

Enrollment

11 Allocated to nandrolone
11 Received allocated intervention

11 Allocated to placebo
11 Received allocated intervention

0 Discontinued intervention
Lost to follow-up

2 Discontinued intervention (died in ICU)   
Lost to follow-up

11 Assessed for primary outcome weekly to 
3 Weeks following baseline

9 SF-36 assessment at 3 months following 
enrollment (2 declined) 

9 Assessed for primary outcome weekly to 
3 Weeks following baseline

7 SF-36 assessment at 3 months following 
enrollment (2 declined) 

Allocation

Follow-up

Assessment
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dominantly either spinal or head injury patients and were ex-

cluded from enrolment. 

DISCUSSION 

This study suggests that administration of nandrolone to pa-

tients with ICU-acquired weakness is both safe and feasible. 

There were no significant adverse events detected, and all en-

rolled patients were followed to the primary outcome without 

loss to follow-up. In examining for a sign of improved muscle 

strength, there were no consistent significant differences in 

the primary outcomes between the two groups. Although 

the MRC score change was greater in the placebo group, the 

other co-primary outcomes showed no significant difference. 

This finding is in line with a recent paper that examined the 

use of testosterone in patients with head injury who showed a 

non-significant improvement in grip strength and functional 

independence compared with placebo patients [21]. 

The cohort of patients in the current study appears to be 

representative of patients with ICU-acquired weakness. They 

had significant weakness, with baseline grip strength readings 

consistent with accepted cut-offs for ICU-acquired weakness 

and MRC scores well below 48 [22]. In keeping with the biolog-

ical plausibility of providing anabolic steroids, these patients 

were testosterone deficient [8].  

In the nandrolone group, more patients were discharged 

home from the hospital, with higher discharge CPAx and MRC 

scores. The SF-36 scores in pain and limitations due to phys-

ical functioning at 3 months were higher in the nandrolone 

group. However, as secondary outcomes, these findings can 

only be hypothesis generating and are not reflected by the 

other outcome measures. The increase in MRC score (change) 

was greater in the placebo group, and while grip strength 

change was greater in the nandrolone group, the difference 

was not significant. This might reflect the absence of resistance 

exercise in the rehabilitation program, which is a potential 

component of muscle hypertrophy [23].  

We considered that use of ultrasound might have been able 

to detect more subtle changes in muscle size [19,24]. The lack 

of change seen might be because the duration of observation 

was not long enough to detect changes in muscle size, nan-

drolone did not accelerate muscle growth compared with pla-

cebo, or changing fluid status in recovering patients affected 

the readings. Muscle wasting in the ICU occurs early (in the 

first 1–2 weeks), and a recent study showed no correlation 

between caloric or protein debt and muscle thickness over 1 

week [25]. 

This trial appeared to be feasible, although several aspects 

need to be examined further. For safety reasons, we set the 

Table 1. Baseline characteristics of study participants by treatment 
group

Characteristics Placebo 
(n=11)

Nandrolone 
(n=11)

Demographics
 Female 5 (45.5) 4 (36.4)
 Age (yr) 62.7±11.9 69.7±9.6
 BMI (kg/m2) 26.9±5.9 26.9±7.4
  <18.5 kg/m2 1 (9.1) 2 (18.2)
  >30 kg/m2 4 (36.4) 4 (36.4)
 Residence prior to admission
  Own home 11 (100) 8 (72.7)
  Supports at home 0 3 (27.3)
 APACHE III score 37.8±14.7 41.6±37.8
 Duration of ICU admission prior to 

enrolment (day)
15.2±7.6 14.2±9.5

Indication for ICU admission
 Post-general surgical 4 (36.4) 4 (36.4)
 Neurological 2 (18.2) 1 (9.1)
 Respiratory 3 (27.3) 0
 Cardiovascular 2 (18.2) 1 (9.1)
 Post-cardiac surgery 0 3 (27.3)
 Renal failure 0 1 (9.1)
 Toxicological 0 1 (9.1)
Testosterone levela

 Male 3.2±3.8 3.0±1.3
 Female 1.0±0.7 0.5±0.3
Baseline physical score (at enrollment)
 Mid-arm circumference (cm)
  Right 27.6±5.0 27.2±6.1
  Left 27.4±4.4 27.3±5.8
 MRC sum score 28.2±14.5 40.5±8.2
 CPAx score 14.8±7.5 24.7±8.9
  CPAx score ≤18 (at risk) 6 (54.5) 4 (36.4)
 IMS score 2.7±1.3 5.1±1.9
  IMS score <8b 10 9
 Grip strength
  Left 2.9 (0.4–7.3) 6.5 (2.8–10.2)
  Right  3.4 (0.3–6.2) 9.6 (3.2–12.0)

Values are presented as number (%), mean±standard deviation, or median 
(interquartile range).
BMI: body mass index; APACHE: Acute Physiology and Chronic Health 
Evaluation; ICU: intensive care unit; MRC: Medical Research Council; CPAx: 
Chelsea critical care assessment tool; IMS: intensive care mobility scale.
aNormal range: males 10–35 nmol/L, females < 2 nmol/L; bIMS 8: walking 
with one assist.
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time of enrolment at the point when the initiating critical 

illness had resolved and when the patient was entering the 

recovery phase. Not all patients identified were able to partic-

ipate because their ability to perform physical rehabilitation 

varied. This produced a variable and patient-dependent enrol-

ment time. The requirement for ICU admission of greater than 

7 days could potentially be reduced to 5 days or more than 3 

days of mechanical ventilation to increase the potential pool 

of patients for recruitment. A future study should also increase 

the number of participating sites and examine the underlying 

Table 2. Treatments received during rehabilitation period
Variable Placebo Nandrolone P-value
Corticosteroid use 3 (27.3) 1 (11.1) 0.590
Calorie intake (kJ) 1,857±465 1,259±349 0.003
Protein intake (g/day) 85.7±20.8 59.3±18.9 0.005
Duration of physiotherapy received (min) 240 (173–500) 135 (85–240) 0.067
Number of doses received 0.062
 1 2 2
 2 2 7
 3 7 2

Values are presented as number (%), mean±standard deviation, or median (interquartile range).

Table 3. Primary and secondary outcomes
Outcome Placebo Nandrolone P-value
Primary outcome, mean (95% CI)
 MRC changea 17.0 (12.3–21.7) 9.3 (5.0–13.6) 0.017
 Grip strength change (R+L)b 8.5 (3.9–13.1) 13.0 (8.1–17.9) 0.185
 Grip strength change (R+L) adjusteda,b 8.4 (3.8–13.0) 12.9 (8.0–17.8) 0.182
 ICU mobility score changea 3.0 (1.8–4.2) 3.5 (2.3–4.6) 0.614
 CPAx score changea 17.0 (11.5–22.4) 17.7 (12.3–23.2) 0.865
Secondary outcome
 Length of invasive ventilation (hr), median (IQR) 377 (189–454) 168 (166–305) 0.032
 ICU length of stay (day), median (IQR) 23 (16–27) 12 (10–15) 0.065
 Hospital length of stay (day), median (IQR) 36 (28–38) 26 (20–27) 0.023
 ICU readmission rate 3 (30) 1 (11) 0.582
 ICU survival 9 (82) 11 (100) 0.476
 90 Day survival 9 (82) 11 (100) 0.476
 Discharge destination 0.010
  Home 0 6 (54)
  Other (rehab/other hospital) 9 (82) 5 (45)
  Death in hospital 2 (18) 0
 Discharge MRC sum score 42.7±13.4 49.8±7.6 0.006
  MRC sum score ≥48 4 (36.4) 6 (54.5) 0.673
 Discharge ICU mobility scale score 5.8±2.2 8.4±1.7 0.005
  IMS score ≥8 (walking with one assist) 3 (27.3) 6 (54.5) 0.637
 Discharge CPAx score 31.6±11.1 42.8±6.0 0.011
  CPAx score >18 7 (63.6) 8 (72.7) 0.471

Values are presented as number (%) or mean±standard deviation unless otherwise indicated. P-value for primary outcomes reflect the interaction effect of 
change over time.
CI: confidence interval; MRC: Medical Research Council; R+L: right+left; ICU: intensive care unit; CPAx: Chelsea critical care physical assessment tool; IQR: 
interquartile range; IMS: intensive care mobility scale.
aAdjusted measurements adjust for calorie and protein intake; bChange relates to difference from baseline measurement at enrolment, to last measured score 
prior to discharge. For data outlining baseline and end results, see Supplementary Table 1.



301https://www.accjournal.orgAcute and Critical Care 2022 August 37(3):295-302

Anstey MH, et al. GAINS trial

case-mix to ensure sufficient patients enrolment (such as pa-

tients with severe sepsis). Since completion of this study, the 

authors have set up a follow-up clinic for survivors of critical 

illness, which will assist with better follow-up of patients and 

routine assessment of SF-36 outcomes at 3 months. 

In setting up the trial, we aimed to measure the traditional 

components of ICU recovery: nutrition and physical rehabil-

itation. Early rehabilitation and dietitian review are standard 

practices in the participating centres. Of note, the placebo 

group received greater calorie and protein replacement, as 

well as more physiotherapy time, making it harder to separate 

the contribution of nandrolone to patient recovery. We hy-

pothesise that, since the placebo group had a longer duration 

of mechanical ventilation, they also more likely had a longer 

duration of nasogastric enteral feeding, which made it easier 

to achieve nutritional targets (especially in recently extubated 

patients), and longer duration of physiotherapy as they were 

receiving ventilator weaning assistance. 

There are several limitations to this study. This was a small 

study, and while statistical significance has been shown for 

several outcomes, it is important not to place too much im-

portance on these results. Furthermore, there appears to be 

a degree of mismatch in the underlying characteristics of the 

enrolled patients. At baseline, the placebo group (which ended 

up having a longer duration of mechanical ventilation) had 

lower MRC, CPAx, and IMS scores. The differences in length of 

stay are likely to reflect these baseline differences rather than 

the effects of nandrolone. Nonetheless, accounting for the 

heterogeneity of patients with ICU-acquired weakness is an 

important consideration. Second, the patients were predomi-

nantly enrolled from one ICU. Third, as a pilot study, there was 

not sufficient power to detect differences between the groups 

but rather to test the feasibility of the protocol and establish 

pilot data to guide further studies. Finally, this study did not 

address the optimal dosing schedule and dose. We elected to 

provide up to three doses based on estimates of patient hos-

pital stay. A more prolonged course of nandrolone might be 

more beneficial, as used by the authors in different settings, 

and combined with resistance exercise to promote muscle 

growth [13,26]. Indeed, a single dose of nandrolone has not 

been shown to attenuate muscle atrophy during disuse [27].  

In summary, the Growth and Anabolism in Intensive Care 

Survivors (GAINS) study indicates that administration of nan-

drolone to survivors of critical illness and follow-up of their 

outcomes are feasible. A larger study, potentially also with a 

longer duration of nandrolone administration, is needed to 

definitively address the potential benefits of nandrolone. 
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Background: Elderly patients with coronavirus disease 2019 (COVID-19) have a high disease se-
verity and mortality. However, the use of the frailty scale and severity score to predict in-hospital 
mortality in the elderly is not well established. Therefore, in this study, we investigated the use of 
these scores in COVID-19 cases in the elderly. 
Methods: This multicenter retrospective study included severe COVID-19 patients admitted to 
seven hospitals in Republic of Korea from February 2020 to February 2021. We evaluated patients’ 
Acute Physiology and Chronic Health Evaluation (APACHE) II score; confusion, urea nitrogen, respi-
ratory rate, blood pressure, 65 years of age and older (CURB-65) score; modified early warning 
score (MEWS); Sequential Organ Failure Assessment (SOFA) score; clinical frailty scale (CFS) score; 
and Charlson comorbidity index (CCI). We evaluated the predictive value using receiver operating 
characteristic (ROC) curve analysis. 
Results: The study included 318 elderly patients with severe COVID-19 of whom 237 (74.5%) were 
survivors and 81 (25.5%) were non-survivors. The non-survivor group was older and had more co-
morbidities than the survivor group. The CFS, CCI, APACHE II, SOFA, CURB-65, and MEWS scores 
were higher in the non-survivor group than in the survivor group. When analyzed using the ROC 
curve, SOFA score showed the best performance in predicting the prognosis of elderly patients 
(area under the curve=0.766, P<0.001). CFS and SOFA scores were associated with in-hospital 
mortality in the multivariate analysis. 
Conclusions: The SOFA score is an efficient tool for assessing in-hospital mortality in elderly pa-
tients with severe COVID-19. 
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INTRODUCTION 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was first identified in Wuhan, 

China in December, 2019. SARS-CoV-2 causes coronavirus disease 2019 (COVID-19). The 

World Health Organization declared COVID-19 to be a pandemic in March, 2020 [1]. In the 
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Republic of Korea, there have been 551,551 cases diagnosed 

with COVID-19 and 4,591 deaths from January 3, 2020, to 

December 17, 2021. As of December 12, 2021, 83,142,509 vac-

cine doses were administered. Vaccination is currently being 

implemented worldwide to prevent COVID-19 [2-4]; however, 

vaccination has not completely prevented COVID-19 [5]. With 

the recent increase in the number of patients with COVID-19, 

Korea is suffering from a rapid increase in the number of se-

verely ill patients and a shortage of intensive care unit beds. 

Elderly people have a higher COVID-19 severity and mortal-

ity than younger people [6-9]. In addition, elderly patients with 

COVID-19 have more underlying diseases and higher frailty 

at admission than younger patients [10-14]. High severity 

score and high frailty score are expected to assist in predicting 

mortality rate of elderly patients hospitalized with COVID-19 

[15-18]. However, it is not well-known whether the best as-

sessment for predicting in-hospital mortality is bassline frailty 

or the COVID-19 severity score. Therefore, in this study, we 

aimed to investigate whether the frailty scale and the currently 

used severity scoring system can predict in-hospital mortality 

in elderly patients with severe COVID-19. 

MATERIALS AND METHODS 

This multicenter retrospective study involved seven hospitals 

treating patients with severe COVID-19 in Republic of Korea 

from February 2, 2020 to February 28, 2021. We analyzed data 

collected from all hospitalized severe COVID-19 patients from 

the seven hospitals. The research was approved by the Ethical 

Committee of the Promoting Center (No. 2021-04-053) and lo-

cal ethics committees. The need for written informed consent 

was waived due to the retrospective nature of the study. 

All data were retrieved from electronic medical records. In-

formation about patient characteristics, including gender, age, 

symptoms, and initial laboratory and radiologic findings, was 

collected. Moreover, data on the need for invasive treatment 

(mechanical ventilation, vasopressor treatment, and continu-

ous renal replacement therapy [CRRT]), in-hospital mortality, 

and duration of hospital stay were extracted. The initial Acute 

Physiology and Chronic Health Evaluation (APACHE) II; Se-

quential Organ Failure Assessment (SOFA) score; confusion, 

urea nitrogen, respiratory rate, blood pressure, 65 years of 

age and older (CURB-65) score; modified early warning score 

(MEWS) and Charlson comorbidity index (CCI) score were an-

alyzed to evaluate the patients’ condition at the time of admis-

sion. The clinical frailty scale (CFS) was used to indicate the 

patient’s previous functional independence before hospital-

ization based on the patient’s medical status [19]. SARS-CoV-2 

infection in hospitalized patients was confirmed via reverse 

transcriptase-polymerase chain reaction. Severe COVID-19 in-

fection was defined as an oxygen saturation level of 94% or less 

in room air or a need for oxygen support [20]. These have been 

confirmed as indicators of COVID-19 severity. 

Statistical Analysis 
All data are expressed as the percentage for categorical vari-

ables and as the median and interquartile range for continuous 

variables. Pearson’s chi-square test or Fisher’s exact test was 

used for categorical data, and Student t-test or Mann-Whitney 

U-test was used for continuous data. Receiver operating char-

acteristic (ROC) curve analysis was performed to evaluate pre-

diction accuracy. The optimal cutoff value was chosen as the 

highest product of sensitivity and specificity. Cox regression 

analysis was performed to identify the predictors of in-hospital 

mortality. All P-values were two-tailed with statistical signifi-

cance set at P<0.05. No imputation strategy was conducted be-

cause cases of missing data were rare (90/17,718, 0.5%). There 

were no missing values for frailty scale and severity scores. We 

used the IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA) to 

perform all statistical analyses.  

RESULTS  

Patients’ Baseline Characteristics 
Of the 1,565 hospitalized COVID-19 patients, 318 patients ≥65 

years old with severe COVID-19 were included. Of these, 237 

patients (74.5%) comprised the survivor group and 81 (25.5%) 

■ The in-hospital mortality of elderly patients with severe 
coronavirus disease 2019 (COVID-19) was 25.5%.

■ The non-survivor group had more underlying diseases, 
and their initial frailty scale and severity scores tended to 
be higher than those in the survivor group.

■ The Sequential Organ Failure Assessment (SOFA) score 
demonstrated the best performance in predicting the 
in-hospital mortality of elderly patients with severe 
COVID-19.

■ Clinical frailty scale and SOFA scores were associated with 
in-hospital mortality in multivariate analyses, and these 
may assist in treatment decision-making.

KEY MESSAGES
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comprised the non-survivor group (Figure 1). 

Baseline patient characteristics at the time of admission are 

presented in the Table 1. The median ages of the survivor and 

non-survivor groups were 76 years (interquartile range [IQR], 

69–84) and 80 years (IQR, 75–85), respectively. Chronic ob-

structive pulmonary disease (COPD; 8.6% vs. 2.1%, P=0.008) 

and diabetes mellitus (DM; 50.6% vs. 31.6%, P=0.002) were 

more common in the non-survivor group than in the survivor 

group. The non-survivor group had a lower diastolic blood 

pressure (67 mm Hg [53–79] vs. 72 mm Hg [64–82], P=0.002), 

Glasgow coma scale (15 [12–15] vs. 15 [15–15], P<0.001), and 

higher respiratory rate (RR; 22/min [20–26] vs. 20/min [19–22], 

P=0.003) than the survivor group. The non-survivor group 

patients had higher initial white blood cell (WBC) counts; neu-

trophil-to-lymphocyte ratios (NLRs); and blood urea nitrogen 

(BUN), creatinine, and C-reactive protein levels than survivor 

group patients. Non-survivor group patients also had lower 

initial hemoglobin levels, platelet counts, and albumin levels. 

Normal initial radiographs were fewer in the non-survivor 

group than in the survivor group (8.6% vs. 18.6%, P=0.036). 

Treatment and Clinical Outcomes between Survivor and 
Non-survivor Groups 
The treatment and outcomes of patients are presented in 

Table 2. The use of antibiotics (77.8% vs. 62.4%, P=0.012), va-

sopressors (38.3% vs. 7.2%, P<0.001), CRRT (19.8% vs. 1.7%, 

P<0.001), and steroids (90.1% vs. 72.2%, P=0.001) was higher in 

the non-survivor group than in the survivor group. Extracorpo-

real membrane oxygenation (ECMO; 8.6% vs. 1.3%, P<0.001), 

invasive mechanical ventilation (54.3% vs. 15.2%, P<0.001), 

and high-flow nasal cannula (59.3% vs. 26.2%, P<0.001) were 

more commonly used in the non-survivor group. Compared 

with the survivor group, the non-survivor group had a higher 

proportion of patients with do-not-resuscitate (DNR) orders 

(72.8% vs. 7.2%, P<0.001). 

Frailty Scale and Severity Scores between the Survivor 
and Non-survivor Groups 
Table 3 shows the frailty and severity scores of elderly patients. 

Compared with the survivor group, the non-survivor group 

had higher CFS and CCI. In addition, the APACHE II, SOFA, 

CURB-65 scores, and MEWS were higher in the non-survivor 

group than in the survivor group. 

Prognostic Value of the Frailty Scale and Severity Score 
The performance of the CFS, CCI, APACHE II, SOFA, CURB-

65, and MEWS in predicting in-hospital mortality was evaluat-

ed using ROC curves (Figure 2). The SOFA score demonstrated 

the best performance in predicting the prognosis of elderly 

severe COVID-19 patients (area under the curve [AUC], 0.766; 

P<0.001). The CFS (AUC, 0.692; P<0.001), CCI (AUC, 0.652; 

P<0.001), APACHE II score (AUC, 0.699; P<0.001), CURB-

65 (AUC, 0.672; P<.001), and MEWS (AUC, 0.646; P<0.001) 

demonstrated poor performance. The prognostic cut-off val-

ue of the SOFA score was 2.50 (sensitivity, 72.8%; specificity, 

70.5%). 

Predictors of Patients’ In-hospital Mortality 
Table 4 shows the risk factors associated with in-hospital mor-

tality. In multivariate analysis, age (odds ratio [OR], 1.029; 95% 

confidence interval [CI], 0.999–1.059; P=0.054), high CFS (OR, 

1.274; 95% CI, 1.112–1.460; P<0.001), high SOFA score (OR, 

1.144; 95% CI, 1.082–1.211; P<0.001), DM (OR, 1.988; 95% CI, 

1.240–3.188; P=0.001), COPD (OR, 2.462; 95% CI, 1.093–5.546; 

P=0.030), and high WBC count (OR, 1.051; 95% CI, 1.003–1.101; 

P=0.038) were shown to be factors associated with in-hospital 

mortality. 

DISCUSSION 

In this study, the in-hospital mortality rate of elderly patients 

with severe COVID-19 was 25.5%. Non-survivor group were 

older, had more underlying comorbidities, frailer, and more 

severe by severity scores than the survivor group. SOFA score 

was the best predictor of in-hospital mortality. High CFS, high Figure 1. Flowchart of patients. COVID-19: coronavirus disease 2019.

318 Elderly patients (≥65 yr) included 
(65.2%)

237 Survivor 
(74.5%) 

81 Non-survivor 
(25.5%) 

1,565 Hospitalized COVID-19 infection 
(Feb 2, 2020–Feb 28, 2021)

1,247 Patients excluded
- 1,077 Non-severe COVID-19
-    170 Younger patients (<65 yr)



306 https://www.accjournal.org Acute and Critical Care 2022 August 37(3):303-311

Na YS, et al. Mortality prediction in elderly COVID-19 patients

Table 1. Baseline characteristics of elderly patients with severe COVID-19 at the time of admission
Variable All patients (n=318) Survivor (n=237) Non-survivor (n=81) P-value
Age (yr) 78 (71–84) 76 (69–84) 80 (75–85) 0.001
Male 136 (42.8) 96 (40.5) 40 (49.4) 0.163
Smoking 57 (17.9) 44 (18.6) 13 (16.0) 0.610
Symptom at admission 244 (76.7) 181 (76.4) 63 (77.8) 0.796
Symptom to admission (day) 3.0 (1.0–7.0) 4.0 (1.0–8.0) 2.0 (0.8–6.0) 0.451
Body mass index (kg/m2) 23.1 (20.7–25.9) 23.2 (20.8–25.9) 22.8 (19.8–26.6) 0.519
Resident of a nursing facilities 76 (23.9) 55 (23.2) 21 (25.9) 0.620
Comorbidity
 Hypertension 201 (63.2) 144 (60.8) 57 (70.4) 0.122
 DM 116 (36.5) 75 (31.6) 41 (50.6) 0.002
 COPD 12 (3.8) 5 (2.1) 7 (8.6) 0.008
 Cerebrovascular disease 42 (13.2) 30 (12.7) 12 (14.8) 0.621
 Heart failure 16 (5.0) 13 (5.5) 3 (3.7) 0.527
 Liver cirrhosis 4 (1.3) 2 (0.8) 2 (2.5) 0.257
 Chronic kidney disease 5 (1.6) 4 (1.7) 1 (1.2) 0.777
 Malignancy 18 (5.7) 15 (6.3) 3 (3.7) 0.377
Vital sign
 SBP (mm Hg) 121 (108–140) 121 (109–140) 120 (106–134) 0.203
 DBP (mm Hg) 71 (61–81) 72 (64–82) 67 (53–79) 0.002
 HR (/min) 86 (73–99) 84 (73–97) 90 (71–103) 0.115
 RR (/min) 20 (19–24) 20 (19–22) 22 (20–26) 0.003
 Body temperature (°C) 36.7 (36.4–37.4) 36.8 (36.4–37.4) 36.6 (36.4–37.2) 0.092
 SpO2 (%) 95.0 (92.0–98.0) 96.0 (93.0–98.0) 95.0 (90.5–98.0) 0.055
 GCS 15 (14–15) 15 (15–15) 15 (12–15) <0.001
Duration of fever 2.0 (0.0–4.3) 2.0 (0.0–4.0) 2.0 (0.0–6.5) 0.124
Laboratory data
 White blood cell count (1,000/mm3) 5.91 (4.36–7.98) 5.54 (4.23–7.72) 7.01 (4.95–9.22) 0.007
 Neutrophil lymphocyte ratio 4.56 (2.75–9.60) 4.04 (2.52–8.65) 7.62 (4.01–15.60) 0.002
 Hemoglobin (g/dl) 12.6 (11.2–13.8) 12.8 (11.5–13.8) 12.2 (10.6–13.5) 0.013
Platelet count (1,000/mm3) 179 (134–228) 184 (145–234) 154 (116–216) 0.001
 Total bilirubin (mg/dl) 0.5 (0.3–0.7) 0.5 (0.3–0.6) 0.5 (0.3–0.7) 0.087
 Albumin (g/dl) 3.5 (3.1–3.8) 3.5 (3.2–3.9) 3.2 (2.8–3.6) <0.001
 BUN (mg/dl) 16 (12–24) 16 (11–22) 20 (13–35) 0.001
 Creatinine (mg/dl) 0.78 (0.60–1.00) 0.74 (0.58–0.94) 0.82 (0.65–1.29) 0.015
 C-reactive protein (mg/dl) 5.70 (2.07–10.58) 4.74 (1.57–9.24) 7.93 (3.80–15.67) 0.002
Chest X-ray
 Normal 51 (16.0) 44 (18.6) 7 (8.6) 0.036
 Unilateral 52 (16.4) 39 (16.5) 13 (16.0) 0.932
 Bilateral 138 (43.4) 100 (42.2) 38 (46.9) 0.459
 Multifocal 77 (24.2) 54 (22.8) 23 (28.4) 0.309

Values are presented as median (interquartile range) or number (%).
COVID-19: coronavirus disease 2019; DM: diabetes mellitus; COPD: chronic obstructive pulmonary disease; SBP: systolic blood pressure; DBP: diastolic blood 
pressure; HR: heart rate; RR: respiratory rate; SpO2: saturation pulse oxygen; GCS: Glasgow coma scale; BUN: blood urea nitrogen.

SOFA score, age, a concurrent diagnosis of COPD, a concur-

rent diagnosis of DM, and high WBC count were risk factors 

for in-hospital mortality in the elderly patients with severe 

COVID-19. 

Elderly patients commonly have underlying diseases such as 

DM and COPD. Additionally, the non-survivor group patients 
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frequently required treatments such as invasive mechanical 

ventilation, CRRT, and ECMO. These patients also had DNR 

orders more frequently. The required treatment and DNR or-

der findings are consistent with those of previous studies [21-

26]. In Gao et al.’s study [26], which included older (≥65 years) 

COVID-19 patients, the deceased group had more morbidities 

including cardiovascular diseases (49% vs. 20%, P<0.001), re-

spiratory diseases (51% vs. 11%, P<0.001), chronic kidney dis-

ease (29% vs. 5%, P<0.001) and cerebrovascular disease (20% 

vs. 3%) than the discharged group. In a study by Vrillon et al. 

[21], included the very elderly (≥85 years) COVID-19 patients, 

the non-survivor group had more cardioneurovascular diseas-

es (68.2% vs. 37.0%, P=0.013), more complications like acute 

respiratory distress syndrome (95.5% vs. 1.9%, P<0.001), and 

needed more frequent treatment with oxygen (95.5% vs. 46.3%, 

P<0.001) compared with the survivor group. 

In this study, the non-survivor group had higher WBC counts 

and NLR, BUN, creatinine, and C-reactive protein levels than 

the survivor group. The non-survivor group also had lower 

hemoglobin levels, platelet counts, and albumin levels than 

survivor group. In a study of elderly patients with COVID-19 by 

Gao et al. [26], the deceased group subjects showed significant-

ly higher levels of C-reactive protein and BUN and significantly 

lower lymphocyte counts than the discharged group subjects.  

Table 2. Treatment and clinical outcomes of elderly patients with severe COVID-19
Variable All patients (n=318) Survivor (n=237) Non-survivor (n=81) P-value
Treatment
 Remdesivir 168 (52.8) 119 (50.2) 49 (60.5) 0.109
 Antibiotics 211 (66.4) 148 (62.4) 63 (77.8) 0.012
 Vasopressor 48 (15.1) 17 (7.2) 31 (38.3) <0.001
 CRRT 20 (6.3) 4 (1.7) 16 (19.8) <0.001
 Steroid 244 (76.7) 171 (72.2) 73 (90.1) 0.001
Oxygen supply device
 Nasal prong 257 (80.8) 209 (88.2) 48 (59.3) <0.001
 HFNC 110 (34.6) 62 (26.2) 48 (59.3) <0.001
 Invasive mechanical ventilation 80 (25.2) 36 (15.2) 44 (54.3) <0.001
 ECMO 10 (3.1) 3 (1.3) 7 (8.6) 0.001
Tracheostomy (%) 27 (8.5) 14 (5.9) 13 (16.0) 0.005
Outcome
 Length of hospital stay (day) 17.0 (12.0–26.0) 17.0 (13.0–25.0) 17.0 (10.0–27.0) 0.748
 Secondary infection 103 (32.4) 62 (26.2) 41 (50.6) <0.001
 DNR order 76 (23.9) 17 (7.2) 59 (72.8) <0.001

Values are presented as number (%) or median (interquartile range).
COVID-19: coronavirus disease 2019; CRRT: continuous renal replacement therapy; HFNC: high-flow nasal cannula; ECMO: extracorporeal membrane 
oxygenation; DNR: do-not-resuscitate.

Table 3. Frailty scale and severity score of elderly patients with severe COVID-19
Variable All patients (n=318) Survivor (n=237) Non-survivor (n=81) P-value
Frailty
 Clinical frailty scale 4.0 (3.0–7.0) 3.0 (3.0–6.0) 6.0 (4.0–7.0) <0.001
 Charlson comorbidity index 4.0 (3.0–5.0) 4.0 (3.0–5.0) 5.0 (4.0–6.0) <0.001
Severity score
 APACHE II score 11.5 (9.0–15.0) 11.0 (8.0–14.0) 14.0 (11.0–19.0) <0.001
 SOFA score 2.0 (1.0–4.0) 1.0 (0.0–3.0) 4.0 (2.0–8.5) <0.001
 CURB-65 score 2.0 (1.0–2.0) 1.0 (1.0–2.0) 2.0 (1.5–3.0) <0.001
 MEWS 1.0 (1.0–2.0) 1.0 (1.0–2.0) 2.0 (1.0–3.0) <0.001

Values are presented as median (interquartile range).
COVID-19: coronavirus disease 2019; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; CURB-65:
confusion, urea nitrogen, respiratory rate, blood pressure, 65 years of age and older; MEWS: modified early warning score.
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Li et al.’s study [27], in the elderly (≥60 years) patients with 

COVID-19, showed that higher WBC and neutrophil counts, 

creatine kinase-MB levels, D-dimer levels, and procalcitonin 

levels and lower albumin levels, lower pH values, presence of 

hypercapnia, and presence of hypoxia were associated with 

higher mortality. The results of these studies were similar to 

those of our study that was focused on elderly patients with 

severe COVID-19. 

Elderly patients with severe COVID-19 were frailer and had 

higher disease severity. Pranata et al. [16] showed that a 12% 

increase in patient mortality was associated with a one point 

increase in CFS and that CFS was associated with mortality in 

a linear fashion. In a study of older patients with COVID-19 by 

Darren et al. [15], the mortality rate was higher in the patients 

who had a CFS score of 6 or higher than in the patients with 

CFS of 1–3. In a study by Tuty Kuswardhani et al. [28], com-

pared to patients with a CCI score of 0, patients with a CCI 

score of 1–2 and ≥3 had higher mortality and poorer outcome. 

Additionally, the higher the SOFA score, the higher was the 

mortality rate in patients with severe COVID-19. In this study, 

Figure 2. Receiver operating characteristic (ROC) curves of the clinical 
frailty scale (CFS), Charlson comorbidity index (CCI), Acute Physiology 
and Chronic Health Evaluation (APACHE) II, Sequential Organ Failure 
Assessment (SOFA), confusion, urea nitrogen, respiratory rate, blood 
pressure, 65 years of age and older (CURB-65) scores, and modified 
early warning score (MEWS) in predicting patients’ in-hospital 
mortality.

the prognostic cut-off value of the SOFA score for in-hospital 

mortality was 2.50. In Yang’s study [18], the cut-off SOFA score 

value for predicting severe COVID-19 was 2, and the cut-off 

value for predicting mortality was 5. In a study of patients with 

suspected infection admitted to an intensive care unit, an in-

crease in SOFA score of 2 or more was associated with in-hos-

pital mortality [17]. In our study, the SOFA score cut-off of 2.5 

seems lower than the SOFA score of critically ill ICU patients in 

general. This is probably due to the effect of respiratory failure 

being the main cause of exacerbation in many patients with 

severe COVID-19. While there have been studies on the use-

fulness of each score for predicting severity and mortality, no 

study has analyzed an overall frailty scale and severity score. 

In this study, scores indicating frailty and patient severity were 

analyzed, and the SOFA score showed the best predictive pow-

er for mortality. However, with the current ICU bed shortage 

situation, considering several factors when determining ICU 

admission is preferred [29-31]. Therefore, in actual practice, 

considering several factors related to mortality, such as CFS, in 

addition to the SOFA score is necessary in ICU triage. 

Age, high CFS, high SOFA score,comorbidities such as DM, 

COPD, and high WBC count were risk factors of in-hospital 

mortality in this study. These risk factors have also been shown 

in other studies. Frailty is related to the prognosis of elderly 

patients. A multicenter study of elderly COVID-19 patients ≥70 

years old showed that higher frailty was associated with higher 

30-day mortality and a higher rate of treatment limitation [32]. 

Pranata et al. [16] and Aliberti et al. [33] also showed that high-

er clinical frailty scores were associated with higher mortality. 

In other studies, factors associated with mortality include age; 

Charlson index; presence of diabetes, COPD, CKD, hyper-

tension, or dementia; high d-dimer level; and high neutro-

phil-lymphocyte ratio [34-36]. 

This study has several limitations. First, the frailty scale and 

severity scores were calculated by reviewing medical records 

and collecting clinical data from an electronic record database. 

While these scores may differ from actual scores, the difference 

was judged to be negligible. Second, the hospital participating 

in the study is a hospital that treats severe COVID-19 patients; 

patients who have been transferred from the living center and 

other hospitals may initially show higher severity and poorer 

laboratory data. However, since most hospitals that treat crit-

ically ill patients have many patients from other hospitals, the 

evaluation and results shown in this study are still useful. 

In conclusion, the in-hospital mortality rates of elderly 

patients with severe COVID-19 was 25.5%. The SOFA score 
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showed the best predictive performance, and the prognostic 

cut-off value was 2.50. The SOFA score was the most useful tool 

for predicting critical care and in-hospital mortality in elderly 

patients with severe COVID-19; and other factors associated 

with in-hospital mortality were age, CFS, concurrent diagnosis 

of DM or COPD, and high WBC count. 
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INTRODUCTION 

Over 400 million people have been infected with severe acute respiratory syndrome corona-

virus 2 (SARS-CoV-2), the virus responsible for coronavirus disease 2019 (COVID-19), since 

it was first detected in the city of Wuhan in Hubei Province, China [1]. At the beginning of the 

COVID-19 pandemic, the significance of bacterial and fungal coinfections in individuals with 

COVID-19 was unknown. Prior outbreaks of respiratory viruses, such as influenza, have been 

associated with high rates of bacterial coinfection through viral impairment of mucociliary 

clearance, increased bacterial adherence, airway damage, and immune dysregulation [2,3]. 

Background: At outset of the coronavirus disease 2019 (COVID-19) pandemic, the significance of 
bacterial and fungal coinfections in individuals with COVID-19 was unknown. Initial reports indi-
cated that the prevalence of coinfection in the general population was low, but there was uncer-
tainty regarding the risk of coinfection in critically ill patients. 
Methods: Nine hundred critically ill adult patients with COVID-19 infection were enrolled in this 
observational case-control study. Patients with a coinfection (case) and patients without a coin-
fection (control) were compared using univariate and multivariable analyses. A subgroup analysis 
was performed on patients with coinfection, dividing them into early (infection within 7 days) and 
late (infection after 7 days) infection groups. 
Results: Two hundred and thirty-three patients (25.9%) had a bacterial or fungal coinfection. Va-
sopressor use (P<0.001) and severity of illness (higher Acute Physiology and Chronic Health Evalu-
ation III score, P=0.009) were risk factors for the development of a coinfection. Patients with coin-
fection had higher mortality and length of stay. Vasopressor and corticosteroid use and central line 
and foley catheter placement were risk factors for late infection (>7 days). There were high rates 
of drug-resistant infections. 
Conclusions: Critically ill patients with COVID-19 are at risk for both community-acquired and 
hospital-acquired infections throughout their hospitalization for COVID-19. It is important to con-
sider the development of a coinfection in clinically worsening critically ill patients with COVID-19 
and consider the likelihood of drug-resistance when choosing an empiric regimen. 

Key Words: antibiotic stewardship; coinfection; COVID-19; drug resistance; microbial
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Mortality attributed to coinfection in viral illness has decreased 

overtime since the 1918 influenza pandemic, with only 20% 

of influenza cases being complicated by bacterial pneumonia 

during the 2009 H1N1 influenza A pandemic [2].  

Data collected through the first year of the pandemic suggests 

that the prevalence of secondary infections in patients with 

COVID-19 is low, with many cohorts reporting approximately 

7% of patients with a coinfection, despite over 90% of patients 

receiving antimicrobials [4-9]. On the contrary, patients with 

COVID-19 admitted to the intensive care unit (ICU) are at a 

higher risk for developing coinfections. Studies have reported a 

32.7% to 100% incidence of secondary bacterial infections [10-

14]. The presence of these infections has been associated with 

increased morbidity and mortality [15,16]. While coinfections 

in patients with COVID-19 may be relatively uncommon, the 

high rate of antimicrobial use has likely contributed to the low 

rate of microbiologically confirmed infections [17]. 

The clinical features of COVID-19 infection are difficult to 

distinguish from bacterial pneumonia. Biomarkers, such as 

procalcitonin (PCT), have been used to determine the likeli-

hood of bacterial infections in patients with COVID-19 infec-

tion [18]. However, elevated PCT has not been found to be cor-

related with the presence of a bacterial infection in COVID-19 

patients, but may be an independent predictor of mortality [19]. 

Given the high rates of antimicrobial administration and the 

trend toward prolonged hospitalizations, we suspected that 

hospital-acquired infections (HAI) represent an important 

segment of coinfections in critically ill patients with COVID-19. 

This study aims to understand the risk factors which can help 

clinicians identify patients at high risk for coinfection and mor-

tality. Unlike previously reported studies, we examined the oc-

currence of coinfections in a bimodal distribution; early com-

pared to late and identified risk factors for both time periods. 

MATERIALS AND METHODS 

Study Design 
This retrospective, observational case-control study was 

conducted at 16 hospitals within the Cleveland Clinic Health 

System, with locations throughout Northeastern Ohio and 

Florida. All adult patients with a positive polymerase chain 

reaction (PCR) test for COVID-19 admitted to the medical ICU 

between March 15, 2020, and August 31, 2020 were identified 

in an internal ICU registry. Ethical approval for this study was 

granted by the Cleveland Clinic Institutional Review Board (No. 

20-404). Consent was waived in accordance with the Cleve-

land Clinic Institutional Review Board due to the retrospective 

nature of this study. 

Patients 
Patients were included if they had PCR confirmed SARS-CoV-2 

and were admitted to the medical ICU during their hospital 

admission for COVID-19 infection. Patients were excluded if 

they did not have PCR confirmed COVID-19, age <18, or if they 

were participating in a clinical trial. Patients were divided into 

two groups: case group and control group. The case group was 

defined by the presence of a concurrent bacterial or fungal 

infection and the control group was defined by the absence of 

a concurrent infection. A coinfection was defined as a positive 

body fluid culture considered by the treating team as clinically 

relevant either per documentation or treatment with antibiot-

ics per chart review. Cultures with pathogens considered to be 

contaminants were excluded (for example, Candida species 

[spp.] from respiratory cultures and coagulase negative Staph-

ylococcus spp. which was not considered clinically significant). 

In a subgroup analysis of the patients in the case cohort, we 

divided the patients into early versus late infection based on 

the timing of infection development. The early infection group 

was defined as patients who were diagnosed with coinfection 

within 7 days of hospitalization and the late infection group 

was defined as patients who developed coinfection later (>7 

days) in their hospital course. We chose to define late infection 

as 7 days after hospital admission in order to exclude patho-

gens acquired in the community. The risk of HAI increases 

with length of stay (LOS), frequently occurring after one week 

of hospital admission [20,21]. 

Data 
The following data were compiled for analysis. Demographic 

data collected included weight, height, age, sex, race, comorbid 

conditions, and Acute Physiology and Chronic Health Evalu-

■ Bacterial and fungal coinfections occur more common-
ly in critically ill patients with coronavirus disease 2019 
(COVID-19) than non-critically ill hospitalized patients.

■ Clinicians should maintain a high index of suspicion for 
hospital-acquired infections in COVID-19 patients with 
increased severity of illness, indwelling medical devices, 
and prolonged hospital length of stay.

KEY MESSAGES
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ation (APACHE) III score. Laboratory data collected included 

C-reactive protein (CRP), ferritin, PCT, lactate dehydrogenase, 

and D-dimer. The following clinical data variables were collect-

ed: use of paralytics, vasopressors, antibiotics, and COVID-19 

specific therapies (corticosteroids, tocilizumab, remdesivir, 

etc.), presence of indwelling devices (foley catheter, endotra-

cheal tube, and central venous access), presence of a coinfec-

tion, and presence of a drug-resistant infection. 

Outcomes 
The primary outcome was identification of risk factors for the 

development of coinfections among patients with COVID-19. 

Secondary outcomes were hospital and ICU mortality and ICU 

and hospital LOS, and discharge disposition. In a subgroup 

analysis we identified risk factors between the subset of pa-

tients who developed “early” versus “late” infection. 

Statistical Analysis 
Descriptive statistics were used to characterize the patient co-

hort. Patients with a coinfection (cases) and patients without 

a coinfection (controls) were compared using univariate anal-

ysis and multivariable analysis. A subgroup analysis was per-

formed on patients with coinfection. They were divided into 

two groups early versus late coinfection. Early coinfection was 

defined as within 7 days of hospital admission and late was 

defined as after 7 days into hospital admission. Multivariable 

analyses were performed comparing the early group to the 

controls and the late group to the controls, controlling for the 

same variables listed above. 

The study variables were described using sample mean with 

standard deviation or count with percentage as appropriate. 

Continuous variables were compared using Wilcoxon Rank 

Sum test, whereas categorical variables were compared using 

Pearson’s chi-square test or Fisher’s exact test. Multivariable 

logistic regression analysis was conducted to study the associ-

ations between the predictors and the outcome. We controlled 

for body mass index (BMI), age, race, immune suppression, 

end-stage renal disease, APACHE III score, vasopressor, corti-

costeroid, and tocilizumab use, CRP, PCT closest to the infec-

tion, and foley and central line insertion. The variables in the 

multivariable model were selected based on clinical literature 

and experience caring for critically ill COVID-19 patients.. As-

sociation between these variables and the COVID-19 coinfec-

tion were expressed as odds ratio (OR) with its 95% confidence 

interval (CI). Missing values were imputed using the MissFor-

est method using R package missForest [22]. All analyses were 

two-tailed and were performed at a significance level of 0.05. 

SAS 9.4 software (SAS Institute, Cary, NC, USA) and R version 

4.0.0 (The R Foundation for Statistical Computing, Vienna, 

Austria) were used for all analyses. 

RESULTS 

There were 1,019 patients screened and after appropriate ex-

clusion, 900 critically ill patients with COVID-19 were included 

in the study (Figure 1). Two hundred and thirty-three patients 

(25.9%) had a bacterial or fungal coinfection. There was no dif-

ference in the weight, BMI, sex, age, and race in patients with 

and without coinfection. Baseline characteristics are reported 

in Table 1. Among the 233 patients with a bacterial or fungal 

coinfection, there were a total of 333 infections. The distribu-

tion of coinfections are as follows: 308 bacterial (92.5%) and 

25 fungal (7.5%) (Table 2). 24.1% of early infections (≤7 days 

from admission) were multidrug-resistant while 32.6% of late 

infections (>7 days from admission) were multidrug-resistant. 

While there was a trend towards increased resistance in the 

late infection group, this result was not statistically significant. 

Of the bacterial infections, 18 cultured pathogens produced 

extended spectrum beta-lactamases (ESBL). All ESBL were 

Escherichia coli or Klebsiella pneumoniae (24% of isolates) and 

six pathogens were carbapenem-resistant Enterobacteriaceae. 

There were 92 (27.6%) multi-drug resistant infections, resistant 

to three or more antimicrobial classes [23]. The most com-

mon source of coinfection was pulmonary with 141 infections 

(42.3%), followed by urinary (27.0%) and blood-stream infec-

tions (21.9%) (Table 3). 

On univariate analysis, patients with coinfections had higher 

APACHE III scores (53.9 vs. 65.8, P<0.001) than those without 

coinfection. Patients with coinfections received corticosteroids 

(66.1% vs. 56.8%, P=0.013) and tocilizumab (22.7% vs. 13.2%, 

1,019 Patients screened

Exclusion criteria
· No PCR confirmed COVID-19
· Age < 18
· Enrolled in a clinical trial

900 Patients enrolled 

Figure 1. Flowchart of patients included in the study. PCR: polymerase 
chain reaction; COVID-19: coronavirus disease 2019.
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Table 1. Baseline characteristics of critically Ill COVID-19 patients
Variable No coinfection (n=667) Coinfection present (n=233) Total (n=900) P-value
Demographics
 BMI (kg/m2) 31.8±8.7 31.1±8.8 31.6±8.8 0.220
 Age (yr) 65.2±16.0 66.7±13.5 65.6±15.4 0.280
 Female 263 (39.4) 91 (39.1) 354 (39.3) 0.920
 Race 0.098
  White 355 (53.2) 142 (60.9) 497 (55.2)
  Black 251 (37.6) 70 (30.0) 321 (35.7)
  Other 61 (9.1) 21 (9.0) 82 (9.1)
Comorbidity
 Diabetes 254 (38.1) 84 (36.1) 338 (37.6) 0.582
 Cirrhosis/liver failure 22 (3.3) 8 (3.4) 30 (3.3) 0.921
 COPD 165 (24.7) 71 (30.5) 236 (26.2) 0.087
 Immune suppression 89 (13.3) 31 (13.3) 120 (13.3) 0.988
 Cancer 41 (6.1) 14 (6.0) 55 (6.1) 0.940
 ESRD 32 (4.8) 16 (6.9) 48 (5.3) 0.226
Severity of illness
 APACHE III score 53.9±26.2 65.8±27.1 57.0±26.9 <0.001
ICU specific therapy
 Neuromuscular blockade 192 (28.8) 130 (55.8) 322 (35.8) <0.001
 Vasopressor 229 (34.3) 158 (67.8) 387 (43.0) <0.001
 Corticosteroid 379 (56.8) 154 (66.1) 533 (59.2) 0.013
 Hydroxychloroquine 159 (23.8) 45 (19.3) 204 (22.7) 0.156
 Tocilizumab 88 (13.2) 53 (22.7) 141 (15.7) <0.001
 Remdesivir 235 (35.2) 77 (33.0) 312 (34.7) 0.546
 Received antibiotics 518 (77.7) 231 (99.1) 749 (83.2) <0.001
 Received broad spectrum antibiotic 499 (74.8) 224 (96.1) 723 (80.3) <0.001
 Day of antibiotic therapy 6.7 (7.5) 14.4 (10.3) 8.7 (9.0) <0.001
 Foley before infection 339 (50.8) 165 (70.8) 504 (56.0) <0.001
 Foley during hospitalization 340 (51.0) 195 (83.7) 535 (59.4) <0.001
 Central Line before infection 254 (38.1) 131 (56.2) 385 (42.8) <0.001
 Central line during hospitalization 255 (38.2) 171 (73.4) 426 (47.3) <0.001
 Intubated before infection 245 (36.8) 118 (50.6) 363 (40.4) <0.001
 Intubated during hospitalization 246 (36.9) 146 (62.7) 392 (43.6) <0.001
Laboratory value
 Maximum CRP 19.8±24.1 26.7±23.3 21.6±24.1 <0.001
 CRP closest before infection 19.8±24.1 13.7±12.4 18.4±22.2 <0.001
 Maximum ferritin 2,874.4±8,825.5 7,638.0±2,2505.8 4,127.1±1,3947.9 <0.001
 Ferritin closest before infection 2,865.7±8,833.1 3,356.0±1,2101.1 2,976.6±9,662.8 0.754
 Maximum procalcitonin 3.0±11.8 5.9±14.6 3.8±12.7 <0.001
 Procalcitonin closest before infection 3.1±11.8 3.6±8.1 3.2±11.1 0.005
 Maximum LDH 513.5±490.5 687.8±1,071.6 561.1±701.9 0.491
 LDH closest before Infection 514.0±491.2 517.6±518.5 514.8±496.9 0.186
 Maximum D-dimer 7,400.8±10,021.4 12,257.1±12,746.2 8,715.7±11,030.9 <0.001
 D-dimer closest before infection 7,413.7±10,039.1 6,332.1±8,840.5 7,168.1±9,783.7 0.736

Values are presented as mean±standard deviation or number (%).
COVID-19: coronavirus disease 2019; BMI: body mass index; COPD: chronic obstructive pulmonary disease; ESRD: end-stage renal disease; APACHE: Acute 
Physiology and Chronic Health Evaluation; ICU: intensive care unit; CRP: C-reactive protein; LDH: lactate dehydrogenase.
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P=0.001) at a higher rate than those without coinfections. 

Among all critically ill patients with COVID-19, 749 (83.2%) re-

ceived antibiotics with a mean duration of therapy of 8.7 days. 

Patients without a coinfection received an average of 6.7 days of 

antimicrobial therapy, compared with 14.4 days in those with a 

coinfection. Patients with coinfections had more central lines, 

endotracheal tubes, and indwelling foley catheters (Table 1). 

Patients with coinfection had higher PCT values during their 

hospital admission (5.9 vs. 3.0, P<0.001). This trend was pres-

ent prior to development of a coinfection, however the differ-

ence seen is unlikely to be clinically meaningful (PCT 3.6 vs. 

3.1, P=0.005). Similarly, for ferritin (7,638.8 vs. 2,874.4, P<0.001) 

and CRP (19.8 vs. 26.7, P<0.001) the patients with coinfection 

had statistically significant elevations in these markers, but the 

elevations did not occur prior to the microbiological diagnosis 

Table 2. Early versus late pathogens resulting in coinfection

Pathogen Early 
(n=195)

Late 
(n=138)

Total 
(n=333)

Escherichia coli 25 14 39
Klebsiella pneumoniae 21 16 37
MSSA 26 8 34
Pseudomonas aeruginosa 17 14 31
MRSA 16 11 27
Other 14 9 23
Enterococcus faecalis 13 7 20
Stenotrophomonas maltophilia 6 8 14
Clostridioides difficile 8 5 13
Proteus mirabilis 8 4 12
Candida glabrata 5 4 9
Enterobacter cloacae 1 7 8
Citrobacter spp. 4 3 7
Enterococcus faecium 5 2 7
Serratia marcescens 3 3 6
Staphylococcus epidermidis 4 2 6
Aspergillus fumigatus 0 5 5
Candida albicans 1 4 5
Corynebacterium spp. 3 2 5
Klebsiella aerogenes 1 4 5
Klebsiella oxytoca 3 1 4
Mycoplasma pneumoniae 4 0 4
Aerococcus urinae 2 0 2
Candida krusei 1 1 2
Candida parapsilosis 1 1 2
Candida tropicalis 1 1 2
Providencia stuartii 0 2 2
Streptococcus pneumoniae 2 0 2

MSSA: methicillin-sensitive Staphylococcus aureus; MRSA: methicillin-
resistant Staphylococcus aureus; spp., species.

Table 3. Sources of coinfection in critically Ill COVID-19 patients
Source Value (n=333)
Sputum/pulmonary 141
Urine 90
Blood 73
Stool 13
Wound 13
Abdominal fluid 2
Sinus 1

COVID-19: coronavirus disease 2019.

of infection. Therefore, biomarkers did not predict the onset of 

infection (Table 1). 

In the multivariable model, APACHE III score and the use 

of vasopressors were associated with the development of a 

coinfection. There was no association between elevation in 

PCT and subsequent development of coinfection (Table 4). 

The coinfection group had a higher rate of ICU mortality (15.0% 

vs. 29.7%, P<0.001) and hospital mortality (20.1% vs. 34.5%, 

P<0.001). ICU LOS (13.8 vs. 6.7 days, P<0.001) and hospital 

LOS (18.6 vs. 11.8 days, P<0.001) were longer in the coinfec-

tions group (Table 5). Patients with coinfections were less likely 

to be discharged to home (14.2% vs. 45.9%, P<0.001) and more 

likely to discharge to a skilled nursing facility or rehabilitation 

(38.8% vs. 25.1%, P<0.001) (Table 5). 

Of the 233 patients with coinfection included in the sub-

group analysis, 142 patients (60.9%) had their first coinfection 

within the first 7 days and 91 patients (39.1%) had their first 

coinfection after 7 days (Table 6). Seventy-one patients experi-

enced multiple infections. Among them, 40 (56.3%) had their 

first infection within 7 days and 31 (43.7%) had their first infec-

tion after 7 days. Patients with early coinfection were older age 

and had higher APACHE III scores. There were higher rates 

of neuromuscular blockade, vasopressors, corticosteroids, 

tocilizumab, remdesivir, foley catheters, central venous lines, 

and mechanical ventilation in the late infection group. In the 

multivariable analysis of the late group, the use of vasopressors 

(OR, 2.71; 95% CI, 1.245–5.881) and corticosteroids (OR, 2.08; 

95% CI, 1.155–3.734]) and the placement of a foley catheter 

(OR, 4.40; 95% CI, 1.820–10.657) and central line (OR, 2.53; 

95% CI, 1.176–5.426) increased the risk for late coinfection (not 

shown). 

Those who developed an early coinfection had a lower hos-

pital LOS and ICU LOS compared to the late group 13.9 days 

vs. for 25.8 days, P<0.001 and 9.5 days vs. 20.4 days, P<0.001, 

respectively. There was no difference in ICU mortality, hospital 
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Table 4. Multivariable analysis: risk factors for development of coinfection in critically Ill COVID-19 patients
Effect Odds ratio 95% CI P-value
BMI 0.993 0.972–1.014 0.528
Age 0.997 0.985–1.010 0.700
Race (black, white) 0.818 0.568–1.179 0.490
Race (other, white) 1.078 0.601–1.936 0.490
Immune suppression 0.727 0.445–1.188 0.203
ESRD 1.808 0.881–3.711 0.106
APACHE III score 1.009 1.002–1.016 0.009
Vasopressors 4.380 2.684–7.149 <0.001
Corticosteroids 1.333 0.937–1.896 0.110
Tocilizumab 1.411 0.909–2.189 0.124
CRP closest to the infection 0.958 0.943–0.974 <0.001
Procalcitonin closest to the infection 1.000 0.981–1.019 0.983
Foley prior to infection 1.277 0.816–1.999 0.285
Central line before infection 0.697 0.428–1.134 0.146

COVID-19: coronavirus disease 2019; CI: confidence interval; BMI: body mass index; ESRD: end-stage renal disease; APACHE: Acute Physiology and Chronic 
Health Score; CRP: C-reactive protein.

Table 5. Outcomes of critically Ill COVID-19 patients
Outcome No coinfection (n=667) Coinfection present (n=233) Total (n=900) P-value
ICU mortality 100 (15.0) 69 (29.7) 169 (18.8) <0.001
ICU length of stay 6.7±6.8 13.8±11.4 8.5±8.8 <0.001
Hospital mortality 134 (20.1) 80 (34.5) 214 (23.8) <0.001
Hospital length of stay 11.8±8.3 18.6±11.2 13.5±9.6 <0.001
Discharge disposition <0.001
 Deceased 134 (20.1) 80 (34.5) 214 (23.8)
 Home 306 (45.9) 33 (14.2) 339 (37.8)
 LTACH/SNF/rehabilitation 167 (25.1) 90 (38.8) 257 (28.6)
 OSH 18 (2.7) 6 (2.6) 24 (2.7)
 Hospice 38 (5.7) 22 (9.5) 60 (6.7)
 Other 3 (0.5) 1 (0.4) 4 (0.4)
Outcome Early coinfection (n=142) Late coinfection (n=91) Total (n=233)
ICU mortality 39 (27.7) 30 (33.0) 69 (29.7) 0.388
ICU length of stay 9.5±8.7 20.4±12.1 13.8±11.4 <0.001
Hospital mortality 47 (33.3) 33 (36.3) 80 (34.5) 0.647
Hospital length of stay 13.9±8.6 25.8±11.0 18.6±11.2 <0.001
Discharge disposition 0.880
 Deceased 47 (33.3) 33 (36.3) 80 (34.5)
 Home 20 (14.2) 13 (14.3) 33 (14.2)
 LTACH/SNF/rehabilitation 55 (39.0) 35 (38.5) 90 (38.8)
 OSH 4 (2.8) 2 (2.2) 6 (2.6)
 Hospice 15 (10.6) 7 (7.7) 22 (9.5)
 Other 0 1 (1.1) 1 (0.4)

Values are presented as number (%) or mean±standard deviation.
COVID-19: coronavirus disease 2019; ICU: intensive care unit; LTACH: long-term acute care hospital; SNF: skilled nursing facility; OSH: outside hospital.
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Table 6. Comparison of early versus late infection baseline characteristics
Variable Early (≤7 days) (n=142) Late (>7 days) (n=91) Total (n=233) P-value
Demographics
 BMI (kg/m2) 29.4±7.0 33.7±10.6 31.1±8.8 0.006
 Age (yr) 68.3±14.2 64.3±12.2 66.7±13.5 0.005
 Female 55 (38.7) 36 (39.6) 91 (39.1) 0.899
Race 0.592
 White 83 (58.5) 59 (64.8) 142 (60.9)
 Black 46 (32.4) 24 (26.4) 70 (30.0)
 Other 13 (9.2) 8 (8.8) 21 (9.0)
Comorbidity
 Diabetes 57 (40.1) 27 (29.7) 84 (36.1) 0.104
 Cirrhosis/liver failure 6 (4.2) 2 (2.2) 8 (3.4) 0.487
 COPD 47 (33.1) 24 (26.4) 71 (30.5) 0.277
 Immune suppression 21 (14.8) 10 (11.0) 31 (13.3) 0.405
 Cancer 11 (7.7) 3 (3.3) 14 (6.0) 0.258
 ESRD 13 (9.2) 3 (3.3) 16 (6.9) 0.112
Severity of illness
 APACHE III score 70.2±28.3 58.9±23.7 65.8±27.1 0.002
ICU specific therapy
 Neuromuscular blockade 64 (45.1) 66 (72.5) 130 (55.8) <0.001
 Vasopressors 87 (61.3) 71 (78.0) 158 (67.8) 0.008
 Corticosteroids 84 (59.2) 70 (76.9) 154 (66.1) 0.005
 Hydroxychloroquine 25 (17.6) 20 (22.0) 45 (19.3) 0.410
 Tocilizumab 22 (15.5) 31 (34.1) 53 (22.7) 0.001
 Remdesivir 35 (24.6) 42 (46.2) 77 (33.0) 0.001
 Received antibiotics 141 (99.3) 90 (98.9) 231 (99.1) 1.000
 Received broad spectrum antibiotics 135 (95.1) 89 (97.8) 224 (96.1) 0.488
 Day of antibiotic therapy 11.7 (7.7) 18.7 (12.3) 14.4 (10.3) <0.001
 Foley before infection 83 (58.5) 82 (90.1) 165 (70.8) <0.001
 Foley during hospitalization 112 (78.9) 83 (91.2) 195 (83.7) 0.013
 Central line before infection 59 (41.5) 72 (79.1) 131 (56.2) <0.001
 Central line during hospitalization 94 (66.2) 77 (84.6) 171 (73.4) 0.002
 Intubated before infection 54 (38.0) 64 (70.3) 118 (50.6) <0.001
 Intubated during hospitalization 73 (51.4) 73 (80.2) 146 (62.7) <0.001
Laboratory value
 Maximum CRP 25.0±27.1 29.3±15.8 26.7±23.3 0.001
 CRP closest before infection 14.2±12.1 13.1±12.9 13.7±12.4 0.212
 Maximum ferritin 7,187.3±24,199.8 8,316.6±19,797.0 7,638.0±22,505.8 0.085
 Ferritin closest before infection 3,448.2±11,957.7 3,253.0±12,328.6 3,356.0±1,2101.1 0.1119
 Maximum procalcitonin 5.1±13.6 7.1±15.8 5.9±14.6 0.005
 Procalcitonin closest before infection 4.8±10.6 2.5±4.7 3.6±8.1 0.903
 Maximum LDH 694.8±1,236.6 674.4±659.7 687.8±1,071.6 0.037
 LDH closest before infection 574.1±650.7 442.2±241.5 517.6±518.5 0.955
 Maximum D-dimer 10,656.3±12,160.8 14,585.6±13,290.3 12,257.1±12,746.2 0.011
 D-dimer closest before infection 5,852.5±9,053.5 6,831.5±8,647.1 6,332.1±8,840.5 0.066

Values are presented as mean±standard deviation or number (%).
BMI: body mass index; COPD: chronic obstructive pulmonary disease; ESRD: end-stage renal disease; APACHE: Acute Physiology and Chronic Health Evaluation; 
ICU: intensive care unit; CRP: C-reactive protein; LDH: lactate dehydrogenase.
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mortality, or discharge disposition between the two groups. 

DISCUSSION 

In our study, severity of illness (higher APACHE III score) and 

vasopressor use were associated with higher risk of developing 

coinfections in critically ill COVID-19 patients. Risk factors 

associated with developing a late coinfection (>7 days post 

admission) included vasopressor and corticosteroid use and 

placement of a foley catheter or central line. Clinical biomark-

ers were not associated with the development of coinfections 

in critically ill patients with COVID-19. There were higher rates 

of drug resistance in our population than previously seen in 

our ICU in pre-pandemic cohorts [24]. Patients with coinfec-

tion had higher hospital and ICU mortality, hospital and ICU 

LOS, and were less likely to be discharged to home. 

As has been described in other recent studies, critically 

ill patients with COVID-19 experience a higher rate of coin-

fection (25.9%) than previously reported in all hospitalized 

patients with COVID-19 [4-9]. Our cohort shows that higher 

severity of illness at presentation, need for vasopressors, and 

use of neuromuscular blockade and indwelling devices, such 

as foley catheters, endotracheal tubes, and central venous ac-

cess were all risk factors for development of infections. Nasir 

et al. similarly showed that severity of illness and the use of 

steroids were risk factors for the development of coinfection in 

critically ill COVID patients [25]. These findings are consistent 

with reports in other viral illness such as influenza, which have 

identified higher APACHE III score, older age, diabetes, and 

sepsis as risk factors for bacterial coinfection [26]. 

Our study demonstrates that there are unique differences 

in risk factors for coinfection among those with early versus 

late infection, suggesting that these are distinct populations. 

Interestingly, patients in the late infection group were twice as 

likely to develop a coinfection if they received corticosteroids. 

Corticosteroids are known to be associated with an increased 

risk of infection, but their use has increased in patients with 

COVID-19 since benefit was shown in the RECOVERY trial 

(dexamethasone in hospitalized patients with Covid-19 by 

the RECOVERY Collaborative Group) [27,28]. Retrospective 

data from New York City hospitals also found an increase in 

bacterial (25% vs. 13.1%, P=0.041) and fungal (12.7% vs. 0.7%, 

P<0.001) infections in patients with COVID-19 who received 

corticosteroids [29]. 

Unsurprisingly, the use of central lines and foley catheters 

was associated with an increased risk of late coinfections, 

further illustrating the need to remove temporary indwelling 

devices, when they are not clinically indicated. The analysis of 

early vs. late coinfections shows that critically ill patients with 

COVID-19 remain at high risk of infection throughout their 

hospital course. Therefore, evidence of worsening shock or re-

spiratory failure should be promptly recognized with the need 

for empiric antibiotics addressed. In our study, there were a 

large number of patients diagnosed with coinfection after 7 

days of admission (late group), indicating that HAI represent a 

significant proportion of coinfections for those with COVID-19. 

The increased risk of nosocomial and drug-resistance has 

been supported by recent data. Italian hospitals have reported 

46% of critically ill patients with COVID19 develop a HAI, with 

high rates of ventilator-associated pneumonia and catheter-as-

sociated blood stream infections [30]. These infections have 

been more commonly associated with drug resistance [30,31]. 

Our study revealed that biomarkers (PCT, CRP, and ferritin) 

are poor predictors of the presence of a coinfection, as eleva-

tions did not occur reliably prior to their diagnosis. Although 

PCT has been used in critically ill patients with COVID-19 for 

antibiotic de-escalation, the role of an elevated PCT in predict-

ing the presence of a coinfection is less clear [32]. Elevated PCT 

has been seen in patients with severe COVID-19, but it has 

not been correlated with the presence of a bacterial infection 

[19,33]. An elevated PCT and other biomarkers, such as CRP 

and ferritin, have been shown to be associated with increased 

mortality in COVID-19 patients and may be an independent 

predictor of mortality [19,34]. 

Overlapping clinical features between bacterial pneumo-

nia and COVID-19 leads to near ubiquitous use of antibiotics 

among these patients which may lead to increased antibiotic 

resistance. Our cohort had 92 (27.6%) multi-drug resistant in-

fections. The rates of ESBL among E. coli and K. pneumoniae 

isolates seen in critically ill COVID-19 patients were higher than 

previously reported in our institutions antibiogram [24]. In our 

population, fungal infections were relatively uncommon. 

The presence of coinfections has serious implications for 

critically ill patients with COVID-19. Patients with coinfection 

had longer LOS, higher mortality, and were less likely to be dis-

charged to home. Coinfections likely contribute to decreased 

quality of life for patients and increased healthcare costs due 

to increased LOS and the need for long-term medical care. Pa-

tients with late infection had longer hospital and ICU LOS.  

The strengths of our analysis include the inclusion of mul-

tiple medical centers which allowed for recruitment of a large 

number of patients and examining a protracted period of the 
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pandemic. We performed multivariable analysis to account 

for confounders and determine which variables are associat-

ed with coinfection. Additionally, our study is unique in that 

it is the first case-control series that examines infections in a 

bimodal model (early vs. late infection) as distinct entities with 

unique risk factors. Limitations of this study include the ret-

rospective nature of the analysis and possible poor generaliz-

ability to ICUs in resource-limited environments. Another lim-

itation of our analysis is that the true prevalence of coinfection 

is difficult to elucidate. High rates of early antibiotic exposure 

decrease the likelihood of a positive culture despite true coin-

fection and accurately determining contaminant versus patho-

gen in a patient with a compatible clinical picture is nearly 

impossible. While there is no gold standard to determine true 

coinfection, and false positive (contaminant) and false neg-

ative results were possible, these data demonstrate the poor 

clinical outcomes for critically ill patients with COVID-19 and 

coinfection. 

The presence of coinfections has serious implications for 

critically ill patients with COVID-19. Severity of illness and 

vasopressor use was associated with higher risk of developing 

coinfection in critically ill patients with COVID-19. Coinfec-

tions occur in a bimodal distribution and patients remain at 

high risk of developing coinfections throughout their hos-

pital course. While biomarkers are elevated in patients with 

COVID-19, they cannot be reliably used to predict the pres-

ence or likelihood of developing a coinfection. 
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INTRODUCTION 

Acute respiratory distress syndrome (ARDS) is a clinical syndrome of hypoxemic respiratory 

failure and is associated with a high mortality rate. Ventilator-induced lung injury can occur 

Background: There are limited data on the clinical effects of prone positioning according to lung 
morphology. We aimed to determine whether the gas exchange response to prone positioning dif-
fers according to lung morphology. 
Methods: This retrospective study included adult patients with moderate-to-severe acute respira-
tory distress syndrome (ARDS). The lung morphology of ARDS was assessed by chest computed to-
mography scan and classified as “diffuse” or “focal.” The primary outcome was change in partial 
pressure of arterial oxygen to fraction of inspired oxygen (PaO2/FiO2) ratio after the first prone po-
sitioning session: first, using the entire cohort, and second, using subgroups of patients with dif-
fuse ARDS matched 2 to 1 with patients with focal ARDS at baseline. 
Results: Ninety-five patients were included (focal ARDS group, 23; diffuse ARDS group, 72). Before 
prone positioning, the focal ARDS group showed worse oxygenation than the diffuse ARDS group 
(median PaO2/FiO2 ratio, 79.9 mm Hg [interquartile range (IQR)], 67.7–112.6 vs. 104.0 mm Hg [IQR, 
77.6–135.7]; P=0.042). During prone positioning, the focal ARDS group showed a greater improve-
ment in the PaO2/FiO2 ratio than the diffuse ARDS group (median, 55.8 mm Hg [IQR, 11.1–109.2] 
vs. 42.8 mm Hg [IQR, 11.6–83.2]); however, the difference was not significant (P=0.705). Among 
the PaO2/FiO2-matched cohort, there was no significant difference in change in PaO2/FiO2 ratio af-
ter prone positioning between the groups (P=0.904). 
Conclusions: In patients with moderate-to-severe ARDS, changes in PaO2/FiO2 ratio after prone 
positioning did not differ according to lung morphology. Therefore, prone positioning can be con-
sidered as soon as indicated, regardless of ARDS lung morphology. 

Key Words: acute respiratory distress syndrome; dynamic compliance of lung; lung morphology; 
oxygenation; prone positioning  
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in patients receiving invasive mechanical ventilation and can 

contribute to multiple organ dysfunction [1]. Several lung 

protective ventilation strategies and adjunctive management 

have been proposed to reduce the deleterious consequences 

of lung injury [2-5]. Prone positioning, one of several inter-

ventions, has been implemented widely in patients with mod-

erate-to-severe ARDS to reduce mortality [6]. Additionally, a 

recent study from our institution found that an improvement 

in oxygenation after prone positioning is a useful predictor of 

survival [7]. Prone positioning minimizes regional differences 

in lung aeration, compliance, and shear strain, leading to clini-

cally significant improvements in oxygenation [8].  

The value of precision medicine has recently emerged, and 

attempts have been made to identify meaningful subgroups 

of critical illness syndrome considering the heterogeneity in 

the field of critical care medicine [9]. Calfee et al. [10] used 

inflammatory biomarkers, such as interleukin-6 and interfer-

on-gamma, to identify two biologically distinct groups and 

found that the reactive phenotype was associated with worse 

clinical outcomes. Moreover, ARDS can be subdivided using 

clinical imaging as a surrogate marker of lung recruitment 

potential. The lung imaging morphology for ventilator settings 

in an ARDS study (LIVE study) conducted in France suggest-

ed that an approach based on the lung morphology of ARDS 

could reduce mortality. However, there was a limitation in that 

the misclassification rate of lung morphology was high due to 

the small proportion of patients with available computed to-

mography (CT) scans [11]. This study investigated whether the 

improvement in oxygenation after prone positioning differed 

between lung morphologies as assessed by CT scan. 

MATERIALS AND METHODS 

Study Design and Patients 
This was a retrospective cohort study in the medical intensive 

care unit (ICU) at  Seoul National University Hospital, a tertia-

ry care referral hospital in Seoul, Korea. The requirement of 

written informed consent was waived due to the retrospective 

nature of the study. 

We reviewed the medical records of adult patients aged >18 

years who were diagnosed with moderate-to-severe ARDS and 

underwent prone positioning between January 1, 2014, and 

May 31, 2021. According to the Berlin definition [6,12], mod-

erate-to-severe ARDS is defined as partial pressure of arterial 

oxygen to fraction of inspired oxygen (PaO2/FiO2) ratio <150 

mm Hg with positive end-expiratory pressure (PEEP) ≥5 cm of 

water. We also assessed lung morphology using chest CT scans 

performed within 1 week of the first prone session. Patients 

who were in prone position for less than 12 hours were exclud-

ed from this study [13]. 

Radiologic Findings 
We assessed the lung morphology of ARDS by chest CT and 

classified it as “diffuse” or “focal.” The lung morphology char-

acterization of ARDS was defined as (1) diffuse ARDS (wide-

spread loss of lung aeration distribution throughout the lungs 

or uneven lung attenuation) and (2) focal ARDS (predominant 

loss of aeration in the lower lobar distribution or gravitation-

ally-dependent areas) [14,15]. The chest CT findings were 

assessed visually by three independent readers, and two phy-

sicians (NYK and SMY) blindly reviewed the CT images. Any 

disagreement between the two physicians was reassessed un-

der the supervision of a third blinded physician (HYL). 

Prone Positioning Methods 
We have several devices in place to reduce chest wall pressure 

during prone positioning, and this pressure can be minimized 

by padding all facial areas in contact with the bed. We placed 

foam dressings on the following areas before prone position-

ing: facial cheeks, shoulders, anterior iliac spine, and knees to 

protect from skin lesions. After changing to prone position, the 

chest and the ipsilateral leg were supported with a pillow. One 

arm was raised, with the head rotated toward the raised arm 

and the opposite arm positioned alongside the body, in the 

Swimmer’s position. We tilted the patient into reverse Trende-

lenburg position and continued lateral repositioning every 2 

hours [16].  

■ Changes in the partial pressure of arterial oxygen to frac-
tion of inspired oxygen (PaO2/FiO2) ratio and respiratory 
compliance after prone position did not differ according 
to the lung morphology of acute respiratory distress syn-
drome (ARDS).

■ Prone position can be considered as soon as possible, re-
gardless of the morphological phenotype in patients with 
moderate-to-severe ARDS.

■ In a multivariable Cox proportional hazard regression 
analysis of patients with moderate-to-severe ARDS, the 
improvement in PaO2/FiO2 ratio after prone position was 
independently associated with mortality.

KEY MESSAGES
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Study Outcomes and Data Collection 
The primary outcome was change in PaO2/FiO2 ratio after the 

first prone positioning session. Secondary outcomes were 28-

day mortality, ICU mortality, and changes in dynamic lung 

compliance (Cdyn) after the first prone positioning session. 

The PaO2/FiO2 ratio and Cdyn were evaluated at three time 

points for each patient by collecting the results of arterial 

blood gas analysis and ventilator setting at the time of blood 

tests at (1) baseline, before initiation of prone positioning; (2) 

time P8-12, approximately 8–12 hours after initiation of prone 

positioning; and (3) time S4-12, approximately 4–12 hours 

after resuming the supine position. The driving pressure was 

defined as the difference between plateau pressure and PEEP. 

If not recorded, peak inspiratory pressure was assumed to be 

equal to plateau pressure in pressure-controlled ventilation 

mode [17]. 

Statistical Analysis 
Continuous variables were presented as means and standard 

deviations or medians and interquartile ranges (IQRs), while 

categorical variables were reported as numbers and percent-

ages. All variables were compared between the diffuse and 

focal ARDS groups using the chi-square test or Student t-test, 

as appropriate. In primary and secondary outcomes, we per-

formed a 2 to 1 matching procedure with the nearest-neighbor 

method without replacement to balance the two groups by 

PaO2/FiO2 ratio. Cox proportional hazard regression models 

were used to evaluate the effects of different variables on 28-

day mortality in patients with ARDS who underwent prone 

positioning. All variables found to be significant (P<0.1) in the 

univariable analysis were entered into a multivariable Cox re-

gression model to avoid model overfitting and comply with the 

rule of thumb [18]. The results are presented as hazard ratios 

(HRs) with 95% confidence intervals (CIs). A two-way repeat-

ed-measures analysis of variance was applied to compare the 

extent of changes in PaO2/FiO2 from baseline to time S4-12. A 

two-tailed P-value less than 0.05 was considered statistically 

significant. All statistical analyses were performed using R 

(version 4.1.2) in R Studio (version 1.4.1717; R Foundation, Vi-

enna, Austria). 

RESULTS 

Baseline Characteristics of the Patients 
During the study period, we included 245 patients who un-

derwent prone positioning to treat ARDS. Of these, 27 pa-

tients who were in prone position for less than 12 hours were 

excluded, and their median duration of prone positioning 

was 0.6 hours (IQR, 0.2–4.1 hours). A total of 95 patients had 

undergone chest CT within 1 week of the first prone session 

(Figure 1). In addition, 14 patients had undergone CT scans 

during mechanical ventilation, and 81 patients received CT 

scans before admission to the ICU. CT scan was used to as-

sess lung morphology and classify 23 patients (24.2%) in the 

focal ARDS group and 72 patients (75.8%) in the diffuse ARDS 

group. Interobserver agreement was assessed by the kappa 

coefficient and was moderate (kappa coefficient, 0.58). The 

two groups had similar baseline characteristics (Table 1). The 

mean age was 65.1±13.7 years, and 66 patients (69.5%) were 

males. The mean body mass index was 23.6±3.9 kg/m2, and 

the main cause of ARDS was pulmonary (97.9%). Baseline vital 

signs and laboratory results before initiation of prone posi-

tioning did not differ between the two groups (Supplementary 

Table 1). The three scoring systems for prediction of mortality 

in critically ill patients did not differ between the two groups. 

The comorbidity was similar between the groups, but more 

than half of the included patients were diagnosed with malig-

nancies due to the characteristics of the tertiary hospital.  

The results of ventilator settings and arterial blood gas anal-

ysis at baseline did not differ significantly according to lung 

morphology, except for PaO2/FiO2 ratio (Table 2). Patients with 

Figure 1. Flowchart of the study population. ARDS: acute respiratory 
distress syndrome; CT: computed tomography.

419 Patients with ARDS
between Jan 2014 to May 2021

245 Patients who received
prone positioning

95 Patients who received
prone positioning

23 Patients with 
focal ARDS

72 Patients with 
diffuse ARDS

174 Did not receive prone positioning

27 Less than 12 hours of prone positioning
42 No CT scans
81 CT scans >7 days
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focal ARDS showed worse oxygenation than those with diffuse 

ARDS (median PaO2/FiO2 ratio, 79.9 mm Hg [IQR, 67.7–112.6] 

vs. 104.0 mm Hg [IQR, 77.6–135.7]; P=0.04). Before prone po-

sitioning, 98.9% of the patients received pressure-controlled 

ventilation. The mean tidal volume was 6.8±1.6 mL/kg predict-

ed body weight, and the median PEEP was 10.0 cm H2O (IQR, 

8.0–11.5 cm H2O). Adjunctive therapy during prone position-

ing sessions did not differ between the groups (Table 3). At the 

initiation of prone positioning, all patients received antibiotic 

therapy. Neuromuscular blockade, systemic steroids, vaso-

pressors, inhaled nitric oxide, and renal replacement therapy 

were used in 93.7%, 90.5%, 74.7%, 21.1%, and 14.7% of the pa-

tients, respectively. 

Oxygenation and Dynamic Compliance of Lung 
Response to First Prone Positioning 
The median number of prone sessions was two per patient 

(IQR, 1–4), the median duration of the first prone session was 

17.5 hours (IQR, 16.3–20.0 hours), and the median interval 

from intubation to initiation of the first prone positioning was 

6.8 hours (IQR, 13.0–55.4 hours). These values did not differ 

significantly between the two groups (Table 3). 

Changes in PaO2/FiO2 ratio after the first prone positioning 

session are shown in Figure 2. Measurement of the PaO2/

FiO2 ratio at time P8-12 and time S4-12 was performed at a 

median of 10.2 hours (IQR, 9.0–11.4 hours) after the initiation 

Table 1. Characteristics of the patients at baseline

Variable Diffuse ARDS 
(n=72)

Focal ARDS 
(n=23) P-value

Age (yr) 65.6±12.5 63.3±17.2 0.566
Male 48 (66.7) 18 (78.3) 0.429
Body mass index (kg/m2) 23.7±3.9 23.2±4.2 0.589
Cause of ARDS >0.999
 Pulmonary 70 (97.2) 23 (100.0)
 Extrapulmonary 2 (2.8) 0
Comorbidity
 Cardiovascular disease 11 (15.3) 4 (17.4) >0.999
 Diabetes mellitus 21 (29.2) 12 (52.2) 0.077
 COPD 5 (6.9) 1 (4.3) >0.999
 Moderate to severe CKDa 7 (9.7) 1 (4.3) 0.706
 Chronic liver disease 9 (12.5) 0 0.170
 Solid tumor 32 (44.4) 8 (34.8) 0.566
 Hematological malignancy 11 (15.3) 9 (39.1) 0.032
 Connective tissue disease 10 (13.9) 1 (4.3) 0.384
 Chronic neurologic disease 5 (6.9) 1 (4.3) >0.999
Charlson comorbidity index 6.1±3.1 5.2±2.8 0.226
SOFA score 12.0±3.0 12.7±2.9 0.325
APACHE II score 26.3±6.6 28.1±7.8 0.282
SAPS II 58.7±15.5 63.1±14.4 0.226

Values are presented as mean±standard deviation or number (%).
ARDS: acute respiratory distress syndrome; COPD: chronic obstructive 
pulmonary disease; CKD: chronic kidney disease; SOFA: Sequential Organ 
Failure Assessment; APACHE: Acute Physiology and Chronic Health 
Evaluation; SAPS: Simplified Acute Physiology Score.
aModerate CKD was defined as creatinine >3 mg/dL (0.27 mmol/L), and 
severe CKD was defined on dialysis, status post kidney transplant, and 
uremia.

Table 2. Pre-prone ventilator settings and arterial blood gas measurements
Variable Diffuse ARDS (n=72) Focal ARDS (n=23) P-value
Ventilator setting
 Tidal volume (ml/kg PBW) 6.7±1.5 7.1±1.8 0.283
 Respiratory rate (breaths/min) 24.4±5.0 24.4±4.9 0.974
 PEEP (cm H2O) 10.0 (8.0–12.0) 8.0 (7.0–10.5) 0.243
 Driving pressure (cm H2O) 16.9±4.9 17.0±4.8 0.954
 FiO2 0.8 (0.6–1.0) 0.9 (0.7–1.0) 0.402
 Total minute ventilation (L/min) 9.2 (8.0–10.0) 9.2 (8.4–11.2) 0.435
 Dynamic compliance of lung (ml/cm H2O) 21.3 (17.2–28.5) 26.0 (20.0–29.7) 0.195
Arterial-blood gas
 pH 7.3±0.1 7.3±0.1 0.796
 PaO2 (mm Hg) 76.5 (64.9–91.0) 68.0 (62.2–76.5) 0.081
 PaO2/FiO2 (mm Hg) 104.0 (77.6–135.7) 79.9 (67.7–112.6) 0.042
 PaCO2 (mm Hg) 47.0 (37.8–51.5) 44.7 (37.6–53.8) 0.924
 Bicarbonate (mmol/L) 23.7 (21.0–27.0) 23.3 (22.1–25.9) 0.924
 Lactate (mmol/L) 2.5 (1.7–3.3) 2.6 (2.0–4.4) 0.490

Values are presented as mean±standard deviation or median (interquartile range).
ARDS: acute respiratory distress syndrome; PBW: predicted body weight; PEEP: positive end expiratory pressure; FiO2: fraction of inspired oxygen; PaO2: partial 
pressure of oxygen; PaCO2: partial pressure of carbon dioxide.
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Figure 2. Median and interquartile range (error bars) of changes 
in the partial pressure of arterial oxygen to fraction of inspired 
oxygen (PaO2/FiO2) ratio during the first session of prone positioning. 
Time P8–12: approximately 8–12 hours after initiation of prone 
positioning; Time S4–12: approximately 4–12 hours after resuming 
the supine position. 

Table 3. Characteristics of adjunctive therapies and prone positioning sessions
Variable Diffuse ARDS (n=72) Focal ARDS (n=23) P-value
Adjunctive therapy
 Neuromuscular blockera 68 (94.4) 21 (91.3) 0.630
 Glucocorticoidsa 66 (91.7) 20 (87.0) 0.683
 Vasopressorsa 54 (75.0) 17 (73.9) >0.999
 Inhaled nitric oxidea 12 (16.7) 8 (34.8) 0.080
 Renal replacement therapya 12 (16.7) 2 (8.7) 0.506
 Cross over to extracorporeal membrane oxygenation 1 (1.4) 0 >0.999
Prone positioning session
 Total number of sessions of prone positioning (day) 2.0 (1.0–4.0) 2.0 (1.0–2.0) 0.153
 Median duration of prone positioning per session (hr) 17.5 (16.3–19.1) 19.0 (16.4–19.6) 0.192
 Duration of the first prone positioning session (hr) 17.5 (16.1–20.0) 18.3 (16.4–19.9) 0.417
 Interval between intubation and the first prone positioning session (day) 1.1 (0.6–2.4) 1.2 (0.5–2.1) 0.751

Values are presented as number (%) or median (interquartile range).
ARDS: acute respiratory distress syndrome.
aDuring the first prone positioning session.

of prone positioning and at 8.2 hours (IQR, 6.0–10.0 hours) 

after changing to supine position, respectively. The PaO2/

FiO2 ratio was higher at time P8-12 in the diffuse ARDS group 

than in the focal ARDS group (median PaO2/FiO2 ratio, 157.9 

mm Hg [IQR, 113.3–222.2] vs. 134.7 mm Hg [IQR, 99.2–217.5]; 

P=0.39). A detailed description of the ventilator settings and 

arterial blood gases during the first prone positioning session 

is provided according to lung morphology in Supplementary 

Table 2. When comparing baseline and time P8-12, the abso-

lute improvement in PaO2/FiO2 ratio was greater in patients 

with focal ARDS (median, 55.8 mm Hg [IQR, 11.1–109.2]) 

than in patients with diffuse ARDS (median, 42.8 mm Hg 

[IQR, 11.6–83.2]) (Table 4). However, the difference between 

the groups was not significant (P=0.71). After the patients re-

turned to the supine position, the change in PaO2/FiO2 ratio 

from baseline was higher in patients with focal ARDS (median, 

43.3 mm Hg [IQR, 24.0–98.0]) than in patients with diffuse 

ARDS (median, 41.4 mm Hg [IQR, 3.8–88.3]). The difference 

between the groups was not significant (P=0.42). Among the 

PaO2/FiO2-matched cohort, there was no significant difference 

in change in PaO2/FiO2 ratio from baseline between the two 

groups at P8-12 and S4-12. Meanwhile, the change in dynamic 

compliance of the lung from baseline was not significantly dif-

ferent between the focal group and the diffuse group (median, 

–1.1 ml/cm H2O [IQR, –4.6 to 4.6] vs. –1.0 ml/cm H2O [IQR, 

–4.0 to 1.5]; P=0.36) at time P8-12. Additionally, at time S4-12, 

there were no significant differences in the improvement in 

dynamic compliance of the lung from baseline between the 

two groups (median, 2.3 ml/cm H2O [IQR, –0.9–4.5] vs. 0.9 ml/

cm H2O [IQR, –1.9–5.3]; P=0.48). The results for the PaO2/FiO2 

ratio-matched group were consistent with those for the entire 

group (Table 4). 

Traditional PaO2 responders, defined by Gattinoni et al. [19] 

as patients showing an increase in PaO2/FiO2 ratio ≥20 mm Hg 

from baseline to prone positioning, accounted for 69.4% of pa-

tients with diffuse ARDS and 65.2% with focal ARDS. Accord-

ing to the novel definition of prone responders using the per-
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centage change in PaO2/FiO2 ratio from baseline to 8–12 hours 

after prone positioning, the proportion of prone responders 

was 41.7% for diffuse ARDS and 60.9% for focal ARDS (P=0.17) 

[7]. After PS matching, traditional prone responders represent-

ed 67.4% of patients with diffuse ARDS and 65.2% of those with 

focal ARDS (P>0.99). Prone responders based on the percent-

age change in PaO2/FiO2 ratio accounted for 56.5% of those 

with diffuse ARDS and 60.9% of those with focal ARDS (P=0.93). 

The change in PaO2/FiO2 ratio and dynamic compliance from 

baseline to the first prone session were not different between 

the two groups, although the results were limited to the re-

sponders (Supplementary Tables 3 and 4). Further details on 

study outcomes separately analyzing survivors and non-survi-

vors within 28 days can be found in the supplementary infor-

mation (Supplementary Tables 5-8).  

Outcomes of Patients and Predictors of Mortality  
Mortality was not significantly different between the two 

groups; 10 patients (43.5%) in the focal ARDS group and 37 pa-

tients (51.4%) in the diffuse ARDS group died within 28 days; 

9 patients (39.1%) in the focal ARDS group and 35 patients 

(48.6%) in the diffuse ARDS group died in the ICU (Table 4). 

The main cause of 28-day mortality was ARDS (78.7%), while 

the others had causes such as septic shock, arrhythmia, and 

hypovolemic shock. ICU mortality was significantly higher in 

the excluded patients than in the included patients (61.3% vs. 

46.3%, P=0.03); however, there was no difference in mortality 

at 28 days (58.0% vs. 49.5%, P=0.24). In the multivariable Cox 

regression analysis, baseline serum lactate level (HR, 1.25; 95% 

CI, 1.05–1.48 per 1-mmol/L increase) and change in PaO2/FiO2 

ratio within 8–12 hours after the prone positioning session (HR, 

0.99; 95% CI, 0.98–1.00 per 1 mm Hg increase) were signifi-

cantly associated with 28-day mortality (Table 5). 

DISCUSSION 

This study investigated changes in oxygenation and compli-

ance after the first prone positioning session in patients with 

ARDS according to lung morphology. Overall, the improve-

ment in oxygenation after prone positioning was greater in the 

focal ARDS group than in the diffuse ARDS group; however, 

there was no statistically significant difference between the 

two groups. Moreover, there were no differences in changes 

in respiratory system compliance after prone positioning be-

tween the two groups. Among the PaO2/FiO2-matched cohort, 

there were no significant differences in change in PaO2/FiO2 

ratio and compliance of the respiratory system after prone po-

sitioning between the two groups. 

The definition of ARDS has been controversial since it was 

first described in 1967 [1], but currently it follows the Berlin 

definition [12]. In the Berlin criteria, ARDS is defined by bi-

lateral opacities on chest radiograph, although a CT scan can 

also visualize the disease. The interobserver reliability of the 

Berlin definition is moderate, driven primarily by variability in 

imaging interpretation [20]. In an international cohort study 

of patients with ARDS [21], the diagnosis of ARDS was missed  

in two-thirds of the patients, leading to failure of appropriate 

strategies to reduce mortality. Another prospective study at-

Table 4. Primary and secondary outcomes

Variable
Entire group PaO2/FiO2-matched

Diffuse ARDS 
(n=72)

Focal ARDS 
(n=23) P-value Diffuse ARDS

 (n=46)
Focal ARDS

 (n=23) P-value

Primary outcome
 PaO2/FiO2 change from baseline to 8–12 hours 

after prone positioning (mm Hg)
42.8 (11.6–83.2) 55.8 (11.1–109.2) 0.705 48.2 (14.0–108.9) 55.8 (11.1–109.2) 0.904

 PaO2/FiO2 change from baseline to 4–12 hours 
after resuming the supine position (mm Hg)

41.4 (3.8–88.3) 43.3 (24.0–98.0) 0.419 54.1 (9.4–88.5) 43.3 (24.0–98.0) 0.800

Secondary outcome
 Change of Cdyn from baseline to 8–12 hours 

after prone positioning (ml/cm H2O)
–1.0 (–4.0 to 1.5) –1.1 (–4.6 to 4.6) 0.364 –1.2 (–4.0 to 1.7) –1.1 (–4.6 to 4.6) 0.379

 Change of Cdyn from baseline to 4–12 hours 
after resuming the supine position(ml/cm H2O)

0.9 (–1.9 to 5.3) 2.3 (–0.9 to 4.5) 0.475 0.9 (–2.1 to 3.7) 2.3 (–0.9 to 4.5) 0.423

 Mortality at 28 days 37 (51.4) 10 (43.5) 0.674 23 (50.0) 10 (43.5) 0.798
 ICU mortality 35 (48.6) 9 (39.1) 0.580 20 (43.5) 9 (39.1) 0.931

Values are presented as median (interquartile range) or number (%).
ARDS: acute respiratory distress syndrome; PaO2: partial pressure of oxygen; FiO2: fraction of inspired oxygen; Cdyn: dynamic lung compliance; ICU: intensive 
care unit.
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tempted to show the superiority of personalized treatment 

according to lung morphology but was unsuccessful due to 

misclassification of images [11]. To overcome this imaging lim-

itation, chest CT can be used to increase the accuracy of diag-

nosis [22,23]. A retrospective observational study showed that 

CT scans led to changes in management in 26.5% of patients 

with ARDS [24]. To obtain a more accurate evaluation of ARDS 

patterns, we used chest CT scans to classify the subphenotypes 

in the current study. 

In the LIVE study, personalized management of mechanical 

ventilation was applied, considering the advantages of being 

prone to focal ARDS and high PEEP and recruitment ma-

neuvers to diffuse ARDS; however, the results did not show a 

significant decrease in mortality [11]. Here, we did not directly 

compare the tailored strategy according to lung morphology 

due to the retrospective nature of the study. However, we ap-

plied prone positioning to patients with ARDS, focusing on 

lung protective ventilation, and there were no differences in 

gas exchange and lung compliance between the two groups. 

Moreover, in multivariable analysis, the interval between intu-

bation and prone positioning tends to be associated with 28-

day mortality (HR, 1.12; 95% CI, 0.99–1.27). Therefore, prone 

positioning can be considered as soon as indicated, regardless 

of ARDS lung morphology. 

In a previous study, Gattinoni et al. [19] defined “prone 

responders” as patients with ARDS in whom the PaO2/FiO2 

ratio increased to ≥20 mm Hg. The proportion of prone re-

sponders was 72.1% in the Gattinoni group and 68.4% in the 

present study. Our institution proposed classification of prone 

responders as those with an increase in the percentage change 

in PaO2/FiO2 ratio of 53.5% from baseline to 8–12 hours after 

prone positioning (time P8-12) [7]. Based on this new crite-

rion, the proportion of prone responders was 41.7% in the 

diffuse group and 60.9% in the focal group, a non-significant 

difference. However, there is some possibility of underpow-

ered results of primary and secondary outcomes. Although 

Table 5. Univariable and multivariable Cox regression analysis of the prognostic factors associated with 28-day mortality

Factor
Univariable analysis Multivariable analysis

HR (95% CI) P-value HR (95% CI) P-value
Focal ARDS 0.83 (0.41–1.67) 0.603
Age (yr) 1.00 (0.98–1.02) 0.650
Male  0.80 (0.44–1.46) 0.467
Body mass index (kg/m2) 1.02 (0.94–1.10) 0.684
SOFA score 1.09 (0.99–1.21) 0.072 1.12 (0.97–1.29) 0.122
APACHE II score 1.04 (0.99–1.08) 0.124
SAPS II 1.01 (0.99–1.03) 0.190
Charlson comorbidity index 1.03 (0.94–1.13) 0.508
Solid tumor 1.32 (0.75–2.35) 0.339
Hematologic malignancy 1.49 (0.77–2.87) 0.236
Lactate (mmol/L) 1.26 (1.06–1.49) 0.007 1.25 (1.05–1.48) 0.013
Baseline PaO2/FiO2 ratio (mm Hg) 1.00 (0.99–1.01) 0.960
Baseline driving pressure (mm Hg) 1.01 (0.95–1.08) 0.732
Interval of intubation and prone positioning (day) 1.02 (0.96–1.09) 0.525 1.12 (0.99–1.27) 0.072
Change of PaO2/FiO2 ratio from the baseline to 8–12 

hours after prone positioning session (mm Hg)
0.99 (0.98–1.00) <0.001 0.99 (0.98–1.00) 0.002

Change of Cdyn from the baseline to 8–12 hours after 
prone positioning session (ml/cm H2O)

0.98 (0.95–1.02) 0.329

Neuromuscular blocker 1.21 (0.38–3.92) 0.741
Glucocorticoids 1.64 (0.51–5.30) 0.405
Vasopressors 1.02 (0.53–1.96) 0.957
Inhaled nitric oxide 1.24 (0.63–2.43) 0.538
Renal replacement therapy 1.54 (0.72–3.29) 0.268
Cross over to extracorporeal membrane oxygenation 0.37 (0.05–2.69) 0.326

HR: hazard ratio; CI: confidence intervals; ARDS: acute respiratory distress syndrome; SOFA: Sequential Organ Failure Assessment; APACHE: Acute Physiology 
and Chronic Health Evaluation; SAPS: Simplified Acute Physiology Score; PaO2: partial pressure of oxygen; FiO2: fraction of inspired oxygen; Cdyn: dynamic lung 
compliance.
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not statistically significant, the proportion of prone responders 

according to this novel definition was relatively higher and 

the 28-day and ICU mortality rates were relatively lower in 

the focal ARDS group than in the diffuse ARDS group. More-

over, among the traditional prone responders, the percentage 

change in PaO2/FiO2 ratio from baseline to P8-12 was sig-

nificantly higher in the focal ARDS group than in the diffuse 

ARDS group (median, 90.4% [IQR, 69.5–161.1] vs. 75.1% [IQR, 

37.0–106.9]; P=0.04) (Supplementary Table 3). Additionally, 

focal ARDS is considered to have a low baseline PaO2/FiO2 

ratio due to its large shunt fraction. Regional shunt fraction 

tends to be higher in a dependent area [25]. In the present 

study, PaO2/FiO2 ratio before prone positioning was signifi-

cantly lower in focal ARDS patients, who can have a substan-

tial true shunt in the dorsal lung [26]. As prone positioning 

improves the shunt fraction [25], the greater improvement 

of oxygenation in the focal ARDS group might be due to the 

higher shunt fraction. Nevertheless, in patients with moder-

ate-to-severe ARDS, the proportion of prone responders was 

greater than 50% with both definitions. Therefore, if a prone 

position is indicated, it should be actively implemented re-

gardless of lung morphology. 

Known prognostic factors of ARDS are physiological and 

laboratory variables such as age, SOFA score, oxygenation 

index, and driving pressure [27-29]. Additionally, circulating 

plasma markers of inflammation such as IL-6, IL-8, sTNFR1, 

and PAI-1 are used to classify subphenotypes of ARDS, and the 

higher are concentrations of biological variables, the higher 

is the mortality rate [9]. Previous studies have also revealed 

the correlation between ground-glass opacity (GGO) extent 

and inflammatory cytokine concentrations [30], as well as the 

correlation between GGO extent and mortality [31]. Although 

it is difficult to compare in our study because we did not mea-

sure prognostic biomarkers, it is possible that mortality tends 

to be higher in the diffuse ARDS group due to the extent of 

pulmonary opacity. Recently, in our institution, we revealed 

that improvement in oxygenation after prone positioning 

can be a predictor of survival [7], and a recent Italian study in 

coronavirus disease 2019 (COVID-19) ARDS showed that the 

sustained improvement of PaO2/FiO2 ratio after the first prone 

positioning was related to shorter duration of mechanical ven-

tilation and less ICU mortality [32]. Furthermore, we evaluated 

the relationships between patient variables and survival using 

multivariable Cox regression analysis. It was shown that the 

extent of improvement in PaO2/FiO2 ratio after initial prone 

positioning could be a predictor of mortality (HR, 0.99; 95% CI, 

0.98–1.00; P=0.002), and it was confirmed that improvement of 

oxygenation after prone positioning was related to mortality. 

This study had several limitations. First, this was a retro-

spective study conducted in a single center. Additionally, 

more than half of patients were diagnosed with malignancy. 

Therefore, our results are not necessarily generalizable to 

other hospital settings. Second, the number of patients with 

ARDS who underwent chest CT was relatively small. Patients 

who did not undergo CT scan had a higher ICU mortality rate 

than those who did undergo CT scan. Additionally, those who 

did not undergo CT scan might have had unstable vital signs 

and worse status, hindering the CT procedure. Furthermore, 

there is possibility of underpowered results of the PaO2/FiO2-

matched cohort analysis due to limited sample size. There-

fore, the generalizability of the results is limited. Third, chest 

CT cannot usually be performed at the time of ARDS diagno-

sis due to the risk of in-hospital transfer and radiation. How-

ever, in this study, the median duration from CT scan to prone 

positioning was 2 days, which might be appropriate to differ-

entiate between focal and diffuse ARDS. Future studies might 

use other modalities, such as lung ultrasound, dynamic lung 

tomography, and electrical impedance tomography, to iden-

tify subphenotypes of ARDS at the bedside to overcome these 

risks. Fourth, most patients were under pressure-controlled 

ventilation. As peak inspiratory pressure was assumed to be 

equal to plateau pressure in pressure-controlled ventilation 

mode, driving pressure might have been overestimated. Ad-

ditionally, esophageal pressure could not be measured in the 

present study, and change in transpulmonary pressure could 

not be confirmed. Fifth, regardless of consolidation or GGO, 

the distribution of lung aeration loss was simply divided into 

focal and diffuse in this study. Moreover, radiological findings 

could not be quantified. In future studies, it is necessary to 

quantify the type and distribution of aeration loss.  

In conclusion, the improvement in oxygenation after prone 

positioning did not differ according to lung morphology in 

patients with moderate-to-severe ARDS. The findings of our 

study suggest that prone positioning can be initiated as soon 

as indicated, regardless of ARDS lung morphology. 
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Background: Malnutrition affects normal body function and is associated with disease severity 
and mortality. Due to the high prevalence of malnutrition reported in patients with coronavirus 
disease 2019 (COVID-19), the current study examined the association between malnutrition and 
disease severity in hospitalized adult patients with COVID-19 in Iran. 
Methods: In this prospective observational study, 203 adult patients with COVID-19 verified by 
real-time polymerase chain reaction test and chest computed tomography were recruited from 
those admitted to a university hospital in Iran. To determine COVID-19 intensity, patients were 
categorized into four groups. Malnutrition assessment was based on the Malnutrition Universal 
Screening Tool (MUST) and nutrition risk screening score (NRS-2002). An ordinal regression model 
was run to assess the association between malnutrition and disease severity. 
Results: In the studies sample of Iranian patients with COVID-19, 38.3% of patients had severe 
COVID-19. According to NRS-2002, 12.9% of patients were malnourished. Based on MUST, 2% of 
patients were at medium, and 13.4% of patients were at high risk of malnutrition. Malnutrition 
was associated with a higher odds of extremely severe COVID-19 according to NRS-2002 (odds 
ratio, 1.38; 95% confidence interval, 0.21–2.56; P=0.021).
Conclusions: Malnutrition was not prevalent in the studies sample of Iranian patients with 
COVID-19; however, it was associated with a higher odds of extremely severe COVID-19. 

Key Words: COVID-19; Iran; malnutrition; Malnutrition Universal Screening Tool; nutrition risk 
screening score  
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INTRODUCTION 

Nutrition has a vital role in proper immune function [1], and consequently, malnutrition has 

been shown to be associated with impaired normal body function [2], such as disease severity 

in patients with respiratory viral infections [3], influenza severity [4], and mortality [5]. Coro-

navirus disease (COVID-19), is primarily a respiratory viral disease known as severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) infection [6]. Based on the literature, mal-
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nutrition is prevalent in patients with COVID-19 [7-9]. During 

the acute inflammatory response to the SARS-Cov-2 infection, 

muscle protein is utilized to make inflammatory markers such 

as C-reactive protein, ferritin, tumor necrosis factor-alpha, and 

interleukin family factors [10]. So, the malnourished condition 

is associated with impaired immune response [11]. Age, com-

munity-acquired pneumonia, and hospital-acquired pneu-

monia are malnutrition risk factors in patients with COVID-19 

[9]. Surprisingly, a compromised cellular immune system may 

operate as a protective factor against severe SARS-Cov-2 infec-

tion due to a lack of T-cell activation. Hyperimmune response 

and consequent cytokine storm are often linked with severe 

COVID-19, and this might be “balanced” by the impaired im-

mune response seen in individuals with malnutrition-induced 

leptin deficit [12]. 

The Malnutrition Universal Screening Tool (MUST) is a 

score used to determine the risk of malnutrition. This score 

is calculated using three parameters: body mass index (BMI) 

upon presentation, percentage of total body weight lost in the 

preceding 3–6 months, and presence of acute illness in the 

preceding 5 days [13]. Nutrition risk screening score (NRS-

2002) is another approach for nutritional risk assessment. It 

contains three variables: the severity of the illness, nutritional 

state, and age [14]. 

Given what has been said, there is a need for more studies 

to assess the association between malnutrition and disease 

severity in patients with COVID-19. In addition, based on the 

best of our knowledge, no study has examined the connection 

between malnutrition and disease severity in these patients in 

Iran. Therefore, this study aimed to examine the association 

between malnutrition with disease severity and clinical out-

comes in adult patients with COVID-19 using NRS-2002 and 

MUST scoring tools. 

MATERIALS AND METHODS 

Study Setting and Population 
This is a single-center, prospective, observational, sex-matched 

study on the patients admitted to the Baqiyatallah Hospital 

from October 2021 to November 2021 in Tehran, Iran. Accord-

ing to previous studies, the prevalence of malnutrition in hos-

pitalized patients based on NRS-2002 in Iran is about 40% [15]. 

By considering 95% of the confidence interval (CI) and d=0.07, 

the sample size was calculated, 184 patients. All admissions to 

the COVID ward were checked using the hospital’s electronic 

database. Patients aged 18 years and older with COVID-19 

verified by real-time polymerase chain reaction test and chest 

computed tomography (CT) were included in the research. 

Patients who were unable to obey directions, answer ques-

tions, stand to be weighed, need maternity or psychiatric care, 

had missing data from their medical records (e.g., no total 

lymphocyte count or serum albumin findings), breastfeeding/

pregnant women, and those who did not want to enter the 

study for any reasons were not included in this study. Two 

hundred and three patients who met the study’s criteria were 

called to participate and provided written informed permis-

sion. Patients’ birthdate, sex, medical history (type 2 diabetes 

mellitus, hypertension, cardiovascular disease, respiratory dis-

ease, chronic kidney disease, cancer, gastrointestinal disease, 

surgery history, fever, dyspnea, anorexia, and lethargy) were 

obtained from their medical records. Height and weight were 

also measured on admission. The BMI was computed by di-

viding the individual’s weight in kilograms by the square of the 

individual’s height in meters.  

COVID-19 and Laboratory Assessments  
Laboratory assessments included white blood cell, red blood 

cell, lymphocytes (%), hemoglobin (Hb), platelet, C-reactive 

protein (CRP), lactate dehydrogenase (LDH), Ferritin, D-di-

mer, and creatine phosphokinase test (CPK). Individuals had 

their antecubital veins punctured to get venous blood in the 

morning. Ethylenediaminetetraacetic acid (EDTA)-containing 

tubes were used to collect blood samples, maintained at room 

temperature for 15 to 30 minutes. At 4°C, plasma was centri-

fuged for 10 minutes at 3,000 rpm. The serum collected was 

thus kept at –20°C until it was time for testing in the laboratory. 

To define COVID-19 intensity, patients were categorized into 

four groups based on the clinical symptoms and laboratory test 

results. For mild, the symptoms are mild, and the patient does 

not have pneumonia according to the CT-scan. For common, 

the patient has a fever, respiratory problems, and other symp-

■ Although coronavirus disease 2019 (COVID-19) is related 
to a catabolic inflammatory condition, the majority of 
patients with COVID-19 were not malnourished in this 
study.

■ Malnutrition was associated with a higher chance of ex-
tremely severe COVID-19.

■ It is not obvious that severe COVID-19 causes malnutri-
tion or it is a risk factor for disease severity.

KEY MESSAGES
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toms and has mild pneumonia due to CT scan. For severe, the 

patient has one of the following conditions: (1) shortness of 

breath: ≥30 breaths per minute, (2) pulse oxygen saturation 

<93% at the resting state, or the ratio of arterial blood oxygen 

pressure (PaO2) to oxygen concentration (FIO2) less than 300 

mm Hg. For extremely severe, the patient has at least one of 

the following conditions: (1) respiratory failure and need for 

the mechanical ventilator, (2) shock or (3) combined organ 

failure and the need for further monitoring in an intensive care 

unit (ICU) [16]. 

Malnutrition Assessments 
The NRS-2002 ranges from 0 to 7. Based on NRS-2002, pa-

tients were categorized into two groups: those with NRS-2002 

<3 have been stated as normal (no risk of malnutrition), and 

those with ≥3 have been stated as nutritionally at risk (patients 

with malnutrition). NRS-2002 has been approved, validated, 

and used extensively to screen nutritionally at-risk hospital-

ized patients [17-19]. The MUST score determines malnutri-

tion risk by three independent criteria: current weight by using 

BMI, unwanted weight loss, and acute disease effect that has 

induced not receiving food for more than 5 days. According to 

the total score, patients were defined as low risk of malnutri-

tion (score=0), medium risk of malnutrition (score=1), or high 

risk of malnutrition (score ≥2) [20]. 

Statistical Analysis 
IBM SPSS was used to do statistical analysis (version 20; IBM 

Corp., Armonk, NY, USA). A P<0.05 was considered statisti-

cally significant. All P-values were considered two-tailed. The 

Kolmogorov-Smirnov test, histogram, and Q-Q plot were used 

to assess the normality of the continuous data. The median 

(Q1–Q3) was used to convey quantitative data, whereas qual-

itative data were presented as numbers (percent). Analysis of 

the distribution of categorical variables was done using the 

chi-square test; the Mann-Whitney test was used to examine 

the distribution of non-normal variables. Quantitive variables 

across COVID-19 intensity were examined by analysis of co-

variance. To examine the association between malnutrition 

and COVID-19 intensity, an ordinal regression model was run. 

The categories for COVID-19 intensity and malnutrition scores 

have been mentioned. As an exception for MUST, due to the 

small number of patients in the moderate malnutrition cate-

gory, those with a MUST score ≥1 are defined as patients with 

medium/high risk of malnutrition. 

Ethical Statement 
The research was conducted according to the Helsinki Dec-

laration and its later revisions. The Ethics Committee of Baqi-

yatallah University of Medical Sciences authorized the present 

study (ethic code: IR.BMSU.RETECH.REC.1399.481), and be-

fore being included in the investigation, all patients gave their 

written informed.  

RESULTS 

Of the 203 participants who entered the study, two were ex-

cluded due to lack of information, and finally, 201 patients 

were included for analysis. 24 (11.9%) of participants had mild 

COVID-19, whereas 59 participants (29.4%) had moderate, 77 

participants (38.3%) had severe, and 41 patients (20.4%) had 

extremely severe disease (Figure 1). According to the NRS-

2002, 175 patients (87.1%) had no risk of malnutrition, and 

26 patients (12.9%) were malnourished. Of those with mal-

nutrition, 61.5% and 38.5% were hospitalized at a non-inten-

sive unit and ICU, respectively. Based on MUST, 170 patients 

(84.6%) were at low risk of malnutrition, while 4 (2%) of them 

were at medium risk, and 27 patients (13.4%) were at high risk. 

Nearly 58 % of patients with medium/high risk of malnutrition 

were admitted to ICU, based on MUST. 

Baseline characteristics of patients have shown in Table 1 

according to the COVID-19 intensity. A significant difference 

according to age was seen between COVID-19 intensity cat-

egories, and patients with extremely severe COVID-19 were 

older than others (P=0.001). There was also a significant 

difference in the distribution of patients according to the hos-

Figure 1. Flow diagram for patients recruitment. COVID-19: coronavirus 
disease 2019.

203 Eligible patients included in the study

253 Patients with COVID-19 admitted to the hospital 
extracted using the hospital's electronic database

17 Patients aged less than 18 years
12 Critically ill patients who were not able to be 

measured for weight and height
9 Lactating/pregnant women

12 Those who did not want to enter the study for 
any reason



335https://www.accjournal.orgAcute and Critical Care 2022 August 37(3):332-338

Eslamian G, et al. Malnutrition and COVID-19

pitalization ward, fever experience (P<0.001), and dyspnea 

(P=0.009). Patients with extremely severe COVID-19 had the 

most weight loss during the disease persistence (P=0.031). 

The haemoglobin-oxygen (Hb-O2) was significantly lower in 

those with extremely severe COVID-19 (P<0.001). CRP and 

CPK were significantly higher in those with severe COVID-19 

(P<0.001). Besides, those with extremely severe COVID-19 had 

significantly higher ferritin (P<0.001) and LDH (P=0.015). 

Table 2 shows the association between malnutrition scores 

and COVID-19 intensity among Iranian COVID-19 patients. 

The association between malnutrition and COVID-19 inten-

sity showed that nutritionally at risk patients based on NRS-

2002 had more than 2 times higher odds for extremely severe 

COVID-19 in crude model (odds ratio [OR], 2.14; 95% CI, 

1.29–2.98; P<0.001). After adjusting for confounding variables 

including age, hospitalization ward, fever, dyspnea, weight loss 

during COVID-19, Hb-O2, CRP, LDH, ferritin, D-dimer, and 

CPK, odds for extremely severe COVID-19 baceme 1.38 times 

higher in malnourished patients (OR, 1.38; 95% CI, 0.21–2.56; 

P=0.021). Based on the MUST score, patients who were at me-

dium/high risk of malnutrition, had significantly higher odds 

for extremely severe COVID-19 in the crude model (OR, 2.29; 

95% CI, 1.48–3.10; P<0.001), however this association was not 

significant after adjusting for confounders (OR, 1.08; 95% CI, 

Table 1. Baseline characteristics of patients with COVID-19 according to COVID-19 intensity
Characteristic Mild (n=24) Common (n=59) Severe (n=77) Extremely severe (n=41) P-value
Male 15 (62.5) 30 (50.8) 32 (41.6) 24 (58.5) 0.184a

Age (yr) 46 (40–57) 48 (35–60) 54 (46–61) 59 (49–70.5) 0.001c

Hospitalization ward, ICU 0 0 4 (5.2) 23 (56.1) <0.001b

Type 2 diabetes mellitus 2 (8.3) 12 (20.3) 21 (27.3) 14 (34.1) 0.097a

Hypertension 7 (30.4) 12 (20.3) 23 (29.9) 18 (43.9) 0.095a

Cardiovascular disease 2 (8.3) 5 (8.5) 11 (14.3) 10 (24.4) 0.143b

Respiratory disease 3 (12.5) 1 (1.7) 3 (3.9) 2 (4.9) 0.176b

CKD 3 (12.5) 4 (6.8) 3 (3.9) 3 (7.3) 0.199b

Cancer 1 (4.2) 1 (1.7) 1 (1.3) 0 0.542b

Surgery history 4 (16.7) 8 (13.6) 10 (13.0) 10 (24.4) 0.308b

Fever 3 (12.5) 49 (83.1) 52 (67.5) 28 (68.3) <0.001a

Dyspnea 13 (54.2) 39 (66.1) 55 (71.4) 37 (90.2) 0.009a

Anorexia 7 (29.2) 23 (39.0) 32 (41.6) 20 (48.8) 0.473a

Lethargy 8 (33.3) 30 (50.8) 33 (42.9) 26 (63.4) 0.074a

Gastro symptom 12 (50.0) 26 (44.1) 30 (39) 13 (31.7) 0.467a

Wt at the start of the COVID-19 (kg) 89 (81.5–101.5) 84 (74.0–96.0) 85 (76.0–95.0) 87 (76.0–104.0) 0.429c

Wt at the end of the COVID-19 (kg) 85.5 (77.0–96.5) 80 (74.0–90.0) 80 (73.0–91.5) 82 (73.0–89.0) 0.574c

BMI during COVID-19 (kg/m2) 30.9 (28.1–32.9) 28.1 (25.6–30.5) 29.3 (26.7–31.7) 27.8 (24.9–32.1) 0.321c

Wt loss during COVID-19 (kg) 3.5 (1.2–6.0) 3.00 (0–6.0) 3 (0–8.0) 5 (1.0–11.0) 0.031c

Hb-O2 (%) 94 (93.0–95.75) 95 (93.0–96) 90 (87.0–91) 88 (84.0–90.5) <0.001c

WBC (/µl) 5.60 (4.20–8.00) 5.40 (4.50–7.60) 5.60 (4.50–8.80) 7.10 (4.85–9.85) 0.695c

RBC (×106/µl) 5.12 (4.69–5.54) 5.00 (4.56–5.36) 4.83 (4.46–5.17) 4.59 (4.36–5.30) 0.642c

Hb (g/dl) 14.8 (13.0–15.7) 14 (12.7–15.1) 13.6 (12.6–14.6) 13.5 (11.8–15.2) 0.617c

PLT (×103/µl) 198.5 (130.7–241.2) 172 (131.0–237.0) 189.5 (157.5–245.0) 184 (163.0–231.5) 0.911c

CRP (mg/L) 13.8 (5.5–27.5) 27.9 (14.1–44.5) 41.6 (24.4–63.9) 40.6 (25.4–66.7) <0.001c

LDH (U/L) 573 (500.1–633.7) 620 (499.0–724.0) 624 (554.5–801.0) 758 (569.0–882.5) 0.015c

Ferritin (ng/ml) 179.2 (128.5–363.9) 230 (175.3–427.1) 388.7 (218.1–575.2) 499.3 (405.1–683.7) <0.001c

D-dimer (ng/ml) 0.31 (0.30–0.33) 0.75 (0.59–0.9) 0.70 (0.6–0.8) 0.63 (0.5–1.0) 0.005c

CPK (U/L) 122 (106.8–130.5) 90.5 (69.0–171.0) 187 (109.5–313.5) 136.5 (83.5–195.0) <0.001c

Values are presented as number (%) or median (range).
COVID-19: coronavirus disease 2019; ICU: intensive care unit; CKD: chronic kidney disease; Wt: weight; BMI: body mass index; Hb-O2: haemoglobin-oxygen; 
WBC: white blood cell; RBC: red blood cell; Hb: hemoglobin; PLT: platelet; CRP: C-reactive protein; LDH: lactate ehydrogenase; CPK: creatine phosphokinase test.
Using achi-square test, bFisher’s exact test, or canalysis of covariance as appropriate.
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–0.56 to 2.21; P=0.062). 

DISCUSSION 

In this study, we found that most hospitalized patients with 

COVID-19 were not nutritionally at risk based on NRS-2002 

and MUST. The majority of malnourished patients diagnosed 

by NRS-2002 were in the non-intensive unit. However, the 

majority of malnourished patients, according to MUST, were 

admitted to ICU. In contrast, according to Bedock et al. [7], 

42.1% of patients with COVID-19 had malnutrition, and 18.4% 

were severely malnourished, and most malnourished patients 

were from ICU admitted patients. In another study, Li et al. [8] 

reported a high prevalence of malnutrition in elderly patients 

with COVID-19 using Mini Nutritional Assessment. During 

the acute inflammation caused by COVID-19, that defined by 

elevated inflammatory markers including CRP, degradation of 

muscle proteins is an important reason for malnutrition [10]. 

In the current study, patients with severe and extremely severe 

COVID-19 had higher CRP. It is reported that CRP may be as-

sociated with the development of COVID-19 [21,22]. 

The study showed a significant association between malnu-

trition and extremely severe COVID-19. Kurtz et al. [23] report-

ed that a previous diagnosis of malnutrition is associated with 

severe COVID-19. On the other hand, severe COVID-19 may 

remain a risk factor for long-lasting malnutrition, and nutri-

tion support should be addressed in these patients, especially 

those admitted to ICU [24]. Malnutrition in hospitalized pa-

tients is directly associated with length of hospitalization and 

mortality [25-27]. Malnutrition causes immune-enhancing 

trace elements deficiency, which worsens the immune system 

function [28]. Besides, COVID-19 is associated with symptoms 

including anorexia, and fewer than all lead to catabolic status, 

muscle waste, and weight loss [29].  

The current study has some limitations. Being single-center 

would cause selection bias. We did not consider some risk 

factors, including serum albumin, physical activity, and di-

etary intakes. No nutritional screening tool is considered the 

accepted gold standard for the assessment of nutritional status 

[30]. However, Velasco et al. showed NRS-2002 and MUST 

should be used to screen for nutritional status at admission 

in hospitalized patients [31]. It would be better to use Global 

Leadership Initiative on Malnutrition-specific metrics to diag-

nose malnutrition [32]. Although the study was sex-matched, 

it would be better to consider age as another matching factor. 

The sample size may have caused insufficient power for ex-

amining the association between malnutrition and COVID-19 

intensity. However, the study had some strengths. To our 

knowledge, it was the first study in Iran to assess the associa-

tion between malnutrition diagnosed by NRS-2002 and MUST 

with COVID-19 intensity. 

To bring together, although the prevalence of malnutrition 

was low in the study population, malnutrition was directly 

associated with extremely severe COVID-19. According to the 

study design, it is unclear whether malnutrition was caused by 

extremely severe COVID-19 or was a factor leading to it. How-

ever, considering the nutritional status of patients, especially 

the elderly, is an important factor in decreasing mortality and 

morbidity. 
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Background: We aim to describe the demographics and outcomes of patients with severe disease 
with the Omicron variant. The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus 
continues to mutate, and the availability of vaccines and boosters continue to rise, it is important 
to understand the health care burden of new variants. We analyze patients admitted to intensive 
care units (ICUs) in a large Academic Health System during New York City’s fourth surge beginning 
on November 27, 2021.
Methods: All patients admitted to an ICU were included in the primary analysis. Key demographics 
and outcomes were retrospectively compared between patients stratified by vaccination status. 
Univariate and multivariate logistic regression was used to identify risk factors for in-hospital mor-
tality.
Results: In-hospital mortality for all admitted patients during the fourth wave was significantly 
lower than in previous waves. However, among patients requiring intensive care, in-hospital mor-
tality was high across all levels of vaccination status. In a multivariate model older age was associ-
ated with increased in-hospital mortality, vaccination status of overdue for booster was associated 
with decreased in hospital mortality, and vaccination status of up-to-date with vaccination 
showed a trend to reduced mortality.
Conclusions: In-hospital mortality of patients with severe respiratory failure from coronavirus dis-
ease 2019 (COVID-19) remains high despite decreasing overall mortality. Vaccination against 
SARS-CoV-2 was protective against mortality. Vaccination remains the best and safest way to pro-
tect against serious illness and death from COVID-19. It remains unclear that any other treatment 
will have success in changing the natural history of the disease.
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INTRODUCTION 

New York City (NYC) was one of the first epicenters of coronavirus disease 2019 (COVID-19) 

in the United States in early 2020 and has since reported over 2.2 million cases and almost 

40,000 deaths [1]. After November 27, 2021, the highly transmissible Omicron variant of the 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus became prevalent and 
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induced NYC’s fourth wave of COVID-19. The fourth wave of 

COVID-19 in NYC differs from prior waves in that over 70% of 

NYC’s population over 5 years of age have been fully vaccinat-

ed with either two doses of Pfizer or Moderna or one shot of 

Johnson & Johnson. There have also been more than 1.1 mil-

lion additional doses administered (either 3rd dose or booster) 

[2,3]. Despite this, the Omicron surge resulted in record-high 

cases per day, reaching a peak of 60,000 in NYC on January 3, 

2022 [1], including many breakthrough cases in individuals 

who completed their initial vaccination series and some who 

were boosted [4,5]. 

Over the past 2 years the treatment for COVID-19 has greatly 

evolved as more research has been conducted on COVID-19. 

Many aspects of the care of COVID-19 patients have changed, 

these include timing of intubation [6], Remdesivir [7], steroid 

use [8], anticoagulation [9], tocilizumab [10], Monoclonal anti-

bodies [11], oral protease inhibitors [12], extracorporeal mem-

brane oxygenation (ECMO) [13], and the covid vaccine [14]. 

The Omicron variant of SARS-CoV-2 has generally been as-

sociated with a milder clinical course and lower mortality as 

compared to the Alpha variant (0.86% of Omicron patients died 

vs 5.7% of Alpha patients) [4] and the Delta variant (mortality of 

patients positive with Omicron was 0.09 fold as high compared 

to patients with Delta) [15]. Diminished public concern for this 

strain thus had the potential to lead to greater spread through 

waning mask usage and social distancing. Given its high prev-

alence, it is of interest to understand how the admission rates, 

level of hospital care and outcomes of patients may differ in this 

forth surge compared to earlier waves. Given lower reported 

mortality, it is important to understand the patient population 

still suffering from the most severe illness. 

MATERIALS AND METHODS 

The study was approved by Institutional Review Board of the 

Mount Sinai Hospital (No. 20-0054). Informed consent was 

waived. Procedures were followed in accordance with the eth-

ical standards of the responsible committee on human experi-

mentation and with the Helsinki Declaration of 1975. Initial in-

clusion criteria were all adult inpatients admitted to one of five 

hospitals in a large Urban Academic Health System in NYC, 

with either a positive SARS-CoV-2 polymerase chain reaction 

test during admission or clinical documentation of active 

COVID-19 infection. Patients were grouped into waves with 

waves 1, 2, 3 consistent with prior literature [16]; the fourth 

wave was identified as all patients admitted from November 

27, 2021 through January 25, 2022 with follow-up for clinical 

outcomes through March 1, 2022 (Figure 1A). The study center 

COVID-19 treatment protocols have been updated as new data 

and trials have been published. Currently patients undergoing 

care for COVID-19 receive remdesivir, tocilizumab, high-flow 

nasal cannula/bilevel positive airway pressure, intubation, 

prone position ventilation, anticoagulation, and ECMO as 

needed based on National Institutes of Health guidelines for 

COVID-19 patients. 

The primary analysis was of patients ever admitted to an 

intensive care unit (ICU) during their stay. The vaccination 

status of these ICU patients was identified by manual chart 

review. Patients were considered to be fully vaccinated if they 

were admitted more than 2 weeks after receiving either the 

second dose of an mRNA COVID-19 vaccine or 2 weeks after 

receiving a single dose of the Johnson & Johnson/Janssen 

COVID-19 or AstraZeneca vaccine. Patients were considered 

partially vaccinated if they had received any dose of vaccine 

but did not meet criteria for full vaccination. Patients were 

considered booster-eligible 5 months after completing their 

primary mRNA vaccine series or 2 months after getting a sin-

gle-dose COVID-19 vaccine. Patients were classified according 

to CDC definition as “up-to-date" if they were fully vaccinated 

but not yet eligible for booster, or eligible for booster and had a 

received booster vaccine. Patients were  considered “overdue 

for booster” if they were fully vaccinated and eligible for boost-

er, but had not received any booster vaccine. Patients whose 

vaccine status was unknown were excluded from vaccine spe-

cific analysis. 

Patients’ Comorbidities were identified using International 

Classification of Diseases, 10th revision (ICD-10) diagnostic 

codes. Continuous and categorical variables were compared 

between groups using the Kruskal-Wallis test or chi-square 

test as appropriate. Odds ratios (ORs) for in-hospital death 

were calculated by fitting univariate binomial generalized 

linear models. All available variables were also included in a 

multivariable logistic regression. Data extraction and process-

■ Patients requiring intensive care, in-hospital mortality was 
high across all levels of vaccination status.

■ Up-to-date vaccination remains the best and safest way to 
protect against serious illness and death from coronavirus 
disease 2019 (COVID-19).

KEY MESSAGES
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ing was done in Python version 3.7.3 (Python Software Foun-

dation, Wilmington, DE, USA; https://www.python.org/), and 

data analysis was done using R version 3.6.1 (R Foundation for 

Statistical Computing, Vienna, Austria; https://www.R-project.

org/) and R studio version 1.2.5001 (RStudio PBC, Boston, MA, 

USA; http://www.rstudio.com/). 

RESULTS 

Three thousand fifty-six patients were admitted with COVID-19 

during the fourth wave, of which 372 patients (12%) required 

ICU level of care, significantly lower than previously waves in 

the pandemic (wave 1: 1,242 (19%), wave 2: 924 (16%), wave 

3: 205 (19%); P<0.001) (Table 1). Of these, 43 patients had 

Figure 1. (A) Coronavirus disease 2019 (COVID-19) admissions to Mount Sinai Health System. (B) Trend in unadjusted COVID-19 death rate over 
time. HFNC: high-flow nasal cannula; NIPPV: non-invasive positive pressure ventilation.
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unknown vaccine status and were excluded from primary 

analysis. Among the remaining 329 fourth wave ICU patients, 

124 (37.7%) were never or partially vaccinated, 117 (35.6%) 

were fully vaccinated but overdue for a booster vaccine, and 88 

(26.7%) were up-to-date with COVID-19 vaccination (Table 2). 

Unvaccinated patients were younger (mean age of 64 years vs. 

69 years for patients overdue for booster and 67 years for up-

to-date patients, P<0.047) and had the highest BMI (31 kg/m2 

vs. 27 kg/m2 in overdue for booster patients, and 29 kg/m2 in 

up-to-date, P<0.01). There was no significant difference in race 

or gender between groups. In all groups between 50%–60% re-

quired invasive mechanical ventilation and 20%–30% required 

noninvasive positive pressure ventilation or high-flow nasal 

cannula. 

In-hospital mortality for all admitted patients during the 

fourth wave was significantly lower than in previous waves (295 

[10%] in wave 4 vs. 1,550 [24%] in wave 1, and 840 and 145 [14%] 

in waves 2 and 3, respectively; P<0.01) (Table 2). When strat-

Table 1. Characteristics of patients separated by wave
Characteristic Wave 1 (n=6,495) Wave 2 (n=5,849) Wave 3 (n=1,062) Wave 4 (n=3,056) P-valuea

Age 65±17 65±18 61±19 64±20 <0.001
Sex <0.001
 Female 2,816 (43) 2,786 (48) 505 (48) 1,546 (51)
 Male 3,679 (57) 3,063 (52) 557 (52) 1,510 (49)
 Unknown 0 0 0 0
BMI (kg/m2) 29±9 29±11 30±17 28±12 <0.001
Race <0.001
 White 1,611 (25) 1,868 (32) 331 (31) 909 (30)
 Black 1,663 (26) 1,246 (21) 319 (30) 930 (30)
 Hispanic 1,515 (23) 1,081 (18) 181 (17) 540 (18)
 Asian 332 (5.1) 407 (7.0) 42 (4.0) 118 (3.9)
 Native American or Pacific Islander 23 (0.4) 14 (0.2) 5 (0.5) 8 (0.3)
 Other 1,351 (21) 1,233 (21) 184 (17) 551 (18)
History of diabetes 2,652 (41) 2,222 (39) 344 (34) 568 (29) <0.001
History of hypertension 4,072 (63) 3,679 (65) 571 (56) 1,022 (53) <0.001
History of chronic lung disease 1,154 (18) 1,130 (20) 207 (20) 394 (20) 0.01
History of chronic liver disease 455 (7.1) 436 (7.7) 76 (7.5) 125 (6.5) 0.3
History of renal failure 1,343 (21) 1,175 (21) 195 (19) 367 (19) 0.2
History of heart failure 1,030 (16) 1,035 (18) 178 (17) 341 (18) 0.01
HIV/AIDS 154 (2.4) 123 (2.2) 36 (3.5) 56 (2.9) 0.04
History of alcohol or substance use disorder 313 (4.9) 275 (4.9) 52 (5.1) 194 (10) <0.001
BMI ≥30.0 kg/m2 1,776 (37) 1,930 (36) 333 (34) 784 (30) <0.001
Highest level of respiratory support <0.001
 No oxygen 1,846 (28) 1,515 (26) 286 (27) 1,350 (44)
 Low flow oxygen 1,851 (28) 2,396 (41) 393 (37) 1,016 (33)
 HFNC or NIPPV 1,967 (30) 1,464 (25) 279 (26) 485 (16)
 Invasive mechanical ventilation 831 (13) 474 (8.1) 104 (9.8) 205 (6.7)
Received ICU level of care 1,242 (19) 924 (16) 205 (19) 372 (12) <0.001
Ever intubated 831 (13) 474 (8.1) 104 (9.8) 205 (6.7) <0.001
Hospital length of stay (day) 7 (3–12) 7 (4–14) 7 (4–14) 6 (3–13) <0.001
Died 1,550 (24) 840 (14) 145 (14) 303 (9.9) <0.001
Discharged out of hospital 4,938 (76) 5,005 (86) 915 (86) 2,697 (88) <0.001

Values are presented as mean±standard deviation, number (%), or median (interquartile range). Wave 1: Mar–Jun 2020; Wave 2: Sep–Apr 2021; Wave 3: Jul 
2021–Nov 2021; Wave 4: Nov 2021–Jan 2022.
BMI: body mass index; HIV: human immunodeficiency virus; HFNC: high-flow nasal cannula; NIPPV:  non-invasive positive pressure ventilation; ICU: intensive 
care unit.
aThe Kruskal-Wallis rank sum test and Pearson's chi-square test were used for continuous and categorical variables, respectively.
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Table 2. Characteristics of fourth wave patients based on vaccination status

Characteristic Never or partially 
vaccinated (n=124)

Overdue for booster 
(n=117)

Vaccination up to date 
(n=88) P-valuea

Age 64±18 69±16 67±16 0.05
Sex 0.3
 Female 57 (46) 44 (38) 42 (48)
 Male 67 (54) 73 (62) 46 (52)
 Unknown 0 0 0
BMI (kg/m2) 31±10 27±7 29±17 0.01
Race 0.2
 White 28 (22.6) 35 (22.9) 31 (35.2)
 Black 52 (41.9) 34 (29.1) 25 (28.4)
 Hispanic 20 (16.1) 17 (14.5) 10 (11.4)
 Asian 4 (3.2) 2 (1.7) 4 (4.5)
 Native American or Pacific Islander 0 0 0
 Other 20 (16.1) 29 (24.8) 18 (20.5)
History of diabetes 26 (46) 18 (33) 11 (28) 0.1
History of hypertension 30 (54) 34 (62) 20 (50) 0.5
History of chronic lung disease 11 (20) 14 (25) 9 (22) 0.8
History of chronic liver disease 5 (8.9) 2 (3.6) 2 (5.0) 0.5
History of renal failure 15 (27) 14 (25) 8 (20) 0.7
History of heart failure 15 (27) 21 (38) 10 (25) 0.3
HIV/AIDS 1 (1.8) 1 (1.8) 1 (2.5) 1.0
History of alcohol or substance use disorder 6 (11) 4 (7.3) 3 (7.5) 0.8
Highest level of respiratory support 0.7
 No oxygen 8 (6.5) 4 (3.4) 6 (6.8)
 Low flow oxygen 19 (15.3) 20 (17.1) 19 (21.6)
 HFNC or NIPPV 26 (21.0) 30 (25.6) 19 (21.6)
 Invasive mechanical ventilation 71 (57.3) 63 (53.8) 44 (50)
Ever intubated 71 (57) 63 (54) 44 (50) 0.6
Hospital length of stay (day) 15 (8–22) 18 (9–27) 13 (6–24) 0.1
Died 56 (45) 37 (32) 33 (38) 0.1
Discharged out of hospital 55 (44) 73 (62) 48 (55) 0.02
Primary vaccination series type <0.001
 AstraZeneca 0 1 (0.9) 1 (1.1)
 Johnson & Johnson 0 14 (12) 6 (6.8)
 Moderna 3 (2.4) 38 (32.5) 27 (30.7)
 Never vaccinated 111 (89.5) 0 0
 Pfizer 9 (7.3) 58 (49.6) 52 (59.1)
 Unknown 1 (0.8) 6 (5.1) 2 (2.3)
Booster vaccination type <0.001
 Moderna 0 0 18 (20.5)
 No booster 123 (99) 108 (92.3) 35 (39.8)
 Pfizer 0 0 32 (36.4)
 Unknown 1 (0.8) 9 (7.7) 3 (3.4)

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
BMI: body mass index; HIV: human immunodeficiency virus; HFNC: high-flow nasal cannula; NIPPV: non-invasive positive pressure ventilation.
aThe Kruskal-Wallis rank sum test and Pearson's chi-square test were used for continuous and categorical variables respectively.
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ified by highest level of oxygen support required, in-hospital 

mortality remained similar throughout the pandemic. Patients 

requiring invasive mechanical ventilation had more than a 

50% mortality rate in all waves (Figure 1B). 

Among patients requiring intensive care, in-hospital mor-

tality was high across all levels of vaccination status. There 

was no significant difference in in-hospital mortality among 

different vaccination status (38% in up-to-date patients, 32% 

in overdue for booster patients, and 45% in never or partially 

vaccinated patients; P=0.1). In univariate analysis only age 

showed a significant relationship with in-hospital mortality 

(OR, 1.05; P<0.001), though vaccination status had a non-sig-

nificant trend towards decreasing mortality when compared 

with Never or Partially Vaccinated patients (overdue for 

booster: OR=0.62, P=0.075; vaccination up-to-date: OR=0.65, 

P=0.14). In a multivariate model incorporating all collected 

data elements increasing age (OR, 1.08; 95% CI, 1.05–1.12 per 

year; P<0.001) was associated with higher in-hospital mortality 

and vaccination status of overdue for booster (OR, 0.21; 95% 

CI, 0.07–0.59; P=0.005) was associated with lower in-hospital 

mortality (Table 3). 

DISCUSSION 

As the COVID-19 pandemic reaches its 2-year anniversary, 

NYC has seen four distinct waves of infection. New strains 

have emerged and disappeared with changes in transmissibil-

ity and lethality. Treatments and protocols have also emerged 

and waned, with none as efficacious as the as the multiple ap-

proved vaccines. With the emergence of the Omicron variant, 

the 4th wave rapidly spread around the world. Much has been 

written in the lay press about the Omicron variant being less 

virulent than prior strains; and indeed in our population there 

was a large group of hospitalized patients who have no or low 

oxygen requirements and a low mortality rate during the 4th 

wave [17]. However, even in a vaccinated and Omicron pre-

dominant population, patients requiring invasive mechanical 

ventilation or intensive care have high mortality rate that is 

similar to the prior waves. While variance in absolute mortal-

ity rate between centers in patients receiving non-invasive or 

invasive mechanical ventilation may be in part due to patient 

selection for these therapies, it remains clear that the patients 

with most severe respiratory failure have high mortality de-

spite decreasing death rate overall. 

When modeling patient factors related to in hospital 

mortality, older age remains associated with mortality, and 

completed primary vaccination status was protective. While 

patients who were fully boosted had a trend towards lower 

mortality, it did not reach the level of significance most likely 

related to sample size; regardless the data are consistent with 

the protective effect of vaccination against developing severe 

illness and death, consistent with other studies [4,5,15,18,19]. 

The ORs for mortality for other comorbid conditions may be 

underestimated in the current study because of low sample 

size and wide confidence interval. In our experience, even 

though the proportion of patients not requiring respiratory 

support has risen, the in-hospital mortality for those patients 

requiring supplemental oxygen and mechanical ventilation 

has not changed throughout the pandemic; and patients who 

ultimately progress to critical illness do not have much better 

outcome currently than they did earlier in the pandemic. 

In an Omicron predominant 4th wave of COVID-19 in NYC, 

in hospital mortality and requirement for advanced respiratory 

support is lower than earlier in the pandemic; however, mor-

tality has not fallen in the population of patients who ultimate-

ly develop critical illness. It is important to remember that as 

public health measures ease COVID-19 remains a highly lethal 

disease in those patients who become critically ill. Vaccina-

Table 3. Multivariable model for in hospital mortality in 4th wave  
patients requiring critical care

Characteristic Odds 
ratio 95% CI P-value

Age 1.08 1.05–1.12 <0.001
BMI 1.03 0.98–1.09 0.2
Race -
 White - -
 Black 0.61 0.22–1.65 0.3
 Hispanic 0.57 0.11–2.76 0.5
 Asian 0.41 0.01–6.71 0.6
 Other 1.47 0.50–4.45 0.5
History of diabetes 0.88 0.34–2.27 0.8
History of chronic lung disease 1 0.37–2.66 1.0
History of renal failure 0.93 0.32–2.66 0.9
History of heart failure 0.77 0.29–2.01 0.6
History of chronic liver disease 0.72 0.08–4.64 0.7
History of alcohol or substance use disorder 0.20 0.02–1.22 0.1
HIV/AIDS 0 1.0
Vaccination status
 Never or partially vaccinated - -
 Overdue for booster 0.21 0.07–0.59 0.01
 Vaccination up to date 0.54 0.18–1.51 0.2

CI: confidence interval; BMI: body mass index; HIV: human immunodeficiency 
virus.
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tion remains the best and safest way to protect against serious 

illness and death from COVID-19. It remains unclear that any 

other treatment will have success in changing the natural his-

tory of the disease. 
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Background: Acute respiratory failure (ARF) is commonly managed with invasive mechanical ven-
tilation (IMV). The majority of the time that a patient spends on IMV is in the process of weaning. 
Prediction of the weaning outcome is of paramount importance, as untimely/delayed extubation is 
associated with a high risk of mortality. Diaphragmatic ultrasonography is a promising tool in the 
intensive care unit, and its utility in predicting the success of weaning remains understudied. 
Methods: In this prospective-observational study, we recruited 54 ARF patients on IMV, along 
with 50 healthy controls. During a spontaneous breathing trial, all subjects underwent diaphrag-
matic ultrasonography along with a rapid shallow breathing index (RSBI) assessment. 
Results: The mean age was 41.8±17.0 and 37.6±10.5 years among the cases and control group, 
respectively. Demographic variables were broadly similar in the two groups. The most common 
cause of ARF was obstructive airway disease. The average duration of IMV was 5.41±2.81 days. 
Out of 54 subjects, 45 were successfully weaned, while nine patients failed weaning. Age, body 
mass index, and severity of disease were similar in the successful and failed weaning patients. The 
sensitivity in predicting successful weaning of percent change in diaphragmatic thickness (Δtdi%) 
>29.71% was high (93.33%), while specificity was 66.67%. The sensitivity and specificity of mean 
diaphragmatic thickness (tdi) end-expiratory >0.178 cm was 60.00% and 77.78%, respectively. 
RSBI at 1 minute of <93.75 had an equally high sensitivity (93.33%) but a lower specificity 
(22.22%). Similar results were also found for RSBI measured at 5 minutes. 
Conclusions: During the weaning assessment, the purpose is to minimize both premature as well 
as delayed extubation. We found that diaphragmatic ultrasonography, in particular Δtdi%, is better 
than RSBI in predicting weaning outcomes. 

Key Words: artificial respiration; diaphragm; respiratory insufficiency; ultrasound; ventilator 
weaning
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INTRODUCTION 

Mechanical ventilation (MV) has been considered a life-saving tool for critically ill patients. 

Weaning from invasive mechanical ventilation (IMV) is as important as putting the patient on 
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the ventilator. Once the patient is on IMV, weaning constitutes 

an important aspect of management. It has been estimated 

that around 42% of the total time that a patient spends on MV 

is in the process of weaning [1]. Determining the optimal time 

and mode of weaning is usually an arbitrary clinical decision. 

Physicians’ predictions for weaning can be inaccurate, with 

positive (PPV) and negative predictive values (NPV) of only 

about 50% and 67%, respectively [2]. Choosing the right ap-

proach between early extubation and prolonged ventilation 

is of prime importance to avoid the consequences of either of 

these, such as nosocomial pneumonia and increased risk of 

mortality [3]. 

The rapid shallow breathing index (RSBI) is one of the most 

extensively studied indices for the weaning assessment. It, 

therefore, offers the best paradigm for investigating the utility 

of other parameters. The relationship between respiratory 

load and respiratory muscle capacity, depicted by RSBI, was 

found to be a prime determinant of weaning outcomes [4,5]. 

Most studies have shown high sensitivities ranging from 85% 

to 100%. Although the PPV of an RSBI >105 breaths/min/L has 

been consistently reported in the range of 0.75 and above, the 

extremely high NPV, originally noted at 0.95, has been more 

difficult to reproduce [6,7]. 

Diaphragmatic dysfunction is associated with prolonged 

MV and weaning failure [8,9]. Despite all available diagnostic 

tools to assess diaphragmatic dysfunction like fluoroscopy 

and phrenic nerve conduction study, diaphragmatic ultraso-

nography is the only real-time, non-invasive bedside tool for 

its functional assessment [10]. Advantages of ultrasonography 

include safety, avoidance of radiation hazards, short learning 

curve, high correlation coefficient between and within ob-

servers, and availability at the bedside. It carries the advantage 

of assessing both the structural and functional components 

of the diaphragm at the bedside. Ultrasonography is similar 

in accuracy to most other imaging modalities for diaphragm 

assessment [11]. Ultrasonography can be used to evaluate 

diaphragm excursions (M mode), diaphragmatic thickness 

(tdi), and contraction (B mode). The average thickness of the 

diaphragm is 0.22–0.28 cm in healthy volunteers and 0.13–0.19 

cm in a paralyzed diaphragm. A diaphragm thickness less 

than 0.2 cm, measured at the end of expiration, has been pro-

posed as the cut-off to define diaphragm atrophy [12]. DiNino 

et al. [13] conducted a study over 63 mechanically-ventilated 

patients, and diaphragm thickness (tdi) was measured in 

the zone of apposition of the diaphragm to the rib cage. The 

percent change in diaphragmatic thickness (Δtdi%) between 

end-expiration and end-inspiration was calculated during 

either spontaneous breathing or pressure support weaning 

trials, and it was found that the combined sensitivity and spec-

ificity of Δtdi% ≥30% for extubation success was 88% and 71%, 

respectively. The PPV and NPV were 91% and 63%, respective-

ly [13]. Recently, decreased diaphragm excursions on M mode 

have been shown to predict weaning failure with cut-off values 

of 1.4 cm and 1.2 cm for the right and left hemi-diaphragm, 

respectively [14,15]. 

Ultrasonography use to assess diaphragmatic dysfunction, 

despite its ease, has not yet been frequently used. The use 

of diaphragmatic ultrasonography as a weaning predictor is 

evolving [16], since only a few studies have addressed this is-

sue and compared the results to RSBI. There is an urgent need 

to explore and generate evidence for its use as a weaning pre-

dictor. 

MATERIALS AND METHODS 

This study was an analysis of retrospectively collected data of 

ARF patients aged 16 to 80 years who were admitted into the 

intensive care unit (ICU) of a tertiary care institute in north 

India from May 2018 to December 2019. Inclusion and ex-

clusion criteria are described below. The study protocol was 

approved by the Biomedical Research Ethics Committee of 

the institute.  Informed consent was obtained. All consent-

ing ICU patients aged 16 to 80 years, with at least 3 days of 

IMV for acute respiratory failure (ARF), were included in the 

study. The exclusion criteria included the following: pregnant 

patients; cases of abdominal, thoracic, or head and neck sur-

gery/trauma; prior history of central nervous system disorder; 

presence of concomitant pleural effusion/ ascites/pneumo-

thorax; or presence of intercostal chest tube drainage. Fifty 

healthy subjects were assessed by diaphragmatic ultrasonog-

raphy to calculate normal values for diaphragmatic variables 

in the Indian population. 

■ A diaphragmatic ultrasound for the weaning assessment 
is feasible and provides real-time physiological data.

■ The percent change in diaphragmatic thickness measure-
ment is superior to the conventional rapid shallow breath-
ing index measurement in predicting weaning success.

KEY MESSAGES
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Process of Weaning 
A detailed history of the patients, including symptoms, demo-

graphic profile, and anthropometry, was recorded with all ex-

amination findings and investigations. Any history of ventila-

tor-associated pneumonia was noted. After partial or complete 

resolution of the primary cause of respiratory failure, a deci-

sion of spontaneous breath testing (SBT) and liberation from 

MV was taken. If the patient was conscious, cooperative, alert, 

and had good cough reflex with stable cardiopulmonary sta-

tus, an SBT was given (pressure support mode [PS] or t-piece). 

Once the patient’s breathing pattern was stabilized for at least 

2 minutes, the first RSBI was calculated at 1 and 5 minutes. A 

handheld spirometer (Trueflow, EasyOne; ndd Medizintech-

nik AG, Zurich, Switzerland) was connected to the patient’s 

endotracheal tube or tracheostomy tube, and then the patient 

was made to take 5–6 breaths. Software analyzed the patient’s 

respiration and gave an average tidal volume and respiratory 

rate. RSBI was calculated by dividing the respiratory rate by the 

tidal volume in liters. 

Diaphragmatic ultrasonography was performed within 15 

minutes of the calculation of the RSBI. It was conducted using 

a linear 6–13 MHz transducer set to B mode, appropriate for 

measuring tdi and its change with tidal breathing using the 

Micromaxx ultrasound machine (Sonosite Inc., Bothell, WA, 

USA). tdi was measured at end-expiration and end-inspiration 

in the zone of apposition of the diaphragm with the lateral rib 

cage (Figure 1). The method of diaphragmatic ultrasonogra-

phy has been described previously in detail [17]. In brief, the 

right diaphragm was imaged at the zone of apposition in the 

mid-axillary line between the 6th and 10th intercostal spaces. 

Similarly, the left diaphragm was imaged between the 6th and 

10th intercostal spaces in the mid to posterior axillary line. 

The right diaphragm was visualized through the liver window. 

Visualization of the left diaphragm was facilitated by a more 

coronal approach and by paralleling the ribs. A total of three 

readings were recorded, with diaphragmatic contractility cal-

culated with the formula shown below for each breath, and 

then a mean of all of the recordings was considered. 

× 100 
[tdi (end-inspiration) – tdi (end-expiration)] 

tdi ( end-expiration ) 

Successful weaning was defined as spontaneous breathing for 

more than 48 hours without needing MV or reintubation. All 

diaphragmatic ultrasonography procedures were done by a 

Figure 1. Ultrasonography images of the diaphragm during various times of respiration. (A) Right diaphragm, end-inspiratory phase. (B) Right 
diaphragm, end-expiratory phase. (C) Left diaphragm, end-inspiratory phase. (D) Left diaphragm, end-expiratory phase.
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single trained operator (MS). 

Statistical Analysis 
The data was entered into a Microsoft Excel spreadsheet and 

doubly checked for errors. Appropriate coding was done to 

facilitate the analysis. Data analysis was done using IBM SPSS 

version 24.0 (IBM Corp., Armonk, NY, USA). Qualitative data 

were presented as proportions and frequencies. Quantita-

tive data were presented as means, standard deviations, and 

ranges. The comparison of continuous variables between two 

groups was made using an independent t-test. The receiver 

operating characteristic curve was plotted with cut-off points, 

sensitivity, specificity, PPV, and NPV. A probability value less 

than 0.05 was considered as the point of statistical significance 

(P<0.05). The diagnostic accuracies were calculated using the 

Youden index and compared among various variables using 

the area under the curve (AUC). 

RESULTS 

Fifty-four intubated patients were enrolled throughout 1 and 

a half years (Figure 2), along with 50 healthy subjects. The 

demographic and clinical profile of the enrolled subjects is 

shown in Table 1. The study group had more females than did 

the control group. Of the patients in the study group, 35.2% 

were active smokers, compared to 30% in the control group.  

Most of the patients were admitted for acute exacerbation of 

chronic obstructive pulmonary disease (AECOPD) or a snake 

bite. Thirty-five patients (64.8%) had hypercapnic respirato-

ry failure, while others had normocapnic respiratory failure. 

Disease severity was assessed using Acute Physiology and 

Chronic Health Evaluation (APACHE) II and Sequential Organ 

Failure Assessment (SOFA) scores, calculated within 24 hours 

of ICU admission. The mean APACHE II and SOFA scores of 

the studied subjects were 20.04±6.14 and 4.81±1.87, respec-

tively. Patients in the study group had spent 45.11%±13.13% of 

the total MV days in weaning. 

Of 54 subjects, 45 were successfully weaned, while nine 

patients failed weaning. Age, body mass index, and severity of 

disease (APACHE II and SOFA score) were similar in success-

ful and failed weaning patients. The rates of tracheostomy and 

mortality were higher in the failed weaning group than in the 

Figure 2. Consort chart of the study participants. ICU: intensive care unit; IMV: invasive mechanical ventilation; GI: gastrointestinal; SBT-PS: 
spontaneous breathing trial with pressure support.

211 Patients admitted in ICU with acute respiratory failure

54 Patients finally included in study

54 Decision to give spontaneous breathing trial

Patients attended and SBT-PS or t-piece given

Within 15 minutes

Extubation within 6 hours

157 Excluded from study
  5 Age
12 Pregnancy
65 No IMV
11 Massive ascites
  5 Pleural effusion
22 Head injury
26 IMV <72 hours
  2 Intercostal chest tube in situ
  9 Upper GI surgery

Outcome FailureSuccess

Rapid shallow breathing 
index at 1 and 5 minutes

Diaphragmatic ultrasonography 
derived variables

1st 2nd
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successful weaning group (P<0.05). Days of MV, ICU stay, hos-

pital length of stay (HLOS), and ventilator-associated pneumo-

nia were higher in patients in the failed weaning group but did 

not reach statistical significance (Supplementary Table 1). 

Variation in tdi during the inspiratory and expiratory phases 

of respiration in the study and control groups are shown in 

Supplementary Table 2. The mean tdi and combined Δtdi% of 

both hemidiaphragms were greater in normal healthy individ-

uals than in the study participants, but neither entity reached 

statistical significance (P>0.05). The mean RSBI measured at 1 

and 5 minutes was 67.21±22.01 and 65.41±20.74, respectively. 

Mean RSBI values did not differ between the two groups (suc-

cessful weaning and failed weaning). 

The sensitivity of combined Δtdi% of both hemidiaphragms 

>29.71% was remarkably high (93.33%), while specificity was 

66.67%. The sensitivity and specificity of mean end-expiratory 

tdi >0.178 cm was 60.00% and 77.78%, respectively. RSBI at 1 

minute of <93.75 had an equally high sensitivity (93.33%) but a 

lower specificity (22.22%). Similar results were found for RSBI 

measured at 5 minutes (Table 2). The AUC was 0.605, 0.689, 

0.614, and 0.576 for mean tdi-end expiration, ∆tdi%, RSBI at 1 

minute, and RSBI at 5 minutes, respectively (Supplementary 

Figure 1). 

The utility of various predictors (∆tdi%, tdi-end expiration, 

and RSBI) during SBT-PS or T piece in weaning from MV is 

shown in Supplementary Table 3. tdi during end-expiration 

and end-inspiration in the failed weaning group were lower as 

compared with the successful weaning group, but the differ-

ence was not statistically significant (P>0.05) (Supplementary 

Table 4). 

After initial weaning success (remaining off ventilation for 

over 48 hours), 7 of 45 patients were later reintubated. We 

combined patients with weaning failure and reintubated pa-

tients into a group that was then compared with the remaining 

patients. Parameters including MV days, ICU days, HLOS, and 

ventilator-associated pneumonia were significantly higher in 

patients who either failed weaning or were later reintubated. 

Tracheostomy and mortality rates remained significantly high-

er in patients with failed weaning and reintubation (P<0.05) 

(Table 3). Reasons for weaning failure are shown in Supple-

mentary Table 5. 

DISCUSSION 

Despite the increase in the availability and use of MV, it re-

mains a double-edged sword in critical care. Both premature 

and delayed discontinuation from MV have been found to be 

associated with increased morbidity [18]. Tools for assessment 

of the optimal timing of extubation remain limited, despite the 

evidence accumulated in recent times. It is compounded by 

Table 1. Demographic and clinical profile of the enrolled cases and 
controls
Characteristics Case (n=54) Control (n=50)
Age (yr) 41.8±17.0 37.6±10.5
Male:female (%) 59:41 82:18
BMI (kg/m2) 23.41±3.56 23.31±3.78
Smoking (%)
 Yes 35 30
 No 65 70
Diagnosis (%)
 Organophosphorus poisoning 7.41
 Obstructive airway disease 37.04
 Snake bite 20.37
 Trauma 11.11
 Miscellaneous 24.07
Severity of disease
 APACHE II score 20.04±6.14
 SOFA score 4.81±1.87
Duration of ventilation
 IMV duration (day) 5.41±2.81
 Weaning time (% of IMV duration) 45.11±13.13

Values are presented as mean±standard deviation unless otherwise indicated.
BMI: body mass index; APACHE: Acute Physiology and Chronic Health 
Evaluation; SOFA: Sequential Organ Failure Assessment; IMV: invasive 
mechanical ventilation.

Table 2. Comparison of the diagnostic accuracy of different weaning parameters in predicting successful weaning

Parameter Sensitivity (%) Specificity (%) PPV NPV Likelihood ratio 
positive result

Likelihood ratio 
negative result

Mean ∆tdi% >29.71 93.33 66.67 93.3 66.7 2.80 0.01
Mean tdi end-expiration >0.178 60.00 77.78 93.1 28.0 2.70 0.51
RSBI at 1 minutes <93.75 93.33 22.22 85.7 40.0 1.20 0.30
RSBI at 5 minutes <96.29 95.56 11.11 84.2 33.3 1.07 0.40

PPV: positive predictive value;  NPV: negative predictive value; ∆tdi%: percent change in diaphragmatic thickness; RSBI: rapid shallow breathing index.
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the fact that subjective decisions are often wrong [18]. Use of 

ultrasonography in the ICU is increasing for both diagnostic 

and therapeutic purposes. Its use in diaphragmatic assessment 

for weaning, although lucrative, has not been studied exten-

sively. 

The current study was done on 54 patients, with 50 controls, 

who were suffering from ARF in the ICU of a tertiary health care 

center to assess the use of ultrasonography as a weaning pre-

dictor. Of the study participants, 62.96% were given a low-level 

PS trial as an SBT, while the rest of the patients were tried on 

t-piece. In this study, we found no difference between clinical 

outcomes based on the use of the pressure support and t-piece 

trials as weaning method. The results are consistent with previ-

ous studies which have suggested the lack of superiority of one 

SBT method over the other [19,20]. Similarly to our study, Ba-

nerjee and Mehrotra [21] studied the utility of basic diaphrag-

matic ultrasound parameters to predict weaning outcomes, but 

all of the parameters failed to outperform RSBI. 

The results show that tdi is greater in normal subjects when 

compared with patients on MV. In a different study, Francis et 

al. [22] assessed the effect of various modes of MV on tdi using 

ultrasonography and discovered that patients receiving as-

sist-controlled ventilation showed a mean decline in tdi of 4.7% 

per day, whereas patients receiving pressure support ventila-

tion demonstrated a mean rise in tdi of 1.5% per day. All our 

cases were managed using assist-controlled ventilation in the 

initial stages of illness. Later, all participants were on pressure 

support ventilation before SBT was initiated. 

We found that the sensitivity and specificity of tdi-end expi-

ration using a cut off >1.69 mm in predicting successful wean-

ing were 71.11% and 44.44%, respectively. These findings are 

similar to the previous study by DiNino et al. [13]. The authors 

[13] found that tdi-end expiration of ≥1.7 mm is a marker of 

successful weaning from MV, with a sensitivity and specificity 

of 90% and 21%, respectively. Δtdi% of ≤29.71 was found to be 

an indicator of weaning failure. These findings are consistent 

with the findings of Kawar et al. [23], where they found that a 

Δtdi% >30% had a sensitivity of 95% and a specificity of 68% 

for extubation success. Similar results were also demonstrated 

by Farghaly and Hasan [24] and Alam et al. [25], where tdi-end 

expiration out-performed RSBI. 

The RSBI value at 1 minute of <93.75 had a sensitivity of 

93.33% and specificity of 22.33% as a weaning predictor. PPV 

and NPV were 85.7% and 40%, respectively. Similar findings 

were also observed for RSBI calculated at 5 minutes. Yang 

and Tobin et al. [26] demonstrated that RSBI >105, measured 

during 1 minute of spontaneous breathing, had an extremely 

high NPV (0.95) for predicting weaning failure. RSBI ≤105 had 

a high PPV (0.78) for predicting weaning success. A further 

consideration is the time at which the breathing pattern mea-

surement was taken. In our study, the low specificity of RSBI 

can be explained due to multiple factors, including weaning on 

PS mode, post-extubation non-invasive ventilation (NIV) use, 

using respiratory frequency as a criterion of weaning failure, 

and selective bias of not extubating patients with RSBI >105. In 

contrast to the previous studies, RSBI was shown to have high 

sensitivity as well as specificity in a study by Ferrari et al. [14]. 

The reason for such outperforming values could have been the 

liberal SBT criteria used in their study. 

Δtdi% has equal sensitivity but high specificity (66.67% vs. 

22.22%) compared with RSBI. The AUC for Δtdi% was greater 

compared with RSBI (0.689 vs. 0.614). AUC for the mean tdi-

end expiration was 0.605. We found that AUC for tdi end-expi-

ration was less than that for Δtdi% (0.605 vs. 0.689). Variability 

of tdi-end expiration among different individuals [27,28] and 

ventilator-induced diaphragmatic atrophy in some may be 

responsible for the poor performance of tdi-end expiration 

as compared to Δtdi% [29]. Pirompanich and Romsaiyut [30] 

combined the two parameters of tdi and RSBI and demon-

strated the superior diagnostic accuracy of the same as com-

Table 3. Outcome comparison between ICU patients with and without weaning failure and reintubation

Parameter Patients with weaning failure or 
reintubation (n=16)

Patients without weaning failure or 
reintubation (n=38) P-value

IMV day 10.25±4.40 5.39±2.98 0.000
ICU length of stay 14.12±5.86 8.74±5.78 0.003
Hospital length of stay 15.24±6.25 11.04±5.92 0.023
Tracheostomy 11 3 0.000
Mortality 9 0 0.000
Ventilator-associated pneumonia 9 7 0.014

Values are presented as mean±standard deviation.
ICU: intensive care unit; IMV: invasive mechanical ventilation.
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pared to the individual two. 

Of the study patients, 83.33% were successfully weaned off 

from the MV. The mortality rate was high in patients with failed 

weaning as compared to patients with successful weaning 

(44.44% vs. 11.11%). Patients with failed weaning had a signifi-

cantly higher requirement of tracheostomy, which is consis-

tent with common knowledge and previous studies. 

We used NIV in 31.48% of patients during the post-extubation 

period, primarily in COPD patients (72.22%). In most patients, 

NIV was applied within the first 6 hours of extubation. Indica-

tions were signs of increased difficulty breathing, evidence of 

hypercapnic respiratory failure in the post-extubation period, 

associated coronary artery disease, or physician experience 

considering high risk. Subjects who continued to remain tachy-

pneic and hypercapnic were reintubated. We did not try high-

flow oxygen therapy in any of our extubated patients.  

The index study, despite being novel, was not short of lim-

itations, like the small sample size and a larger proportion of 

AECOPD and snake bite cases, making it difficult for general-

ization. Addition of a trans-diaphragmatic pressure measure-

ment could have added further value to the study. 

Ultrasonography is now ubiquitously present in ICUs, and 

its use has gained widespread acceptability for various indica-

tions. Ultrasonography is advantageous over traditional tools 

for functional assessments of the diaphragm in being non-in-

vasive, bedside, portable, safe, easy to use, and quick to learn. 

During the assessment for weaning, minimizing both prema-

ture and delayed extubation is of prime importance. We found 

diaphragmatic ultrasonography is better than RSBI in predict-

ing the weaning outcome, but the same should be validated in 

a large cohort involving multidisciplinary ICU patients. Train-

ing in diaphragmatic ultrasonography is of utmost importance 

and can be helpful for intensivists and pulmonologists in the 

day-to-day practice of intensive care and more so in cases of 

difficult weaning. 
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Background: Unresponsive patients with toxic-metabolic encephalopathies often undergo endo-
tracheal intubation for the primary purpose of preventing aspiration events. However, among pa-
tients with pre-existing systemic comorbidities, mechanical ventilation itself may be associated 
with numerous risks such as hypotension, aspiration, delirium, and infection. Our primary aim was 
to determine whether early mechanical ventilation for airway protection was associated with in-
creased mortality in patients with cirrhosis and grade IV hepatic encephalopathy. 
Methods: The National Inpatient Sample was queried for hospital stays due to grade IV hepatic 
encephalopathy among patients with cirrhosis between 2016 and 2019. After applying our exclu-
sion criteria, including cardiopulmonary failure, data from 1,975 inpatient stays were analyzed. Pa-
tients who received mechanical ventilation within 2 days of admission were compared to those 
who did not. Univariable and multivariable logistic regression analyses were performed to identify 
clinical factors associated with in-hospital mortality. 
Results: Of 162 patients who received endotracheal intubation during the first 2 hospital days, 64 
(40%) died during their hospitalization, in comparison to 336 (19%) of 1,813 patients in the com-
parator group. In multivariable logistic regression analysis, mechanical ventilation was the stron-
gest predictor of in-hospital mortality in our primary analysis (adjusted odds ratio, 3.00; 95% con-
fidence interval, 2.14–4.20; P<0.001) and in all sensitivity analyses. 
Conclusions: Mechanical ventilation for the sole purpose of airway protection among patients 
with cirrhosis and grade IV hepatic encephalopathy may be associated with increased in-hospital 
mortality. Future studies are necessary to confirm and further characterize our findings. 

Key Words: hepatic encephalopathy; liver cirrhosis; mechanical ventilation
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INTRODUCTION 

Unresponsive patients commonly receive endotracheal intubation and mechanical ventila-

tion in the absence of cardiopulmonary failure [1]. This is typically done to prevent the se-

quelae of aspiration, namely pneumonia, which could occur in those without a sufficient gag 

reflex. Trauma societies generally support recommendations in favor of endotracheal intuba-
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tion for patients with severe head trauma defined by a Glasgow 

Coma Scale score of 8 or less, but providers often also elect to 

perform this procedure in patients with medical delirium or 

other non-trauma-related indications [1,2]. However, endo-

tracheal intubation and mechanical ventilation are associated 

with numerous risks such as aspiration, hypotension, ongoing 

delirium, and nosocomial pneumonia [3,4]. Patients who are 

intubated will ultimately remain hospitalized and in the inten-

sive care unit for longer periods of time and may experience 

increased mortality [5]. Although these outcomes are mostly 

a consequence of acute illness and underlying comorbidities, 

endotracheal intubation and mechanical ventilation may in-

dependently impact outcomes due to direct or indirect effects 

on virtually every organ system [6]. Their use for strong indi-

cations such as cardiopulmonary failure is often unavoidable, 

but no randomized controlled trials have demonstrated that 

elective intubation for the sole purpose of airway protection is 

beneficial. A number of prospective and retrospective obser-

vational studies have attempted to address this issue among 

patients with trauma, medical delirium, or gastrointestinal 

bleeding with mixed results [7,8]. Consequently, it remains 

unclear whether this practice is clinically justified on a routine 

basis. 

Among those with toxic-metabolic encephalopathies, pa-

tients with decompensated cirrhosis are especially vulnerable 

to the risks of mechanical ventilation with in-hospital mortal-

ity among this subset of patients exceeding 50% [9,10]. This is 

a consequence of factors such as impaired immunity, altered 

drug metabolism, circulatory dysfunction, and sarcopenia [11]. 

However, patients with grade IV hepatic encephalopathy often 

undergo this procedure early in their clinical course, prior to 

the implementation of diagnostic and therapeutic interven-

tions and in the absence of other indications [12]. Previous 

observational studies have not assessed its relative impact 

on mortality in patients with cirrhosis, and society guidelines 

have not specifically addressed the issue [13]. The aim of this 

exploratory study is to determine whether early endotracheal 

intubation and mechanical ventilation for airway protection 

can affect clinical outcomes among patients with cirrhosis and 

grade IV encephalopathy. Our hypothesis is that this practice 

may be associated with increased in-hospital mortality. 

MATERIALS AND METHODS 

Patient Selection and Study Design 
The National Inpatient Sample (NIS) is the largest public-

ly-available inpatient dataset in the United States. It is spon-

sored by the Agency for Healthcare Research and Quality 

(AHRQ) for the Healthcare Cost and Utilization Project, which 

receives data from discharge abstracts from participating state 

partners. The unweighted dataset includes deidentified demo-

graphic, diagnosis, procedure, utilization, cost, and outcome 

data from a representative sample of over 7 million admis-

sions annually from 48 states, covering more than 97% of the 

population nationwide. Because the NIS is publicly available 

and consists of deidentified retrospective data from numerous 

institutions with protocols to maintain patient anonymity, In-

stitutional Review Board approval and patient consent are not 

required. 

This study met the requirements set forth by the AHRQ. 

The NIS was screened from 2016–2019 for inpatient stays that 

included individuals who were 18 years or older with Interna-

tional Classification of Diseases, 10th revision (ICD-10) diag-

nosis codes for both grade IV hepatic encephalopathy (K72.91, 

K72.11, K70.41, K72.01, K71.11) and cirrhosis (K70.3, K70.30, 

K70.31, K74.4, K74.5, K74.6, K74.60, K74.69) [14-16]. Inpatient 

diagnoses listed in the NIS are prioritized in order of impor-

tance such that the diagnosis that most directly led to the inpa-

tient admission is listed first. Therefore, we limited our search 

to admissions in which grade IV hepatic encephalopathy was 

listed as either the primary, secondary, or tertiary diagnosis. A 

separate cirrhosis diagnosis listed in the record was required 

largely to exclude patients who did not have cirrhosis such as 

those with acute liver failure. 

Patients who had primary, secondary, or tertiary diagnoses 

of respiratory failure, shock, or cardiac arrest were then ex-

■ Patients with cirrhosis and grade IV hepatic encephalopa-
thy often undergo endotracheal intubation and mechan-
ical ventilation early in their hospital course to prevent 
aspiration events.

■ However, these individuals often have underlying multi-
system dysfunction which makes them uniquely suscepti-
ble to the many risks of mechanical ventilation.

■ Our study demonstrates that the use of endotracheal 
intubation and mechanical ventilation for airway protec-
tion among patients with cirrhosis and grade IV hepatic 
encephalopathy is associated with increased in-hospital 
mortality after adjusting for possible confounding vari-
ables.
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cluded, as were those who received upper endoscopy or arte-

rial line placement within the first 2 days of admission, since 

there was a high likelihood that these individuals received 

endotracheal intubation for alternative indications aside from 

grade IV hepatic encephalopathy. Although not all patients 

who have cardiopulmonary failure or who undergo urgent 

endoscopy receive endotracheal intubation, we intentionally 

excluded this entire subset as a means of limiting our analysis 

to those who had grade IV hepatic encephalopathy but were 

otherwise clinically stable. Finally, patients who underwent 

liver transplantation anytime during the admission or those 

with missing outcome data were also excluded. The remaining 

cohort was then divided into an index group (those who had 

early mechanical ventilation within 2 days of admission) and a 

control group (those who did not). The following ICD-10 pro-

cedure codes were used to identify patients who underwent 

endotracheal intubation: 0BH17EZ, 0BH18EZ, 1GZ31CAEP, 

and 1GZ31CAND. 

Data Collection 
Demographics data was collected, including age, sex, race, 

and teaching status of the hospital (academic vs. private/ru-

ral). ICD-10 codes were then used to identify cirrhosis-specific 

diagnostic and prognostic factors such as disease etiology 

and the presence of ascites and hepatocellular carcinoma, in 

addition to the following comorbidities: chronic obstructive 

pulmonary disease, congestive heart failure, chronic kidney 

disease, and obesity. These covariates were chosen because 

(1) they are readily identifiable using specific diagnostic codes 

and (2) they are most likely to potentially impact outcomes in 

our cohort. The ICD-10 codes we selected were not exhaustive 

for the abovementioned diagnoses but represented the pri-

mary codes used by clinicians and often encompassed other 

less frequently used diagnostic codes. We did not incorporate 

diagnosis codes for jaundice or coagulopathy because these 

codes have been historically underutilized or misclassified [17]. 

Finally, we also identified the most common adjunctive diag-

nosis on admission aside from cirrhosis, hepatic encephalopa-

thy, or any of the comorbidities previously listed. Missing data 

for race and sex was imputed using the Hmisc package in R (R 

Foundation, Vienna, Austria) [18]. In accordance with the NIS 

data user agreement, individual table cell counts of ≤10 were 

suppressed to maintain patient confidentiality. 

Outcomes and Statistical Analysis 
Our primary outcome was in-hospital mortality. We assessed 

the impact of mechanical ventilation, in addition to all relevant 

demographics, cirrhosis-related factors, chronic comorbidi-

ties, and the most common adjunctive diagnosis on admission 

using logistic regression models. For these analyses, the data 

was stratified based on a combination of hospital character-

istics and weighted using discharge weights provided by the 

AHRQ. All covariates with P-values <0.10 in univariable analy-

ses were included in multivariable analyses. Pre-specified sen-

sitivity analyses were done to assess the impact of (1) defining 

early endotracheal intubation using a cutoff of one day rather 

than 2 days, (2) limiting the analysis only to patients with grade 

IV hepatic encephalopathy as a primary or secondary diagno-

sis (rather than including tertiary as well), and (3) limiting the 

analysis only to patients with grade IV hepatic encephalopathy 

as the primary diagnosis. A post-hoc sensitivity analysis was 

also done to assess the impact of hemodialysis since this mo-

dality can mitigate hepatic encephalopathy. Length of stay was 

also measured, and differences were assessed using Welch’s 

t-test. All analyses were performed in R statistical software 

(version 4.0.2; R Core Team 2020) using the survey package 

[19].  

RESULTS  

Baseline Characteristics and Outcomes 
A total of 1,975 patient stays were included in the study, of 

which 162 received endotracheal intubation within the first 2 

days and 1,813 did not (Figure 1, Table 1). Based on the ICD-

10 code scheme that we utilized (Table 2), the majority of 

patients had alcohol-related cirrhosis (57%) and ascites (54%). 

The most common comorbidity was chronic kidney disease 

(29%), and the most common adjunctive diagnosis on admis-

sion was acute kidney injury (26%). Among the patients who 

did not receive endotracheal intubation within the first 2 days, 

51 (3%) were intubated later in their hospitalization. 

Of those who received endotracheal intubation within the 

first 2 days, 64 (40%) died during their hospitalization, in com-

parison to 336 (19%) in the comparator group. Of the deaths 

that occurred in the comparator group, 36 were among the 

subset of 51 patients who received mechanical ventilation after 

the first 2 days. Length of stay in the early mechanical venti-

lation group (median, 7 days; interquartile range, 3–12 days) 

was significantly longer than the comparator group (median, 5 

days; interquartile range, 3–9 days; P=0.006). 
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Logistic Regression Analysis 
In univariable logistic regression analysis, mechanical ventila-

tion during the first 2 days was associated with increased odds 

for death (odds ratio [OR], 2.87; 95% confidence interval [CI], 

2.07–4.00; P<0.001). Additionally, cirrhosis due to alcohol use, 

ascites, hepatocellular carcinoma, and acute kidney injury 

were also associated with increased odds for death whereas 

female sex, chronic kidney disease and obesity were associat-

ed with reduced odds for death. In the multivariable model, 

mechanical ventilation (adjusted odds ratio [aOR], 3.00; 95% 

CI, 2.14–4.20; P<0.001), ascites, hepatocellular carcinoma, and 

acute kidney injury were associated with increased odds for 

death whereas chronic kidney disease was associated with re-

duced odds for death (Table 3). 

Pre-specified sensitivity analyses revealed that limiting our 

cohort to patients who received mechanical ventilation on 

Figure 1. Flowchart of patients included in the study based on our screening and exclusion criteria. NIS: National Inpatient Sample; EGD: 
esophagogastroduodenoscopy.

the first day only or among patients who had grade IV hepatic 

encephalopathy as either a primary or secondary diagnosis 

did not significantly impact our findings (Table 4). However, 

when we limited our cohort to those who had grade IV hepatic 

encephalopathy as a primary diagnosis only, mechanical ven-

tilation, ascites, and acute kidney injury were the only factors 

associated with mortality in the multivariable model. 

A post-hoc sensitivity analysis was done to determine 

whether the use of hemodialysis represented a confounding 

variable that accounted for the mortality benefit noted among 

patients with chronic kidney disease. We identified 52 patients 

who received hemodialysis by the second hospital day, of 

which 45 had chronic kidney disease. The exclusion of all pa-

tients who received hemodialysis diminished the association 

between chronic kidney disease and mortality in univariable 

analysis (OR, 0.82; 95% CI, 0.63–1.06; P=0.12). 

>28 Million admissions in the NIS 
between 2016 and 2019

2,814 Admissions for adults
with grade IV encephalopathy in 

patients with cirrhosis

Exclusion protocol

Step 1
594 Admissions with respiratory 

failure

Step 2
117 Remaining admissions with 

shock or cardiac arrest

Step 3
17 Remaining admissions with 

arterial line by day 2

Step 4
82 Remaining admissions with 

EGD by day 2

Step 5
24 Remaining admissions with 

liver transplantation

Step 6
5 Remaining admissions without 

outcome data

1,975 Admissions included 
in the analysis

Outcome: in-hospital mortality

1,813 Admissions did not receive 
mechanical ventilation by day 2

162 Admissions received mechanical 
ventilation by day 2
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Table 1. Baseline characteristics of the study cohort

Variable No mechanical 
ventilation

Mechanical 
ventilation

Demographics
 Number 1,813 162
 Age (yr) 60 (52–67) 58 (52-64)
 Sex (female) 769 (42) 62 (38)
 Race (white) 1,182 (65) 98 (60)
 Hospital status (academic) 1,137 (63) 114 (70)
Cirrhosis-related factor
 Cirrhosis etiology (alcohol-related) 1,031 (57) 101 (62)
 Ascites 982 (54) 94 (58)
 Hepatocellular carcinoma 120 (7) NA
Medical comorbidity
 Chronic obstructive pulmonary disease 190 (10) 20 (12)
 Congestive heart failure 158 (9) 17 (10)
 Chronic kidney disease 530 (29) 39 (24)
 Obesity 205 (11) 16 (10)
Most common adjunctive diagnosis
 Acute kidney injury 474 (26) 35 (22)

Values are presented as median (interquartile range) or number (%). Based on 
the requirements of data user agreement for the National Inpatient Sample, 
cells with patients counts less than or equal to 10 cannot be displayed and 
are denoted as not available (NA).

Table 2. ICD-10 codes for the diagnoses incorporated in the study
Diagnosis/procedure ICD-10 code
Inclusion criteria
 Cirrhosis K70.3, K70.30, K70.31, K74.4, K74.5, K74.6, K74.60, K74.69
 Grade IV hepatic encephalopathy (coma) K72.91, K72.11, K70.41, K72.01, K71.11
Exclusion criteria
 Respiratory failure J95.821, J95.822, J96.00, J96.01, J96.02, J96.20, J96.90, J96.92
 Shock/cardiac arrest I46, I46.2, I46.8, I46.9, R09.2, R57.0, R57.1, R57.8, R65.21, T78.2, T81.10, T81.12, T81.19
 Arterial line (procedure) 03HC3DZ, 03HB3DZ, 04HL3DZ, 04HK3DZ
 Upper endoscopy (procedure) 0DJ08ZZ
 Liver transplantation (procedure) 0FY00Z0
Cirrhosis-related factor
 Cirrhosis etiology (alcohol-related) K70.3, K70.30, K70.31, K70.4, K70.40, K70.41
 Ascites R18, R18.8, K70.31
 Hepatocellular carcinoma C22.0
Comorbidity
 Chronic obstructive pulmonary disease J44.9, J44.1
 Congestive heart failure I50, I50.1, I50.2, I50.20, I50.22, I50.3, I50.30, I50.32, I50.4, I50.40, I50.42, I50.8, I50.82, I50.83, I50.84, I50.89, 

I50.9
 Chronic kidney disease N18, N18.1, N18.2, N18.3, N18.30, N18.31, N18.32, N18.4, N18.5, N18.6, N18.9
 Obesity E66.01, E66.9
Most common adjunctive diagnosis
 Acute kidney injury N17.0, N17.1, N17.2, N17.8, N17.9, K76.7
Endotracheal intubation (procedure) 0BH17EZ, 0BH18EZ, 1GZ31CAEP, 1GZ31CAND

ICD-10: International Classification of Diseases, 10th revision.

DISCUSSION 

Our findings suggest that early endotracheal intubation for 

airway protection among patients with cirrhosis and grade 

IV hepatic encephalopathy may be associated with increased 

in-hospital mortality. Our analysis excluded patients who 

may have had strong indications for mechanical ventilation, 

namely cardiopulmonary failure, and assessed the impact 

of other covariates such as demographics, cirrhosis etiology 

and severity, and relevant acute and chronic comorbidities. 

The application of mechanical ventilation was the strongest 

predictor of mortality in all of our regression models. The aOR 

for mechanical ventilation was approximately 3, an effect size 

that is clinically meaningful for a study that excluded patients 

who have the highest risk for in-hospital death (i.e., those with 

shock and respiratory failure). The mortality rate for ventilated 

patients with hepatic encephalopathy in our study was com-

parable with rates cited in other recent studies and additional 

predictors of mortality in our multivariable models, including 

ascites and acute kidney injury, are well-established prognos-

tic factors among patients with cirrhosis, suggesting that our 

cohort is similar to external cohorts [9,20,21]. Although the as-
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sociation between chronic kidney disease and decreased mor-

tality was unexpected, a post-hoc sensitivity analysis suggested 

that this finding may be partially explained by the fact that a 

number of these patients received hemodialysis, an interven-

tion that can be used to treat hepatic encephalopathy and may 

have thus facilitated clinical improvement. 

In addition to being consistent with previous reports in the 

literature, we believe that our findings have a strong physiolog-

ic basis. Patients with cirrhosis and hepatic encephalopathy 

are particularly susceptible to the complications of mechanical 

ventilation because of possible underlying circulatory, neuro-

logic, and immunologic dysfunction [11]. Because mechanical 

ventilation itself may be associated with further impairment in 

cardiovascular and cognitive function and immune defense, 

patients with cirrhosis may be at a greater risk for developing 

shock, progressive delirium, and infection, among other com-

plications [22-24]. 

Although our findings are physiologically plausible and 

largely representative of the larger body of work involving 

mechanical ventilation in cirrhosis, our study is impacted by 

important limitations, largely due to the retrospective obser-

vational nature of the design. It may be influenced by multiple 

types of bias, including the effects of unmeasured confounding 

variables. Because we utilized a publicly-available deidenti-

fied dataset, our analysis was limited to covariates that were 

already present, and thus other key factors such as vital signs 

and laboratory parameters could not be included in our anal-

yses. We attempted to exclude all patients with cardiopulmo-

nary failure by using appropriate ICD-10 diagnosis and proce-

dure codes, but we suspect that some individuals who received 

Table 3. Logistic regression analyses for factors associated with 
mortality

Variable OR/aOR
(95% CI) P-value

Univariable model OR (95% CI)
 Mechanical ventilation 2.87 (2.06–4.00) <0.001
 Age 0.99 (0.98–1.00) 0.28
 Sex (female) 0.76 (0.60–0.95) 0.02
 Race (white) 1.10 (0.87–1.39) 0.43
 Hospital status (academic) 1.02 (0.81–1.29) 0.85
 Cirrhosis etiology (alcohol-related) 1.42 (1.13–1.78) 0.002
 Ascites 1.85 (1.47–2.33) <0.001
 Hepatocellular carcinoma 2.09 (1.43–3.04) <0.001
 Chronic obstructive pulmonary disease 1.02 (0.72–1.44) 0.93
 Congestive heart failure 0.98 (0.67–1.44) 0.93
 Chronic kidney disease 0.75 (0.58–0.96) 0.02
 Obesity 0.64 (0.43–0.94) 0.02
 Acute kidney injury 1.84 (1.45–2.32) <0.001
Multivariable model aOR (95% CI)
 Mechanical ventilation 3.00 (2.14–4.20) <0.001
 Sex (female) 0.89 (0.70–1.13) 0.34
 Cirrhosis etiology (alcohol-related) 1.24 (0.97–1.58) 0.09
 Ascites 1.62 (1.28–2.06) <0.001
 Hepatocellular carcinoma 2.12 (1.44–3.13) <0.001
 Chronic kidney disease 0.65 (0.50–0.85) 0.002
 Obesity 0.68 (0.46–1.02) 0.06
 Acute kidney injury 2.04 (1.59–2.62) <0.001

Variables with P<0.10 in univariable models were included in the multivariable 
model.
OR: odds ratio; aOR: adjusted odds ratio; CI: confidence interval.

Table 4. Multivariable logistic regression models for pre-specified 
sensitivity analyses
Variable aOR (95% CI) P-value
Sensitivity analysis 1
 Mechanical ventilation 3.01 (2.12–4.28) <0.001
 Sex (female) 0.89 (0.70–1.14) 0.35
 Cirrhosis etiology (alcohol-related) 1.24 (0.97–1.58) 0.09
 Ascites 1.64 (1.29–2.08) <0.001
 Hepatocellular carcinoma 2.11 (1.43–3.12) <0.001
 Chronic kidney disease 0.65 (0.50–0.85) 0.002
 Obesity 0.69 (0.46–1.04) 0.07
 Acute kidney injury 2.02 (1.57–2.59) <0.001
Sensitivity analysis 2
 Mechanical ventilation 2.64 (1.79–3.87) <0.001
 Sex (female) 0.82 (0.63–1.06) 0.12
 Cirrhosis etiology (alcohol-related) 1.15 (0.88–1.51) 0.31
 Ascites 1.58 (1.22–2.05) <0.001
 Hepatocellular carcinoma 1.98 (1.29–3.02) 0.002
 Chronic kidney disease 0.65 (0.48–0.87) 0.004
 Obesity 0.74 (0.49–1.14) 0.18
 Acute kidney injury 2.08 (1.59–2.72) <0.001
Sensitivity analysis 3
 Mechanical ventilation 2.50 (1.56–4.02) <0.001
 Sex (female) 0.81 (0.59–1.12) 0.20
 Race (white) 1.31 (0.94–1.82) 0.11
 Cirrhosis etiology (alcohol-related) 1.25 (0.90–1.74) 0.18
 Ascites 1.60 (1.17–2.20) 0.004
 Acute kidney injury 1.78 (1.28–2.47) <0.001

Variables with P<0.10 in univariable models (not shown) were included in the 
multivariable models. Comparison were made between patients who received 
endotracheal intubation on day 1 only versus those who did not (sensitivity 
analysis 1) and between patients who had grade IV encephalopathy as 
the primary or secondary diagnoses only (sensitivity analysis 2) or primary 
diagnosis only (sensitivity analysis 3).
aOR: adjusted odds ratio; CI: confidence interval.
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endotracheal intubation and mechanical ventilation may have 

been more critically ill than those who did not receive these 

interventions in ways that we were unable to capture. Addi-

tional liver-specific prognostic factors such as model for end-

stage liver disease (MELD) scores and Child-Turcotte-Pugh 

(CTP) classification were also unavailable, but by including 

only those with grade IV encephalopathy, our study effectively 

consisted of patients with CTP scores of 7 or higher (i.e., CTP 

B or C status). Furthermore, studies utilizing administrative 

datasets are commonly impacted by inaccurate or incomplete 

coding. Therefore, our study design focused on applying a 

fairly restrictive coding scheme that required separate diag-

nostic codes for grade IV hepatic encephalopathy (i.e., hepatic 

failure with coma) and cirrhosis for screening to increase the 

specificity of our cohort. However, it is possible that patients 

in the non-intubated group who were coded as having hepatic 

failure with coma may have actually had grade II or III hepatic 

encephalopathy whereas those who were intubated had true 

grade IV hepatic encephalopathy. Finally, we were unable to 

assess for differences in the medical management patients 

received (i.e., use of lactulose and/or rifaximin), which could 

have impacted outcomes as well. 

In conclusion, this study is the first to our knowledge to 

demonstrate that mechanical ventilation for patients with cir-

rhosis and grade IV hepatic encephalopathy may be associat-

ed with increased in-hospital mortality in a comparative fash-

ion. Our findings suggest that, in the absence of other strong 

indications for mechanical ventilation, it may be reasonable 

to consider deferring early endotracheal intubation for airway 

protection in select patients who are otherwise clinically stable 

and may respond to prompt medical management for hepatic 

encephalopathy. However, it is crucial to note that these pre-

liminary findings should be interpreted cautiously in the con-

text of our study limitations. Future retrospective studies that 

incorporate more granular patient data or prospective trials 

are necessary before specific clinical recommendations can be 

provided. 
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INTRODUCTION 

Sepsis is a life-threatening condition and constitutes major health care problems around the 

world [1,2]. Sepsis was associated with nearly 20% of all global deaths, and the majority of 

sepsis cases occurred in low- or middle-income countries [1]. In 2017, the World Health Or-

ganization recommended actions to reduce the global burden of sepsis [2]. Sepsis has been 

defined as acute life-threatening organ dysfunction due to dysregulation of host responses to 

Background: Some variables of the Sequential Organ Failure Assessment (SOFA) score are not rou-
tinely measured in sepsis patients, especially in countries with limited resources. Therefore, this 
study was conducted to evaluate the accuracy of the modified SOFA (mSOFA) and compared its 
ability to predict mortality in sepsis patients to that of the original SOFA score.
Methods: Sepsis patients admitted to the medical intensive care unit of Songklanagarind Hospital 
between 2011 and 2018 were retrospectively analyzed. The primary outcome was all-cause in-hos-
pital mortality.
Results: A total of 1,522 sepsis patients were enrolled. The mean SOFA and mSOFA scores were 
9.7±4.3 and 8.8±3.9, respectively. The discrimination of the mSOFA score was significantly higher 
than that of the SOFA score for all-cause in-hospital mortality (area under the receiver operating 
characteristic curve, 0.891 [95% confidence interval, 0.875–0.907] vs. 0.879 [0.862–0.896]; 
P<0.001), all-cause intensive care unit (ICU) mortality (0.880 [0.863–0.898] vs. 0.871 [0.853–
0.889], P=0.01) and all-cause 28-day mortality (0.887 [0.871–0.904] vs. 0.874 [0.856–0.892], 
P<0.001). The ability of mSOFA score to predict all-cause in-hospital and 28-day mortality was 
higher than that of the SOFA score within the subgroups of sepsis according to age, sepsis severity 
and serum lactate levels. The mSOFA score was demonstrated to have a performance similar to the 
original SOFA score regarding the prediction of mortality in sepsis patients with cirrhosis or hepatic 
dysfunction.
Conclusions: The mSOFA score was a good alternative to the original SOFA core in predicting 
mortality among sepsis patients admitted to the ICU.
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infection [3]. The Sequential Organ Failure Assessment (SOFA) 

score has been the most commonly used model for evaluation 

of organ dysfunction and failure in critically ill patients [4-6]. 

Because organ failure is associated with bad prognoses [5-

7], several studies have reported that higher SOFA scores are 

associated with morbidity and mortality in various critically-ill 

patients [6-9]. In 2016, the third international consensus pro-

posed new criteria for sepsis (Sepsis-3) using SOFA to substi-

tute the Systemic Inflammatory Response Syndrome (SIRS) 

criterion [3]. Documented or suspected infection and an 

increased SOFA score of 2 or more serve as the clinical criteria 

for sepsis [3]. 

The SOFA score represents six organ systems (cardiovascular, 

respiratory, renal, neurological, hematological, and hepatic 

systems), and each system is scored ranging from 0 to 4 and is 

cumulated in the total score, ranging from 0 to 24 [4]. However, 

prior studies found that each organ component of the SOFA 

score had varied abilities to predict mortality. 

Williams et al. [9] demonstrated that neurological dysfunc-

tion was most highly associated with mortality risk; in con-

trast, hepatic dysfunction had a low predictive capacity for 

mortality risk. This is also consistent with a previous study in 

our intensive care unit (ICU), which showed that the hepatic 

component of the SOFA score conferred the least accurate 

mortality prediction [6]. Some variables of the SOFA score are 

not routinely measured in sepsis patients [10], especially in 

resource-limited countries [11]. Serum bilirubin was not mea-

sured in 84% of surgical cases, though it is required to calculate 

the Simplified Acute Physiology Score (SAPS) II [12]. Ferreira 

et al. [5] reported that serum bilirubin was the most commonly 

missing physiological variable required for SOFA score calcu-

lation in critically ill patients in ICUs. Moreover, serum bili-

rubin was only documented in 17.5% of sepsis patients in the 

emergency department [10]. 

Therefore, we modified SOFA (mSOFA) score by omitting 

the hepatic parameter while preserving the other variables of 

the SOFA score. We hypothesized that the ability of mSOFA to 

predict mortality in patients with sepsis would not be inferior 

to that of the original SOFA sore and could be utilized in re-

source-limited ICU settings. We conducted this study to deter-

mine the accuracy and ability of the mSOFA score, compared 

with the standard SOFA score, to predict mortality in ICU pa-

tients with sepsis. 

MATERIALS AND METHODS 

This study was conducted in a medical ICU at a tertiary uni-

versity teaching hospital. We retrospectively analyzed sepsis 

patients consecutively admitted to our unit from January 

2011 to December 2018. Patients 18 years of age or older with 

diagnostic codes of infection, sepsis, or septic shock by In-

ternational Classification of Diseases 10th revision (ICD-10) 

were screened for enrollment in this study. Sepsis was defined 

by the Sepsis-3 definition (SOFA score ≥2) [3]. Septic shock 

was defined by sepsis requiring vasoactive agents to maintain 

mean arterial pressure at 65 mm Hg minimum and serum 

lactate ≥2 mmol/L [3]. Patients were excluded if there were no 

data for serum bilirubin or lactate within 24 hours of ICU ad-

mission. Only the first admission was included in the analysis 

for patients who had multiple ICU admissions. The Institution-

al Human Research Ethic Committee approved this study (REC 

60-223-14-1) and waived the need to obtain informed consent. 

The SOFA score allocates 0–4 points for increasing acute 

organ failure severity across six organ systems; SOFA scores 

range from 0 to 24 [4]. The mSOFA assigns the same score 

points but selects only five organ systems, eliminating the he-

patic component and ranging from 0 to 20. We calculated the 

total SOFA and mSOFA scores for component measurements 

during the first 24 hours of ICU admission. The primary out-

come was the ability of the mSOFA score to predict all-cause 

in-hospital mortality, and the secondary outcomes were all-

cause ICU and 28-day mortality prediction.  

■ The Sequential Organ Failure Assessment (SOFA) score is 
associated with morbidity and mortality in sepsis patients, 
and the third international consensus proposed new cri-
teria for sepsis (Sepsis-3) outlines the new sepsis criterion 
using SOFA substituted for Systemic Inflammatory Re-
sponse Syndrome.

■ Some variables of the SOFA score are not routinely mea-
sured in sepsis patients, especially in countries with lim-
ited resources. Serum bilirubin was the most common 
missing variable required for SOFA score calculation.

■ The performance of modified SOFA omitting the liver 
component was similar to that of the original SOFA in pre-
dicting all-cause in-hospital, intensive care unit, and 28-
day mortality.

KEY MESSAGES
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Statistical Analysis  
Categorical variables are presented as percentages and pro-

portions and compared with the chi-square or Fisher’s exact 

test. Continuous variables are presented as mean±standard 

deviation or median (interquartile range) and compared using 

the Student t-test or Wilcoxon’s rank-sum test as appropriate. 

The discrimination of each score was evaluated by the area 

under the receiver operating characteristic curve (AUC) with 

a 95% confidence interval (CI). We compared the difference 

in AUCs between the two scores using the method described 

by Delong et al. [13]. The AUC and odds ratio (OR) for hospital 

mortality for each organ system component of the SOFA score 

were calculated. The Yoden index was used to calculate sen-

sitivity, specificity, and the cut-off values of SOFA and mSOFA 

scores [14]. We also performed subgroup analysis for age 

groups, cirrhosis, level of serum bilirubin, and sepsis severity 

to evaluate the accuracy of each score. A two-sided P-value 

<0.05 was considered statistically significant. Statistical analy-

ses were performed with Stata software version 11 (Stata Corp., 

College Station, TX, USA). 

RESULTS 

Between 2011 and 2018, there were 2,019 patients with ICD-

10 codes for infection, sepsis, or septic shock at our medical 

intensive care unit. After excluding 497 patients (Figure 1), a 

total of 1,522 sepsis patients, including 892 (58.6%) with septic 

shock, was finally analyzed. The overall all-cause in-hospital, 

ICU, and 28-day mortalities were 44.9%, 30.6%, and 43.6%, 

respectively. The cohort’s demographic data are summarized 

in Table 1. Of all patients, 49.2% were admitted to the ICU 

from the emergency department, 43.8% were admitted from 

general wards, and 7% were referred from other hospitals. The 

causative organisms and etiologies were found in 1,212 pa-

tients (79.6%), and hemocultures were positive in 461 patients 

(30.3%). 

The distributions of SOFA and mSOFA scores, along with 

the correlation of hospital mortalities, are shown in Figure 2, 

respectively. Hospital mortality gradually increased according 

to the score. The accuracy of the SOFA and mSOFA scores for 

all sepsis patients and subgroups is shown in Table 2. The AUC 

of mSOFA was significantly higher than that of the SOFA score 

for predicting all-cause in-hospital mortality (0.891 [95% CI, 

0.875–0.907] vs. 0.879 [0.862–0.896], P<0.001 (Figure 3A), all-

cause ICU mortality (0.880 [0.863–0.898] vs. 0.871 [0.853–0.889], 

P=0.01 (Figure 3B), and all-cause 28-day mortality (0.887 

Figure 1. Study flow diagram. ICD-10: International Classification 
of Diseases 10th revision; MICU: medical intensive care unit; SOFA: 
Sequential Organ Failure Assessment.

[0.871–0.904] vs. 0.874 [0.856–0.892], P<0.001 (Figure 3C). 

Furthermore, the discrimination ability of the mSOFA score 

for predicting all-cause in-hospital and 28-day mortalities was 

higher than that of the SOFA score within subgroups of sepsis 

according to age, sepsis severity (sepsis or septic shock), as 

well as serum lactate levels (Table 2). The scores had similar 

accuracies for predicting all-cause ICU mortality in sepsis pa-

tients with liver cirrhosis or nosocomial infection. Leaving out 

the hepatic score did not decrease the ability to predict mortal-

ity, even in patients with underlying liver cirrhosis or hepatic 

dysfunction and total serum bilirubin level higher than 2 mg/

dl. There were 378 patients who were excluded from analy-

sis due to missing serum bilirubin data. Accurate all-cause 

in-hospital, ICU, and 28-day mortalities were consistently pre-

dicted using the mSOFA, even more accurately than that of the 

original SOFA score (Supplementary Table 1). 

Substantial variations of each organ component of SOFA 

score to predict hospital mortality and ORs for all-cause 

in-hospital mortality are presented in Table 3. The neurologi-

cal component conferred the best discrimination and was as-

sociated with the greatest mortality risk. Moreover, only neuro-

logical, cardiovascular, and hematological system scores were 

significantly associated with all-cause in-hospital mortality. 

The SOFA score threshold of 10 allowed 82.9% sensitivity and 

76.5% specificity, and the mSOFA score threshold of 9 provid-

ed 85.6% sensitivity and 74.6% specificity for the prediction of 

all-cause in-hospital mortality.  

DISCUSSION 

This study demonstrated that the mSOFA score had a higher 

1,522 Sepsis patients
enrolled in our study

Between 2011 and 2019
2,019 Patients diagnosed with infection, sepsis or 

septic shock by ICD-10 admitted in our MICU

497 Patients excluded
24 SOFA score <2
70 No lactate level

378 No bilirubin
25 Repeat ICU admission
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ability than the original SOFA score to predict all-cause in-hos-

pital, ICU, and 28-day mortalities. To the best of our knowl-

edge, our study is the first to evaluate the utility of the mSOFA 

score, a SOFA score without the hepatic component, to predict 

mortality in sepsis patients, and the results show that mSOFA 

can be a good alternative to the original SOFA score in re-

source-limited settings. Also, the mSOFA score did not affect 

the accuracy of mortality prediction in subgroups of sepsis 

patients with cirrhosis or hepatic dysfunction. 

Originally, the SOFA score was developed to assess organ 

dysfunction and failure, not to predict mortality. Nevertheless, 

organ failure is an important cause of death in critically ill pa-

tients. Prior studies show that the SOFA score can effectively 

predict morbidity and mortality in various ICU patients, along 

with patients with sepsis [5-9,15-18]. Mortality prediction can 

help clinicians triage or classify critically ill patients, make 

clinical decisions, allocate resources, and evaluate ICU qual-

ity [19-21]. Several methods for predicting outcomes in ICUs 

are available, such as standard severity scores and organ fail-

ure scores [19,21]. The use of rapid, simple, and inexpensive 

methods to determine sepsis severity and predict mortality 

is essential in clinical practice. This is especially true in low-

to-middle-income countries, where resources and financial 

assistance are limited, and sepsis patients have higher disease 

severity and mortality. Recently, the SOFA score was endorsed 

as a component of the diagnostic criteria for sepsis [3]. The 

SOFA score classifies the organ dysfunction of each system 

using three clinical parameters (mean arterial pressure, PaO2/

FiO2, and the Glasgow coma score [GCS]) and three laboratory 

parameters (platelet count, serum creatinine, and bilirubin) 

Table 1. Patient clinical characteristics stratified by hospital death
Variable All patients (n=1,522) Survivor (n=839) Non-survivor (n=683) P-value
Age (yr) 63 (47–75) 61 (45–74) 64 (50–76) 0.001
Male 855 (56.2) 459 (53.7) 396 (46.3) 0.200
Community-acquired infection 1,036 (68.1) 673 (80.2) 363 (53.1)  <0.001
On mechanical ventilator 1,359 (89.3) 681 (81.2) 678 (99.3)  <0.001
Vasopressor used 1,263 (83.0) 629 (74.9) 634 (92.8) <0.001
Site of infection
 Respiratory 780 (51.2) 400 (47.7) 380 (55.6) 0.002
 Gastrointestinal 203 (13.3) 122 (14.5) 81(11.8) 0.130
 Primary bacteremia 156 (10.2) 64 (7.6) 92 (13.5) <0.001
APACHE II score 22 (16–32) 13 (17–21) 32 (27–37) <0.001
APACHE III score 83 (59–122) 61 (48–77) 127 (106–144) <0.001
SAPS II 53 (39–72) 41 (32–48) 73 (63–85) <0.001
SOFA score 10 (6–13) 7 (5–9) 13 (10–15) <0.001
mSOFA score 9 (6–12) 6 (4–9) 12 (10–14) <0.001
Each organ component of SOFA
 Cardiovascular 2.8±1.4 2.3±1.5 3.4±1.1 <0.001
 Pulmonary 1.9±1.2 1.7±1.2 2.1±1.2 <0.001
 Neurological 1.9±1.8 0.5±0.8 3.5±1.1 <0.001
 Renal 1.3±1.3 1.2±1.3 1.4±1.3 <0.001
 Hematological 0.9±1.2 0.7±1.1 1.2±1.3 <0.001
 Hepatological 0.9±1.1 0.7±1.0 1.1±1.3 <0.001
Serum lactate (mmol/L) 2.8 (1.4–6.2) 2 (1.1–3.9) 4.2 (2.2–9.4) <0.001
ICU LOS (day) 4 (2–8) 4 (2–7) 4 (2–8) 0.410
Hospital LOS (day) 15 (7–31) 18 (9–35) 12 (4–26) <0.001
All-cause in-hospital mortality 683 (44.9) - - -
All-cause ICU mortality 466 (30.6) - - -
All-cause 28-day mortality 663 (43.6) - - -

Values are presented as median (interquartile range), number (%), or mean±standard deviation.
APACHE: Acute Physiology and Chronic Health Evaluation; SAPS: Simplified Acute Physiology Score; SOFA: Sequential Organ Failure Assessment; mSOFA: 
modified SOFA; ICU: intensive care unit; LOS: length of stay.
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[4]. Some variables of the SOFA score require invasive proce-

dures, have long turnaround times, and are costly. Currently, 

clinicians try to modify the SOFA score for rapid, easy calcu-

lation and cost-effectiveness. A previous study demonstrated 

that a modified cardiovascular component of the SOFA score 

improved the accuracy of predicting outcomes in critically 

ill patients [22]. This SOFA was modified by representing the 

use of vasoactive agents, shock index, and serum lactate and 

improved the ability to predict mortality compared to the stan-

dard SOFA score [22]. In contrast, another study demonstrated 

that modified neurological and renal components did not 

improve the performance of the mSOFA score. Vasilevskis et 

al. [23] selected the Richmond Agitation Sedation Scale (RASS) 

for neurological evaluation as a substitution for the GCS in the 

original SOFA score. This study also found that the RASS-SOFA 

score had a similar ability to the GCS-SOFA score. Another 

study modified the renal component of the SOFA score by 

replacing the Kidney Disease: Improving Global Outcomes 

Figure 2. Distribution of Sequential Organ Failure Assessment (SOFA) (A) and modified SOFA (mSOFA) scores (B) and all-cause in-hospital 
mortalities.
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(KDIGO) criteria. The results showed that the accuracy of the 

KDIGO-based SOFA score was comparable with the original 

SOFA score [24]. Two studies mSOFA score by replacing serum 

bilirubin measurement with the clinical assessment of jaun-

Figure 3. Comparison of the Sequential Organ Failure Assessment 
(SOFA) and modified SOFA (mSOFA) areas under the receiver 
operating characteristic curves (AUCs) for predicting all-cause in-
hospital (A), intensive care unit (B), and 28-day mortalities (C). Values 
are presented as AUC (95% confidence interval).
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dice, omitted platelet count, and substituted SpO2 with PaO2 

[25,26]. They found that their mSOFA score predicted mortali-

ty as well as the standard SOFA score. 

There is no specific definition or diagnostic marker for sep-

sis-associated liver dysfunction. The Surviving Sepsis Cam-

paign guidelines define liver dysfunction in sepsis by increased 

serum bilirubin >2 mg/dl or coagulopathy (international 

normalized ratio >1.5) [27]. Several studies demonstrated that 

serum bilirubin was independently associated with mortal-

ity in cirrhosis patients admitted into ICUs [28,29]. However, 

increased serum bilirubin level is neither a specific nor a sen-

sitive marker for detecting liver dysfunction in sepsis patients 

[30]. Some dynamic parameters for determining liver function, 

such as indocyanine green clearance and maximal liver func-

tion capacity (LiMax) testing, should be further studied in sep-

sis patients [30]. 

Similar to prior studies, this study found that each individual 

organ component of the SOFA score varied in its contribution 

to mortality prediction. The neurological component showed 

the strongest association with mortality, whereas the hepatic 

system showed the weakest association with mortality [6,9]. 

In our study, removing the hepatic component from the SOFA 

score did not affect the accuracy in predicting sepsis mortality. 

A possible explanation of this finding might be that the total 

bilirubin level is the weakest component of the SOFA score for 

mortality prediction. However, we could not clearly explain 

why the mSOFA score showed better performance than the 

original SOFA score. Because our results were driven from a 

single-center observational study, they need to be externally 

validated in a larger study. We further reanalyzed our data us-

ing the Sepsis-1 definition (SIRS ≥2). A total of 1,452 patients 

was diagnosed with sepsis by the Sepsis-1 definition, and we 

found similar results regarding the performance of both the 

original and mSOFA scores. The mSOFA score presented a 

better performance for predicting hospital mortality than the 

original SOFA score (AUC, 0.891 [95% CI, 0.874–0.907] vs. 0.879 

[0.861–0.896], P<0.001). 

We also acknowledge some limitations to our study. First, 

our study was conducted in a single academic medical facility 

with both high disease severity and mortality. This should be 

a concern due to the possibility of site bias along with overall 

generalization. Second, the number of subgroup analyses for 

cirrhosis and hepatic dysfunction was small, so another larger 

study is necessary to confirm our results. In conclusion, from a 

single-center study of ICU sepsis patients, the mSOFA score can 

be a good alternative to the original SOFA score for predicting 

mortality in sepsis patients in resource-limited settings. Based 

on the different impact of each score in mortality estimation, 

future studies are needed to validate the modification of the 

SOFA score for easy and appropriate prediction of outcomes. 
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INTRODUCTION 

The Republic of Korea is growing into an aging society. In Korea, the proportion of the el-

derly population (65 and older) increased from 11.5% in 2012 to 16.5% in 2021. Additionally, 

the aging index (the number of elderly people [≥65 years] per 100 individuals younger than 

14 years in a specific population) also rapid increased from 76.1% in 2012 to 138.8% in 2021 

[1]. Considering the current trend of population change, it is high probable that Korea be-

comes a super aging society by 2029 [2]. Older age is associated with a higher prevalence of 

chronic diseases and a higher incidence of hospital admission and intensive care unit (ICU) 

Background: Korea is rapidly becoming a super aging society and is facing the increased burden of 
critical care for the elderly people. Traditionally, far-advanced age has been regarded as a triage 
criterion for intensive care unit (ICU) admission. We evaluated how the characteristics and prog-
nostic factors of very elderly patients (≥85 years) admitted to the ICU changed over the last de-
cade. 
Methods: We retrospectively evaluated the data of patients admitted to the ICU over 11 years 
(2007–2017). The clinical characteristics and outcomes of the very elderly-patients group were 
evaluated. Factors associated with mortality were assessed by a cox regression analysis. 
Results: Comparing the first half (2007–2012) and the second half (2013–2017) of the study peri-
od, the proportion of very elderly group increased from 603/47,657 (1.3%), to 697/37,756 (1.8%) 
(P<0.001). Among 1,294 very elderly patients, 1,274 patients were analyzed excluding hopeless 
discharge (n=20). The non-surgical reasons for ICU admission (67.0% vs. 76.1%, P<0.001) and the 
percentage of patients with co-morbidities (78.3% vs. 82.7%, P=0.048) were increased. Neverthe-
less, the hospital mortality decreased (21.3% vs. 14.9%, P=0.001). High creatinine levels, use of 
vasopressors and ventilator weaning failure were associated with in-hospital mortality. 
Conclusions: The proportion of very elderly people in the ICU increased over the last decade. The 
non-surgical causes of ICU admission increased compared with the surgical causes. Despite an in-
creasement in ICU admissions of very elderly patients, in-hospital mortality of very elderly ICU pa-
tients decreased. 
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treatment [3]. 

ICU and in-hospital mortalities in elderly patients are high-

er than those in non-elderly patients [4-7]. In a study of very 

elderly (≥80 years) patients admitted to the medical ICU in 

Korea, weaning failure and the withdrawal, or withholding of 

intensive care in the ICU were significantly related to death in 

patients ≥ 80 years old [8]. In addition, male sex and moderate 

malnutrition were factors associated with mortality in a study 

involving patients aged ≥65 years admitted to the ICU without 

limitations on other therapeutic efforts [9]. However, the clin-

ical characteristics and prognostic factors of very elderly pa-

tients admitted to the ICU and changes in the characteristics 

of the patient population over time in the aging society are not 

well known. 

In this study, we investigated the clinical characteristics 

of very elderly patients (over 85 years of age) in our ICU over 

the last decade and compared the first half (2007–2012) and 

the second half (2013–2017) of the study period. We aimed to 

determine if age ≥85 years should be regarded as an exclusion 

criterion in the ICU triage. 

MATERIALS AND METHODS 

Study Population and Study Design 
Between January 1, 2007, and December 31, 2017, 85,413 pa-

tients aged ≥18 years were enrolled. Patients under the age 

of 85 (n=84,032), patients with missing data (n=87), hopeless 

discharge (n=20) were excluded (Figure 1). This retrospective 

single-center cohort study was conducted in an ICU with 28 

medical beds, 26 general surgical beds, 13 neurological beds, 

14 neurosurgical beds, 16 cardiovascular beds, 15 cardiac sur-

gical beds, and 10 emergent beds at a tertiary care hospital in 

Seoul, Korea. Each ICU had a dedicated intensivist and/or a 

fellow 24 hours a day to attend to the patients. 

All the study data were retrieved from electronic medical 

records (Medical Information System 2.0, Seoul, Korea). Basic 

demographic characteristics including sex, age, type of admis-

sion (medical, surgical), length of hospital stay, length of ICU 

stay, ICU admission diagnosis, need for invasive support (me-

chanical ventilation and renal replacement therapy [RRT]) and 

vasopressors on ICU admission and during ICU stay, Sequen-

tial Organ Failure Assessment (SOFA) scores, in-hospital mor-

tality, and mortality at ICU discharge were analyzed. Patients 

over 85 years of age were defined as very elderly. The first half 

of the study period was defined as 2007 to 2012, and the sec-

ond half was defined as 2013 to 2017. SOFA scores during the 

first 24 hours of ICU admission were also assessed for mortal-

ity prediction. SOFA scores were based on a study by Vincent 

et al. [10]. The worst value for each organ system in every 24 

hours was chosen to calculate the score. 

This study was approved by the Institutional Review Board 

of Asan Medical Center (No. 2018-0431), and the requirement 

to obtain informed consent was waived due to the retrospec-

tive nature of the study. 

Statistical Analysis 
All values are expressed as means±standard deviations for 

continuous variables and as percentages for categorical vari-

ables. Student t-test or Mann-Whitney U-test was performed 

for continuous data, and Pearson’s chi-square test or Fisher’s 

exact test was performed for categorical data. The trend ac-

cording to year was analyzed through linear-by-linear associa-

tion. A univariate cox regression analysis and multivariate cox 

regression analysis were performed to identify the predictors 

of in-hospital mortality. All P-values were two-tailed, with sta-

■ The proportion of very elderly patients in the intensive 
care unit (ICU) increased from 1.3% to 1.8%.

■ Non-surgical causes of ICU admission and the number 
of patients with underlying diseases were increased, and 
in-hospital mortality decreased from 2007 through 2017.

■ High creatinine levels, use of vasopressors and ventilator 
weaning failure in the ICU were significantly associated 
with death in patients aged ≥85 years.

KEY MESSAGES

Figure 1. Flowcharts of patients. ICU: intensive care unit.
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84,032 Under the age of 85 yr
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tistical significance set at a P-value of <0.05. All statistical anal-

yses were performed using IBM SPSS version 22.0 (IBM Corp., 

Armonk, NY, USA).  

RESULTS  

Patients’ Baseline Characteristics 
During the study period, there were 85,413 ICU admissions 

(Figure 1). Of 1,274 patients included in this study, 1,046 

(82.1%) patients survived, and 228 (17.9%) patients died 

upon discharge from hospital. The mean age of the patients 

was 87.8±2.9 years, and 47.3% of them were male. Of the ICU 

admissions, 71.9% were for medical reasons, and the most 

common reason for admission was cardiovascular disease. 

Furthermore, 28.1% of the ICU admissions were for surgical 

reasons, and the most common reason for admission was gas-

trointestinal & hepatobiliary disease. The ICU mortality was 

12.8%, length of stay (LOS) in the ICU was 3.0 days (interquar-

tile range, 1.0–6.0 days), and in-hospital mortality was 17.9%. 

Differences between the First Half (2007–2012) and 
the Second Half (2013–2017) of the Study Period 
Among the patients admitted to the ICU, the proportion of 

those aged ≥85 years increased from 0.9% in 2007 to 2.0% in 

2017 (including do-not-resuscitate [DNR] and hopeless dis-

charge) (Figure 2). The proportion of the very elderly group 

increased from 603/47,657 (1.3%) in the first half (2007–2012) 

to 697/37,756 (1.8%) (P<0.001) in the second half (2013–2017) 

of the study period. The patients’ baseline characteristics are 

shown in Table 1. Compared with the first half period, the 

mean SOFA score in the second half period was lower (second 

half vs. first half: 13.9±4.4 vs. 14.5±4.5, P=0.033), the percent-

age of medical reasons for admission to the ICU increased 

(76.1% vs. 67.0%, P<0.001), and the percentage of surgical 

reasons decreased (23.9% vs. 33.0%, P<0.001). The number of 

admissions from the ward to the ICU increased, and those to 

the emergency room decreased (P=0.041). Compared with the 

first half period, the number of co-morbidities in the second 

half period are as follows (second half vs. first half: 82.7% vs. 

78.3%, P=0.048). Hypertension: 467 (68.4%) vs. 373 (63.1%), 

P=0.048; chronic heart disease: 179 (26.2%) vs. 102 (17.3%), 

P<0.001; solid tumor: 45 (6.6%) vs. 18 (3.0%), P=0.004; and, 

cerebrovascular accident: 92 (13.5%) vs. 55 (9.3%), P=0.020. 

Regarding nonoperative admission diagnoses, infection (4 

[0.8%] vs. 9 [2.3%], P=0.057) decreased and other reasons (like 

rehabilitation, psychiatry, endocrinology, and emergency 

medicine) (106 [20.4%] vs. 56 [14.1%], P=0.014) increased. Op-

erative admission diagnoses showed an increase in gastroin-

testinal and hepatobiliary diagnoses (59 [36.2%] vs. 50 [25.6%], 

P=0.031) and a decrease in orthopedic diagnoses (15 [9.2%] vs. 

50 [25.6%], P<0.001). 

The resource use and outcomes in the first and the second 

halves of the study period have been described (Table 2). 

The use of vasopressors (35.1% vs. 29.4%, P=0.030) increased 

Figure 2. Number of all patients in the intensive care unit (ICU) and very elderly (aged ≥85 years) patients by year including do-not-resuscitate 
(DNR) and hopeless discharge.
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in the second half. After adjusting for the SOFA score, reason 

for admission to ICU, hypertension, chronic heart disease, 

solid tumor, and cerebrovascular accident among the un-

derlying diseases, in-hospital mortality (14.9% vs. 21.3%, 

P=0.001) decreased. And hospital LOS decreased. There 

were reductions in the number of patients who did not sur-

Table 1. Characteristics of study participants according to period
Characteristics All patients 2007–2012 2013–2017 P-value
No. of patients 1,274 591 683
Age (yr) 87.8±2.9 87.7±2.8 87.9±3.0 0.243
Men 603 (47.3) 292 (49.4) 311 (45.5) 0.167
SOFA score 14.2±4.4 14.5±4.5 13.9±4.4 0.033
Reason for index ICU admission
 Medical 916 (71.9) 396 (67.0) 520 (76.1) <0.001
 Surgical 358 (28.1) 195 (33.0) 163 (23.9) <0.001
Admission source 0.041
 Ward 298 (23.4) 121 (20.5) 177 (25.9)
 Emergency room 945 (74.2) 458 (77.5) 487 (71.3)
 Others 31 (2.4) 12 (2.0) 19 (2.8)
Underlying disease 1,028 (80.7) 463 (78.3) 565 (82.7) 0.048
 Hypertension 840 (65.9) 373 (63.1) 467 (68.4) 0.048
 Chronic heart disease 281 (22.1) 102 (17.3) 179 (26.2) <0.001
 Hematologic malignancy 3 (0.2) 2 (0.3) 1 (0.1) 0.481
 Solid tumor 63 (4.9) 18 (3.0) 45 (6.6) 0.004
 Chronic liver disease 10 (0.8) 6 (1.0) 4 (0.6) 0.386
 Chronic lung disease 81 (6.4) 36 (6.1) 45 (6.6) 0.717
 DM 336 (26.4) 159 (26.9) 177 (25.9) 0.690
 CKD 46 (3.6) 17 (2.9) 29 (4.2) 0.191
 CVA 147 (11.5) 55 (9.3) 92 (13.5) 0.020
Nonoperative admission diagnoses
 Cardiovascular 357 (39.0) 152 (38.4) 205 (39.4) 0.749
 Respiratory 165 (18.0) 82 (20.7) 83 (16.0) 0.064
 Gastrointestinal & hepatobiliary 81 (8.8) 39 (9.8) 42 (8.1) 0.350
 Nephrological 16 (1.7) 8 (2.0) 8 (1.5) 0.581
 Oncologic 4 (0.4) 3 (0.8) 1 (0.2) 0.199
 Infection 13 (1.4) 9 (2.3) 4 (0.8) 0.057
 Hematologic 2 (0.2) 2 (0.5) 0 0.105
 Neurologic 116 (12.7) 45 (11.4) 71 (13.7) 0.302
 Othersa 162 (17.7) 56 (14.1) 106 (20.4) 0.014
Operative admission diagnoses
 Cardiovascular 89 (24.9) 45 (23.1) 44 (27.0) 0.393
 Gastrointestinal & hepatobiliary 109 (30.4) 50 (25.6) 59 (36.2) 0.031
 Orthopedic 65 (18.2) 50 (25.6) 15 (9.2) <0.001
 Renal 12 (3.4) 5 (2.6) 7 (4.3) 0.365
 Neurosurgical 50 (14.0) 29 (14.9) 21 (12.9) 0.589
 Respiratory 15 (4.2) 9 (4.6) 6 (3.7) 0.660
 Gynecologic 2 (0.6) 0 2 (1.2) 0.121
 Othersb 16 (4.5) 7 (3.6) 9 (5.5) 0.378

Values are presented as mean±standard deviation or number (%).
SOFA: Sequential Organ Failure Assessment; ICU: intensive care unit; DM: diabetes mellitus; CKD: chronic kidney disease; CVA: cerebrovascular accident.
aOthers include department of rehabilitation, psychiatry, endocrinology, and emergency medicine; bOthers include otolaryngology, plastic surgery, dentistry, and 
endocrine surgery.
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vive and in the in-hospital mortality during the study period 

(P<0.001) (Figure 3). 

Comparison between Survived and Non-survived 
Groups 
The characteristics of the studied patients are provided (Sup-

plementary Table 1). In the non-survived group, there were 

more male (54.4% vs. 45.8%, P=0.019) and more patients 

admitted to the ICU for medical reasons (81.6% vs. 69.8%, 

P<0.001) than the survived group. Compared with the survived 

group, non-survived group showed high white blood cell (white 

blood cell: 11.6 ×103/µl [7.8–17.0] vs. 9.5 ×103/µl [7.0–12.5], 

P<0.001), total bilirubin (0.8 mg/dl [0.6–1.3] vs. 0.8 mg/dl 

[0.5–1.1], P=0.002), creatinine (1.50 mg/dl [0.90–2.30] vs. 0.99 

mg/dl [0.76–1.38], P<0.001), and C-reactive protein (5.33 ng/

ml [1.32–14.34] vs. 1.87 ng/ml [0.31–7.23], P<0.001) levels, and 

Table 2. Outcomes and resource use according to period
Characteristics All patients 2007–2012 2013–2017 P-value
Support during index ICU stay
 Mechanical ventilation 432 (33.9) 205 (34.7) 227 (33.2) 0.585
 Ventilator weaning (n=432) 273 (63.2) 120 (58.5) 153 (67.4) 0.056
 Noninvasive ventilation 15 (1.2) 4 (0.7) 11 (1.6) 0.123
 Vasopressor 414 (32.5) 174 (29.4) 240 (35.1) 0.030
 Renal replacement therapy 99 (7.8) 50 (8.5) 49 (7.2) 0.393
 CAG 59 (4.6) 32 (5.4) 27 (4.0) 0.216
Outcome
 ICU mortalitya 163 (12.8) 86 (14.6) 77 (11.3) 0.076
 28-day ICU mortality 145 (11.4) 77 (13.0) 68 (10.0) 0.071
 In-hospital mortalitya 228 (17.9) 126 (21.3) 102 (14.9) 0.001
 ICU LOS 3.0 (1.0–6.0) 3.0 (1.0–7.0) 2.0 (1.0–6.0) 0.283
 Hospital LOS 12.0 (6.0–24.0) 13.0 (6.0–28.0) 11.0 (5.0–22.0) 0.041

Values are presented as number (%) or median (interquartile range).
ICU: intensive care unit; CAG: coronary angiography; LOS: length of stay.
aStatistics were performed by correcting for the Sequential Organ Failure Assessment score, reason for admission to ICU, hypertension, chronic heart disease, 
solid tumor, and cerebrovascular accident among the underlying diseases, which had a P<0.1 difference in the patient's underlying characteristics.

Figure 3. Number of survived and non-survived very elderly patients in the intensive care unit (ICU) and mortality by year.
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low platelet (169 ×103/ul [106–229] vs. 186 ×103/ul [139–241], 

P=0.040), albumin (2.6 g/dl [2.0–3.2] vs. 2.9 g/dl [2.5–3.4], 

P<0.001) levels. Regarding underlying diseases, hematologic 

malignancies (1.3% vs. 0%, P<0.001) and diabetes mellitus 

(31.6% vs. 25.2%, P=0.049) were more common in the non-sur-

vived group.  

Regarding the nonoperative admission diagnoses, the fre-

quencies of cardiovascular (26.9% vs. 42.1%, P<0.001), neuro-

logic (8.1% vs. 13.8%, P=0.035) were less and those of respira-

tory disease (39.2% vs. 12.6%, P<0.001), infection (3.8% vs 0.8%, 

P=0.002), and hematologic disease (1.1% vs. 0%, P=0.005) were 

more common in the non-survived group. In the operative 

diagnoses, gastrointestinal & hepatobiliary was more common 

in the non-survived group (45.2% vs. 28.5%, P=0.027) (Sup-

plementary Table 2). The use of resources, expressed as the 

need for invasive mechanical ventilation, vasopressors, and 

RRT were higher in the non-survived group than that in the 

survived group (Supplementary Table 3). Compared with the 

survived group, the ICU LOS was longer in the non-survived 

group (Supplementary Table 3). 

Predictors of Patients’ In-hospital Mortality 
A cox regression analysis of the factors associated with in-hos-

pital mortality was conducted (Table 3). After adjusting for 

confounders, the independent predictors of in-hospital 

mortality included admission source (compared with ward), 

emergency room (odds ratio [OR], 1.970; 95% confidence in-

terval [CI], 1.247–3.112; P=0.004), others (OR, 2.220; 95% CI, 

0.837–5.883; P=0.109); high creatinine level (OR, 1.234; 95% CI, 

1.085–1.402; P=0.001); ventilator weaning (OR, 0.064; 95% CI, 

0.036–0.115; P<0.001) and use of vasopressors (OR, 1.550; 95% 

CI, 1.004–2.394; P=0.048) (Table 3). 

Table 3. Univariate and multivariate Cox regression analysis addressing the risk factors for intensive care unit in-hospital mortality

Variable
Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value
Age 1.036 0.993–1.082 0.104
Men 1.022 0.784–1.333 0.871
SOFA score 1.049 1.020–1.078 0.001 0.979 0.946–1.013 0.218
ICU admission due to medical reason 2.034 1.454–2.845 <0.001 0.990 0.615–1.594 0.969
Admission source
Ward Reference
Emergency room 1.819 1.289–2.567 0.001 1.970 1.247–3.112 0.004
Others 1.534 0.605–3.894 0.368 2.220 0.837–5.883 0.109
Underlying disease
Hypertension 0.974 0.734–1.292 0.855
Chronic heart disease 0.770 0.558–1.064 0.114
Solid tumor 0.560 0.264–1.190 0.132
DM 1.087 0.820–1.441 0.562
Chronic kidney disease 1.047 0.554–1.978 0.888
Cerebrovascular accident 1.378 0.956–1.986 0.085
Laboratory findings
White blood cell (×103/ul) 1.032 1.022–1.042 <0.001 1.005 0.984–1.025 0.663
Platelet (×103/ul) 0.999 0.997–1.000 0.092 0.999 0.997–1.001 0.601
Albumin (g/dl) 0.720 0.583–0.891 0.002 0.871 0.660–1.150 0.331
T-bilirubin (mg/dl) 1.115 1.041–1.193 0.002 1.060 0.961–1.168 0.244
Creatinine (mg/dl) 1.266 1.181–1.357 <0.001 1.234 1.085–1.402 0.001
C-reactive protein (ng/ml) 1.021 1.007–1.035 0.004 0.992 0.972–1.013 0.438
Support during index ICU stay
Ventilator weaning 0.062 0.037–0.104 <0.001 0.064 0.036–0.115 <0.001
Vasopressor 2.954 2.246–3.884 <0.001 1.550 1.004–2.394 0.048
Renal replacement therapy 3.434 2.555–4.614 <0.001 1.035 0.658–1.629 0.882
2013–2017 (compared to 2007–2012) 0.803 0.618–1.044 0.101

OR: odds ratio; CI: confidence interval; SOFA: Sequential Organ Failure Assessment; ICU: intensive care unit; DM: diabetes mellitus.
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DISCUSSION 

On comparing the first half (2007–2012) and the second half 

(2013–2017) of the study period, the proportion of the very 

elderly group increased, and the number of patients with un-

derlying disease are increased, but the in-hospital mortality 

decreased. There were more males in the non-survived group, 

and there were more medical reasons for admission to the 

ICU. In addition, mechanical ventilation, vasopressors, and 

RRT were more required in the non-survived group than in the 

survived group. High creatinine level, ventilator weaning fail-

ure and use of vasopressors were associated with in-hospital 

mortality. 

In Korea and other countries around the world, the pro-

portion of the elderly population is increasing rapidly, and 

the number of elderly people in need of intensive care is also 

increasing [1,11-14]. In Korea, a rapidly aging society, there are 

few studies conducted in very elderly patients admitted to the 

ICU [14-16]. According to data from 38 ICU training hospitals, 

3.7% of patients admitted to the ICU are aged ≥85 years [15]. 

Additionally, Lee et. al. [8] reported that 21.7% of patients ad-

mitted to the ICU were aged ≥80 years. Furthermore, Kim et 

al. [16] showed that 0.5%–1.9% of patients admitted to the ICU 

were over 90 years old. In our study, 0.9%–2.0% of the patients 

admitted to the ICU were ≥85 years old from 2007 to 2017. It is 

predicted that the number of very elderly patients in the ICU 

will increase, which is related to the increase in life expectancy 

in each country [11]. Each study showed various percentages 

of very elderly patients admitted to the ICU. This may have 

been influenced by the fact that the age of the study subjects, 

defined as very elderly patients, varied as 80, 85, and 90 years 

old, and the ratio of very elderly patients according to the life 

expectancy of each country varied by period. 

The number of very elderly people admitted to the ICU is 

steadily increasing. As the number of very elderly patients ad-

mitted to the ICU increases, there is a change in the patients’ 

underlying disease and prognosis. On comparing the first 

half (2007–2012) and the second half (2013–2017) of the study 

period, the number of ICU admissions for medical reasons in-

creased. During the second half of the study period, the num-

ber of underlying diseases such as hypertension, chronic heart 

disease, solid tumor, and cerebrovascular accident increased. 

However, in-hospital mortality and hospital LOS decreased 

in the second half of the study period. Kim et al. [16] reported 

slight increases in hypertension and cardiogenic shock, among 

the underlying diseases, as reasons for ICU admission in 

2010–2014 compared with that in 2005–2009. Additionally, the 

mortality rate decreased from 2005 to 2014. In Kim et al.’s study 

[16] of patients admitted to the medical ICU from 2003 to 2013, 

the number of patients over 80 years of age increased from 7.3% 

in 2002 to 23.1% in 2013. However, there was no difference in 

the annual survival probability according to year (P=0.895) [17]. 

In Korea, there is a greater interest in intensivists and nursing 

staff working in the ICU than before, and the presence of in-

tensivists [18] and the number of nursing staff [19] are known 

to be associated with lower mortality. In addition, there is a 

tendency for mortality to decrease in acute respiratory distress 

syndrome [20] and sepsis [21], which are related to mortality 

in the elderly. These points may have influenced the pattern of 

decreasing mortality in this study. 

In this study, in the very elderly patients admitted to the 

ICU, hematologic malignancy, diabetes mellitus (DM) were 

more common in the non-survived group. In addition, in the 

non-survived group, white blood cell, total bilirubin, creati-

nine, and C-reactive protein levels were higher, and albumin 

level was lower than those in the survived group. Additionally, 

invasive mechanical ventilation and RRT were performed 

more often in the non-survived group. Roch et al. [22] showed 

that in-hospital non-survivors, the Simplified Acute Physiology 

Score (SAPS) II and the SOFA score were higher, and mechan-

ically ventilation and RRT were often performed. Lee et al. 

[8] showed that the SOFA and Acute Physiology And Chronic 

Health Evaluation (APACHE) II scores were higher, and renal 

disease and rates of severe sepsis and septic shock were more 

common in the non-survivor group. Higher SAPS II [7], SOFA 

scores [23], and APACHE scores [24] mean that the non-survi-

vor patients were severely ill; thus, treatments such as invasive 

mechanical ventilation and RRT are more likely to be required. 

In the non-survived group, there were more respiratory, in-

fection-related, and hematologic reasons for medical ICU ad-

mission. Kim et al. [16] reported that the most common reason 

for ICU care was acute respiratory failure. Many functional, 

demographic, and immunologic changes associated with ag-

ing are responsible for the increasing incidence and severity of 

infectious diseases in the elderly [25]. Martin-Loeches et al. [26] 

showed very elderly patients with sepsis had more pneumonia 

than elderly patients. 

Older age is well-known factor associated with in-hospital 

mortality in patients admitted to the ICU. However, there are 

few studies on the characteristics of very elderly patients in 

the ICU (≥85 years). Lee et al. [8] showed that weaning failure 

and the withdrawal or withholding of intensive care in the ICU 
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were significantly related to mortality in patients age ≥80 years. 

Martin-Loeches et al. [26] showed that patients aged ≥80 with 

sepsis had higher hospital mortality compared with patients 

aged between 65 and 79 years. In the group of very elderly pa-

tients, the predictors of hospital mortality were age, APACHE 

II score, and prompt adherence to the resuscitation bundle. 

Giannasi et al. [9] showed that after adjusting for APACHE II 

score and age, the following independent variables were asso-

ciated with mortality: male sex, moderate malnutrition, severe 

malnutrition, and activities of daily living scores <6. Mukho-

padhyay et al. [27] showed that in the elderly group, neurolog-

ical disease, malignancy, mortality prediction model II score, 

mechanical ventilation, non-invasive ventilation, vasopressor 

use, and prior RRT were associated with in-hospital mortality. 

Considering long-term mortality as a prognosis, Atramont et 

al. [28] showed that age and reason for hospitalization were 

strongly associated with long-term mortality (9-, 13-, and 20-

fold increases in the risk of death 3 years after ICU discharge 

in patients aged 80–84, 85–89, and ≥90 years, respectively). In 

this study, like other studies, high creatinine level, ventilator 

weaning failure and use of vasopressors were associated with 

in-hospital mortality. The patient’s underlying disease was 

not associated with in-hospital mortality in this study. There 

was no significant difference in comorbidities except for he-

matologic malignancy, DM between the survived group and 

the non-survived group, so it seems to have a influenced the 

absence of statistically significant risk factor. In some studies, 

comorbidities did not show as a significant factor even in the 

elderly. In a systematic review of older patients (≥75 years) by 

Vallet et al. [29], ICU mortality and comorbidities were associ-

ated with one out of six studies, and in-hospital mortality and 

comorbidities were associated with 10 out of 12 studies. In a 

review by de Rooij et al. [30], comorbidities are common in 

very elderly patients, but the effect on outcome is not clearly 

shown. Therefore, in very elderly patients, ICU management is 

recommended considering the severity of the patient, the rea-

son for ICU admission, and the functional status in addition 

to the comorbidities. Therefore, in very elderly patients, it is 

necessary to help in making a treatment decision considering 

various factors such as frailty, severity, and laboratory data in 

addition to comorbidities.  

There are some limitations to our study. First, it was a sin-

gle-center retrospective study and does not represent the 

entire Korean ICU population. Second, there is a possibility of 

selection bias as we did not collect data on the ICU’s denial of 

admission and/or patient/doctor preferences. Therefore, we 

were unable to estimate the gradual benefits of ICU support for 

those very old patients rejected admission to the ICU. Third, 

there is no information about the patients’ functional statuses 

prior to hospitalization. For elderly patients, the evaluation of 

the pre-hospital functional status is important, but data could 

not be collected because the patients’ previous functional 

evaluations were not clear in the electronic medical records. 

Fourth, we did an analysis that included patients with docu-

mented DNR. In actual situations, there are cases where DNR 

was received in verbal form or in patients with imminent death 

who received DNR to avoid cardiopulmonary compression. 

We were not able to collect additional data of DNR. Therefore, 

we were unable to conduct a separate analysis on the effect of 

DNR on patients. 

In conclusion, the proportion of very elderly people (≥85 

years) in the ICU has increased over the last decade (from 2007 

to 2017). In the very elderly admitted in the ICU, the number 

of patients with underlying diseases slightly increased, but the 

prognosis was improved. In addition to age, laboratory data 

and disease severity contribute to patient outcomes. There-

fore, we need to consider various factors in addition to age to 

determine ICU management for very elderly patients. 
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Background: Enteral nutrition (EN) supply within 48 hours after intensive care unit (ICU) admis-
sion improves clinical outcomes. The “new ICU evaluation & development of nutritional support 
protocol (NICE-NST)” was introduced in an ICU of tertiary academic hospital. This study showed 
that early EN through protocolized nutritional support would supply more nutrition to improve 
clinical outcomes. 
Methods: This study screened 170 patients and 62 patients were finally enrolled; patients who 
were supplied nutrition without the protocol were classified as the control group (n=40), while 
those who were supplied according to the protocol were classified as the test group (n=22). 
Results: In the test group, EN started significantly earlier (3.7±0.4 days vs. 2.4±0.5 days, P=0.010). 
EN calorie (4.0±1.0 kcal/kg vs. 6.7±0.9 kcal/kg, P=0.006) and protein (0.17±0.04 g/kg vs. 0.32±0.04 
g/kg, P=0.002) supplied were significantly higher in the test group. Although EN was supplied 
through continuous feeding in the test group, there was no difference in complications such as 
feeding hold due to excessive gastric residual volume or vomit, and hyper- or hypo-glycemia be-
tween the two groups. Hospital mortality was significantly lower in the group that started EN 
within 1.5 days (42.9% vs. 11.8%, P=0.018). The proportion of patients who started EN within 1.5 
days was higher in the test group (40.9% vs. 17.5%, P=0.044). 
Conclusions: The NICE-NST may improve EN supply and mortality of critically ill patients without 
increasing complications. 
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INTRODUCTION 

Nutrition support means supplying calories, proteins, electrolytes, fluids, etc., through enteral 

nutrition (EN) or parenteral nutrition (PN). Nutrition in critically ill patients has several clini-

cal guidelines. Some recommendations are significantly different in these guidelines, reflect-

ing a lower level of evidence [1-6]. The benefits of early EN (within 24 to 48 hours after inten-
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sive care unit [ICU] admission) in improving clinical outcomes 

are well known [4,7-15]. Meta-analysis of 21 randomized 

control trials by Taylor et al. [4] showed that the early EN group 

had a significant decrease in mortality (odds ratio [OR], 0.70; 

95% confidence interval [CI], 0.49–1.00) and infection compli-

cations (OR, 0.47; 95% CI, 0.58–0.93). However, the amount of 

EN supplied showed no difference in clinical outcomes. The 

EDEN trial showed no significant difference in infection com-

plications such as ventilator-associated pneumonia (P=0.72) 

and 60-day mortality (P=0.77) between the trophic feeding 

group supplied fixed calorie with 400 kcal per day and the full 

enteral feeding group for the first 6 days after ICU admission 

[16]. Marik et al. [17] reported no significant difference in 

hospital mortality (OR, 0.91; 95% CI, 0.75–1.11) and infection 

complications (OR, 1.03; 95% CI, 0.84–1.27) in a meta-analysis 

of six studies that compared normo-caloric feeding (72%–77% 

of goal) with trophic feeding or permissive underfeeding (20% 

or 49% of goal). 

This study aimed to determine whether protocolized nu-

trition support for ICU patients could improve EN feeding 

and clinical outcomes. In addition, the risk of complications 

such as hold of feeding due to excessive gastric residual vol-

ume (GRV) or vomiting, and hyperglycemia or hypoglycemia 

events when continuous feeding and GRV check protocol were 

applied to the nutrition support protocol was evaluated. 

MATERIALS AND METHODS 

Study Design and Subjects 
This study is a single-institution retrospective cohort study of 

a new ICU evaluation & development of nutritional support 

protocol (NICE-NST) protocol, introduced for medical ICU 

patients in a tertiary academic hospital from December, 2018. 

This study was conducted in accordance with the amended 

Declaration of Helsinki and was approved by the Institutional 

Review Board of Seoul National University Bundang Hospital 

where the study was conducted (No. B-1907-550-107). Patient 

consent was waived because the NICE-NST protocol was im-

plemented as an in-hospital quality improvement project, and 

this study was a retrospective review of the outcomes. 

The contents of NICE-NST protocol were as follows: (1) the 

Penn state equation was used to determine target caloric re-

quirements [18], which was similar to the indirect calorimetry 

value. (2) Patients were categorized into group 1 (<5 scores, 

with abnormal liver function, or with abnormal renal func-

tion), and group 2 (>5 scores or <70% of the daily nutrients 

requirement target after 7 days of ICU day) using nutrition 

risk in critically ill (NUTRIC) score. Group 1 nutrition was by 

EN only, but group 2 nutrition was by supplementary PN with 

EN to meet nutritional targets. Both groups targeted 100% of 

the required daily calories and 1.3 g/kg/day of protein (Table 

1). EN supply was through continuous feeding with tube or 

gastrostomy for 16 hours from 9 AM to 1 AM the next day. The 

GRV was measured at 9 AM, 5 PM, and 11 PM, considering the 

ICU nurse-working schedule. If GRV was > 250 ml, EN feeding 

is held, and prokinetics are given thrice daily. After 2 hours of 

withholding EN feeding, GRV was rechecked, and the same 

protocol was repeated until 1 AM the next day (Figure 1). 

The group that was supplied nutrition without NICE-NST 

protocol was the “control” group, and the group that was sup-

■ Early enteral nutrition through protocolized nutritional 
support may supply more nutrition to improve clinical 
outcomes.

■ The “new ICU evaluation & development of nutritional 
support protocol (NICE-NST)” may improve enteral nu-
trition supply and mortality of critically ill patients without 
increasing complications.

KEY MESSAGES

Table 1. Protocol for categorizing patients in the NICE-NST protocol

Variable
Group 1 Group 2

NUTRIC score <5 
(or with abnormal liver function, or with abnormal renal function)

NUTRIC score ≥5 
(or <70% of the daily nutritional requirement target after 7 days in ICU)

Route EN EN Supplementary PN
Target Target 100% of the required daily calories and 1.3 g/kg of protein Target 100% of the required daily calories and 1.3 g/kg of protein
Day 3 in ICU Starting EN targeted 500 kcala Starting EN targeted 500 kcala Starting partial PN to meet 

nutritional targets

NICE-NST: new ICU evaluation & development of nutritional support protocol; NUTRIC: Nutrition Risk in Critically Ill; ICU: intensive care unit; EN: enteral 
nutrition; PN: parenteral nutrition.
aIf hemodynamically stabilized, EN should be initiated regardless of admission time.
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plied nutrition with NICE-NST protocol was the “test” group. 

Patients admitted to medical ICU from December 2017 to 

March 2018 and other patients admitted to medical ICU from 

December 2018 to March 2019 were screened as the control 

and test groups, respectively. Exclusion criteria include ICU 

discharge within one day, non-tube feeding, transfer to med-

ical ICU from other ICU, nutrition support team consultation 

before ICU admission, continuous renal replacement therapy 

(CRRT) application within 5 days, intermittent hemodialysis 

(HD) before ICU admission, and long-term inpatients in med-

ical ICU because of legal problem. 

Purpose of Study 
Supplying nutrition with protocol in ICU will ensure multi-

disciplinary discussions on nutrient supply; it will provide 

appropriate calorie and other nutrients to critically ill patients 

quickly. Therefore, we expect that the start and amount of EN 

will significantly improve by following the NICE-NST protocol. 

In addition, it is expected to improve the clinical outcomes 

such as ICU mortality, hospital mortality, duration of ICU ad-

mission, etc. 

Data Collection 
Age, sex, cause of ICU admission, and medical history data 

were collected to evaluate baseline characteristics. Initial arte-

rial oxygen pressure divided by the fraction of inspired oxygen 

(P/F ratio), Acute Physiology And Chronic Health Evaluation 

(APACHE) II score, nutrition severity, and NUTRIC score were 

collected to assess disease severity at the time of ICU admis-

sion. Daily body weight, daily calorie supply of dextrose for 

main fluid, daily calorie and protein supply of EN, and daily 

calorie and protein supply of PN data during the first 5 days in 

ICU were collected to evaluate the primary calorie and pro-

tein supply. The total amount of calories and protein supplied 

throughout one day was calculated with administered total 

daily volume for each item. For example, suppose EN feeding 

in which 1 kcal per ml and 0.05 g of protein per 1ml were sup-

plied with 32 ml per hour for 10 hours. In that case, the total 

Figure 1. Protocol for enteral nutrition and residual volume check in new intensive care unit (ICU) evaluation & development of nutritional 
support protocol (NICE-NST) protocol. Enteral nutrition (EN) is supplied for 16 hours from 9 AM to 1 AM the next day. Gastric residual volume 
(GRV) check was done thrice daily at 9 AM, 5 PM, and 11 PM. If GRV is over 250 ml, EN feeding is held, and prokinetics are given thrice daily as 
scheduled by the nurse on duty. Two hours after withholding EN feeding, GRV recheck is performed, and the same protocol is repeated until 1 AM 
the next day.

Prokinetics (3/day)
Hold EN

GRV check after 2 hours

Hold EN

Hold EN

Restart EN

Keep EN

>250 ml

>250 ml

>250 ml

GRV check
(3/day)

Yes

Yes

Yes

No

No

No
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calorie supply of EN feeding will be 320 kcal, and the total 

protein supply of EN feeding will be 16 g. The total calorie was 

calculated as the sum of EN calorie supply, PN supply, and 

supplied dextrose and albumin. Total protein was calculated 

as the sum of protein of EN, PN, and albumin supplied. 

In addition, in order to analyze feeding side effects, data on 

the total daily count of EN feeding hold due to GRV or vomit, 

the ratio of hyperglycemia (blood glucose level >250 mg/dl) 

events to total daily glucose check counts, the ratio of hypo-

glycemia (blood glucose level <70 mg/dl) events to total daily 

glucose check counts, and the total amount of daily steroid 

use were collected. Because the total number of blood glucose 

checks was different according to the status of patients, a ratio 

was used to analyze hyperglycemia and hypoglycemia events. 

In addition, the total amount of daily steroid can also affect 

blood glucose level; therefore, the total amount of daily steroid 

use was analyzed. 

Statistical Analysis 
Fisher’s exact test and Pearson Chi-square were used for 

the comparison of categorical variables. Mann-Whitney test 

and Student t-test were used for the analysis of continuous 

variables. We used repeated-measures analysis of variance 

(RM-ANOVA) to analyze repeated-measured variables. Logis-

tic regression for ICU mortality was performed with age, sex, 

body mass index (BMI), nutrition severity, the time duration 

from admission in ICU to the start of EN feeding (Admission 

to EN time), and mean amount of supplied EN calorie (kcal/

kg) or protein (g/kg) for 5 days. The results were considered 

significant, with P-values less than 0.05. All analyses were con-

ducted using the IBM SPSS version 22.0 (IBM Corp., Armonk, 

NY, USA). 

RESULTS 

Enrollment of Patients 
This study screened 170 patients. One patient discharged from 

the medical ICU within one day was excluded. Two patients 

who were given soft bland diet without tube feeding were 

excluded. Because the NICE-NST protocol was applied only 

to the medical ICU patients, 31 patients transferred from the 

other ICU, such as surgical or emergency ICU, were excluded. 

Since the NICE-NST protocol was applied at the time of medi-

cal ICU admission, four patients whose nutrition support team 

consultation was conducted before entering the medical ICU 

were excluded. Because diverse solvents are used in dialysis 

and protein loss is inevitable, the amount of calorie and pro-

tein supply could not be confirmed exactly in CRRT or HD. 

Thus, 45 patients who had been applied CRRT within 5 days 

from medical ICU admission and 4 patients who had previous-

ly received intermittent HD were excluded. In addition, three 

patients hospitalized for a long time in medical ICU because 

of legal problems were excluded. Initiating EN within at least 

48 hours of ICU admission was described as early EN in previ-

ous studies [4,7-15]. Since one of the aims of this study was to 

determine whether early EN was achieved when the protocol 

was applied, only patients whose protocol application time 

was at least 2 days were selected and analyzed. In addition, 

because a feeding protocol was provided through nutrition 

support team consultation, only patients with the duration 

from admission in ICU to nutrition support team consultation 

(Admission to nutrition support team time) of less than 2 days 

were included in the test group. Finally, the data of remaining 

62 patients (40 patients in the control group, 22 in the test 

group) were analyzed (Figure 2). 

Baseline Characteristics 
Baseline characteristics showed no difference in age, sex, BMI, 

underlying diseases, and the cause of admission to ICU be-

Figure 2. Flowchart of the study participant selection. The control 
group was supplied nutrition without protocol, while the test group 
was supplied nutrition with protocol. ICU: intensive care unit; CRRT: 
continuous renal replacement therapy; HD: hemodialysis. Admission 
to nutrition support team time: the time duration from admission in 
ICU to nutrition support team consultation.

90 Excluded patients
  1 ICU discharge within 1 day
  2 Non-tube feeding
31 Transfer to medical ICU from other ICU
  4  Nutrition support team consultation 

before admission to ICU
45 CRRT apply within 5 days
  4 Intermittent HD before ICU admission
  3 Long-term hospitalization in ICU

18 Excluded patients in test group
Nutrition support team consultation after 2 days

62 Analysis
: 40 control group, 22 test group

170 Screening of medical ICU patients
: 84 control group, 86 test group
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tween the two groups. Furthermore, there was no difference in 

disease severity, such as APACHE II score, initial P/F ratio, and 

the amount of steroid use converted to that of methylprednis-

olone (Supplementary Table 1). 

Comparison of Protocolized EN vs. Control 
The calorie and protein supply, which are the primary out-

comes of this study, showed that total calorie and protein 

supplied were not significantly different between the two 

groups. However, the supply of EN calorie (4.0±1.0 kcal/kg 

vs. 6.7±0.9 kcal/kg, P=0.006) and protein (0.17±0.04 g/kg vs. 

0.32±0.04 g/kg, P=0.002) were significantly higher in the test 

groups (Table 2). Further, the Admission to EN time was sig-

nificantly shorter in the test groups (3.7±0.4 days vs. 2.4±0.5 

days, P=0.010) (Table 3). The trends of supplying calories and 

protein over time are shown in Figure 3. EN calorie and pro-

tein supply analyzed by RM-ANOVA were significantly higher 

in the test group. However, during the early stage of ICU 

admission, more calories and protein were supplied in the 

control group. There was no difference in serum albumin level 

change between admission in ICU and 7 days after admission. 

No difference was observed in the number of feeding hold due 

to excessive GRV or vomiting during 5 days in ICU and the ra-

tio of hyperglycemia events to total daily glucose check counts 

or the ratio of hypoglycemia events to total daily glucose check 

counts during 5 days in ICU (Table 3). There was no difference 

in ICU mortality, hospital mortality, and the time duration 

from admission to discharge in ICU (ICU duration) between 

the two groups (Table 3). The average admission to EN time of 

the test group exceeded 2 days (2.4±0.5 days) (Table 3). 

Effect of Early EN 
Additional analysis was performed with 80 patients regardless 

of applying NICE-NST protocol (Supplementary Figure 1). 

The hospital mortality was significantly lower in the group that 

started EN feeding within 1.5 days (42.9% vs. 11.8%, P=0.018), 

and the ICU mortality was lower in the same group with mar-

ginal significance (28.6% vs. 5.9%, P=0.051) (Table 4). APACHE 

II score (32.3±0.96 vs 31.9±1.90, P=0.898) and initial P/F ratio 

(200.1±14.97 vs. 215.0±32.16, P=0.705) were not significantly 

Table 2. Difference in the supply of calories and protein between control and test group
Variable Control group (n=40) Test group (n=22) P-value
Supplied total calorie per weight for 5 days (kcal/kg) 16.7±1.3 16.0±1.2 0.737
Supplied total calorie for 5 days (kcal) 4,486.0±296.8 4,220.0±318.7 0.559
Supplied total protein per weight for 5 days (g/kg) 0.68±0.07 0.69±0.06 0.900
Supplied total protein for 5 days (g) 183.3±16.8 182.2±16.3 0.965
Supplied EN calorie per weight for 5 days (kcal/kg) 4.0±1.0 6.7±0.9 0.006
Supplied EN calorie for 5 days (kcal) 1,104.0±253.7 1,756.0±234.4 0.013
Supplied EN protein per weight for 5 days (g/kg) 0.17±0.04 0.32±0.04 0.002
Supplied EN protein for 5 days (g) 45.9±10.8 85.2±11.7 0.005

Values are presented as mean±standard error.
EN: enteral nutrition.

Table 3. Clinical outcomes including mortalities and complications in the control and test group
Variable Control group (n=40) Test group (n=22) P-value
Admission to EN time (day)a 3.7±0.4 2.4±0.5 0.010
ICU duration (day)b 19.2±7.9 15.4±4.5 0.848
ICU mortality 9 (22.5) 4 (18.2) 0.689
Hospital mortality 13 (32.5) 8 (36.4) 0.758
Change of serum albumin level from 0 to 7 days (g/dl)  0.24±0.08 0.25±0.06 0.893
Hold of feeding due to excessive GRV or vomiting (n/day) 0.47±0.28 0.10±0.10 0.256
The ratio of hyperglycemia events (blood glucose >250 mg/dl) to 

total daily glucose check counts
0.82±0.17 0.84±0.25 0.555

The ratio of hypoglycemia events (blood glucose <70 mg/dl) to total 
daily glucose check counts

0.06±0.03 0.01±0.01 0.114

Values are presented as mean±standard error or number (%).
EN: enteral nutrition; ICU: intensive care unit; GRV: gastric residual volume.
aThe time duration from admission in ICU to the start of EN feeding; bThe time duration from admission to discharge in ICU.
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Figure 3. Trends of supplying calorie and protein over time in control or test group. (A) Total calorie per weight supplied during intensive care unit 
(ICU) day 1 to 5. (B) Total protein per weight supplied during ICU day 1 to 5. (C) Enteral nutrition (EN) calorie per weight supplied during ICU day 1 
to 5. (D) EN protein per weight supplied during ICU day 1 to 5. Differences between the two groups were tested with repeated-measures analysis 
of variance. 

Table 4. Mortality according to admission to EN time within or more than 1.5 days

Variable
Admission to EN timea

P-value
>1.5 Days (n=63) ≤1.5 Days (n=17)

ICU mortality 18 (28.6) 1 (5.9) 0.051
Hospital mortality 27 (42.9) 2 (11.8) 0.018

Values are presented as number (%).
EN: enteral nutrition; ICU: intensive care unit.
aThe time duration from admission in ICU to the start of EN feeding.
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different regardless of starting EN feeding within 1.5 days or 

not. On the other hand, there were significantly more patients 

with admission to EN time less than 1.5 days in the test group 

than in the control group (17.5% vs. 40.9%, P=0.044; OR, 3.26; 

95% CI, 1.005–10.600). 

Multivariable logistic regression was conducted to confirm 

whether mortality was associated with the amount of EN 

feeding. The mean EN calorie (OR, 0.815; 95% CI, 0.681–0.975) 

(Supplementary Table 2) and protein (OR, 0.017; 95% CI, 

0.000–0.696) (Supplementary Table 3) per weight were in-

versely correlated with ICU mortality. Finally, when patients 

were divided according to 5 kcal/kg of EN calorie supply or 0.2 

g/kg of EN protein supply, ICU mortality was significantly low-

er in the group supplied more than 5 kcal/kg of EN calorie or 

0.2 g/kg of EN protein (7.7% vs. 34.8%; OR, 6.400; 95% CI, 1.338– 

30.606). Hospital mortality was not significant but tended to be 

lower in the same group (23.1% vs. 45.7%; OR, 2.800; 95% CI, 

0.950–8.255) (Supplementary Table 4). 

DISCUSSION 

It is well known that early EN feeding within 24 to 48 hours had 

several clinical benefits, such as reducing mortality significant-

ly [4,7-15]. In this present study, it is expected that EN feeding 

will commence earlier and supply more nutrition without 

significant EN-related complications using the NICE-NST 

protocol. In addition, the clinical outcomes such as ICU mor-

tality and hospital mortality were expected to improve. This 

study showed that the amount of calories and protein supplied 

through EN was significantly higher in the test group that used 

the NICE-NST protocol. However, no significant difference 

was observed in total calorie and protein supply between the 

two groups, which means that the supply through PN was 

higher in the control group. These results showed that an ef-

fective increase in EN feeding might not be achieved without 

nutrition protocol, increasing the nutrition supply through PN 

rather than EN. In addition, since EN feeding was supplied by 

continuously feeding for only 16 hours in the NICE-NST proto-

col, this result indicates that the nutrition protocol in ICU can 

effectively increase EN feeding within 5 days. 

There was no difference in the number of feeding hold 

during the first 5 days in ICU due to excessive GRV or vom-

iting, and no difference in hyperglycemia or hypoglycemia 

events between the two groups. Therefore, this study con-

firmed that feeding for 16 hours from 9 AM to 1 AM the next 

day, measuring GRV three times a day, withholding EN feed-

ing when the GRV exceeds 250 ml, and rechecking the GRV 

every 2 hours after feeding hold are sufficiently applicable to 

feeding protocol. 

Taylor et al. [4] showed a significant decrease in mortality 

and infection complications in the early EN group within 24 

to 48 hours after ICU admission. The present study showed a 

significantly shorter admission to EN time in the test groups 

(3.7±0.4 days vs. 2.4±0.5 days, P=0.010). However, ICU mor-

tality and hospital mortality were not significantly different 

between the two groups. This may be because admission to 

EN time of the test group exceeded 2 days and a small num-

ber of patients were included in test group. When the data of 

80 patients regardless of applying NICE-NST protocol were 

analyzed, the hospital mortality was significantly lower in 

the group that started EN feeding within 1.5 days, and ICU 

mortality was also lower in the same group with marginal sig-

nificance. In addition, there were significantly more patients 

within 1.5 days of admission to EN time in the test group than 

in the control group. These results suggest that NICE-NST pro-

tocol increases the likelihood of starting EN feeding within 1.5 

days, leading to improved ICU or hospital mortality. 

The EDEN study showed no significant difference in 60-day 

mortality and complication between the trophic feeding and 

full enteral feeding groups until 6 days after ICU admission [16]. 

In this present study, the ICU mortality was significantly lower 

in the group supplied ≥5 kcal/kg of EN calorie or ≥0.2 g/kg of 

EN protein, and the hospital mortality was not significant but 

tended to be lower in the same group. In other words, EN sup-

ply <5 kcal/kg of EN calorie or <0.2 g/kg of EN protein, equiva-

lent to less than trophic feeding, might increase ICU and hos-

pital mortality. 

This study has several limitations. It was a single-center and 

only medical ICU; therefore, the number of study subjects 

was small. Because it is a retrospective study, not all variables 

could be controlled, and biases that were not taken into ac-

count may have influenced the results. Clinical outcomes 

such as ICU mortality, hospital mortality, and ICU duration 

were analyzed with nutrition supply data for only 5 days after 

ICU admission; hence, variables that were not considered 

may have affected the results. Therefore, a randomized con-

trol trial is required to confirm the efficacy and safety of the 

NICE-NST protocol.  

The EN calorie and protein supply in critically ill patients 

could be improved using the NICE-NST protocol without 

increased complications. The supply of EN calorie and pro-

tein within 5 days had a significant effect on improving ICU 
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mortality. 
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Background: Phlebitis-associated peripheral infusion of intravenous amiodarone is common in 
clinical practice, with an incidence between 5% and 65%. Several factors, including drug concen-
tration, catheter size, and in-line filter used, are significantly associated with phlebitis occurrence. 
We performed a retrospective propensity score-matched analysis to find out whether in-line filter 
will reduce the incidence of amiodarone-induced phlebitis (AIP) in high concentration of 
amiodarone infusion compared to low concentration without in-line filter. 
Methods: Clinical records of all patients who required intravenous amiodarone infusion for cardi-
ac arrhythmias, between January 2017 to December 2019 were retrieved. The incidence of AIP was 
recorded and subsequently compared among high concentration (2 mg/ml) with an in-line filter 
and low concentration (1.5 mg/ml) infusion without an in-line filter after a 1 to 2 propensity score 
matched. 
Results: The data indicated that among the 214 cases of amiodarone infusion collected, 28 cases 
used an in-line filter with high concentration while 186 cases received a low concentration of 
amiodarone infusion without an in-line filter. After 1:2 propensity score matching, the incidence of 
phlebitis in the high concentration with in-line filter group was significantly higher than the low 
concentration without in-line filter group (28.6% vs. 3.6%, P<0.01). 
Conclusions: Despite the usage of in-line filter, the high concentration of amiodarone infusion re-
sulted in a higher incidence of peripheral phlebitis. Central venous catheterization for a high con-
centration of amiodarone infusion is recommended. 

Key Words: amiodarone; atrial fibrillation; drug infusion; phlebitis  
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INTRODUCTION 

Amiodarone is an anti-arrhythmic agent, that is commonly used in the intensive care unit 

to control supraventricular, and ventricular arrhythmias, including atrial fibrillation, atrial 
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flutter, and ventricular tachycardia [1]. Although infusion via 

central venous catheter is recommended to attenuate the inci-

dence of amiodarone-induced phlebitis (AIP), central venous 

catheterization may be technically difficult in an emergency. 

Therefore, peripheral intravenous infusion would be an appro-

priate channel of medication. 

AIP is a common adverse reaction of amiodarone infusion, 

with an incidence between 5%–85%, depending on the specif-

ic infusion protocol [2-5]. Phlebitis is the inflammation of the 

peripheral vein, which results in pain, erythema, and swelling 

of skin overlying the peripheral vein. Phlebitis is mostly a lo-

calized reaction but can progress to systemic inflammation 

including fever, and hemodynamic changes in severe cases. 

The severity of AIP is classified by several groups. The Seminal 

Infusion Nurses Society (INS) Scale and visual phlebitis scale 

are both divided into 4 severity levels from 0 (no phlebitis) to 4 

(severe phlebitis) [4,6]. 

Theoretically, AIP develops from physical and chemical 

injury. Physical phlebitis is related to poor catheter insertion 

and malposition of the peripheral venous catheter. On the 

other hand, chemical phlebitis is related to the properties of 

intravenous amiodarone itself, which easily crystallizes after 

infusion. The amiodarone needle-shaped crystal injures the 

endothelium and leads to phlebitis development [7]. There-

fore, a low concentration of amiodarone and an in-line filter 

is recommended to reduce the crystallization of amiodarone. 

The peripheral large vein is also suggested for use in peripher-

al amiodarone infusion [7]. From a recent systematic review of 

AIP, the size of the vein and venous catheter, as well as the con-

centration of amiodarone, are among the risk factors of AIP [8]. 

In our hospital, the infusion of amiodarone via the periph-

eral vein is the first-line treatment for controlling cardiac 

arrhythmias. We prefer a low concentration of amiodarone 

rather than the high concentration mixture administrated via a 

peripheral venous catheter. The in-line filter is, however, costly 

and intermittently unavailable in our place. Therefore, in-line 

filter is not commonly used with low concentration infusion of 

amiodarone. Nonetheless, a high concentration of amiodarone 

could be used for patients who require fluid restriction. To 

prevent AIP in a high concentration regimen, an in-line filter 

is also theoretically suggested. In addition, the in-line filter 

could be used in high-risk patients, for example elderly, dif-

ficult venous cannulation, and prolonged infusion. The evi-

dence of in-line filter to prevent AIP in the high concentration 

of amiodarone infusion via the peripheral venous catheter 

remains unclear. We, therefore, conducted this retrospective 

matched analysis to find out whether the administration of the 

high concentration of continuous amiodarone infusion with 

in-line filter may reduce the incidence of AIP compared to low 

concentration infusion. 

MATERIALS AND METHODS 

Patients 
We included patients admitted to the intensive care unit and 

cardiac care unit between January 2017 to December 2019, 

who required continuous intravenous amiodarone infusion 

for cardiac arrhythmias for at least 12 hours (Figure 1). We 

excluded moribund cases, patients who had central venous 

catheterization, and postcardiac arrest patients. This study 

has been approved by Institutional Review Board of Faculty 

of Medicine, Prince of Songkla University on October10, 2019 

with the registration number of REC.62-044-15-7. The inform 

consent was waived because it is a retrospective study and all 

personal information were blinded. 

■ Amiodarone-induced phlebitis is common and associat-
ed with morbidity.

■ The administration of high concentration of amiodarone 
of 2 mg/ml with an in-line filter did not reduce phlebitis. 
Central venous catheterization for a high concentration of 
amiodarone is recommended.

■ Amiodarone concentration of 1.5 mg/ml is safe and can 
prevent phlebitis.

KEY MESSAGES

214 Patients with amiodarone infusion

Propensity score matched with 1:2 matching

28 Patients with high 
concentration of amiodarone 

infusion with in-line filter

56 Patients with low 
concentration of amiodarone 
infusion without in-line filter

Figure 1. Patients flowchart.

28 Patients with high 
concentration of amiodarone 

infusion with in-line filter

186 Patients with low 
concentration of amiodarone 
infusion without in-line filter



393https://www.accjournal.orgAcute and Critical Care 2022 August 37(3):391-397

Cheewatanakornkul S, et al. Amiodarone-induced phlebitis

Amiodarone Infusion Protocol 
Before starting amiodarone infusion, the 24-gauge peripheral 

venous catheter was inserted into a large peripheral vein such 

as the antecubital vein, vein at the dorsum of the hand, vein at 

the forearm, and arm. A clear adhesive dressing was applied to 

cover the catheter insertion site. Subsequently, 20 ml of nor-

mal saline was flushed through the venous catheter by push 

and pause technique. If there was no leakage, amiodarone 

infusion was then started. 

The amiodarone infusion started with a loading dose and 

subsequent continuous intravenous infusion. For the pe-

ripheral venous catheter infusion, an amiodarone loading 

concentration of 1.5 mg/ml with a total dose of 150 mg diluted 

in 100 ml of dextrose 5% in water (D5W) was given within 30 

minutes. Subsequently, amiodarone continuous infusion was 

started with two concentrations regimens, either low concen-

tration or high concentration. The low concentration regimen 

was an amiodarone concentration of 1.5 mg/ml (900 mg of 

amiodarone in D5W 600 ml), and the high concentration was 

a concentration of 2 mg/ml (900 mg of amiodarone in D5W 

450 ml). The drug concentration selected was at the discretion 

of the treating clinician. The in-line filter was applied to all 

patients receiving a high concentration amiodarone infusion. 

Amiodarone infusions were continued for at least 24 hours, 

until ceased by the treating clinician. 

The in-line filter with filter media of 0.2 micro millimeters, 

positively charged Nylon Posidyne membrane (PALL Medi-

cal, Port Washington, NY, USA), was used in every case who 

received a high concentration regimen. The in-line filter was 

connected to the end of the intravenous fluid delivery tube and 

the other end was connected to the peripheral venous cath-

eter. From our hospital protocol, the peripheral catheter site 

was changed every 24 hours in patients who required longer 

than 24 hours amiodarone infusion to reduce the risk of AIP. 

Normal saline flushing was performed by the push and pause 

technique before using the peripheral venous catheter at the 

new insertion site. 

Monitoring of Phlebitis 
The occurrence of phlebitis was continuously monitored every 

1 hour during amiodarone infusion, and every 4 hours at the 

cease of infusion. Phlebitis was classified into 4 severity levels 

according to the visual phlebitis scale (Table 1). The present 

and severity of AIP is evaluated by the nurse and was finally 

confirmed by the treating physician. The most severe AIP was 

then collected and recorded for the primary outcome. 

Study Outcomes 
The study outcomes are the incidence and severity of phlebitis 

between the two regimens. 

Statistical Analysis 
The overall incidence and risk factors of AIP 
We reported the incidence of AIP in our cohort by number and 

percentage. Subsequently, we performed univariate analysis 

to identify to risk factors to AIP. Selected variables that were 

statistically significant with P<0.1 were then introduced into a 

forward, stepwise, logistic regression model. Odds ratios (ORs) 

and their 95% confidence intervals (CIs) were used to identify 

the independent factors of AIP. 

Propensity score calculation and matching 
We employed the stepwise, binary logistic regression method 

to calculate propensity score, using pretreatment patient clin-

ical characteristic that increased the likelihood of receiving a 

high concentration of amiodarone, including age, sex, types 

of cardiac arrhythmias, and previous phlebitis. After the pro-

pensity score was obtained, the propensity score match cohort 

between the high concentration of amiodarone with in-line 

filter group and low concentration of amiodarone without in-

line filter group were performed by 1:2 matching with a caliper 

of score difference of 0.01.  

Primary analysis 
After propensity score matching, the incidence of phlebitis 

between the groups was compared by chi-square test. The 

continuous variables were presented as median with mini-

mum and maximum values or mean with standard deviation, 

depending on data distribution. The categorical variables were 

presented as numbers and percentages. The comparison of 

Table 1. Phlebitis scale
Severity grading Finding
0 No symptoms
1 Erythema at the access site, with or without pain
2 Pain at access site with erythema
3 Pain at access site with erythema

Streak formation
A palpable venous cord

4 Pain at access site with erythema
Streak formation
A palpable venous cord >2.54 cm in length
Purulent discharge
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clinical characteristics and outcomes was computed by inde-

pendent t-test, Mann-Whitney U-test, chi-square test, or Fish-

er’s exact test as appropriate. A P<0.05 was defined as statisti-

cally significant. All statistical analyses were performed using 

the MedCalc Statistical Software ver. 20.022 (MedCalc Software 

Ltd., Ostend, Belgium; https://www.medcalc.org; 2021). 

RESULTS 

Demographic Data 
During the study period, 214 patients were admitted to the in-

tensive care unit for cardiac arrhythmia requiring amiodarone 

infusion. The median age of the selected patients was 73 years 

(16–98 years) and 61.7% were male. The most common car-

diac arrhythmia was atrial fibrillation (80.8%), followed by 

ventricular tachycardia (17.3%). Twenty-eight cases (13.1%) of 

amiodarone infusion received high concentration with an in-

line filter. Vein at the dorsum of the hand (35.5%) was the most 

common site of peripheral catheterization, follow by vein at 

the wrist (18.2%), lower arm (12.6%), cubital fossa (9.8%), and 

upper arm (8.4%), respectively. Ninety-three percent of cases 

received amiodarone infusion within 24 hours. 

The overall incidence of AIP in our cohort was 8.4% (18/214 

patients), with 12 of 18 patients (66.6%) developed only grade 

1, 2 AIP severity. According to the low incidence of AIP in our 

cohort, we performed the univariate analysis of the whole 

cohort to identify the risk factors of AIP development. There 

is no significantly difference in clinical characteristics includ-

ing age, sex, location of peripheral catheter, types of cardiac 

arrhythmias, previous phlebitis, and skin turgor for the AIP 

development or severity of AIP. Only the high concentration of 

amiodarone infusion with in-line filter was significantly relat-

ed to AIP (Table 2). We also found that the high concentration 

of amiodarone infusion with in-line filter was an independent 

factor of AIP with the adjusted odd ratio of 7.35 (95% CI, 2.55–

21.21; P=0.002). 

Propensity scores matched analysis 
After the propensity scores were calculated, the 28 patients 

in the high concentration with in-line filter group were 1:2 

matched to 56 patients in the low concentration group (Table 3).  

All demographic data were completely matched. Eight cases 

(28.6%) in the high concentration with in-line filter group 

developed AIP with 3 of 8 cases (37.5%) were in the grade 3, 

4 AIP, while two cases (3.6%) in the low concentration group 

(P<0.01) developed grade 1, 2 AIP. AIP occurred significantly 

more delayed in high concentration with in-line filter group 

than in low concentration group (17.4±6.5 hours vs. 4.5±21 

Table 2. Clinical characteristics between the patient with and without amiodarone-induced phlebitis

Variable Patients with amiodarone-induced 
phlebitis (n=18)

Patients without amiodarone-induced 
phlebitis (n=196) P-value

Age (yr) 67.8±18.3 70.2±14.3 0.50
Male 11 (61.1) 121 (61.7) 0.96
Type of arrhythmias 0.07
 Atrial fibrillation 11 (61.1) 162 (82.7)
 Ventricular tachycardia 6 (33.3) 31 (15.8)
 Others 1 (5.6) 3 (1.5)
History of previous phlebitis 2 (11.1) 5 (2.6) 0.05
Position of a needle 0.24
 Cubital fossa 1 (5.6) 20 (10.2)
 Dorsum of hand 5 (27.8) 71 (36.2)
 Wrist 5 (27.8) 34 (17.4)
 Lower forearm 5 (27.8) 22 (11.8)
 Upper forearm 1 (5.6) 17 (11.2)
 Others 1 (5.6) 32 (16.3)
Duration of administration 0.12
 <12 hr 2 (11.1) 66 (33.7)
 12–24 hr 15 (83.3) 116 (59.2)
 >24 r 1 (5.6) 14 (7.1)
High concentration of amiodarone infusion 8 (44.5) 20 (10.2) <0.001

Values are presented as mean±standard deviation or number (%).

www.medcalc.org;
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hours, P=0.03). 

DISCUSSION 

The current study demonstrated that the overall incidence of 

AIP after amiodarone infusion was around 8.4%. However, the 

incidence of AIP was significantly higher in the high concen-

tration with in-line filter group than in the low concentration 

group (28.6% vs 3.6%, P<0.01), which could imply that in-line 

filter application with the infusion of amiodarone at a high 

concentration of 2 mg/ml did not prevent the AIP. Further-

more, the AIP developed at a mean time of 17.4 (standard 

deviation, 6.5) hours after the start of infusion in the high con-

centration regimen, which occurred more delay than the low 

concentration group. Severe AIP (grade 3-4) was around 37.5% 

in only high concentration with in-line filter group, which no 

severe AIP occurred in low concentration infusion.  

According to the Infusion Nurses Society, the rate of phle-

bitis from any peripheral administration of intravenous drug 

should be less than 5% [3,9]. Several studies have reported AIP 

incidence of around 5% to 65% [1-4,8]. In our cohort, the over-

all incidence of AIP was 8.4%, although this developed mainly 

in the high concentration with in-line filter group. However, 

the low concentration of amiodarone without in-line resulted 

in the significantly lower incidence of AIP (3.6%), which was 

lower than the standard value. In addition, the high concen-

tration of amiodarone infusion with in-line filter was only an 

independent factor for AIP in our cohort. Therefore, the high 

concentration of amiodarone infusion (2 mg/ml) should not 

be administered via peripheral venous catheter regardless of 

in-line filter in term of AIP development. 

The risk factors of AIP include high drug concentration, 

Table 3. Patient characteristics and outcomes before and after propensity score-matched analysis

Variable

Before matched analysis After matched analysis
High concentration 
with in-line filter 

(n=28)

Low concentration 
without in-line filter 

(n=186)
P-value

High concentration 
with in-line filter 

(n=28)

Low concentration 
without in-line filter 

(n=56)
P-value

Age (yr) 71.2±12.3 69.9±15.0 0.66 71.2±12.3 71.4±13.0 0.93
Male 24 (85.7) 108 (58.1) <0.01 24 (85.7) 48 (85.7) 1.00
Type of arrhythmias <0.01 0.05
 Atrial fibrillation 18 (64.3) 155 (83.3) 18 (64.3) 46 (82.1)
 Ventricular tachycardia 7 (25) 30 (16.1) 7 (25) 10 (17.9)
 Others 3 (10.7) 1 (0.5) 3 (10.7) 0
History of cigarette smoking 17 (60.7) 68 (36.6) 0.02 17 (60.7) 25 (44.6) 0.17
Poor skin turgor 6 (21.4) 3 (1.6) <0.001 6 (21.4) 1 (1.8) 0.01
History of previous phlebitis 1 (3.6) 6 (3.2) 0.92 1 (3.6) 0 1.00
Position of a needle 0.86 0.99
 Cubital fossa 3 (10.7) 18 (9.7) 3 (10.7) 6 (10.7)
 Dorsum of hand 10 (35.7) 66 (35.5) 10 (35.7) 21 (37.5)
 Wrist 3 (10.7) 36 (19.4) 3 (10.7) 7 (12.5)
 Lower forearm 5 (17.9) 22 (11.8) 5 (17.9) 7 (12.5)
 Upper forearm 3 (10.7) 15 (8.1) 3 (10.7) 6 (10.7)
 Others 4 (14.3) 29 (15.6) 4 (14.3) 9 (16.1)
Duration of administration 0.05 0.16
 <12 hr 4 (14.3) 64 (34.4) 4 (14.3) 19 (33.9)
 12-24 hr 23 (82.1) 108 (58.1) 23 (82.1) 35 (62.5)
 >24 hr 1 (3.6) 14 (7.5) 1 (3.6) 2 (3.6)
Outcome
 Incidence of phlebitis 8 (28.6) 10 (5.4) <0.001 8 (28.6) 2 (3.6) <0.01
  Grade 3, 4 of phlebitis 3 (37.5) 3 (30) 3 (37.5) 0
  Grade 1, 2 of phlebitis 5 (63.5) 7 (70) 5 (63.5) 2 (100)
 Time to develop phlebitis (hr) 17.4±6.5 7.9±5.3 <0.01 17.4±6.5 4.5±2.1 0.03

Values are presented as mean±standard deviation or number (%).
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longer infusion time, lower infusion rate, and higher total ac-

cumulative dose [7]. The current recommendation from sev-

eral consensuses suggests the use of a lower concentration of 

amiodarone, application of the in-line filter, and using central 

venous infusion [10]. Studies reported that an amiodarone 

concentration of 1.2 mg/ml resulted in a significantly low-

er rate of phlebitis than an amiodarone concentration of 

1.8 mg/ml [5,11]. Furthermore, a study on in-line filters for 

amiodarone infusion in the prevention of AIP, documented 

that AIP rates were significantly lower in the presence of in-

line filters (OR, 0.23; 95% CI, 0.15–0.34; P<0.001) [7]. In our 

study, we did not support the application of in-line filter in 

high amiodarone concentration to prevent AIP in peripheral 

venous infusion. Therefore, the administration of high con-

centration of amiodarone must be administered via central 

venous catheter instead of peripheral venous catheter. We still 

uncleared about why the development of AIP in high concen-

tration with in-line filter was more delayed compared to the 

lower concentration one but suggest the dynamic of drug crys-

tallization could be a reason of our finding [7]. 

In addition, an integrated team approach with multidisci-

plinary healthcare providers for close monitoring of AIP de-

velopment in amiodarone infusion cases, as well as hospital 

intravenous fluid team, were among the recommendation for 

AIP prevention [3,10]. However, these modalities are difficult 

to fulfill in some situations, for example, in an emergency set-

ting where central venous catheterization is not suitable, and 

in fluid-restricted patients that could not tolerate the large vol-

ume of intravenous infusion. Higher drug concentration with 

add-on in-line filter is another choice for specific patients such 

as heart failure, renal failure, and patients with clinical fluid 

overloaded. 

In our hospital, we developed an evidence-based amiodarone 

infusion protocol to prevent AIP as a recommendation. Standard 

low concentration of amiodarone at 1.5 mg/ml is administered 

via a peripheral vein, without regular use of in-line filter due to 

high cost and limited supply of the filter. Niël-Weise et al. [12] 

recommended that in-line filters should not be generally used 

in every intravenous infusion, and suggested usage with specific 

agents with a high incidence of phlebitis. From our matched 

analysis, the low concentration protocol demonstrated a lower 

AIP development and mostly in grade 1, 2 AIP, but the higher 

concentration with in-line filter resulted in AIP incidence higher 

than the standard acceptable value. 

We have abandoned the infusion of high concentration of 

amiodarone via peripheral venous catheter regardless of in-

line filter in our hospital and recommended to insert the cen-

tral venous catheter if the high concentration of amiodarone 

infusion is required. 

However, our study has some limitations. Notwithstand-

ing the propensity score-matched analysis in this study, the 

limitations of retrospective studies could not be avoided. The 

propensity score match analysis could not eliminate the un-

measured confounding variables, like randomized control 

study [13]. In addition, the study sample size was small, the ap-

plication of our result must be cautioned. Although our study 

might not be generally applied across institutes, our finding 

may confirm the safety of the protocolized low concentration 

of amiodarone infusion in peripheral vein without in-line filter 

and emphasize the risk of higher amiodarone concentration 

of 2 mg/ml in AIP development despite the application of an 

in-line filter. The high concentration of amiodarone must be 

administered via the central venous catheter to prevent AIP.  

The incidence of AIP was high for the high amiodarone con-

centration infusion with in-line filter protocol. From the cur-

rent matched analysis, the high concentration of amiodarone 

infusion at 2 mg/ml with an in-line filter could not prevent AIP 

and the incidence was higher than the acceptable value. From 

our finding, we strongly suggested that the administration of 

amiodarone with a high concentration (2 mg/ml) should be 

infused via central venous catheter to prevent AIP develop-

ment.  
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Background: Severe acute pancreatitis (SAP) is a systemic inflammatory disease, and it can often 
complicate into acute kidney injury (AKI) and acute lung injury/acute respiratory distress syndrome 
(ALI/ARDS). This study aimed to evaluate the clinical effectiveness of blood purification using a 
polymethylmethacrylate (PMMA) hemofilter. 
Methods: We retrospectively examined 54 patients, who were diagnosed with SAP according to 
the Japanese criteria from January 2011 to December 2019. 
Results: Of a total of 54 SAP patients, 26 patients progressively developed AKI and required con-
tinuous hemodialysis with a PMMA membrane hemofilter (PMMA-CHD). Acute Physiology and 
Chronic Health Evaluation (APACHE) II score and Sequential Organ Failure Assessment (SOFA) 
score were significantly higher in patients requiring PMMA-CHD than in patients not requiring he-
modialysis. The lung injury scores were also significantly higher in patients requiring PMMA-CHD. 
Of the 26 patients, 16 patients developed ALI/ARDS and required mechanical ventilation. A total of 
seven patients developed severe ALI/ARDS and received additional intermittent hemodiafiltration 
using a PMMA hemofilter (PMMA-HDF). Although the length of intensive care unit stay was sig-
nificantly longer in patients with severe ALI/ARDS, blood purification therapy was discontinued in 
all the patients. The survival rates at the time of discharge were 92.3% and 92.9% in patients with 
and without PMMA-CHD, respectively. These real mortality ratios were obviously lower than the 
estimated mortality ratios predicted by APACHE II scores. 
Conclusions: These finding suggest that the blood purification using a PMMA hemofilter would be 
effective for the treatment of AKI and ALI/ARDS in SAP patients. 

Key Words: acute kidney injury; acute lung injury; acute respiratory distress syndrome; continuous 
renal replacement therapy; pancreatitis; polymethylmethacrylate hemofilter
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INTRODUCTION 

Acute pancreatitis (AP) is a common gastrointestinal disease, and the majority of AP patients 

usually experience a mild course of disease. However, in approximately 20% of AP patients, 

damage to the tissue around the pancreatitis could worsen further, resulting in deterioration 

https://doi.org/10.4266/acc.2022.00192
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with multiple organ failure (MOF) and subsequent diagnosis 

of severe AP (SAP), particularly hampering the kidney and pul-

monary functions [1,2]. If acute kidney injury (AKI) develops, 

the mortality of SAP patients increases to between 20% and 

80% [2,3]. More recent publications have reported a decrease 

in the mortality of AP patients with AKI over the past decade; 

however, AKI is still independently associated with higher 

mortality [4]. As in other critically ill patients with AKI, renal 

replacement therapy is indicated as a treatment method in 

such cases [5]. Acute lung injury (ALI)/acute respiratory dis-

tress syndrome (ARDS) is also known as a major complication 

of SAP and has been reportedly associated with an increased 

mortality of up to 50% [6]. 

Although blood purification therapy is still not a standard 

therapy for SAP, continuous blood purification therapy using a 

polymethylmethacrylate (PMMA) hemofilter is used as a po-

tential treatment method for SAP in Japan. A hemofilter made 

from a PMMA hollow-fiber membrane is reportedly capable 

of efficiently removing the proinflammatory mediators from 

the blood through adsorption [7,8]. It shows a positive effect 

on patients with systemic inflammatory response syndrome 

(SIRS), such as septic shock, ARDS, and SAP [9-11]. This study 

aimed to present our clinical experience of the last 9 years of 

managing SAP patients requiring continuous hemodialysis 

with a PMMA membrane hemofilter (PMMA-CHD) and to 

evaluate the improvement in organ failures of AKI and/or ALI/

ARDS and treatment outcomes. 

MATERIALS AND METHODS 

Study Design, Patients, and Treatments 
This study was approved by the Ethical Committee of Okinawa 

Kyodo Hospital. And  informed consent was obtained from all 

patients. We retrospectively reviewed a total of 54 patients who 

were diagnosed with SAP according to the Japanese severity 

criteria for AP of the Japanese Ministry of Health, Labour, and 

Welfare [12] and were admitted to the intensive care unit (ICU) 

between January 1, 2011, and December 31, 2019. According 

to the Japanese criteria, SAP was determined as grade 2 or 3 of 

pancreatic tissue involvement evaluated by contrast-enhanced 

computed tomography (CT) with optional evaluation by prog-

nostic factors [12]. Initially, for these patients were treated 

with conventional therapy, including massive infusion and 

administration of diuretics, antibiotics, and multi-enzymatic 

protease inhibitors, according to Japanese guidelines for the 

management of SAP [13]. Nevertheless, when patients had 

■ Blood purification using polymethylmethacrylate (PMMA) 
hemofilters could be a potential treatment method for 
severe acute pancreatitis (SAP), given that PMMA hemofil-
ters could adsorb proinflammatory cytokines.

■ Continuous hemodialysis using a PMMA membrane 
hemofilter could improve acute kidney injury (AKI) and 
pulmonary failure in SAP patients.

■ Additional intermittent PMMA hemodiafiltration was 
thought to be effective in patients developing severe lung 
injury.

■ Although blood purification therapy is not a standard 
therapy for SAP patients, it was suspected that the blood 
purification using a PMMA hemofilter is effective for the 
treatment of AKI and pulmonary failure in SAP patients.

KEY MESSAGES

anuria or oliguria with <200 ml urine output during the initial 

8–12 hours of ICU stay, they were treated with PMMA-CHD, as 

described below. During treatment with PMMA-CHD, diuret-

ic administration was continued. If patients developed ALI/

ARDS with further systemic deterioration, high-flow-volume 

hemodiafiltration (HDF) using a 2.1-m2 PMMA hemofilter was 

intermittently used between sessions of PMMA-CHD. Blood 

purification therapies were discontinued when both AKI and 

ALI/ARDS improved, defined as improved oliguria (urine out-

put >600 ml/day) and a PaO2/FiO2 ratio of >400 or extubation 

in patients in the ventilation group. 

Blood Purification Therapy 
A double-lumen catheter was inserted in the cervical or fem-

oral vein for blood access. ACH-Σ (Asahi-Kasei, Tokyo, Japan) 

was used for continuous hemodialysis. Continuous hemodial-

ysis was initiated using a 1.3-m2 PMMA hemofilter (Hemofeel 

CH-1.3W; Toray, Tokyo, Japan). The blood flow rate was set at 

80 ml/min, and the flow rate of dialysate was set at 600 ml/hr. 

The hemofilter was exchanged every 24–48 hours. Nafamostat 

mesilate (Torii Pharmaceutical, Tokyo, Japan), a synthetic ser-

ine protease inhibitor, was used as an anticoagulant. From the 

second or third day of ICU stay, a large-sized (1.8 m2) PMMA 

hemofilter (Hemofeel CH-1.8W, Toray) was used. For further 

deteriorated patients, intermittent PMMA-HDF was used for 6 

hours between interrupted PMMA-CHD sessions, according 

to the procedure described by Nishida et al. [14], with some 

modifications as follows: a 2.1-m2 hemofilter (NF-2.1H, Toray) 

was used. The blood flow rate was set at 80–120 ml/min, the 
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flow of dialysate was set at 300 ml/min, and the filtration rate 

was set at 1,000 ml/hr using a HDF equipment, NDF-21 (Nipro, 

Tokyo, Japan). A setup of blood purification system is shown in 

Figure 1. 

Evaluation of the Severity of Patient Conditions 
Acute Physiology and Chronic Health Evaluation (APACHE) 

II scores were used to evaluate the severity of patients before 

initiating the blood purification therapy in the ICU [15]. Se-

quential Organ Failure Assessment (SOFA) scores were used to 

assess the severity of organ failures during the clinical course 

in the ICU [16]. The pancreas and/or surrounding tissues were 

classified based on the Balthazar CT severity index (CTSI) [17]. 

Acute renal failure was classified based on the Kidney Disease: 

Improving Global Outcome (KDIGO) stage [18]. Acute respi-

ratory failure due to ALI/ARDS was assessed using the lung 

injury score (LIS) [19]. SOFA score, KDIGO stage and LIS were 

recorded before and after using the PMMA-CHD. 

Statistical Analysis 
Data are presented as mean±standard deviation. Categori-

cal variables were analyzed using the Fisher’s exact test. The 

Wilcoxon rank-sum test was used for two-group comparison. 

Statistical software (JMP ver. 14; SAS Institute, Cary, NC, USA) 

was used for these analyses. Significant differences between 

groups were decided at P<0.05. 

RESULTS 

Among 54 SAP patients, 26 patients progressively developed 

anuria or oliguria during the initial 8–12 hours of ICU stay 

and were treated with PMMA-CHD (PMMA-CHD group) 

(Figure 2). The baseline characteristics of all 54 patients are 

summarized in Table 1. No significant differences were not-

ed in the age, sex, body mass index, etiology, Japanese grade 

evaluated with contrast-enhanced CT, and Balthazar CTSI 

between the PMMA-CHD and non-hemodialysis groups. 

The serum amylase levels were remarkably high in both the 

groups. AKI was significantly more severe in patients in the 

PMMA-CHD group than in those in the non-hemodialysis 

group, as per the KDIGO stage at admission. The APACHE 

II and SOFA scores were also significantly higher in patients 

requiring PMMA-CHD (Table 1). The LIS of the patients in the 

PMMA-CHD group was significantly higher than that of pa-

Figure 1. (A) Flow diagram and system setup of blood purification using a polymethylmethacrylate (PMMA) hemofilter. (B) The image shows a 
patient undergoing continuous hemodialysis with a PMMA membrane hemofilter (PMMA-CHD) at the intensive care unit. HDF: hemodiafiltration.

AA BBNafamostat mesilate

Dialysate

Blood
pump

Effluent

PM
M

A
hem

ofilter

(in case of HDF)
Filtration

PMMA-CHD PMMA-HDF

Blood flow 80 ml/min 80–120 ml/min

Dialysate 600 ml/hr 300 ml/min

Filtration - 1,000 ml/hr



401https://www.accjournal.orgAcute and Critical Care 2022 August 37(3):398-406

Kinjoh K, et al. PMMA-CHD for acute pancreatitis

tients in the non-hemodialysis group. The final survival ratio 

showed no significant difference between these two groups. 

Among 26 patients who required PMMA-CHD, 16 patients 

developed ALI/ARDS and consequently required mechanical 

ventilation with significant differences (Table 2). A total of 12 

patients were intubated. Two patients required mechanical 

ventilation in the non-hemodialysis group (n=28). Patients 

in the ventilation group showed severe deteriorated lung and 

tissue involvement around the pancreas with significant high 

LIS and Balthazar CTSI (Table 2). The duration of hemodialysis 

therapy was significantly longer in the ventilation group than in 

the non-ventilation group; moreover, the length of ICU stay was 

longer in this group. However, there was no significant differ-

ence in the survival ratio between these two groups (Table 2). 

Among the 16 ventilated patients, 7 showed further deterio-

Figure 2. Flow diagram of patients with acute pancreatitis treated 
in the intensive care unit (ICU). A total of 54 patients with acute 
pancreatitis were admitted to our ICU. Among them, 26 patients 
required continuous hemodialysis with a polymethylmethacrylate 
membrane hemofilter (PMMA-CHD) during their ICU stay and 16 
patients required ventilation for acute lung injury (ALI)/acute respiratory 
distress syndrome (ARDS).

Table 1. Profiles of patients who required PMMA-CHD
Variable Without hemodialysis PMMA-CHD P-value
Number of patients 28 26 -
Age (yr) 50.5±17.0 52.1±17.4 0.890
Sex (male:female) 19:9 16:10 0.777
Body mass index (kg/m2) 23.7±4.4 25.0±3.3 0.250
Basic disorder
 Alcohol abuse 18 17
 Cholelithiasis 6 3
 Diabetic hyperglycemia 1 1
 Hyperlipidemia 1 0
 Pancreatic cancer 0 1
 Unidentified 2 3
Serum amylase (IU/L) 1,510±1,711 1,463±1,466 0.917
APACHE II score 7.0±3.8 13.2±6.6 <0.001
SOFA score 2.7±2.6 4.9±2.7 0.002a

Balthazar CTSI score 5.8±1.3 6.7±1.6 0.056
Japanese enhanced CT grade 2.7±0.5 2.5±0.5 0.110
KDIGO stage 0.5±0.6 2.3±0.7 <0.001a

Lung injury score 1.2±1.4 4.3±2.6 <0.001a

Artificial ventilation 2 (7.1) 16 (61.5) <0.001a

Hours of starting CHDb 24.6±18.2
Total days of blood purification 5.0±4.0
Days of ICU care 4.2±3.3 9.2±6.1 <0.001a

%Mortality predicted by APACHE II score 9.4±6.7 27.9±31.7 0.001a

28-Day survival (%mortality) 27 (3.6) 26 (0) 0.491
Total hospitalization days 15.6±6.8 30.2±22.1 0.491
Survivor at discharge (%mortality) 26 (7.1) 24 (7.7) 0.723

Values are presented as mean±standard deviation unless otherwise indicated.
PMMA-CHD: continuous hemodialysis with a polymethylmethacrylate membrane hemofilter; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: 
Sequential Organ Failure Assessment; CTSI: computed tomography (CT) severity index; KDIGO: Kidney Disease: Improving Global Outcome; ICU: intensive care 
unit.
aStatistically significant, P<0.05; bHours to initiation of PMMA-CHD from ICU admission.

54 Patients with severe acute pancreatitis 
admitted to ICU

28 Non-hemodialysis 
group

26 PMMA-CHD 
group

10 Non-ventilation 
group

16 Ventilation group 
for ALI/ARDS
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Table 2. Profile and data of patients requiring PMMA-CHD with/without artificial ventilation
Variable Non-ventilation Ventilation P-value
Number of patients 10 16 -
Age (yr) 43.0±17.8 51.5±17.8 0.463
Sex (male:female) 6:4 10:6 0.747
Body mass index (kg/m2) 24.0±3.4 25.6±3.2 0.126
Serum amylase (IU/L) 1,187±1,426 1,635±1,510 0.363
APACHE II score 11.7±7.0 15.0±6.4 0.140
SOFA score 4.7±3.0 5.3±2.3 0.509
Balthazar CTSI score 6.2±1.1 7.5±1.6 0.029a

Japanese enhanced CT grade 2.5±0.5 2.4±0.5 0.760
KDIGO stage 2.3±0.9 2.3±0.7 0.906
Lung injury score 2.4±1.7 6.6±1.6 <0.001a

Day of artificial ventilation - 7.2±4.4
Total days of blood purification 2.2±1.4 6.7±4.3 <0.001a

Day of ICU care 6.4±4.3 12.5±6.7 0.007a

%Mortality predicted by APACHE II score 28.9±33.4 27.4±31.8 0.771
28-Day survival (%mortality) 10 (0) 16 (0) -
Total hospitalization days 24.4±17.3 33.8±25.0 0.342
Survivor at discharge (%mortality) 9 (10.0) 15 (6.2) 1.000

Values are presented as mean±standard deviation unless otherwise indicated.
PMMA-CHD: continuous hemodialysis with a polymethylmethacrylate membrane hemofilter; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: 
Sequential Organ Failure Assessment; CTSI: computed tomography (CT) severity index; KDIGO: Kidney Disease: Improving Global Outcome; ICU: intensive care 
unit.
aStatistically significant, P<0.05.

ration of their respiratory condition with sepsis (n=2), necrotiz-

ing pancreatitis (n=2), cardiac failure (n=2), or systemic infec-

tion with herpes simplex virus (n=1). High-flow-volume HDF 

was performed on these seven patients using a 2.1-m2 PMMA 

hemofilter intermittently between PMMA-CHD (Table 3).  

In these patients, the LIS was significantly increased with sig-

nificantly longer periods for blood purification. However, these 

seven patients recovered fully and survived, as shown in Table 3. 

All the 26 patients in the PMMA-CHD group discontinued 

blood purification therapy after improvement in APACHE II 

score, SOFA score, KDIGO stage, and LIS (Figure 3). On day 

28, all the 26 patients with PMMA-CHD survived, and 24 pa-

tients (92.3%) recovered fully and were discharged from the 

hospital (Table 1). In the non-hemodialysis group, 26 patients 

(92.9%) survived and were discharged from the hospital; 

however, two patients in this group died from severe alcoholic 

liver failure after recovering from SAP on days 26 and 29. In 

the PMMA-CHD group, two patients died; one patient in the 

non-ventilation group died of pancreatic cancer on day 59 

and one patient in the ventilation group died of ICU-acquired 

weakness with severe pneumothorax from unidentified causes 

on day 58. No significant differences were noted in the final 

survival rate between the PMMA-CHD and non-hemodialy-

sis groups and the ventilation and non-ventilation groups, as 

described above. Compared with the high estimated mortality 

ratio predicted using APACHE II score, the observed mortality 

in our study was obviously low, and the real mortality ratio did 

not increase in patients requiring blood purification (Table 1). 

Although the predicted mortality was significantly higher in 

the PMMA-CHD group than in the non-hemodialysis group, 

there were no significant differences in the observed mortality 

rate between these two groups (Table 1). The calculated stan-

dardized mortality ratio (SMR) was 0.76 in the non-hemodi-

alysis group and 0.28 in the PMA-CHD group. Thus, the SMR 

was remarkably lower than the expected ratio, especially in the 

blood purification group of PMMA-CHD. 

DISCUSSION 

Despite significant progress in the treatment and manage-

ment, SAP remains a severe medical condition associated 

with MOF and poor clinical outcomes. SAP can often progress 

into AKI [3], wherein immune dysregulation, particularly 

overexpression of proinflammatory cytokines, is reportedly 
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associated with organ failure [20]. Notably, the interleukin 

(IL)-6 and tumor necrosis factor (TNF)-α levels were shown 

to be associated with mortality in this disease [21]. Based on 

these findings, the use of blood purification therapies has been 

attempted to decrease the serum cytokine levels [22]. A PMMA 

hemofilter has been reported to reduce the cytokine levels in 

vivo and ex vivo [7,11]. 

It has been reported that continuous hemofiltration (CHF) 

ranging from 2,000 to 2,500 ml/hr using polysulfone filters 

reduced the TNF-α, IL-4, and IL-6 levels in patients with SAP 

complicated with pulmonary failure [22]. Moreover, PMMA 

hemofilters reportedly have a unique characteristic to adsorb 

proinflammatory cytokines, thereby yielding good clinical ef-

ficacy for patients with SAP [11]. Rasch et al. [23] reported that 

cytokine adsorption by an AN60 hemofilter was effective for 

stabilizing hemodynamics in SAP patients, with a decrease in 

the level of IL-6 or other inflammation markers. Comparing 

the 28-day survival rate in patients requiring continuous renal 

replacement therapy, acute blood purification therapy using 

an AN69 hemofilter showed better survival rates than that us-

ing a PMMA hemofilter [20]. Thus, blood purification therapy 

could be a useful option for the treatment of SAP patients. On 

the other hand, there was a report stating that the mortality of 

SAP was significantly higher in patients requiring blood puri-

fication therapy as compared to those without blood purifica-

tion therapy [21]. Thus, blood purification therapy is still con-

sidered as a controversial procedure. However, in this study, 

SAP was improved by the use of PMMA-CHD (Figure 3). Inter-

mittent PMMA-HDF during PMMA-CHD was used for seven 

patients whose condition deteriorated markedly due to sepsis 

or other systemic complications, and their complications were 

well managed. These different modes of blood purification 

possibly contribute to the management of complications, as 

discussed by Nishida et al. [14]. 

In patients with SAP who developed AKI, the mortality 

increases to between 20% and 80% [2,3]. In our study, the 

AKI in all the 26 patients with PMMA-CHD was successfully 

improved, and hemodialysis therapy was discontinued. ALI/

ARDS in SAP also represents a substantial problem, with a re-

ported mortality of up to 50% [6,24]. Gougol et al. [25] reported 

that the length of ICU stay was protracted in SAP patients with 

respiratory failure and that the mortality of SAP with MOF was 

Table 3. Profile and data of seven critical cases requiring PMMA-CHD with additional intermittent HDF using a PMMA hemofilter
Variable Patient without intermittent HDF Patient requiring intermittent HDF P-value
Number of patients 19 7 -
Age (yr) 51.6±16.7 53.3±20.6 0.908
Sex (male:female) 12:7 4:3 0.779
Body mass index (kg/m2) 24.8±3.0 25.7±4.1 0.525
Serum amylase (IU/L) 850±989 1,286±960 0.126
APACHE II score 13.6±7.6 12.1±2.7 0.977
SOFA score 5.2±2.9 4.0±1.6 0.350
Balthazar CTSI score 6.2±1.5 7.9±1.5 0.018a

Japanese enhanced CT grade 2.4±0.5 2.6±0.5 0.504
KDIGO stage 2.2±0.8 2.4±0.5 0.593
Lung injury score 3.7±2.6 6.0±1.7 0.031a

Artificial ventilation 9 (47.7) 7 (100) 0.023a

Times of intermittent HDF (number) 4.1±1.6
Total days of blood purification 3.3±2.1 9.9±4.3 <0.01a

Day of ICU care 7.1±4.7 13.9±3.6 0.006a

%Mortality predicted by APACHE II score 32.5±36.2 15.6±6.1 0.977
28-Day survival (%mortality) 19 (0) 7 (0) -
Total hospitalization days 29.6±19.2 31.7±31.6 0.839
Survivor at discharge (%mortality) 17 (10.5) 7 (0) 1.000

Values are presented as mean±standard deviation or number (%) unless otherwise indicated.
PMMA-CHD: continuous hemodialysis with a polymethylmethacrylate membrane hemofilter; HDF: hemodiafiltration; APACHE: Acute Physiology and Chronic 
Health Evaluation; SOFA: Sequential Organ Failure Assessment; CTSI: computed tomography (CT) severity index; KDIGO: Kidney Disease: Improving Global 
Outcome; ICU: intensive care unit.
aStatistically significant, P<0.05.
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Figure 3. Changes of scores of Acute Physiology and Chronic Health Evaluation (APACHE) II score, Sequential Organ Failure Assessment (SOFA) 
score, Kidney Disease: Improving Global Outcome (KDIGO) stage, and lung injury score during intensive care unit (ICU) care. Blue boxes: non-
hemodialysis group; red boxes: continuous hemodialysis with a polymethylmethacrylate membrane hemofilter (PMMA-CHD) group. Box, 25th–
75th percentiles; Error bar, 10th and 90th percentiles; Bold horizontal line, median; closed square, mean value; Open circle, outlier. aP<0.05 as 
compared with values between the PMMA-CHD and non-hemodialysis groups; bP<0.05 as compared with values between values at the start and 
end of ICU care in each group.

32.4%. In their analysis, patients with MOF were observed to 

mostly have respiratory failure. In our study, ALI/ARDS did 

not increase the mortality rates in patients in the hemodialysis 

group, even in patients who underwent ventilation, as shown 

in Tables 1 and 2. 

A previous study has reported that systemic inflammation 

was associated with ICU-acquired weakness and indicated 

that IL-6, TNF-α, or other cytokines could play roles in this 

pathogenesis [26]. In our study, one patient with ICU-acquired 

weakness did not show any improvement during treatment 

with PMMA-CHD. Therefore, it remains unclear whether 

cytokine regulation with the PMMA hemofilter was effective 

for ICU-acquired weakness. The cost-effectiveness of blood 

purification therapy for SAP is another concern. Although 

the PMMA hemofilter was reported to adsorb the proinflam-

matory cytokines well, as described above, coagulation in 

hemofilters during blood purification due to chemostructural 

changes in membrane surface was found to be a complication 

[27]. Therefore, a high dose of the anticoagulant nafamostat 

mesilate was required [28]. Theoretically, CHF was considered 
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to be effective for adsorbing cytokines [29], and it was reported 

that the use of CHF was significantly expensive compared with 

the use of CHD [30]. Based on these findings, we routinely 

use CHD instead of CHF and hemodiafiltration to maintain 

longer usage of the PMMA hemofilters in our medical prac-

tice. In contrast, we attempted to use additional intermittent 

PMMA-HDF for deteriorated patients with ARDS/ALI in this 

study. The combination of PMMA-CHD with intermittent PM-

MA-HDF showed effectiveness in most of such server patients, 

as shown in Table 3; however, the increased costs were noted. 

The indication of such a combination of blood purification 

therapies should be considered in future investigations. 

This study has several limitations. First, the number of pa-

tients was small, and this was a single-center study, thereby 

limiting the generalization of the study findings. Second, 

hemofilters using other membrane types that do not absorb 

cytokines were not used as a control group; therefore, the effi-

cacy of PMMA-CHD could not be clearly determined. Third, 

we did not measure the serum cytokine levels; therefore, we 

could not clearly demonstrate the relationship between the 

performance of cytokine adsorption and the improvement in 

organ failures. Fourth, considering the retrospective nature 

of this study, there is definitely a chance that we might have 

missed some relevant clinical information. Fifth, the prob-

lem of cost-effectiveness of blood purification using a PMMA 

hemofilter was still controversial. These points should be ad-

dressed in further studies. 
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INTRODUCTION 

Delirium is an acute neuropsychological disorder defined as a disturbance of attention 

awareness and a change in baseline cognition over a short period of time [1,2]. It is the most 

common manifestation of brain dysfunction in critically ill patients, reported in 30%–80% of 

intensive care unit (ICU) patients, depending on the institution and ICU environment [3,4]. 

Delirium is independently associated with higher mortality, longer hospital stays, longer 

Background: In critically ill patients, the most common manifestation of brain dysfunction is de-
lirium, which is independently associated with higher morbidity and mortality. While electrolyte 
imbalance is one of the precipitating factors, the impact of hypomagnesemia on the incidence of 
delirium remains unknown. 
Methods: We retrospectively analyzed patients admitted to the medical intensive care unit (ICU) 
of a tertiary referral center between January and June 2020. Patients with ICU stay ≥48 hours and 
aged 40–85 years were included. The primary outcome was cumulative incidence of delirium in 
the ICU. Patients were divided into two groups based on serum magnesium level at ICU admission. 
Multivariable Cox proportional hazards regression analysis was performed, and covariates were se-
lected using the least absolute shrinkage and selection operator (LASSO) method.
Results: A total of 109 patients included 43 (39.4%) women and had a median age of 69.0 years 
(interquartile range [IQR], 60.0–76.0 years). The median magnesium level was 1.7 mg/dl (IQR, 1.5–
1.9 mg/dl), and the cumulative incidence of delirium was 32.1% (35 patients). Hypomagnesemia 
was independently associated with delirium (adjusted hazard ratio [aHR], 2.12; 95% confidence 
interval [CI], 1.03–4.38), along with prior use of immunosuppressants (aHR, 3.08; 95% CI, 1.46–
6.48) or benzodiazepines (aHR, 4.02; 95% CI, 1.54–10.50), body mass index (aHR, 0.93; 95% CI, 
0.84–1.02), and alcohol history (aHR, 1.68; 95% CI, 0.74–3.80). 
Conclusions: In critically ill adults, hypomagnesemia increases the risk of delirium by more than 
two-fold compared to patients with normal magnesium level. 

Key Words: delirium; intensive care unit; hypomagnesemia  

The effects of hypomagnesemia on delirium in middle-
aged and older adult patients admitted to medical 
intensive care units

Joong-Yub Kim1, Hyo Jin Lee2, Hong Yeul Lee1, Sang-Min Lee1, Jinwoo Lee1, Tae Yun Park2

1Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Seoul National University Hospital, Seoul; 2Division of Pulmonary and Critical 
Care Medicine, Department of Internal Medicine, Seoul Metropolitan  Government-Seoul National University Boramae Medical Center, Seoul, Korea

Received: February 7, 2022
Revised: April 18, 2022
Accepted: April 26, 2022

Corresponding author
Tae Yun Park 
Division of Pulmonary and Critical 
Care Medicine, Department of 
Internal Medicine, Seoul 
Metropolitan Government-Seoul 
National University Boramae Medical 
Center, 20 Boramae-ro 5-gil, 
Dongjak-gu, Seoul 07061, Korea
Tel: +82-2-870-3033
Fax: +82-2-831-2826
E-mail: cally0329@hanmail.net

Original Article

Acute and Critical Care 2022 August 37(3):407-414
 https://doi.org/10.4266/acc.2022.00164

https://doi.org/10.4266/acc.2022.00164


408 https://www.accjournal.org Acute and Critical Care 2022 August 37(3):407-414

Kim JY, et al. Hypomagnesemia and delirium in the MICU

durations of mechanical ventilation, increased risks of reintu-

bation, higher cognitive impairment, and higher costs for ICU 

patients [3,5-7]. While haloperidol, atypical antipsychotics, 

and dexmedetomidine are frequently used to treat delirium, 

no single pharmacological agent has been proven effective, 

emphasizing the importance of preventing delirium [2]. 

Delirium is caused by a variety of factors, necessitating a 

multicomponent approach for prevention. Patients with pre-

disposing factors, such as preexisting dementia or underlying 

cognitive impairment, alcoholism, smoking, and advanced 

age, are at high risk of delirium in the presence of precipi-

tating factors such as infection, hypoxia, hypoglycemia, and 

electrolyte abnormalities [7-10]. Aspects of ICU care and the 

environment surrounding the patients, such as use of ben-

zodiazepines, physical restraints, immobilization, indwelling 

catheters, and absence of visible daylight, also contribute to 

the development of delirium and are often more modifiable 

than the predisposing and precipitating factors of the host. 

Among the factors associated with delirium, correctable 

electrolyte abnormalities are modifiable predisposing factors 

[9,11]. Electrolytes are essential components in the human 

body that maintain the membrane potential of cells, trans-

mit nerve impulses, and sustain intra- and extracellular fluid 

balance [12,13]. Magnesium is the fourth most abundant 

electrolyte in the body and is involved in diverse biochemical 

reactions such as adenosine triphosphate metabolism, muscle 

contraction and relaxation, blood pressure regulation, neu-

ronal activity, and neurotransmitter release [14,15]. Patients 

with hypomagnesemia, who account for 20%–65% of all ICU 

patients, are at a significantly higher risk of prolonged me-

chanical ventilation and longer ICU stay, ultimately increasing 

the risk of delirium [14-18]. Consistent with the role of mag-

nesium, neurological manifestations such as convulsions and 

coma, have been reported to be associated with hypomagne-

semia [16,18]. Although it is reasonable to postulate a similar 

relationship between hypomagnesemia and delirium, few 

studies have examined this possible association. Therefore, in 

this study, we investigated the impact of hypomagnesemia on 

the incidence of delirium in critically ill, middle-aged, and old-

er adult patients admitted to the medical ICU. 

MATERIALS AND METHODS 

Statement of Ethics 
The study protocol was approved by the Institutional Review 

Board of Seoul National University Hospital (IRB No. H-2012-

155-1183), and the requirement for written informed consent 

was waived because of the retrospective study design. 

Study Design and Patient Selection 
We retrospectively analyzed patients admitted to the medical 

ICU at Seoul National University Hospital between January 1, 

2020 and June 30, 2020. Patients ≥40 years of age and ≤85 years 

of age who stayed in the ICU for more than 2 days were in-

cluded in the analysis. Those who were transferred from other 

ICUs, had acute brain injury or overt neurologic or psychiatric 

disorders, or had no record of serum magnesium level were 

excluded. When patients were admitted to the ICU multiple 

times during the study period, only the first admission was in-

cluded in the analysis. Several patients who were analyzed in 

this study were included in our previous report [19]. 

Data Collection 
Demographic and clinical factors potentially associated with 

delirium were collected at the time of admission to the ICU, 

including age, sex, body mass index (BMI), smoking history 

and intensity, alcohol use, baseline serum magnesium level, 

reason for ICU admission (respiratory, cardiogenic, renal, and 

septic), and relevant comorbidities such as cerebrovascular 

diseases and cognitive disorders. Details on the use of antipsy-

chotics, opioids, and hypnotics before ICU admission were re-

corded. The severity of illness at ICU admission was assessed 

using the Acute Physiology and Chronic Health Evaluation 

(APACHE) II score, Simplified Acute Physiology Score (SAPS) 

II, and Sequential Organ Failure Assessment score. 

The use of renal replacement therapy and mechanical venti-

lation, ventilator-free days, duration of mechanical ventilation, 

■ In a multivariable Cox proportional hazards regression 
analysis of critically ill patients aged 40–85 years in the 
medical intensive care unit (ICU), hypomagnesemia was 
independently associated with the cumulative incidence 
of delirium adjusted for body mass index, prior use of im-
munosuppressants and/or benzodiazepines, and alcohol 
history.

■ Hypomagnesemia increases the risk of delirium by more 
than two-fold compared to patients with normal magne-
sium level.

■ Hypomagnesemia is a possible predictive marker of delir-
ium in medical ICU settings, warranting greater attention.

KEY MESSAGES



409https://www.accjournal.orgAcute and Critical Care 2022 August 37(3):407-414

Kim JY, et al. Hypomagnesemia and delirium in the MICU

length of stay in the ICU, length of hospital stay, mortality in 

the ICU, and 28-day mortality were collected. 

Delirium Assessment 
Each patient’s level of sedation and agitation was monitored by 

trained bedside duty nurses six times per day using the Rich-

mond agitation sedation scale, and the patient was screened 

for delirium once per day using the Confusion Assessment 

Method for the ICU (CAM-ICU) [20]. Delirium, the primary 

outcome of this study, was diagnosed collectively based on the 

presence of one or more of the following conditions: positive 

CAM-ICU, confirmation by a consulting psychiatrist, adminis-

tration of antipsychotics specifically for management of deliri-

um, and clinical diagnosis by the attending physician. 

Statistical Analyses 
A sample size of 105 patients was determined to provide 85% 

power using a one-sided alpha (α) level of 0.05. Patient char-

acteristics at ICU admission were summarized as counts and 

proportions for categorical variables and medians with inter-

quartile ranges (IQRs) for continuous variables. The prelimi-

nary analysis compared the factors between patients with and 

without hypomagnesemia using the Pearson’s chi-square test 

or Fisher’s exact test for categorical variables and the Student 

t-test or Mann-Whitney U-test for continuous variables where 

appropriate. Hypomagnesemia was defined as a serum mag-

nesium concentration less than 1.7 mg/dL. The Kaplan-Meier 

method was used to delineate the cumulative incidence rates. 

We examined the relationship between hypomagnesemia and 

the primary outcome using a Cox proportional hazards regres-

sion model. Covariates were selected using the least absolute 

shrinkage and selection operator (LASSO) method for multi-

variable analysis among the clinical variables. All analyses were 

conducted using R software (version 4.1.2; R Foundation for 

Statistical Computing, Vienna, Austria), and all the tests were 

two-sided with an α of 0.05 to determine statistical significance. 

RESULTS 

Patient Characteristics 
During the study period, 208 patients were admitted to the med-

ical ICU, of whom 109 were included in the analysis (Figure 1).  

Among the 99 excluded patients, 51 had a less than 48 hour 

length of stay in the ICU, seven were transferred from other 

ICUs (surgical, emergency, or coronary care units), 16 were 

previously admitted to the medical ICU during the study pe-

riod, two had no account of baseline serum magnesium level, 

and 23 did not meet the age criteria. The median age was 69 

years (IQR, 60–76 years), and 43 patients (39.4%) were women. 

The median concentration of serum total magnesium was 1.7 

mg/dl (IQR, 1.5–1.9 mg/dl). When grouped according to base-

line serum magnesium level, there were 46 and 63 patients 

with hypomagnesemia and normomagnesemia, respectively. 

While age, sex, BMI, alcohol and smoking history, comorbid-

ities, and medication history were comparable, fewer patients 

in the hypomagnesemia group were admitted because of a 

cardiogenic cause (3 [6.5%] vs. 15 [23.8%], P=0.032) or require-

ment of renal replacement therapy (12 [26.1%] vs. 30 [47.6%], 

P=0.037). The hypomagnesemia group also exhibited a lower 

SAPS II median score (41.5 [28.0–49.0] vs. 45.0 [36.5–65.0], 

P=0.016). The detailed demographic and clinical characteris-

tics of the study patients are summarized in Table 1. 

Cumulative Incidence of Delirium According to Baseline 
Serum Magnesium Level 
In this study cohort, the cumulative incidence of delirium was 

32.1% (35 patients), and the median delirium- or coma-free 

days was 1.0 day (IQR, 0.0–3.0 days) (Table 2). The cumulative 

incidence of delirium (18% [28.6%] vs. 17% [37.0%], P=0.47) 

and the median delirium- or coma-free days (2.0 [0.0–4.0] vs. 

1.0 [0.0–3.0], P=0.14) did not differ between the hypo- and nor-

momagnesemia groups. There was no significant difference 

in the cumulative hazard of delirium between the two groups 

(Figure 2). We did not observe statistical differences between 

the hypo- and normomagnesemia groups in number of venti-

lator-applied patients, median duration of mechanical venti-

lation, and median ventilator-free days. ICU mortality and 28-

Figure 1. Flowchart of the patients included in the study. MICU: 
medical intensive care unit; ICU: intensive care unit.

109 Patients included for analysis

208 Patients admitted to MICU between 
Jan 2020 and Jun 2020

51 Had MICU length of stay <48 hr
  7 Transferred from other ICUs
16 Previously admitted during study period
  2 Had no account of baseline magnesium level
10 Under 40 yr
13 Over 85 yr
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day mortality were comparable between the two groups. 

Relationship between Hypomagnesemia and Delirium 
Next, we examined the factors associated with the incidence 

of delirium in the ICU (Table 3). In univariate analysis, prior 

use of immunosuppressants (hazard ratio [HR], 2.82; 95% 

confidence interval [CI], 1.20–6.66) or benzodiazepines (HR, 

3.45; 95% CI, 1.01–11.79) was significantly associated with an 

elevated risk of delirium incidence. Among these factors, the 

LASSO method indicated that hypomagnesemia, BMI, alcohol 

history, and prior use of immunosuppressants and/or benzo-

diazepines were associated with incidence of delirium. The 

adjusted hazard ratio (aHR) of hypomagnesemia from mul-

tivariable Cox proportional hazards regression analysis using 

these selected variables was 2.12 (95% CI, 1.03–4.38); that of 

immunosuppressants was 3.08 (95% CI, 1.46–6.48); and that 

Table 1. Baseline patient characteristics by Mg level

Characteristics Normal serum Mg 
(n=63)

Hypomagnesemia 
(n=46) Total (n=109) P-value

Age (yr) 69.0 (60.5–76.0) 68.0 (60.0–76.0) 69.0 (60.0–76.0) 0.570
Female 26 (41.3) 17 (37.0) 43 (39.4) 0.797
BMI (kg/m2) 22.0 (19.4–24.9) 20.5 (17.2–23.1) 21.0 (18.8–23.7) 0.068
Mg (mg/dl) 1.9 (1.8–2.0) 1.5 (1.4–1.6) 1.7 (1.5–1.9) < 0.001
Alcohol history 11 (17.5) 8 (17.4) 19 (17.4) 1.000
Smoking 0.118
 Unknown 5 (7.9) 10 (21.7) 15 (13.8)
 Never 32 (50.8) 20 (43.5) 52 (47.7)
 Ever 26 (41.3) 16 (34.8) 42 (38.5)
Comorbidity
 DM 29 (46.0) 22 (47.8) 51 (46.8) 1.000
 Chronic liver disease 12 (19.0) 7 (15.2) 19 (17.4) 0.791
 Chronic kidney disease 21 (33.3) 9 (19.6) 30 (27.5) 0.170
 Cardiovascular disease 21 (33.3) 11 (23.9) 32 (29.4) 0.393
 Cerebrovascular disease 6 (9.5) 2 (4.3) 8 (7.3) 0.515
 Cognitive disorder 0 1 (2.2) 1 (0.9) 0.874
 COPD 2 (3.2) 1 (2.2) 3 (2.8) 1.000
Indication for ICU admission
 Respiratory failure 37 (58.7) 36 (78.3) 73 (67.0) 0.053
 Renal failure 14 (22.2) 5 (10.9) 19 (17.4) 0.198
 Cardiogenic cause 15 (23.8) 3 (6.5) 18 (16.5) 0.032
  Sepsis 9 (14.3) 9 (19.6) 18 (16.5) 0.637
  Others 10 (15.9) 5 (10.9) 15 (13.8) 0.640
Medication
 Immunosuppressant 17 (27.0) 16 (34.8) 33 (30.3) 0.507
 Antipsychotics 2 (3.2) 6 (13.0) 8 (7.3) 0.114
 Benzodiazepines 9 (14.3) 3 (6.5) 12 (11.0) 0.332
  Benzodiazepine dose (equipotent lorazepam dose, mg/kg/day) 0.0 (0.0–0.1) 0.0 (0.0–0.4) 0.0 (0.0–0.1) 0.600
 Hypnotics 3 (4.8) 3 (6.5) 6 (5.5) 1.000
 Opioids 10 (15.9) 6 (13.0) 16 (14.7) 0.890
Score
 APACHE II 21.0 (16.0–27.0) 18.5 (15.0–26.0) 20.0 (15.0–26.0) 0.215
 SOFA 9.0 (7.0–12.0) 8.0 (6.0–12.0) 9.0 (6.0–12.0) 0.190
 SAPS II 45.0 (36.5–65.0) 41.5 (28.0–49.0) 44.0 (32.0–55.0) 0.016
Renal replacement therapy 30 (47.6) 12 (26.1) 42 (38.5) 0.037

Values are presented as median (interquartile range) or number (%).
Mg: magnesium; BMI: body mass index; DM: diabetes mellitus; COPD: chronic obstructive pulmonary disease; ICU: intensive care unit; APACHE: Acute Physiology 
and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; SAPS: Simplified Acute Physiology Score.
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of benzodiazepines was 4.02 (95% CI, 1.54–10.50). The asso-

ciation with BMI (aHR, 0.93; 95% CI, 0.84–1.02) and alcohol 

history (aHR, 1.68; 95% CI, 0.74–3.80) was not statistically sig-

nificant. 

DISCUSSION 

We retrospectively examined the relationship between hypo-

magnesemia and incidence of delirium in patients aged be-

tween 40 and 85 years who spent 2 or more consecutive days 

in the medical ICU. Multivariable Cox proportional hazards 

regression analysis adjusted for BMI, prior use of immuno-

suppressants, benzodiazepines, and alcohol demonstrated 

that hypomagnesemia was independently associated with in-

creased risk of delirium. 

Magnesium functions as a cofactor in more than 300 enzyme 

systems; regulates diverse biochemical metabolism; maintains 

the stabilization of cellular membranes, proteins, and nucleic 

acid synthesis; and participates in cellular timekeeping [21-23]. 

Magnesium is widely known to exhibit a neuroprotective effect 

Table 2. Outcomes of patients by Mg level
Outcome Normal serum Mg (n=63) Hypomagnesemia (n=46) Total (n=109) P-value
Incidence of delirium 18 (28.6) 17 (37.0) 35 (32.1) 0.47
Delirium- or coma-free day 2.0 (0.0–4.0) 1.0 (0.0–3.0) 1.0 (0.0–3.0) 0.14
Mechanical ventilation 49 (77.8) 37 (80.4) 86 (78.9) 0.92
Duration of mechanical ventilation (day) 3.0 (1.0–6.0) 4.0 (2.0–7.0) 4.0 (2.0–7.0) 0.55
Ventilator-free day 3.0 (0.5–5.0) 1.0 (0.0–3.0) 2.0 (0.0–5.0) 0.09
ICU length of stay 6.0 (4.0–11.0) 5.5 (3.0–11.0) 6.0 (4.0–11.0) 0.40
Hospital length of stay 29.0 (19.5–61.5) 39.0 (18.0–83.0) 31.0 (19.0–69.0) 0.31
ICU mortality 18 (28.6) 8 (17.4) 26 (23.9) 0.26
28-Day mortality 21 (33.3) 11 (23.9) 32 (29.4) 0.39

Values are presented as number (%) or median (interquartile range).
Mg: magnesium; ICU: intensive care unit

Figure 2. Cumulative hazard plot of delirium in the intensive care unit stratified by magnesium (Mg) level. 
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in preclinical models and has been tested for its role in acute 

stroke and subarachnoid hemorrhage [24,25], although the re-

sults are controversial. Its association with sleep disorders and 

sedation in the ICU has been reported in other studies [22,26]. 

The latter study involved a randomized controlled trial of addi-

tion of intravenous magnesium to the traditional sedatives in 

the ICU and found that patients who received magnesium had 

decreased use of midazolam and additional analgesics without 

side effects. While these results suggest that magnesium level 

is related to delirium, there have been no definitive studies to 

date. 

In our study, patients with hypomagnesemia exhibited a 

two-fold increased risk of delirium compared to those without 

hypomagnesemia. One possible explanation for this finding 

is the reduced neuroprotective effect in patients with hypo-

magnesemia, as mentioned above. Specifically, deficiency of 

magnesium, which is a vital element for establishing the elec-

trical potential across cell membranes, activating enzymes, 

and regulating calcium metabolism, can induce unwanted 

dysfunction in neuronal activities [15]. In addition, the anal-

gesic properties of magnesium through inhibitory effects on 

N-methyl-D-aspartate receptors can be reduced in hypomag-

nesemia, leading to increased vulnerability to pain in the ICU 

[15]. Furthermore, hypomagnesemia can increase the risk of 

specific conditions and procedures that are known precipitat-

ing factors for delirium. Previous studies have shown a more 

Table 3. Univariable and multivariable Cox proportional hazards regression
Factor Unadjusted HR (95% CI) P-value Adjusted HR (95% CI) P-value
Age 0.99 (0.96–1.03) 0.78
Female 1.74 (0.77–3.95) 0.18
BMI 0.96 (0.88–1.05) 0.38 0.93 (0.84–1.02) 0.10
Hypomagnesemia 1.47 (0.65–3.30) 0.36 2.12 (1.03–4.38) 0.04
Alcohol history 2.22 (0.81–6.08) 0.12 1.68 (0.74–3.80) 0.21
Comorbidity
 DM 0.79 (0.35–1.78) 0.57
 Chronic liver disease 0.71 (0.24–2.17) 0.55
 Chronic kidney disease 0.55 (0.21–1.45) 0.23
 Cardiovascular disease 0.95 (0.39–2.29) 0.90
 Cerebrovascular disease 0.28 (0.03–2.38) 0.24
 Cognitive disorder
 COPD
Indication for ICU admission
 Respiratory failure 1.66 (0.68–4.06) 0.27
 Renal failure 0.97 (0.34–2.81) 0.96
 Cardiogenic cause 0.55 (0.17–1.82) 0.33
  Sepsis 1.90 (0.68–5.33) 0.22
  Others
Medication
 Immunosuppressant 2.82 (1.20–6.66) 0.01 3.08 (1.46–6.48) 0.003
 Antipsychotics 2.26 (0.53–9.62) 0.27
 Benzodiazepines 3.45 (1.01–11.79) 0.05 4.02 (1.54–10.50) 0.005
 Hypnotics 2.22 (0.42–11.60) 0.34
 Opioids 2.44 (0.83–7.18) 0.10
Score
 APACHE II 0.97 (0.93–1.02) 0.27
 SOFA 1.00 (0.91–1.10) 0.95
 SAPS II 1.00 (0.98–1.02) 0.97
Renal replacement therapy 1.10 (0.48–2.50) 0.83

HR: hazard ratio; CI, confidence interval; BMI: body mass index; DM: diabetes mellitus; COPD: chronic obstructive pulmonary disease; ICU: intensive care unit; 
APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; SAPS: Simplified Acute Physiology Score.
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frequent need for ventilatory support, prolonged duration of 

mechanical ventilation, and more frequent association with 

sepsis in critically ill patients with hypomagnesemia [27]. 

Although not statistically significant, patients with hypomag-

nesemia exhibited fewer median ventilator-free days (1.0 vs. 

3.0 days, P=0.09) and longer median duration of mechanical 

ventilation (3.0 vs. 4.0, P=0.55) despite less severe illness at 

baseline (SAPS II score, 41.5 vs. 45.0; P=0.016).  

Our finding that hypomagnesemia is associated with in-

creased risk of delirium in the ICU is important and has mean-

ingful clinical implications in the diagnosis and management 

of delirium. Delirium in the ICU is multifaceted and can 

present as hyperactive, hypoactive, or mixed hyperactive and 

hypoactive states. Although many validated screening tools 

such as the CAM-ICU have been developed, delirium detec-

tion remains demanding, particularly for the hypoactive state. 

Our findings could help improve the detection rate of delirium 

by guiding intensivists and nursing staff to carefully examine 

patients with hypomagnesemia. In addition, while there is cur-

rently no single pharmacological agent that has been proven 

to be effective in the prevention and management of delirium, 

it would be interesting to determine whether the supplemen-

tation of magnesium in patients with hypomagnesemia could 

lead to delirium prevention and/or control, meriting a future 

well-designed randomized controlled trial. 

This study has several limitations. This was a retrospec-

tive, observational, proof-of-concept study conducted in a 

single medical ICU. Prospective, multicenter studies includ-

ing non-medical patients are necessary before the results 

of our findings can be applied. In addition, since only free 

magnesium is biologically active [21], the use of serum total 

concentration of magnesium in our study might have over-

estimated the number of patients with hypomagnesemia. 

Future studies adopting magnesium tolerance tests or ionized 

magnesium-level measurements might provide additional 

information. Furthermore, only the baseline magnesium con-

centration was used for analysis because of data availability. It 

would be interesting to examine the longitudinal changes in 

magnesium concentration between patients with and without 

delirium. Although there were no distinct differences in base-

line characteristics between patients with and without hypo-

magnesemia, and all the relevant factors selected by the LAS-

SO method were taken into consideration for multivariable 

analysis, other factors that affect magnesium concentration, 

such as dietary intake, might have confounded the results. 

In conclusion, in critically ill patients 40–85 years of age, 

hypomagnesemia increases the risk of delirium by more than 

two-fold compared to that in patients with normal magnesium 

level. The initial serum magnesium level upon ICU admission 

is a potential predictive marker of delirium in these patients. 

Therefore, more attention to hypomagnesemia is warranted. 
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Background: Neuroinflammation causing disruption of the blood-brain barrier and immune cell 
extravasation into the brain parenchyma may cause delirium; however, knowledge of the exact 
pathophysiologic mechanism remains incomplete. The purpose of our study was to determine 
whether cytokine profiles differ depending on whether delirium occurs in the setting of sepsis, 
coronavirus disease 2019 (COVID-19), or recent surgery. 
Methods: This prospective observational cohort study involved 119 critically ill patients admitted 
to a multidisciplinary intensive care unit (ICU) during 2019 and 2020. Delirium was identified using 
the validated confusion assessment method for the ICU. Multiple delirium risk factors were col-
lected daily including clinical characteristics, hospital course, lab values, vital signs, surgical expo-
sure, drug exposure, and COVID-19 characteristics. Serums samples were collected within 12 hours 
of ICU admission and cytokine levels were measured. 
Results: The following proinflammatory cytokines were elevated in our delirium population: tumor 
necrosis factor (TNF)-α, interleukin (IL)-6, IL-18, C-C motif ligand (CCL) 2, CCL3, C-X-C motif 
chemokine ligand (CXCL)1, CXCL10, IL-8, IL-1 receptor antagonist, and IL-10. Analysis of relative 
cytokine levels in those patients that developed delirium in the setting of sepsis, COVID-19, and 
recent surgery showed elevations of CCL2, CXCL10, and TNF-α in both the sepsis and COVID-19 
group in comparison to the postsurgical population. In the postsurgical group, granulocyte colo-
ny-stimulating factor was elevated and CXCL10 was decreased relative to the opposing groups. 
Conclusions: We identify several cytokines and precipitating factors known to be associated with 
delirium. However, our study suggests that the cytokine profile associated with delirium is variable 
and contingent upon delirium precipitating factors. 
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INTRODUCTION 

Delirium is a neuropsychiatric syndrome that involves altered cognition, impaired aware-

ness, inattention, disorganized thinking, and fluctuating arousal [1-10]. Its onset can be acute 

or subacute [2,3,5-11], it can occur in hypo- or hyperactive forms [2,4-6], and its consequenc-

es can be devastating [3,4,12-14]. Patients who experience delirium are at increased risk of 

death, dementia, and institutionalization [2,3,6,12,15,16]. Furthermore, the economic burden 

of delirium is profound. Delirium related healthcare expenditures in the United States are 

https://doi.org/10.4266/acc.2021.01508
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estimated to exceed $150 billion annually [3,6,13]. This cost 

primarily results from increased length of hospitalization; on 

average, between 5–10 days greater than that of non-delirious 

patients [3]. Despite the prevalence of delirium and significant 

advances in the understanding of this syndrome made over 

the past decade, knowledge of its underlying pathophysiologic 

mechanisms remains incomplete [2,10,12,17,18]. 

Studies have shown that proinflammatory cytokines are 

associated with delirium [1,2,7-10,12,13,19-25]. The neuroin-

flammatory hypothesis states that the clinical manifestations 

of delirium result from systemic inflammation causing loss 

of integrity of the blood-brain barrier, microglial activation, 

and immune cell extravasation into the brain parenchyma 

[8,11,13,20,23,26,27]. Inflammation is promulgated by the 

release and deposition of several cytokines and chemokines; 

previous studies have identified tumor necrosis factor (TNF)-α 

[2,6-9,13,19-21,24,25], interleukin (IL)-6 [2,6,8,9,19-22,25], 

and IL-10 [8,9,19,21], amongst others, as contributing factors. 

However, there is disagreement regarding the exact composi-

tion of the inflammatory milieu that produces delirium [2,8-

10,19-25,28], perhaps suggesting that the clinical phenotype 

of delirium is the final pathway of discrete neurophysiological 

conditions [1]. 

Delirium results from a variable combination of predispos-

ing factors unique to the individual and precipitating factors 

[2,16,17,27,29-33]. Acute stressors associated with delirium 

are well characterized and include critical illness and surgery, 

both of which are associated with the release of inflammatory 

cytokines [2,6,8-10,13,19-25,28]. The objective of our study 

was to further characterize the association between various 

precipitating factors with the development of delirium, includ-

ing a comprehensive analysis of cytokine responses in those 

patients that developed delirium versus those that did not. 

Previously, studies that have investigated cytokines associated 

with delirium have focused on delirium resulting from a single 

etiology or did not differentiate by condition that precedes the 

onset of delirium. 

In this study, we sought to determine whether cytokine pro-

files associated with delirium vary based on the precipitating 

condition. Our focus was on delirium resulting from sepsis, 

coronavirus disease 2019 (COVID-19), and recent surgery. 

This study is novel in that it is the first to investigate relative 

levels of inflammatory cytokines that result from several con-

ditions known to be associated with delirium. Furthermore, 

although recent studies have reviewed the association be-

tween cytokines elevated in COVID-19 and neurocognitive 

effects [34-36], our study aims to measure levels of cytokines 

in order to characterize the unique cytokine profile associated 

with COVID-19 delirium relative to that of delirium resulting 

from other causes. Further understanding in this realm is of 

preeminent importance as the pathophysiology of COVID-19 

associated delirium remains incomplete. 

MATERIALS AND METHODS  

Study Population 
This prospective observational cohort study was conducted 

from May 1, 2019, to October 31, 2020 at a 30-bed multidis-

ciplinary intensive care unit (ICU) in Mayo Clinic Hospital, 

Phoenix, AZ, USA. This ICU is fully staffed by intensivists 24/7. 

Approval was provided by the Institutional Review Board of 

Mayo Clinic prior to initiation of data collection; the need for 

patient consent was waived. This study was performed in ac-

cordance with the Helsinki Declaration pertaining to medical 

research involving human subjects.  

Daily ICU admissions were screened by the investigators for 

assessment of inclusion and exclusion criteria. Inclusion crite-

ria: consecutive critically ill patients ≥18 years of age admitted 

to the ICU during the study period. Exclusion criteria included 

DNR/DNI and comfort care patients, presence of delirium at 

the time of ICU admission, patients presenting due to stroke 

or traumatic brain injury, and patients who had not agreed to 

the use of their medical records for research. When patients 

required readmission to the ICU after discharge, only data 

from the first admission were analyzed. For the purposes of 

this study, we utilized the third International Consensus Defi-

■ The cytokine profile seen in intensive care unit delirium 
appears to be contingent on the condition that precipi-
tates its onset.

■ In our patient population with sepsis and coronavirus 
disease 2019 (COVID-19), C-C motif ligand 2, C-X-C motif 
chemokine ligand (CXCL)10, and tumor necrosis factor-α 
predominate.

■ In patients that developed postoperative delirium, granu-
locyte colony-stimulating factor is elevated and CXCL10 is 
decreased, relative to the COVID-19 and sepsis groups.

■ These findings suggest that the delirium syndrome rep-
resents a manifestation of distinct pathophysiological pro-
cesses.

KEY MESSAGES



417https://www.accjournal.orgAcute and Critical Care 2022 August 37(3):415-428

Smith RJ, et al. Cytokine profiles in ICU delirium

nitions (Sepsis-3) to define both sepsis and septic shock [37]. 

 

Data Collection 
Comprehensive data on patient characteristics, hospital 

course, laboratory values, vital signs, surgical procedures, and 

medication administration was collected on all study enrolled 

patients throughout their hospitalization. The validated con-

fusion assessment method for the ICU (CAM-ICU) screening 

tool was used to identify delirium [38]. The CAM-ICU tool is 

administered by Mayo Clinic ICU nursing staff every eight 

hours or when a mental status change is noted. Positive and 

negative CAM-ICU results are documented in the electronic 

health record as events occurring during the following four-

hour windows: 0:00–4:00, 4:00–8:00, 8:00–12:00, 12:00–16:00, 

16:00–20:00, and 20:00–24:00. In those patients that underwent 

surgical procedures, inhaled anesthetic exposure, medication 

administration, and surgery characteristics data were also col-

lected. Vital signs and laboratories were collected during the 

first ICU day; worse values were abstracted. The Acute Physiol-

ogy Score (APS), Acute Physiology and Chronic Health Evalua-

tion Score (APACHE) IV, and predicted hospital mortality rates 

based on these scores were calculated using an online APACHE 

IV calculator [39]. Sequential Organ Failure Assessment (SOFA) 

score [40] was documented daily from day 1 to day 7. 

Serums samples were collected within 12 hours of ICU ad-

mission. Samples were transported at 4 °C and frozen at –80 °C 

within 12 hours of collection for later analysis. Routine chem-

icals were obtained from Sigma-Aldrich (St. Louis, MO, USA). 

The cytokines C-C motif ligand (CCL) 2, CCL3, C-X-C motif 

chemokine ligand (CXCL)1, CXCL10, granulocyte colony-stim-

ulating factor (G-CSF), granulocyte-macrophage colony-stim-

ulating factor (GM-CSF), IL-1α, IL-1β, IL-1 receptor antagonist 

(IL-1RA), IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-17A, IL-18, 

and TNF-α were analyzed using a fluorescence-based cap-

ture sandwich immunoassay kit (Milliplex Human Cytokine, 

Chemokine, Growth Factor Panel A; Millipore, Burlington, MA, 

USA). The assay was performed in accordance with the manu-

facturer’s instructions using a Luminex 200 System (Invitrogen, 

Carlsbad, CA, USA) for reading fluorescence. Results were 

analyzed using xPONENT software as previously described by 

Singh et al. [41,42]. 

Statistics 
All data are summarized as median (interquartile range) or 

percentages. Unpaired Student t tests will be used to compare 

continuous variables with normal distribution and the Wilcox-

on rank test for skewed distribution. For comparison of cate-

gorical variables, chi-square tests will be used if the number 

of elements in each cell was ≥5; Fisher’s exact test will be used 

otherwise. A P-value ≤0.05 was considered statistically signif-

icant. All data analyses were performed using JMP ver. 14.1.0 

(SAS Institute, Cary, NC, USA). 

RESULTS 

Of the 119 patients included in this study, 41 were diagnosed 

with delirium. The study population is described in Table 1. 

APS, APACHE IV, and both ICU and hospital length of stay 

(LOS) were greater in the group that developed delirium. Fur-

thermore, sepsis, septic shock, COVID-19, continuous renal 

replacement therapy, extracorporeal membrane oxygenation, 

mechanical ventilation, leukocytosis, and acidemia were more 

prevalent in the population that developed delirium. Initial 

analysis showed that the age of patients that did not develop 

delirium was greater compared to those who did; however, 

after adjusting for LOS (longer LOS resulted in higher risk of 

developing delirium; surgical patients had a shorter LOS and 

were significantly younger), no age difference was noted be-

tween the two groups. 

Table 2 includes surgical risk factors associated with delir-

ium. Those patients who did not experience delirium were 

more likely to have had recent surgery and inhaled anesthetic 

exposure; no significant difference was seen between the 

non-delirium and delirium groups when considering blood 

loss from all surgical procedures, total surgical time, and total 

duration of inhaled anesthetic exposure. 

Potentially deliriogenic medications are provided in Table 3. 

Diazepam, midazolam, and dexmedetomidine use was associ-

ated with delirium; this relationship held with cumulative dose 

of both midazolam and dexmedetomidine. Opioid adminis-

tration was also associated with the development of delirium; 

this was predominantly due to fentanyl and hydromorphone. 

Vancomycin, azithromycin, and piperacillin-tazobactam use 

were also associated with the development of delirium; how-

ever, no significance was seen when considering the cumula-

tive dose of these medications. Our data did not show a signifi-

cant relationship between corticosteroids or medications with 

anticholinergic properties with delirium. 

Table 4 provides the cytokines associated with the develop-

ment of delirium. Those cytokines found to be significantly 

elevated include the proinflammatory cytokines TNF-α, IL-6 

and IL-18; the chemokines CCL2, CCL3, CXCL1, CXCL10 and 
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(Continued to the next page)

Table 1. Patient characteristics
Variable Total cohort No delirium (n=78) Delirium (n=41) P-value
Patient characteristics
 Age (yr) 64 (50–75) 66.6 (55.8–75) 55 (46.5–69.5) 0.01a

 Female 40 (33.6) 24 (30.8) 16 (39) 0.42
 APS score 45 (31–59) 38 (26.8–48.3) 59 (40–84.5) <0.001a

 APACHE IV score 56 (39–75) 53 (37.5–65.3) 79 (52–98.5) <0.001a

 Prior history of CVA (ischemic stroke) 8 (6.7) 4 (5.1) 4 (9.8) 0.44
 Prior history of hemorrhagic stroke 3 (2.5) 1 (1.3) 2 (4.9) 0.27
 Prior history of TBI 3 (2.5) 2 (2.6) 1 (2.4) 1.00
 Pre-existing cognitive impairment 2 (1.7) 1 (1.3) 1 (2.4) 1.00
 BMI (kg/m2) 28.9 (25–33.5) 28.5 (24.9–33.8) 28.9 (25.7–32.7) 0.78
 Code status (full code) 118 (99.2) 77 (98.7) 41 (100) 1.00
 DM 47 (39.5) 30 (38.5) 17 (41.5) 0.84
 HTN 51 (42.9) 34 (43.6) 17 (41.5) 0.85
 CAD 33 (27.7) 25 (32.1) 8 (19.5) 0.20
 Cancer 14 (11.8) 11 (14.1) 3 (7.3) 0.38
 CKD 17 (14.3) 13 (16.7) 4 (9.8) 0.41
 ESRD 3 (2.5) 3 (3.9) 0 0.55
 Cirrhosis 7 (5.9) 6 (7.7) 1 (2.4) 0.42
 Hepatic failure 1 (0.84) 1 (1.3) 0 1.00
 Metastatic carcinoma 3 (2.5) 1 (1.3) 2 (4.9) 0.27
 Leukemia/myeloma 3 (2.5) 3 (3.9) 0 0.55
 Immunosuppression 14 (11.8) 6 (7.7) 8 (19.5) 0.07
 Trauma 1 (0.8) 1 (1.3) 0 1.00
Hospital course
 ICU LOS (day) 3.3 (1.9–10.4) 2.2 (1.3–4.0) 14.5 (3.7–33.2) <0.001a

 Hospital LOS (day) 9.9 (1.1–10.4) 7.1 (5.0–10.9) 23.2 (16.8–40.2) <0.001a

 ICU mortality  12 (10.1) 7 (9.0) 5 (12.2) 0.75
 Hospital mortality 13 (10.9) 7 (9.0) 6 (14.6) 0.37
 Sepsis 66 (55.5) 37 (47.4) 29 (70.7) 0.02a

 Septic shock 37 (31.1) 19 (24.4) 18 (43.9) 0.04a

 Sepsis or septic shock 66 (55.5) 37 (47.4) 29 (70.7) 0.02a

 COVID-19 38 (31.9) 18 (23.1) 20 (48.8) 0.007a

 28-Day mortality 13 (10.9) 7 (9.0) 6 (14.6) 0.37
 GCS 15 (10–15) 15 (11.8–15) 11 (3–15) <0.001a

 Pre-ICU day 1 (0–2) 0 (0–2) 1 (0–2) 0.47
 Emergency surgery 5 (4.2) 3 (3.9) 2 (4.9) 1.00
 Thrombolysis 5 (4.2) 4 (5.1) 1 (2.4) 0.66
 CRRT 17 (14.3) 5 (6.4) 12 (29.3) <0.01a

 ECMO 11 (9.2) 1 (1.3) 10 (24.4) <0.001a

 LVAD 1 (0.8) 0 1 (2.4) 0.34
 RVAD 1 (0.8) 0 1 (2.4) 0.34
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Table 2. Surgical risk factors
Variable Total cohort No delirium (n=78) Delirium (n=41) P-value
Recent surgery 52 (43.7) 41 (52.6) 11 (26.8) 0.01a

Total blood loss from all surgical procedures (ml) 105 (100–450) 103 (100–500) 125 (100–300) 0.96
Total surgical time from all surgical procedures (min) 304 (246.8–408.3) 306 (250.5–396.0) 284 (225.0–486.0) 0.90
Recent inhaled anesthetic 54 (45.4) 42 (53.9) 12 (29.3) 0.01a

Total duration of inhaled anesthesia from all surgical procedures (min) 302 (234–415) 304 (248–389) 255 (207–517) 0.83

Values are presented as number (%) or median (interquartile range).
aP≤0.05.

Table 1. Continued

Variable Total cohort No delirium (n=78) Delirium (n=41) P-value
Labs & vitals
 Positive culture 27 (22.7) 15 (19.2) 12 (29.3) 0.25
 Initial lactate (mmol/L) 1.5 (1.1–3) 1.4 (1.1–2.8) 1.7 (1.1–3.7) 0.32
 Highest lactate (mmol/L) 1.8 (1.1–3.8) 1.7 (1.1–3.6) 1.9 (1.3–3.8) 0.34
 Lactate clearance (mmol/L) 1.6 (1.3–2.9) 1.6 (1.3–2.8) 2.2 (1.4–3.1) 0.36
 Ionized calcium (mg/dL) 4.5 (4.2–4.7) 4.5 (4.3–4.8) 4.4 (4.2–4.6) 0.36
 Calcium (mg/dl) 8.2 (7.8–8.7) 8.3 (7.8–8.8) 8.1 (7.5–8.4) 0.07
 Temperature (°C) 37.5 (36.7–38.4) 37.5 (36.7–38.5) 37.3 (36.8–38.1) 0.46
 MAP (mm Hg) 62.0 (58.0–70.0) 61.0 (56.0–67.8) 64 (58.5–71.5) 0.22
 HR (beats/min) 98.0 (88.0–111.0) 97.5 (86.8–108.0) 101.0 (90.0–118.0) 0.09
 RR (/min) 25.0 (20.0–29.0) 24.0 (20.0–29.0) 27.0 (22.5–32.0) 0.08
 MV 64 (53.8) 36 (46.2) 28 (68.3) 0.03a

 FiO2(%) 50 (40–70) 50 (32–60) 70 (50–100) <0.001a

 PaO2 (mm Hg) 90 (77–111) 90 (80–121) 87 (72–105) 0.22
 PaCO2 (mm Hg) 36 (31–40) 36 (32–40) 37 (31–44) 0.19
 Arterial pH 7.40 (7.34–7.43) 7.40 (7.36–7.44) 7.36 (7.27–7.43) 0.01a

 Na+ (mmol/L) 138.0 (134.0–141.0) 138.5 (135.6–141.0) 136.0 (132.5–140.0) 0.07
 Urine output (ml/24 hr) 1,687.0 (1,160.0–2,385.0) 1,640.5 (1,178.0–2,392.5) 1,735.0 (977.5–2,387.5) 0.95
 Creatinine (mg/dl) 1.1 (0.8–1.7) 1.1 (0.8–1.7) 1.2 (0.7–2.0) 0.49
 BUN (mg/dl) 18.5 (13.0–28.0) 16.6 (12.0–25.3) 24.0 (13.5–38.0) 0.05a

 Glucose (mg/dl) 151 (114–188) 140.5 (110–174) 168 (137–260) <0.01a

 Albumin (g/dl) 3.5 (3.0–4.0) 3.8 (3.2–4.0) 3.3 (2.6–3.7) <0.01a

 Bilirubin (mg/dl) 0.7 (0.4–1.0) 0.7 (0.4–1.0) 0.6 (0.3–1.1) 0.53
 Hct (%) 33.0 (27.9–37.7) 33.8 (27.8–37.7) 32.2 (27.1–38.3) 0.79
 WBC (×109/L) 10.0 (6.9–15.0) 9.5 (6.7–13.1) 11.4 (8.8–16.3) 0.03a

Values are presented as median (interquartile range) or number (%).
APS: Acute Physiology Score; APACHE: Acute Physiology and Chronic Health Evaluation; CVA: cerebrovascular accident; TBI: traumatic brain injury; BMI: body 
mass index; DM: diabetes mellitus; HTN: hypertension; CAD: coronary artery disease; CKD: chronic kidney disease; ESRD: end stage renal disease; ICU: intensive 
care unit; LOS: length of stay; COVID-19: coronavirus disease-19; GCS: Glasgow coma scale; CRRT: continuous renal replacement therapy; ECMO: extracorporeal 
membrane oxygenation; LVAD: left ventricular assist device; RVAD: right ventricular assist device; MAP: mean arterial pressure; HR: heart rate; RR: respiration 
rate; MV: mechanical ventilation; FiO2: fraction of inspired oxygen; PaO2: partial pressure of oxygen; PaCO2: partial pressure of carbon dioxide; BUN: blood urea 
nitrogen; Hct: hematocrit; WBC: white blood cell.
aP≤0.05.
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(Continued to the next page)

Table 3. Medications
Variable Total cohort No delirium (n=78) Delirium (n=41) P-value
Benzodiazepine (in lorazepam equivalents)
 Diazepam 17.0 (14.3) 4.0 (5.1) 13.0 (31.7) <0.001a

 Diazepam dose (mg) 24.0 (9.0–43.5) 10.0 (3.2–560.6) 29.0 (14.5–43.5) 0.34
 Midazolam 83.0 (69.8) 48.0 (61.5) 35.0 (85.4) 0.01a

 Midazolam dose (mg) 5.5 (3.0–256.0) 3.7 (2.5–6.0) 176.5 (7.5–1,049.4) <0.001a

 Lorazepam 21.0 (17.7) 15.0 (19.2) 6.0 (14.6) 0.62
 Lorazepam dose (mg) 1.5 (0.5–2.5) 1.5 (0.5–2.5) 1.0 (0.8–21.3) 1.00
 Alprazolam 7.0 (5.9) 6 (7.7) 1.0 (2.4) 0.42
 Alprazolam dose (mg) 3.6 (1.0–5.0) 3.8 (1.0–5.4) 2.0  0.8
Sedative
 Etomidate 37 (31.1) 23 (29.5) 14 (31.2) 0.68
 Etomidate dose (mg) 20 (20–30) 24 (20–30) 20 (20–23) 0.03a

 Methocarbamol 4 (3.4) 2 (2.6) 2 (4.9) 0.61
 Methocarbamol dose (mg) 7,000 (1,250–8,500) 7,000 (2,000–7,000) 5,250 (500–10,000) 1.00
 Propofol 62 (52.1) 39 (50.0) 23 (56.1) 0.57
 Propofol dose (mg) 453.8 (130.1–2,484.8) 260.9 (120.0–1,012.0) 1,000.0 (133.5–3,875.0) 0.28
 Dexmedetomidine 59 (49.6) 33 (42.3) 26 (63.4) 0.03a

 Dexmedetomidine dose (μg) 774.0 (264.8–2,800.0) 383.0 (158.0–806.2) 2,800.0 (987.2–7,637.9) <0.001a

 Ketamine 19 (16.0) 7 (9.0) 12 (29.3) 0.01a

 Ketamine dose (mg) 1,294.9 (30.0–3,860.2) 30.0 (10.0–3,841.6) 2,915.4 (69.6–4,703.3) 0.22
Opioid (in morphine equivalents)
 Fentanyl 98 (82.4) 61 (78.2) 37 (90.2) 0.13
 Fentanyl dose (mg) 152.5 (39.2–371.6) 133.8 (28.1–196.9) 351.1 (60.7–1,374) <0.01a

 Hydromorphone 50 (42.0) 29 (37.2) 21 (51.2) 0.17
 Hydromorphone dose (mg) 18.2 (4.0–339.0) 8.0 (4.0–66.6) 322.7 (6.0–9,719.9) 0.01a

 Morphine 18 (15.1) 11 (14.1) 7 (17.1) 0.79
 Morphine dose (mg) 8.5 (4.0–25.5) 11 (4.0–18.0) 6 (4.0–48.0) 0.75
 Oxycodone 45 (37.8) 39 (50.0) 6 (14.6) <0.001a

 Oxycodone dose (mg) 97.5 (45.0–161.3) 97.5 (45.0–165.0) 45 (37.5–630.0) 0.63
 Total morphine equivalents (mg) 249 (102.1–797.7) 235 (71.5–380.0) 742 (151.8–3,700.3) <0.01a

Antibiotics
 Cefazolin 53 (44.5) 41 (52.6) 12 (29.3) 0.02a

 Cefazolin dose (g) 12 (6–12) 12 (7–12) 9 (4–12) 0.25
 Cefepime 25 (21.0) 12 (15.4) 13 (31.7) 0.06
 Cefepime dose (g) 12 (4.3–23.0) 9 (2.5–22.5) 13 (7.3–32.0) 0.39
 Vancomycin 64 (53.8) 33 (42.3) 31 (75.6) <0.001a

 Vancomycin dose (g) 3 (1.8–5.3) 3 (1.8–5.6) 3 (1.8–5.3) 0.89
 Acyclovir 2 (1.7) 1 (1.3) 1 (2.4) 1.00
 Acyclovir dose (g) 3.1 (1.4–4.8) 1.4 4.8  1.00
 Azithromycin 37 (31.1) 18 (23.1) 19 (46.3) 0.01a

 Azithromycin dose (g) 1.5 (1.0–2.5) 1.8 (1.4–2.5) 1.5 (1–2.5) 0.72
 Piperacillin 53 (44.5) 27 (34.6) 26 (63.4) <0.01a

 Piperacillin dose (g) 37.1 (20.3–91.7) 37.1 (21.4–93.4) 34.9 (16–72.6) 0.55
 Ceftriaxone 27 (22.7) 20 (25.6) 7 (17.1) 0.36
 Ceftriaxone dose (g) 4 (1–6) 2 (1–5) 5 (3–7) 0.17
 Ertapenem 5 (4.2) 4 (5.1) 1 (2.4) 0.66
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Table 3. Continued

Variable Total cohort No delirium (n=78) Delirium (n=41) P-value
 Ertapenem dose (g) 5 (2.5–7.0) 4 (2.3–7.3) 6 0.72
 Ciprofloxacin 4 (3.4) 2 (2.6) 2 (4.9) 0.61
 Ciprofloxacin dose (g) 4.1 (1.4–6.3) 1.9 (0.8–3) 6.0 (5.2–6.7) 0.25
 Sulfamethoxazole 6 (5.0) 5 (6.4) 1 (2.4) 0.66
 Sulfamethoxazole dose (g) 2.0 (1.4–3.4) 2.4 (1.6–3.6) 0.8 0.23
 Trimethoprim 6 (5.0) 5 (6.4) 1 (2.4) 0.66
 Trimethoprim dose (g) 0.4 (0.3–0.7) 0.5 (0.3–0.7) 0.2 0.23
 Caspofungin 7 (5.9) 4 (5.1) 3 (7.3) 0.69
 Caspofungin dose (g) 0.2 (0.1–0.4) 0.2 (0.12–0.4) 0.3 (0.04–0.6) 1.00
 Fluconazole 18 (15.1) 12 (15.4) 6 (14.6) 1.00
 Fluconazole dose (g) 1.2 (0.7–2.6) 1.2 (0.5–2.2) 2.2 (0.7–4.1) 0.4
 Ampicillin 4 (3.4) 3 (3.9) 1 (2.4) 1.00
 Ampicillin dose (g) 42 (18.8–69.8) 63 (18–72) 21 1.00
 Doxycycline 8 (6.7) 5 (6.4) 3 (7.3) 1.00
 Doxycycline dose (g) 0.8 (0.2–1.3) 0.8 (0.2–1.6) 0.7 (0.2–1.4) 1.00
 Metronidazole 12 (10.1) 8 (10.3) 4 (9.8) 1.00
 Metronidazole dose (g) 1.5 (1.0–2.9) 1.3 (0.6–1.5) 2.8 (1.4–10.5) 0.14
 Levofloxacin 5 (4.2) 3 (3.9) 2 (4.9) 1.00
 Levofloxacin dose (g) 0.8 (0.5–0.8) 0.8 (0.5–0.8) 0.6 (0.5–0.8) 1.00
 Meropenem 16 (13.5) 10 (12.8) 6 (14.6) 0.78
 Meropenem dose (g) 7.0 (3.0–27.3) 5.3 (2.0–9.3) 25.5 (11.3–47.5) 0.05a

 Tobramycin 2 (1.7) 1 (1.3) 1 (2.4) 1.00
 Tobramycin dose (g) 2.8 (0.9–4.6) 4.62 0.9 1.00
 Hydroxychloroquine 8 (7.2) 5 (6.4) 3 (7.3) 1.00
 Hydroxychloroquine dose (g) 2 (0.8–2.4) 2.2 (1.3–2.4) 0.8 (0.6–2.4) 0.44
 Remdesivir 13 (10.9) 7 (9.0) 6 (14.6) 0.37
 Remdesivir dose (g) 0.6 (0.6–0.6) 0.6 (0.6–0.6) 0.6 (0.5–0.7) 0.68
Steroid
 Hydrocortisone 46 (38.7) 26 (33.3) 20 (48.8) 0.12
 Hydrocortisone dose (mg) 400.0 (250–837.5) 362.5 (250.0–656.3) 500.0 (150.0–1,000) 0.71
 Methylprednisolone 9 (7.6) 6 (7.7) 3 (7.3) 1.00
 Methylprednisolone dose (mg) 125.0 (62.0–497.5) 187.5 (91.0–657.5) 60.0 (20.0–600.0) 0.37
 Dexamethasone 8 (6.7) 5 (6.4) 3 (7.3) 1.00
 Dexamethasone dose (mg) 16 (7–60) 60 (5–168) 14 (10–18) 0.76
 Prednisone 6 (5.0) 4 (5.1) 2 (4.9) 1.00
 Prednisone dose (mg) 35.0 (23.8–122.5) 65.0 (28.8–187.5) 25.0 (20.0–30.0) 0.25
Drug with anticholinergic properties
 Famotidine 8 (6.7) 5 (6.4) 3 (7.3) 1.00
 Famotidine dose (mg) 100 (25–140) 140 (50–200) 20 (20–140) 0.22
 Diphenhydramine 16 (13.5) 13 (16.7) 3 (7.3) 0.26
 Diphenhydramine dose (mg) 75 (28.1–137.5) 75 (25.0–125.0) 100 (37.5–250.0) 0.59
 Prochlorperazine 7 (5.9) 5 (6.4) 2 (4.9) 1.00
 Prochlorperazine dose (mg) 10 (10.0–20.0) 10 (7.5–30.0) 10 0.83
 Promethazine 2 (1.7) 1 (1.3) 1 (2.4) 1.00
 Promethazine dose (mg) 81.3 (12.5–150.0) 12.5 150 1.00

Values are presented as number (%) or median (interquartile range).
aP≤0.05.
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Table 4. Cytokines in total patient population by delirium
Variable Total cohort Delirium (n=41) No delirium (n=78) P-value
CCL2 761.86 (447.83–1,358.52) 1,295.60 (709.43–2,092.03) 636.05 (413.35–1,019.30) <0.00a

CCL3 0 (0–3.57) 1.36 (0–7.24) 0 (0–2.72) <0.01a

CXCL1 26.24 (10.82–47.33) 29.64 (17.95–53.50) 23.45 (8.79–34.56) 0.01a

CXCL10 366.72 (149.05–2,834.38) 1,159.90 (277.06–3,856.02) 269.95 (132.38–1,928.12) <0.01a

G-CSF 183.38 (47.55–448.23) 266.51 (54.74–1,746.52) 172.27 (34.57–348.59) 0.07
GM-CSF 0 (0–0) 0 (0–2.55) 0 (0–0) 0.40
IL-1α 12.60 (3.19–27.66) 14.17 (3.16–33.10) 9.45 (3.75–24.10) 0.46
IL-1β 6.89 (0–16.68) 8.27 (2.72–18.45) 5.10 (0–17.11) 0.13
IL-1RA 12.81 (4.00–57.49) 29.33 (7.91–135.39) 8.54 (3.41–33.16) <0.01a

IL-2 0 (0–0.14) 0 (0–0.30) 0 (0–0) 0.29
IL-4 2.84 (0.33–6.88) 2.84 (0.65–6.57) 2.93 (0–7.01) 0.91
IL-5 4.61 (0.90–11.61) 3.10 (0.81–10.23) 5.76 (0.90–12.90) 0.15
IL-6 194.64 (51.43–467.04) 405.67 (154.87–720.89) 130.46 (46.46–369.77) <0.01a

IL-8 33.37 (20.49–59.42) 42.62 (24.56–92.87) 29.48 (19.17–48.24) 0.02a

IL-10 24.66 (1.06–70.50) 47.04 (9.83–95.50) 18.70 (0–47.27) 0.02a

IL-12 0 (0–0.27) 0 (0–0.41) 0 (0–0.17) 1.00
IL-17A 0 (0–0.46) 0 (0–0.93) 0 (0–0) 0.51
IL-18 104.67 (38.66–161.50) 136.05 (95.13–175.88) 77.21 (27.69–134.16) 0.02a

TNF-α 28.31 (12.17–52.95) 40.37 (16.94–66.59) 25.34 (9.25–47.12) 0.02a

Values are presented as median interquartile range.
CCL: C-C motif ligand; CXCL: C-X-C motif chemokine ligand; G-CSF: granulocyte colony-stimulating factor; GM-CSF: granulocyte-macrophage colony-
stimulating factor; IL: interleukin; IL-1RA: IL 1 receptor antagonist; TNF: tumor necrosis factor.
aP≤0.05.

Table 5. Cytokines in delirium group by sepsis
Variable Total delirium group Sepsis (n=29) No sepsis (n=12) P-value
CCL2 1,295.6 (709.4–2,092.0) 1,422.6 (835.5–2,496.7) 739.1 (440.7–1,292.7) 0.03a

CCL3 1.4 (0–7.2) 1.4 (0–5.1) 0.7 (0–36.1) 0.94
CXCL1 29.6 (18.0–53.5) 34.1 (17.9–52.0) 28.5 (18.4–80.5) 0.98
CXCL10 1,159.9 (277.1–3,856.0) 2,638.6 (928.6–4,069.1) 254.0 (98.9–506.9) <0.001a

G-CSF 266.5 (54.7–1746.5) 183.4 (44.5–1909.2) 359.5 (185.4–730.4) 0.32
GM-CSF 0 (0–2.6) 0 (0–0) 2.6 (0–3.9) 0.02a

IL-1α 14.2 (3.2–33.1) 13.4 (5.5–27.6) 15.8 (0.8–60.6) 0.94
IL-1β 8.3 (2.7–18.5) 10.1 (6.7–18.4) 2.7 (0–21.5) 0.15
IL-1RA 29.3 (7.9–135.4) 43.0 (14.4–144.2) 8.8 (3.9–113.4) 0.07
IL-2 0 (0–0.3) 0 (0–0.3) 0 (0–0.7) 0.87
IL-4 2.8 (0.7–6.6) 3.5 (0.6–6.8) 2.1 (0.6–6.4) 0.66
IL-5 3.1 (0.8–10.2) 2.3 (0.8–9.0) 4.6 (0.7–16.0) 0.49
IL-6 405.7 (154.9–720.9) 405.7 (154.9–843.8) 359.3 (48.2–598.7) 0.34
IL-8 42.6 (24.6–92.9) 42.6 (26.6–86.1) 55.7 (19.2–102.3) 0.87
IL-10 47.0 (9.8–95.5) 50.1 (14.3–95.5) 44.0 (7.3–89.4) 0.92
IL-12 0 (0–0.4) 0 (0–0.7) 0 (0–0.2) 1.0
IL-17A 0 (0–0.9) 0 (0–0.9) 0 (0–1.4) 0.86
IL-18 136.1 (95.1–175.9) 140.0 (102.4–177.7) 53.4 (19.7–160.1) 0.12
TNF-α 40.4 (16.9–66.6) 49.8 (25.3–42.4) 18.5 (9.8–42.4) <0.01a

Values are presented as median (interquartile range).
CCL: C-C motif ligand; CXCL: C-X-C motif chemokine ligand; G-CSF: granulocyte colony-stimulating factor; GM-CSF: granulocyte-macrophage colony-
stimulating factor; IL: interleukin; IL-1RA: IL 1 receptor antagonist; TNF: tumor necrosis factor.
aP≤0.05.
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Table 6. Cytokines in delirium group by COVID-19
Variable Total delirium group COVID-19 (n=20) No COVID-19 (n=21) P-value
CCL2 1,295.6 (709.4–2,092.0) 1,471.6 (900.1–2,451.1) 761.9 (328.5–1,395.3) 0.02a

CCL3 1.4 (0–7.2) 0.9 (0.1–2.9) 4.1 (0–28.2) 0.37
CXCL1 29.6 (18.0–53.5) 39.2 (18.6–52.6) 28.5 (14.5–71.6) 0.69
CXCL10 1,159.9 (277.1–3,856.0) 3,694.3 (1,625.4–4074.3) 329.0 (120–903.6) <0.001a

G-CSF 266.5 (54.7–1,746.5) 81.6 (42.1–1,322.4) 438.9 (170.6–2,253.1) 0.05a

GM-CSF 0 (0–2.6) 0 (0–0) 1.2 (0–3.9) <0.01a

IL-1α 14.2 (3.2–33.1) 12.6 (5.1–20.5) 19.8 (3.1–54.2) 0.31
IL-1β 8.3 (2.7–18.5) 8.3 (5.1–14.5) 7.3 (2.7–23.0) 0.91
IL-1RA 29.3 (7.9–135.4) 40.7 (17.1–89.1) 10.8 (5.2–278.3) 0.38
IL-2 0 (0–0.3) 0 (0–0.2) 0 (0–0.8) 0.16
IL-4 2.8 (0.7–6.6) 4.6 (1–6.9) 1.6 (0.2–6.2) 0.29
IL-5 3.1 (0.8–10.2) 4.7 (0.9–10.5) 1.7 (0.5–7.9) 0.4
IL-6 405.7 (154.9–720.9) 461.9 (182.4–893.9) 397.5 (37.8–618.9) 0.22
IL-8 42.6 (24.6–92.9) 42.2 (26.8–58.3) 78.9 (20.7–129.9) 0.4
IL-10 47.0 (9.8–95.5) 36.7 (13.4–77.7) 59.7 (7.3–165.8) 0.27
IL-12 0 (0–0.4) 0 (0–0) 0 (0–3.4) 0.09
IL-17A 0 (0–0.9) 0 (0–0.9) 0 (0–1.4) 0.54
IL-18 136.1 (95.1–175.9) 140.1 (104.8–176.7) 53.4 (27.9–187.6) 0.21
TNF-α 40.4 (16.9–66.6) 48 (30.1–72.3) 21.2 (11.2–63.3) 0.05a

Values are presented as median (interquartile range).
COVID-19: coronavirus disease 2019; CCL: C-C motif ligand; CXCL: C-X-C motif chemokine ligand; G-CSF: granulocyte colony-stimulating factor; GM-CSF: 
granulocyte-macrophage CSF; IL: interleukin; IL-1RA: IL 1 receptor antagonist; TNF: tumor necrosis factor.
aP≤0.05.

Table 7. Cytokines in delirium group by recent surgery
Variable Total delirium group Surgery (n=11) No surgery (n=30) P-value
CCL2 1,295.6 (709.4–2,092.0) 915.1 (561.2–1,385.4) 1,392.0 (753.3–2,193.1) 0.44
CCL3 1.4 (0–7.2) 4.1 (0–42.8) 0.9 (0–4.6) 0.29
CXCL1 29.6 (18.0–53.5) 26.8 (16.0–53.9) 33.0 (19.0–57.3) 0.58
CXCL10 1,159.9 (277.1–3,856.0) 271.0 (92.7–1,025.7) 2,315.9 (335.5–4,034.5) 0.01a

G-CSF 266.5 (54.7–1,746.5) 518.0 (275.7–2,628.4) 149.0 (46.9–1131.7) 0.05a

GM-CSF 0 (0–2.6) 0 (0–2.6) 0 (0–0.6) 0.39
IL-1α 14.2 (3.2–33.1) 14.9 (3.1–66.9) 13.8 (4.3–29.3) 0.98
IL-1β 8.3 (2.7–18. 5) 5.5 (2.7–15.7) 8.3 (6.0–20.8) 0.59
IL-1RA 29.3 (7.9–135.4) 25.9 (7.8–142.6) 38.7 (8.8–136.2) 0.65
IL-2 0 (0–0.3) 0 (0–0.9) 0 (0–0.3) 0.92
IL-4 2.8 (0.7–6.6) 1.9 (0.4–5.7) 3.8 (0.8–6.7) 0.63
IL-5 3.1 (0.8–10.2) 3.5 (0.6–12.2) 2.7 (0.9–10.2) 0.98
IL-6 405.7 (154.9–720.9) 426.6 (165.6–634.1) 381.7 (130.5–738.2) 0.94
IL-8 42.6 (24.6–92.9) 82.9 (23.7–109.9) 41.2 (24.1–73.7) 0.47
IL-10 47.0 (9.8–95.5) 59.7 (40.3–97.3) 36.5 (5.4–95.4) 0.30
IL-12 0 (0–0.4) 0 (0–0.3) 0 (0–0.6) 0.90
IL-17A 0 (0–0.9) 0 (0–0) 0 (0–1.2) 0.71
IL-18 136.1 (95.1–175.9) 106.8 (28.1–173.2) 136.0 (100.1–176.4) 0.39
TNF-α 40.4 (16.9–66.6) 21.2 (16.3–60.0) 43.9 (20.4–73.7) 0.21

Values are presented as median (interquartile range).
CCL: C-C motif ligand; CXCL: C-X-C motif chemokine ligand; G-CSF: granulocyte colony-stimulating factor; GM-CSF: granulocyte-macrophage CSF; IL: 
interleukin; IL-1RA: IL 1 receptor antagonist; TNF: tumor necrosis factor.
aP≤0.05.
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IL-8; and the anti-inflammatory cytokines IL-1RA and IL-10. 

No significant difference was seen in levels of G-CSF, GM-CSF, 

IL-1α, IL-1β, IL-2, IL-4, IL-5, IL-12, and IL-17A between those 

patients that developed delirium and those that did not. Ta-

bles 5-7 divide the 41 patients in the delirium cohort by sepsis, 

COVID-19, and recent surgery, respectively. In the septic delir-

ium population, consisting of 29 patients, CCL2, CXCL10 and 

TNF-α showed a statistically significant positive association 

with delirium while the level GM-CSF was decreased in com-

parison to the non-septic group. In the 20 patients with delir-

ium and COVID-19, the levels of CCL2, CXCL10, and TNF-α 

were significantly elevated compared to the non-COVID-19 

group. The levels of G-CSF and GM-CSF were decreased in 

those patients with COVID-19. In the eleven patients that had 

surgery prior to the onset of delirium, G-CSF levels were ele-

vated in those patients with delirium while CXCL10 levels were 

decreased in the surgical group. Figure 1 provides a heatmap 

showing a ratio of median cytokine levels in each group of in-

terest to that of the patients that did not comprise each group; 

statistically significant differences are highlighted. The groups 

in each column are as follows: delirium versus no delirium, 

sepsis versus no sepsis, COVID-19 versus no COVID-19, and 

recent surgery versus no recent surgery. Of note, dexmede-

tomidine showed a dose dependent direct relationship with 

CXCL1 and IL-1RA (P=0.03 and P=0.02, respectively). 

DISCUSSION 

We identified several cytokines associated with delirium in 

our ICU patient population. Interestingly, CCL2, CXCL10, and 

TNF-α showed a statistically significant elevation in those pa-

tients that developed delirium in the setting of both sepsis and 

COVID-19 relative to the group that recently had surgery and 

developed delirium. In those patients that developed postop-

erative delirium, G-CSF was significantly higher and CXCL10 

was significantly lower. The discrete cytokine profile seen in 

our sepsis and COVID-19 groups relative to that of the surgery 

group supports the contention that the delirium syndrome 

represents a clinical phenotype that results from distinct 

pathophysiological mechanisms [2]. 

It is established that inflammation is associated with delir-

ium; however, the exact mechanism by which this occurs has 

Figure 1. Heatmap showing ratio of cytokine profile per group. If numerator or denominator is zero, cell omitted from heatmap. CCL: C-C 
motif ligand; CXCL: C-X-C motif chemokine ligand; G-CSF: granulocyte colony-stimulating factor; GM-CSF: granulocyte-macrophage CSF; IL: 
interleukin; IL-1RA: IL 1 receptor antagonist; TNF: tumor necrosis factor; COVID-19: coronavirus disease 2019. aP≤0.05.
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yet to be elucidated [2,8,10,19,20,43]. Regardless of the event 

that precipitates delirium, activation of toll-like receptors via 

pathogen- or damage-associated molecular patterns initi-

ates an inflammatory cascade that leads to disruption of the 

blood brain barrier and ultimately results in this syndrome 

[2,6,8,9,13,19-21,25,44]. Peripheral inflammation triggers a mi-

croglial cell driven inflammatory process within the parenchy-

ma of the brain resulting in leukocyte extravasation, increased 

cytokine expression, and further disruption of the blood brain 

barrier [2,8,11,13,20,43]. Studies have shown that TNFα acts 

upon microglial cells, resulting in the production of addition-

al inflammatory cytokines and reactive oxygen species, and 

stimulates astrocytes to produce CCL2 and CXCL10 [2,43]. The 

presence of these cytokines and inflammatory mediators has 

been found to cause neuronal dysfunction [2,13,43]. Further-

more, expression of CCL2 and CXCL10 recruits additional leu-

kocytes resulting in increased inflammation [2,43]. Delirium 

is associated with permanent structural brain changes. Such 

changes include cerebral atrophy, seen as a reduction in fron-

tal lobe and hippocampal volumes, and cerebral white matter 

disruptions [1,3,5,14,29,30,43]. Specific neuronal pathology 

includes necrosis, apoptosis, atrophy, edema, and disruption 

of cellular architecture [1,8,11,23,32]. These structural changes 

may explain the persistent cognitive deficits common among 

those who have suffered from delirium [30]. TNF-α is believed 

to be the primary mediator involved in neuronal apoptotic cell 

death and sepsis associated long term cognitive deficits [41,45]. 

Considering the cytokine profile typical of delirium seen in 

both the sepsis and COVID-19 groups, the cytokine pattern 

in our surgery group is curious. Levels of TNFα, CCL2, and 

CXCL10 are decreased in those patients that recently had sur-

gery and developed delirium relative to both the sepsis and 

COVID-19 groups. In the surgical group, the preeminent cyto-

kine elevations were G-CSF and CCL3. This finding may sug-

gest the existence of an alternative, non–TNF-α driven pathway 

of peripheral inflammation that resulted in delirium in our 

surgical patients. 

Previous studies have identified TNFα and CCL2 as periph-

erally produced cytokines that play a central role in the devel-

opment of delirium due to their effects on blood brain barrier 

integrity [2,10,13,19]. The question remains as to what could 

be driving blood brain barrier dysfunction in our postsurgical 

group. G-CSF has been identified as a cytokine that plays a 

critical role in regulating the transmigration of immune cells 

across the blood brain barrier [46-48]. However, it has been 

found to stabilize the blood brain barrier and may play a role 

in reducing inflammation; including by decreasing expression 

of TNF-α [47,48]. Furthermore, peripherally administered 

G-CSF has been found to protect against ischemic injury and 

carbon monoxide toxicity in rats [47]. Considering this, it is 

unlikely that G-CSF is the driver of delirium in our postsurgical 

group. 

Several studies have identified CCL3 as playing an integral 

role in immune cell entry into the CNS [49-51]. Microvascu-

lar endothelial cells of the brain continuously express CCL3, 

which is significantly upregulated when exposed to other in-

flammatory cytokines [51]. In addition to being produced by 

endothelial cells, CCL3 is expressed by astrocytes, microglial 

cells, and macrophages secondary to neuroinflammation [51]. 

Studies have identified CCL3 as playing a similar role to CCL2 

in inducing extravasation of leukocytes across the blood brain 

barrier in the setting of inflammation [49,50]. Although CCL3 

levels were 4.5 times greater in the surgical delirium group 

than in the sepsis and COVID-19 delirium groups, this finding 

did not achieve statistical significance. However, CCL3 was 

found to be significantly elevated in the postsurgical delirium 

group in comparison to the patients that recently had surgery 

but did not develop delirium; this finding was not see in our 

sepsis and COVID-19 groups. Further investigation with a larg-

er sample size is necessary to define the roles of both G-CSF 

and, conceivably, CCL3 in postsurgical delirium. It is possible 

that CCL3 plays a role in postsurgical neuroinflammation not 

seen in those patients who develop delirium secondary to sep-

sis and COVID-19. 

Studies have shown that sedation with dexmedetomi-

dine may reduce the frequency and duration of delirium 

[11,15,19,30,52]. Animal models suggest dexmedetomidine 

has neuroprotective effects, possibly by reducing expression of 

inflammatory mediators and microglial activation [11,52]. Our 

data did show a statistically significant relationship between 

dexmedetomidine dose and IL-RA levels; an immune modu-

lating cytokine that inhibits IL-1 driven inflammation [21,22]. 

Our study had several limitations. The primary limitation was 

the modest size of our study population. We acknowledge this 

limitation and encourage future studies to confirm our results 

in a larger patient population; especially regarding the possible 

role of CCL3 in postsurgical delirium. In addition, cytokine 

levels were measured at a single point in time. Future investi-

gations may benefit from trending cytokine levels in order to 

capture evolution of inflammatory mediator expression prior to 

the onset of delirium, throughout its course, and at resolution. 

Finally, surgery is a well-established risk factor for the develop-
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ment of delirium; this is a cytokine driven process [13,20,23]. 

However, surgical patients in our cohort were less likely to ex-

perience delirium. This unexpected finding is explained by the 

elective nature of many of the surgical procedures performed 

on older patients, with likely adequate cognitive reserve, that 

only required brief hospital courses and limited exposure to 

many of the precipitating factors of delirium. 

In conclusion, our study demonstrates a statistically signif-

icant association between several cytokines and the develop-

ment of delirium. However, the cytokine profile appears to be 

variable and contingent upon the delirium precipitating fac-

tors. In both sepsis and COVID-19, CCL2, CXCL10, and TNF-α 

predominate. In our surgical population, G-CSF is elevated 

and CXCL10 is decreased in patients that developed delirium. 

These findings provide support of the delirium syndrome rep-

resenting a manifestation of distinct pathophysiological pro-

cesses [2]. 
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INTRODUCTION 

Traumatic brain injury (TBI) is a cause of mortality and functional disability in children, par-

ticularly in low- and medium-income countries [1-3]. Following TBI, a subdural hematoma 

(SDH) is a common intracranial injury that requires intensive care. Binder et al. [4] reported 

a prognosis of traumatic SDH in 47 children with a mortality rate and vegetative state of 11% 

and 2%, respectively. In addition, Beni-Adani et al. [5] reported 20% mortality in children with 

SDH in their study cohort.  

Background: A subdural hematoma (SDH) following a traumatic brain injury (TBI) in children can 
lead to unexpected death or disability. The nomogram is a clinical prediction tool used by physi-
cians to provide prognosis advice to parents for making decisions regarding treatment. In the pres-
ent study, a nomogram for predicting outcomes was developed and validated. In addition, the pre-
dictors associated with outcomes in children with traumatic SDH were determined. 
Methods: In this retrospective study, 103 children with SDH after TBI were evaluated. According 
to the King’s Outcome Scale for Childhood Head Injury classification, the functional outcomes 
were assessed at hospital discharge and categorized into favorable and unfavorable. The predictors 
associated with the unfavorable outcomes were analyzed using binary logistic regression. Subse-
quently, a two-dimensional nomogram was developed for presentation of the predictive model. 
Results: The predictive model with the lowest level of Akaike information criterion consisted of 
hypotension (odds ratio [OR], 9.4; 95% confidence interval [CI], 2.0–42.9), Glasgow coma scale 
scores of 3–8 (OR, 8.2; 95% CI, 1.7–38.9), fixed pupil in one eye (OR, 4.8; 95% CI, 2.6–8.8), and 
fixed pupils in both eyes (OR, 3.5; 95% CI, 1.6–7.1). A midline shift ≥5 mm (OR, 1.1; 95% CI, 0.62–
10.73) and co-existing intraventricular hemorrhage (OR, 6.5; 95% CI, 0.003–26.1) were also in-
cluded. 
Conclusions: SDH in pediatric TBI can lead to mortality and disability. The predictability level of 
the nomogram in the present study was excellent, and external validation should be conducted to 
confirm the performance of the clinical prediction tool. 

Key Words: head injury; prediction; prognosis; subdural hematoma  
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Prognostic factors for traumatic SDH studied in which lit-

erature review include age, Glasgow coma scale (GCS) score, 

and pupillary abnormalities. The maximal thickness of SDH, 

presence of subarachnoid hemorrhage (SAH), presence of 

parenchymal lesions, degree of midline shift, and basal cistern 

effacement are additional factors [6-9]. Based on literature 

review, evidence is lacking for predictors associated with prog-

nosis in children with traumatic SDH, which is problematic 

due to unexpected death, disability, and low health-related 

quality of life. 

In an era of disruptive technology, various clinical predic-

tion tools have been developed and used for prognosis in var-

ious conditions including TBI [10], oncology [11], and surgical 

complications [12]. A nomogram is a prediction instrument 

used for outcome prediction, especially TBI. Tunthanathip et 

al. [13] proposed a clinical nomogram for predicting traumat-

ic intracranial injury in children. The tool had an area under 

the receiver operating characteristic curve (AUC) of 0.71. Cui 

et al. [10] developed a nomogram for predicting prognosis in 

TBI patients after decompressive craniectomy and showed an 

AUC of 0.83. Furthermore, Parmontree et al. [14] proposed a 

nomogram for prediction of early posttraumatic seizure, with 

an AUC of 0.77. Predictors associated with prognosis in pedi-

atric SDH have been reported in a limited number of studies. 

Therefore, in the present study, a nomogram was developed 

and validated for predicting such outcomes. In addition, the 

predictors associated with outcomes in children with traumat-

ic SDH were determined. 

MATERIALS AND METHODS 

This clinical investigation was approved by the Institutional 

Review Board Ethics Committee of Prince of Songkla Universi-

ty (REC.64-250-10-1). Informed consent was not required from 

patients due to the retrospective study design. In addition, pa-

tient identification numbers were encoded before analysis. 

Study Design and Study Population 
The patients in this study were treated at a trauma center in 

southern Thailand. The subjects were <15 years of age when 

enrolled from January 1, 2009, to December 31, 2020. However, 

patients who died before arrival, died within the first 24 hours 

following injury, or had unavailable cranial computed tomog-

raphy were excluded. The clinical information and imaging 

finding of the children were collected with a structured form, 

including age, sex, signs, symptoms, GCS score, and mecha-

nism of injury. The severity of TBI was classified based on GCS 

score as follows: mild TBI (GCS scores 13–15), moderate TBI 

(GCS scores 9–12), and severe TBI (GCS scores 3–8) [2,3]. The 

co-existing intracranial injuries including epidural hematoma, 

contusion, intraventricular hemorrhage (IVH), and SAH were 

evaluated for information from the cranial region. In addition, 

the degree of midline shift and obliteration of the basal cistern 

were estimated by two neurosurgeons. 

Using the King’s Outcome Scale for Childhood Head Injury 

(KOSCHI) classification, the functional outcome in the present 

study was assessed at hospital discharge and 6-month fol-

low-up [15]. In detail, KOSCHI was categorized into favorable 

(good recovery and moderate disability) and unfavorable out-

comes (severe disability, vegetative state, and death) for binary 

classifier proposes [3]. 

Statistical Analysis 
Clinical characteristics and imaging findings were calculat-

ed from descriptive statistics and reported as percentages 

for categorical data and mean±standard deviation (SD) for 

continuous variables. Predictors were estimated using binary 

logistic regression analysis for predictive model development. 

The candidate predictors were identified at a P<0.10. Thus, the 

candidate variables were entered into multivariable analysis 

for the final model based on the backward elimination meth-

od. Any P-values <0.05 were considered statistically significant, 

and the Akaike information criterion (AIC) with clinical rele-

vance was used for model selection [16,17]. 

Assessment of the predictive model’s performance consisted 

of two domains, calibration and discrimination. For calibra-

tion, the Hosmer-Lemeshow goodness-of-fit (GOF) test and 

the calibration plot were performed, and a GOF test P-value 

≥0.05 indicated good calibration of the model [18]. Discrim-

ination of the model refers to the predictability of a model 

■ Subdural hematoma (SDH) in pediatric traumatic brain 
injury is associated with mortality and disability resulting 
in disease burden in developing nations.

■ The prognostic factors for traumatic SDH were hypoten-
sion, Glasgow coma scale score 3–8, pupillary light reflex, 
midline shift ≥5 mm, and co-existing intraventricular 
hemorrhage.

■ The nomogram is a prediction tool used to help physi-
cians make treatment decisions.
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to differentiate between binary classifiers. The concordance 

statistic index (c-index) or AUC was measured to indicate dis-

criminatory ability [18,19]. Consequently, internal validation 

was performed to observe the overfitting problems of the mod-

el. Resampling techniques were used for both 1,000 bootstrap-

ping and five cross-validations in the present study. The results 

of internal validation were reported as the optimism-corrected 

c-index for both techniques [19-21]. Finally, the predictive 

model exhibition was utilized following model performances 

and internal validation as a two-dimensional nomogram. The 

statistical analysis was performed using R version 4.4.0 soft-

ware (R Foundation, Vienna, Austria). 

RESULTS 

Clinical Characteristics and Imaging Findings 
Demographic information is listed in Table 1. The mean age of 

the patients was 141.8 months (SD, 48.0 months); 20.4% of the 

present cohort were children <5 years of age. More than two-

thirds (64.1%) were male, and motorcycle accident was the 

most common mechanism of injury. In addition, road traffic 

injury was the major cause of TBI, comprising 84.5% of all 

cases. Common findings from the physical examination were 

scalp injury, loss of consciousness, and amnesia, and 9.7% of 

cases experienced hypotension episodes at the emergency de-

partment. Furthermore, early posttraumatic seizure occurred 

in 5.8% of the present study cohort. Lower extremity injury was 

the most common associated injury in the present cohort, and 

isolated TBI was observed in 75.7% of cases. In addition, hy-

potension was not significantly associated with multiple organ 

injuries (chi-square test, P=0.74) 

Imaging findings after cranial computed tomography are 

shown in Table 2. All cases of SDH were acute, and hematomas 

were commonly located in the frontal area, tentorium cerebel-

li/falx cerebri, and temporal region. The common co-existing 

injuries were cerebral contusion (37.9%), calvaria skull fracture 

(33.0%), and SAH (30.1%). Furthermore, obliteration of the 

basal cistern and midline shift ≥5 mm were observed in 10.7% 

and 6.8% of cases, respectively. In the present study, surgical 

treatment was performed in 14.6% of subjects. Decompressive 

craniectomy was performed in 7.8% of subjects and intracra-

nial monitoring in 1.9% of all cases. One child underwent burr 

hole due to bilateral chronic SDH. The mean length of hospital 

stay in the present cohort was 10.4 days (SD, 7.4 days), and 

the mortality rate at hospital discharge was 8.7%. Based on 

the KOSCHI at hospital discharge, good recovery, moderate 

Table 1. Characteristics of children with traumatic subdural hematoma 
(n=103)

Factor

6-Month follow-up 
outcome

Total
Unfavorable 

outcome
Favorable 
outcome

Age group (yr)
 <5 7 (38.9) 14 (16.5) 21 (20.4)
 ≥5 11 (61.1) 71 (83.5) 82 (79.6)
Age (mo) 98.83±64.6 120.5±52.3 116.7± 54.9
Sex
 Male 11 (61.1) 55 (64.7) 66 (64.1)
 Female 7 (38.9) 30 (35.3) 37 (35.9)
Mechanism
 Motorcycle crash 11 (61.1) 52 (61.2) 63 (61.2)
 Ground-level fall 1 (5.6) 11 (12.9) 12 (11.7)
 Pedestrian injury 3 (16.7) 9 (10.6) 12 (11.7)
 Car crash 2 (11.1) 6 (7.1) 8 (7.8)
 Head struck by an object 1 (5.6) 3 (3.5) 4 (3.9)
 Fall from height 0 2 (2.4) 2 (1.9)
 Bicycle accident 0 2 (2.4) 2 (1.9)
Sign and symptom
 Scalp injury 13 (72.2) 54 (63.5) 67 (65.0)
 Loss of consciousness 11 (61.1) 48 (56.5) 59 (57.3)
 Amnesia 10 (55.6) 29 (34.1) 39 (37.9)
 Vomiting 0 19 (22.4) 19 (18.4)
 Bleeding per nose/ear 2 (11.1) 8 (9.4) 10 (9.7)
 Hypotension 11 (61.1) 82 (96.5) 10 (9.7)
 Weakness 2 (11.1) 6 (7.1) 8 (7.8)
 Seizure 1 (5.6) 5 (5.9) 6 (5.8)
 Hypoxia 1 (5.6) 0 1 (1.0)
Associated organ injury (n=25)
 Lower extremity 2 (11.1) 11 (12.9) 13 (12.6)
 Upper extremity 1 (5.6) 3 (3.5) 4 (3.9)
 Maxillofacial bone 0 3 (3.5) 3 (2.9)
 Orbit 0 2 (2.4) 2 (1.9)
 Spine 0 1 (1.2) 1 (1.0)
 Liver 0 1 (1.2) 1 (1.0)
 Bowel 0 1 (1.2) 1 (1.0)
Glasgow coma scale score
 13–15 1 (5.6) 57 (67.1) 58 (56.3)
 9–12 1 (5.6) 15 (17.6) 16 (15.5)
 3–8 16 (88.9) 13 (15.3) 29 (28.2)
Pupillary light reflex
 React both eyes 3 (16.7) 78 (91.8) 81 (78.6)
 Fixed one eye 6 (33.3) 4 (4.7) 10 (9.7)
 Fixed both eyes 9 (50.0) 3 (3.5) 12 (11.7)

Values are presented as number (%) or mean±standard deviation.
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disability, and severe disability were found in 76.7%, 5.8%, and 

7.8%, respectively, of patients. When the 6-month follow-up 

KOSCHI was administered, good recovery, moderate disabili-

ty, severe disability, and death were found in 77.7%, 4.9%, 8.7%, 

and 8.7% of subjects, respectively. Therefore, 17.5% of the 

present study cohort had an unfavorable outcome at hospital 

discharge, as shown in Table 3. 

Model Development 
Clinical variables were analyzed using univariate logistic re-

gression as shown in Table 4. The following 12 variables were 

candidate predictors: age group, hypotension, amnesia, GCS 

score, pupillary light reflex, IVH, SAH, thickness of epidural 

hematoma, lateralization of SDH, obliteration of basal cistern, 

midline shift, and treatment. Therefore, candidate predictors 

were analyzed using multivariable analysis. Following the 

backward elimination procedure, the final model with the 

lowest AIC consisted of hypotension (odds ratio [OR], 9.4; 95% 

confidence interval [CI], 2.0–42.9), GCS score of 3–8 (OR, 8.2; 

95% CI, 1.7–38.9), a fixed pupil in one eye (OR, 4.8; 95% CI, 

2.6–8.8), and fixed pupils in both eyes (OR, 3.5; 95% CI, 1.6–7.1). 

In addition, a midline shift ≥ 5 mm (OR, 1.1; 95% CI, 0.62–10.73) 

and co-existing IVH (OR, 6.5; 95% CI, 0.003–26.1) were also in-

cluded in the final model, as shown in Figure 1.  

Model Performance and Internal Validation  
The domain of the model discrimination was estimated using 

the Hosmer-Lemeshow GOF test with a P-value of 0.99 and a 

c-index of 0.971, indicating good calibration. The domain of 

the model calibration was evaluated based on the calibration 

Table 3. Treatment and outcome of children with traumatic subdural 
hematoma (n=103)
Factor No (%)
Surgical treatment 15 (14.6)
 Decompressive craniectomy 8 (7.8)
 Craniotomy 4 (3.9)
 Intracranial pressure monitoring 2 (1.9)
 Burr hole with irrigation 1 (1.0)
Hospital-discharge KOSCHI
 Death 9 (8.7)
 Vegetative stage 1 (1.0)
 Severe disability 8 (7.8)
 Moderate disability 6 (5.8)
 Good recovery 79 (76.7)
6-Month follow-up KOSCHI
 Death 9 (8.7)
 Vegetative stage 0
 Severe disability 9 (8.7)
 Moderate disability 5 (4.9)
 Good recovery 80 (77.7)
6-Month follow-up outcome
 Unfavorable outcome 18 (17.5)
 Favorable outcome 85 (82.5)

KOSCHI: King’s Outcome Scale for Childhood Head Injury.

Table 2. Imaging finding of children with traumatic SDH (n=103)

Factor

6-Month follow-up 
outcome

Total
Unfavorable 

outcome
Favorable 
outcome

Skull fracture 9 (50.0) 25 (22.4) 34 (33.0)
 Linear 5 (27.8) 14 (16.5) 19 (18.4)
 Simple depressed 3 (16.7) 4 (4.7) 7 (6.8)
 Compound depressed 1 (5.6) 1 (1.2) 2 (1.9)
 Diastatic 0 6 (7.1) 6 (5.8)
Basilar skull fracture 4 (22.2) 12 (14.1) 16 (15.5)
Acute SDH 18 (17.5) 85 (82.5) 103 (100)
Thickness of SDH (mm) 5.3±3.9 4.0±3.2 116.7± 54.9
Co-exiting intracranial injury
 Epidural hematoma 6 (33.3) 14 (16.5) 20 (19.4)
 Thickness of epidural 

hematoma (mm)
15.5±11.2 7.9±5.4 4.6 ±  3.3

 Contusion 10 (55.6) 29 (34.1) 39 (37.9)
 Volume of contusion (ml) 24.6±32.2 20.5±23.4 21.4±25.8
 Subarachnoid hemorrhage 10 (55.6) 21 (24.7) 31 (30.1)
 Intraventricular hemorrhage 5 (27.8) 6 (7.1) 11 (10.7)
 Brainstem contusion 0 1 (1.2) 1 (1.0)
Location of SDH
 Frontal 6 (33.3) 23 (27.1) 29 (28.2)
 Tentorium cerebelli/falx cerebri 3 (16.7) 23 (27.1) 26 (25.2)
 Temporal 5 (37.8) 18 (21.2) 23 (22.3)
 Parietal 2 (11.1) 12 (14.1) 14 (13.6)
 Occipital 2 (11.1) 7 (8.2) 9 (8.7)
 Cerebellum 0 2 (2.4) 2 (1.9)
Lateralization of SDH
 Left 4 (22.2) 25 (29.4) 29 (28.2)
 Right 4 (22.2) 31 (36.5) 35 (34.0)
 Midline 5 (27.8) 22 (25.9) 27 (26.2)
 Bilateral 5 (27.8) 7 (8.2) 12 (11.7)
 Basal cistern obliteration 9 (50.0) 2 (2.4) 11 (10.7)
Midline shift
 <5 mm 13 (72.2) 83 (97.6) 96 (93.2)
 ≥5 mm 5 (27.8) 2 (2.4) 7 (6.8)

Values are presented as number (%) or mean±standard deviation.
SDH: subdural hematoma.
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plot, which was the logistic calibration (intercept, −3.790; 

slope, 7.286), as shown in Figure 2. For internal validation, the 

overfitting performance of the model was evaluated using 1,000 

bootstrapping and five cross-validations. The c-index values 

of bootstrapping and cross-validation were 0.971 and 0.971, 

respectively. 

Model Presentation 
The c-index of the predictive model was outstanding without 

overfitting. Therefore, the final predictive model was finalized 

into a nomogram for predicting the unfavorable outcomes of 

new patients at the 6-month follow-up, as shown in Figure 3. 

DISCUSSION 

SDH following TBI leads to mortality and disability in patients, 

especially children. The mortality rate of SDH in children was 

reported to range from 11% to 20% in prior studies. Tawee-

somboonyat et al. [2] and Tunthanathip et al. [3] studied 948 

children with TBI and found SDH to be significantly associated 

with unfavorable outcomes. However, studies in which SDH 

is specifically investigated in a young population are lacking, 

resulting in increased burden of healthcare cost and poor 

health-related quality of life. In the present study, a predictive 

tool to identify children with increased risk of an unfavorable 

outcome was developed and validated, providing physicians 

with information for advising parents and making treatment 

decisions in clinical practice. 

Using multivariable analysis, the predictive model consist-

ed of the following five predictors: hypotension, GCS score, 

pupillary light reflex, midline shift, and IVH. Hypotension was 

the strongest predictor, in agreement with previous studies 

[3,22,23]. In general, systolic blood pressure has been con-

sidered significantly associated with mortality in TBI. In prior 

Factor Crude odds ratio 
(95% CI) P-value

Age group (yr)
 <5 Ref
 ≥5 0.31 (0.10–0.93) 0.03
Sex
 Male Ref
 Female 1.16 (0.41–3.32) 0.77
Road traffic mechanism
 No Ref
 Yes 0.46 (0.09–2.21) 0.33
Sign and symptom
 Loss of consciousness 0.93 (0.32–2.72) 0.90
 Weakness 1.96 (0.33–11.72) 0.45
 Scalp injury 1.64 (0.52–5.16) 0.39
 Bleeding per nose/ear 1.07 (0.20–5.66) 0.93
 Hypotension 17.39 (3.19–77.3) <0.001
 Seizure 0.92 (0.09–8.84) 0.94
 Amnesia 2.73 (0.94–7.93) 0.06
Associated injury
 Isolated traumatic brain injury Ref
 Associated organ injury 1.74 (0.46–6.61) 0.41
Glasgow coma scale score
 13–15 Ref
 9–12 3.80 (0.22–64.36) 0.35
 3–8 70.15 (8.52–57.75) <0.001
Pupillary light reflex
 React both eyes Ref
 Fixed one eye 56.66 (8.68–31.94) <0.001
 Fixed both eyes 79.0 (13.83–45.12) <0.001
Imaging finding
 Skull fracture 2.19 (0.76–6.31) 0.14
 Basilar skull fracture 1.62 (0.44–5.96) 0.46
 Epidural hematoma 2.54 (0.78–8.23) 0.11
 Contusion 1.82 (0.64–5.29) 0.25
 Subarachnoid hemorrhage 3.81 (1.33–10.91) 0.01
 Intraventricular hemorrhage 5.06 (1.34–19.03) 0.01
 Thickness of epidural hematoma 1.18 (0.97–1.45) 0.09
 Thickness of SDH 1.09 (0.96–1.24) 0.17
SDH at tentorial cerebri/falx cerebri
 No Ref
 Yes 0.47 (0.12–1.80) 0.27
SDH at frontal lobe
 No Ref
 Yes 1.26 (0.41–3.85) 0.68
Lateralization of SDH
 Left Ref
 Right 0.78 (0.17–3.56) 0.75
 Midline 1.12 (0.26–4.84) 0.87
 Bilateral 3.75 (0.75–18.70) 0.10
Basal cistern obliteration
 No Ref
 Yes 41.5 (7.73–22.25) <0.001

Factor Crude odds ratio 
(95% CI) P-value

Midline shift-mm
 <5 Ref
 ≥5 15.96 (2.79–91.02) <0.01
Treatment
 Conservative treatment Ref
 Decompressive craniectomy 7.51 (1.47–38.29) 0.01
 Craniotomy 11.27 (0.93–135.23) 0.06
 Intracranial pressure monitoring 5.63 (0.32–96.95) 0.18

CI: confidence interval; SDH: subdural hematoma.

Table 4. Binary logistic regression analysis for unfavorable outcome
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Figure 1. Forest plot of the adjusted odds ratio (OR) of predictors. CI: confidence interval; GCS: Glasgow coma scale; IVH: intraventricular 
hemorrhage.

Figure 2. Calibration plot of the predictive model. Dxy: somers' dxy rank correlation; C (ROC): concordance statistic (area under the  receiver 
operating characteristic curve).
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studies, blood loss from multiple organ injuries was shown to 

cause hypotension [13,14]. However, the majority of patients in 

the present study experienced isolated TBI, and hypotension 

was not significantly associated with multiple organ injuries. 

Episodes of hypotension were directly associated with low 

cerebral perfusion pressure and unfavorable outcomes [24]. In 

addition, a pupillary light reflex indicated reduced function of 

the brainstem due to alteration of cerebral perfusion or down-

ward cerebral herniation [25]. 

In the present study, low GCS score was significantly as-

sociated with poor outcomes, in concordance with previous 

studies. Dent et al. and Petridis et al. reported that low GCS 

score affected the outcomes in SDH patients [6,7]. Specifically, 

children with low initial GCS score suffered severe brain tissue 

damage, lowering the likelihood of brain recovery. Based on 

the lowest AIC, the final predictive model had two non-signif-

icant predictors in multivariable analysis; however, they were 

reported as prognostic factors with clinical relevance in the lit-

erature. In prior studies, the presence of IVH and high midline 

shift significantly increased the risk of unfavorable outcomes 

after treatment [26,27]. However, the limited prevalence of 

those factors needs to be collected in the future to increase the 

power of testing the hypothesis. A nomogram from a predictive 

model was previously developed and estimated and had an ex-

cellent c-index level [28]. However, the overfitting performance 

is a common optimism problem that should be evaluated us-

ing internal validation [19-21]. Using five cross-validations and 

bootstrapping methods, the optimism-corrected c-indices did 

not decrease the value, which confirmed no overfitting perfor-

mance in the nomogram [20,21,29]. 

The present study had several limitations. This was a sin-

gle-center study with a retrospective design, which might have 

led to some bias. However, the authors attempted to adjust the 

confounders using multivariable analysis. In addition, a mul-

ticenter study should be conducted in the future for external 

validation of the nomogram. To the best of our knowledge, this 

is the first study in which a clinical nomogram for predicting 

outcomes in children with traumatic SDH was proposed, and 

the predictability performance was compared between the no-

mogram and other prediction tools such as machine learning 

Figure 3. Nomogram predicting unfavorable outcomes in children with traumatic subdural hematoma. GCS: Glasgow coma scale; IVH: 
intraventricular hemorrhage; MLS: midline shift.
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[30,31]. 

SDH in pediatric TBI leads to mortality and disability and is 

associated with poor outcomes that apparently are the conse-

quence of associated injuries and clinical status. The predict-

ability level of the nomogram in the present study was excel-

lent, and external validation should be performed to confirm 

the predictability of the tool. 
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INTRODUCTION 

Annually, around 1 million neonates worldwide die because of birth asphyxia [1]. According 

to the World Health Organization guideline on basic newborn resuscitation, although around 

one-fourth of neonatal mortality is due to birth asphyxia, effective cardiopulmonary resusci-

tation (CPR) at the moment of childbirth can prevent a large proportion approximately 30% of 

these deaths [2,3]. Most neonates enter from intrauterine to extrauterine life with no special 

assistance. However, less than 1% of all neonates [4] and around 0.1% of term neonates re-

quire advanced CPR at the moment of birth [5,6]. These statistics are much higher for preterm 
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infants; 6%–7% of preterm neonates (gestational age [GA] <32 

weeks) [7] and around 6%–10% of very low birth weight and 

extremely low birth weight infants require advanced CPR, i.e., 

chest compression with or without injecting epinephrine [8]. 

Many studies have been performed on CPR consequences, 

and mortality, neurological morbidity, neurodevelopmental 

impairment, lower motor scores, and retinopathy of prema-

turity (ROP) are more prevalent among preterm infants who 

have received CPR [7,9,10]. Thus, timely identification and 

rapid CPR of neonates in the delivery room can reduce neona-

tal mortality and morbidity [8]. 

Currently, at-birth CPR is suggested for neonates with 

asystole, profound bradycardia (heart rate <60 per minutes), 

and pulseless electrical activity despite effective ventilation. 

Absence of heart beat or other vital signs, which is recorded 

as zero APGAR (Appearance, Pulse, Grimace, Activity, Respi-

ration), can also be used as a guideline for decision-making 

on beginning CPR [9]. Different studies have shown that the 

severity scoring systems have many limitations, and systems 

based on Machine Learning (ML) have better performance in 

prediction [11,12]. Accordingly, considering the importance 

of at-birth CPR, use of ML-based systems can be useful for 

anticipating the need for neonatal CPR. Application of ML 

algorithms in medicine, especially in neonatal medicine, has 

shown that these techniques have suitable performance in 

prediction and diagnosis. 

Nevertheless, only a few studies have dealt with CPR in ne-

onates, and most of these have a small set of samples and risk 

factors because of the challenges in data collection [13-17]. 

The aim of most studies is to identify the risk factors affecting 

the need for at-birth CPR [13,14,18-20]. Further, most studies 

have dealt with neonatal CPR in the Neonatal intensive care 

unit (NICU), although few of them have addressed at-birth 

CPR, due to examine at birth CPR, only antepartum factors 

should be considered. To the best of our knowledge, this is the 

first study on predicting the need for at-birth CPR in neonates 

using ML algorithms and considering a comprehensive set of 

maternal and prenatal risk factors. Accordingly, our aim is to 

design an ML-based clinical decision support system (CDSS) 

to predict the need for at-birth CPR in neonates based on ma-

ternal and fetal factors. 

MATERIALS AND METHODS 

This retrospective study was conducted based on maternal, 

prenatal, and fetal data, with the aim of predicting the need 

for at-birth general/basic/advanced CPR in neonates. To de-

velop the prediction model, ML algorithms were used. Also, 

the models were evaluated to examine the performance and 

determine the best model. Details related to the data, setting, 

method of development, and evaluation of the prediction 

models are presented in this section. All participants’ parents 

provided written consent before loading the data into the 

registry. 

Data Source 
The data were obtained through a neonatal registry system in 

Valiasr Hospital affiliated to Tehran University of Medical Sci-

ences (TUMS) includes the information related to all neonates 

hospitalized in the NICU of Valiasr Hospital that has a grade of 

B3. The data related to the mother and fetus are entered into 

the registry by the person in charge. In this retrospective study, 

the data available in this registry were retrieved anonymously 

from March 2016 to March 2020. Consent forms were filled out 

by the father or mother of the infant before entering the data 

into the registry. Participant data were considered confiden-

tial, and no extra cost was imposed on our participants. The 

study was approved by the TUMS institutional review board 

(approval ID: IR.TUMS.VCR.REC.1398.591). 

Identification of Neonatal CPR Risk Factors 
Risk factors are identified according to the sixth edition of the 

Textbook of neonatal resuscitation [21] and the International 

Liaison Committee on Resuscitation (ILCOR) guidelines [22]. 

Three neonatologists were asked to review the list of risk  

factors and add any factors not listed. Infertility information, 

sex, and delivery order of any appropriate infant in multiple 

gestation were added. According to experts' opinions, some 

variables (such as fetal problems and maternal chronic dis-

ease) were divided into smaller and more specialized subclass-

es. However, several identified risk factors were not recorded 

in the neonatal registry of Valisasr Hospital and were excluded. 

Figure 1 shows the process of risk factor identification.  

■ In the delivery room, timely neonatal cardiopulmonary 
resuscitation (CPR) could significantly reduce mortality 
and other neurological disabilities.

■ Use of Machine Learning-based systems for predicting 
the need for at-birth CPR can be useful.

KEY MESSAGES
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Inclusion and Exclusion Criteria 
All neonates hospitalized in the NICU from March 2016 to 

March 2020 were included in this study. Post-delivery data 

such as APGAR score, height, and weight of the neonate were 

excluded. 

Definition 
In this study, delivery room CPR and CPR immediately after 

birth were examined. CPR refers to any activity performed to 

simulate the cardiorespiratory activity of neonates who met 

the conditions of CPR according to the American Academy of 

Pediatrics (AAP) guidelines [23,24]. These activities can be cat-

egorized into two groups: basic CPR (use of oxygen mask, nasal 

continuous positive airway pressure (CPAP), and positive pres-

sure ventilation (PPV) and advanced CPR (basic CPR plus epi-

nephrine injection, chest compression, and intubation) [25]. In 

this study, basic, advanced, and general CPR were considered 

separately. The neonatal CPR protocol used in Iran is the new-

est version of the neonatal resuscitation program (NRP) devel-

oped by the AAP and the American Heart Association in 2020 

[26]. Currently, the Ministry of Health is in charge of issuing 

NRP certificates. In our NICU, CPR procedures are performed 

by neonatologists, pediatric residents (second-year residents 

onwards), or neonatology fellows with NRP certification. 

Steroid administration is considered the use of any type of 

fluorinated corticosteroid. Chorioamnionitis is defined by a 

maternal inflammatory response with neutrophilic infiltration 

of the chorionic plate or membranes with or without fetal in-

flammatory response [27]. Prenatal care adequacy is defined 

on the basis of the Kotelchuck Index [28]. Levels of “inade-

quate” and “intermediate” are considered as “no” outcomes, 

and “adequate” and “adequate plus” levels as “yes” results in 

the dataset used in this study. 

Data Extraction and Preprocessing 
After removing all identifiers, the data were extracted from the 

registry as a .sav file and classified into one of six groups: (1) 

Gestational risk factors: prenatal care, chorioamnionitis, ste-

roid administration, and magnesium sulfate administration; 

(2) Maternal risk factors: age, hypertension (chronic, gestation-

al, eclampsia), diabetes (chronic, gestational), addiction, hu-

man immunodeficiency virus (HIV), chronic disease history, 

history of abortion (less than 20 weeks), and intrauterine fetal 

death; (3) Female infertility: use of assisted reproductive tech-

niques (ART), type of ART; (4) Accreta status: decollement/

placenta abruption, vasa previa, previa, placenta accreta; (5) 

Fetal data: gender, GA, rank, and number of infants; intrauter-

ine growth restriction; congenital problems diagnosed before 

birth; fetal hydrops; (6) Delivery risk factors: mode of delivery, 

prelabor rupture of membranes (PRoM), duration of PRoM, 

presentation, cord status, thick meconium, amniotic fluid sta-

tus, and fetal heart rate during delivery. 

The outcome variable is whether CPR is performed for a 

baby in the delivery room. The general, basic, and advanced 

resuscitation levels are considered separately as outcomes. 

The data set contained approximately 7% missing values, 

which were imputed by the multiple imputation method.  

Figure 1. Identification of the neonatal cardiopulmonary resuscitation risk factors. ART: assisted reproductive techniques.

Excluded risk factors

 Premature/prolonged rupture of membranes, bleeding in second or third trimester, severe pregnancy-induced hypertension, chronic 
hypertension, substance abuse, pharmacologic therapy (eg., lithium, magnesium, adrenergic blocking agents), diabetes mellitus, chronic 
maternal, maternal infection, heavy sedation, previous fetal or neonatal death, no prenatal care, multiple gestation, preterm gestation 
(especially <35 weeks), postterm gestation (>42 weeks), size-date discrepancy, growth restriction (retardation), rhesus isoimmunization/
hydrops fetalis, polyhydramnios and oligohydramnios, reduced fetal movement before onset of labor, congenital abnormalities, 
intrauterine infection, fetal distress, abnormal presentation, prolapsed cord, prolonged labor (or prolonged second stage of labor), 
precipitous labor, antepartum hemorrhage (abruptio placenta, placenta previa), thick meconium staining of amniotic fluid, nonreassuring 
fetal heart rate patterns, narcotic administration to mother within 4 hours of delivery, forceps delivery, vacuum-assisted (ventouse) 
delivery, cesarean section, use of general anesthesia, uterine tetany, chorioamnionitis, maternal age <16 or >35 years

Infertility information (use of ART, name of ART), gender and rank of infant in multiple gestation 

Labor status, bleeding in second or third trimester, maternal infection, heavy sedation, size-date discrepancy, intrauterine infection, 
fetal distress, narcotic administration to mother within 4 hours of delivery, forceps delivery, vacuum-assisted (ventouse) delivery, 
use of general anesthesia, uterine tetany

Identified risk factors 
by neonatologists

Risk factors according 
to guidelines 
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Prediction Model Construction  
When a study is associated with a large number of interde-

pendent factors and there is a need to categorize records into 

two classes, one of the simplest and most effective methods is 

the binary classifier [29]. Therefore, to develop the prediction 

model for the need for at-birth general/basic/advanced CPR, 

ML algorithms of J48, multilayer perceptron, support vector 

machine (SVM), Naïve Bayesian (NB) and random forest were 

used. All algorithms were performed with the original data 

set. Next, Feature Selection (FS) techniques were used to de-

termine the importance of each attribute in predicting type of 

CPR. As a result, only relevant attributes were involved in the 

data mining process, which improved predictive accuracy and 

reduced processing time. For this purpose, filter FS algorithms 

including relief and correlation-based feature selection (CFS) 

and wrapper methods using classifiers SVM, J48, and NB were 

used (Table 1). These methods consider feature dependencies 

as well as predictive ability of attributes. As a result, feature 

subsets with less inter-correlation but high correlation to the 

outcome are preferred [30-33]. Then, the risk factors were 

organized based on the total importance resulting from im-

plementing the five FS algorithms. Based on the ordered list 

of variables, various data subsets were created, and ML algo-

rithms were implemented on both the original data set and 

these data subsets. 

Statistical Analysis and Performance Measurements 
For continuous data, mean, range, and standard deviation 

were reported, while frequency and percentage were reported 

for discrete data. To investigate the distribution of variables in 

the two groups (neonates receiving CPR vs. those not receiving 

CPR), independent samples t-test, chi-square, Fisher exact, 

and Mann-Whitney tests were used. The significance levels 

for all tests were set at P<0.05. All statistical analyses were 

performed using IBM SPSS ver. 20.0 (IBM Corp., Armonk, NY, 

USA). After analyzing the role of risk factors in predicting the 

outcome and developing the prediction models for need for 

at-birth general/basic/advanced CPR, the performance of the 

developed models was evaluated based on accuracy, preci-

sion, sensitivity, specificity, and F-measure criteria as well as 

the 10-fold cross validation method. The role of variables was 

analyzed using the FS algorithms in WEKA software. Devel-

opment and assessment of models were performed using R 

v3.4.1 (R Foundation, Vienna, Austria). 

Clinical Decision Support System Design 
After selecting the best algorithm for predicting the need for 

delivery room CPR in neonates, the system user interface was 

designed based on the best prediction model for the need for 

at-birth CPR in Visual Studio platform 2015. 

RESULTS 

A total of 3,882 infants with an average birth weight of 2,500.81 

g (standard deviation [SD], 889.107 g; range, 400–5,250 g) was 

included in the study according to the inclusion/exclusion 

criteria (Figure 2). Of these, 2,011 (51.8%) received delivery 

room CPR. Overall, 1,909 infants (49.18%) received basic CPR, 

and 510 (13.14%) received advanced CPR. The frequency of 

Table 1. Characteristics of FS methods
Type of FS method Evaluation algorithm Weka class name Parameters tuning
Filter Attribute evaluation using relief ReliefFAttributeEval

Correlation-based feature selection evaluation CfsSubsetEval
Wrapper Subset evaluation by using a user-specified classifier 

and separate held-out test set
ClassifierSubsetEval Classifier=SVM

Subset evaluation by using a user-specified classifier 
and internal cross-validation

WrapperSubsetEval-weka.classifiers.trees.J48 Classifier=J48

Subset evaluation by using a user-specified classifier 
and internal cross-validation

WrapperSubsetEval-weka.classifiers.bayes.NaiveBayes Classifier=NB

FS: feature selection; SVM: support vector machine; NB: Naïve Bayesian.

Figure 2. Flowchart of patient selection. NICU: neonatal intensive 
care unit; CPR: cardiopulmonary resuscitation.

3,886 Infants hospitalized in the NICU 

4 Infants excluded due to 
lack of parental consent

2,011 Infants who 
received delivery room 

CPR 

1,871 Infants who did 
not receive delivery 

room CPR

3,882 Infants included
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CPR types was as follows: nasal CPAP (n=1,120, p=28.8%), PPV 

(n=891, p=22.9%), oxygen mask (n=723, p=18.6%), intubation 

(n=494, p=12.7%), chest compression (n=86, p=2.2%), and epi-

nephrine injection (n=68, p=1.7%). Data are shown in Table 2. 

To develop a prediction model for need for at-birth general/

basic/advanced CPR, ML algorithms were used. The results 

obtained from applying these algorithms to the original data 

set are shown in Figure 3. Based on all performance criteria, 

the SVM method demonstrated the best performance for pre-

dicting the need for at-birth general and basic CPR (Figure 3A 

and B). The J48 method demonstrated comparable results. As 

in Figure 3C, the performance of the J48 technique was better 

than that of the other models in predicting advanced CPR. 

However, the NB method had the highest specificity. 

In the next step of simulation, FS algorithms were employed. 

For this, the two filter FS algorithms of relief and CFS were im-

plemented with the three wrapper methods of SVM, J48, and 

NB. Then, for each risk factor, the total importance resulting 

from implementing the five FS algorithms was calculated. The 

rank resulting from the FS algorithms as well as the average 

rank for each attribute in predicting the types of CPR are pre-

sented in Table 3. The average rank was calculated using the 

following relation, where ri represents the rank of variable in 

the ith feature selection algorithm. 

Average rank: (r1+r2+… +r5)/5 

According to Table 3, GA is the most important risk factor 

for predicting all types of CPR. Also, the average ranks of "ma-

ternal kidney disease," "thyroid disorders," and "decollement/

placenta abruption" were lowest in predicting general, basic, 

and advanced CPR, respectively. For each type of resuscita-

tion, the variables were sorted based on average rank, and 

then 20 feature subsets were created, including 1, 2, …,10, 

15, 20, 25, 30, 35, 40, 45, 50, 55, and 60 important variables, 

respectively. In other words, the first group included the most 

important feature, the second one included the two most im-

portant features and so on. According to these subsets, 20 data 

subsets were created, and ML algorithms were implemented 

on these data subsets. Each time, one type of CPR was consid-

ered as the outcome. Figures 4 and 5 reveal the results of the 

ML algorithms with the 20 data subsets obtained from FS. 

According to Figures 4 and 5, J48 using the four first import-

ant variables with an accuracy of 90.89% and an F-measure 

of 90.9% produced the best results. GA, delivery type, pre-

sentation, and maternal addiction were the most important 

features in general CPR prediction. J48 also achieved the best 

results in predicting basic CPR on the basis of the 10 most 

significant variables: GA, delivery type, prenatal care, decolle-

ment, addiction, amniotic fluid, other chronic diseases, mac-

rosomia, infant rank, and fetal hydrops. To predict the need 

for advanced CPR, J48 achieved the best accuracy of 90.97% 

using the six most important variables: GA, infertility, gesta-

tional diabetes, kidney diseases, HIV, and PRoM. However, 

according to F-measure, the NB method with the three vari-

ables of GA, infertility, and gestational diabetes had the best 

performance. Given that only 510 infants received advanced 

resuscitation, the data subsets were unbalanced. Therefore, 

the SVM method can categorize all items in the majority 

group (non-CPR), and the value of the F-measure could not 

be calculated (Figure 5C). 

The best results of every algorithm are shown in Table 4. 

Comparing the results shown in Figure 3 and Table 4, we 

found that use of the FS algorithms in general CPR prediction 

caused 4.88% increased accuracy and 5.12% increased F-mea-

sure on average. Further, the use of the FS method in basic and 

advanced CPR prediction models increased mean accuracy by 

3.05% and 3.34%, respectively, and mean F-measure by 1.49% 

and 1.26%. 

Graphical user interface of the proposed CDSS for CPR 

prediction was designed in Visual Studio 2015, based on the 

three best models which were developed on the basis of J48 

(Figure 6). After entering the data, all three prediction models 

(general/basic/advanced CPR prediction models) were exe-

cuted, and the final output was calculated by OR combination 

of the output of each model. 

DISCUSSION 

This paper dealt with a prediction system for the need for 

neonatal CPR immediately after birth in the delivery room. 

To achieve a system with proper performance, various ML 

algorithms were compared with different sets of risk factors 

to identify the best system and the most effective factors for 

predicting type of CPR. According to the obtained results, to 

predict the need for at-birth CPR in general, SVM using all risk 

factors reached an accuracy of 88.43% and an F-measure of 

88.4%, while J48 using the first four most important variables 

reached an accuracy of 90.89% and an F- measure of 90.9%. 

For basic CPR prediction, the highest accuracy and F-mea-

sure were achieved for the SVM model at 87.64% and 87.4%, 

respectively. After applying the FS methods and selecting the 

10 most important features, the best fit model was J48, with 

an accuracy of 88.92% and an F-measure of 88.9%. Among the 
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Variable Total 
(n=3,882)

CPR 
(n=2,011)

Non-CPR 
(n=1,871)

P-value 
(CPR vs. non-CPR group)

Gestational risk factor
 Prenatal care 3,426 (88.25) 1,837 1,589 <0.001
 Chorioamnionitis 71 (1.83) 37 34 0.958
 Steroid administration 933 (24.03) 647 286 <0.001
 Magnesium sulfate administration 333 (8.58) 238 95 <0.001
Maternal risk factor
 Hypertension 184 (4.74) 113 71 0.008
 Gestational hypertension 654 (16.85) 379 275 0.001
 Diabetes 105 (2.71) 53 52 0.783
 Gestational diabetes 600 (15.46) 317 283 0.583
 Mother addiction 63 (1.62) 22 41 0.007
 Mother HIV 28 (0.72) 14 14 0.848
 Cardiac disease 304 (7.83) 142 162 0.064
 Blood disease 187 (4.82) 98 89 0.866
 Kidney disease 63 (1.62) 33 30 0.926
 Thyroid disorders 0.274
  Hyperthyroidism 15 (0.39) 8 7
  Hypothyroidism 694 (17.88) 344 350
  Thyroidectomy 2 (0.05) 0 2
 Respiratory disease 28 (0.72) 15 13 0.851
 Mental disease 21 (0.54) 11 10 0.958
 Infectious disease 16 (0.41) 8 8 0.885
 Brain diseases 62 (1.6) 37 25 0.211
 Cancer disease 33 (0.85) 19 14 0.505
 Skin disease 7 (0.18) 3 4 0.635
 Liver disease 63 (1.62) 32 31 0.872
 Autoimmune disease 64 (1.65) 32 32 0.771
 Uterus disease 41 (1.06) 23 18 0.580
 Digestive disease 34 (0.88) 15 19 0.368
 Eye disease 4 (0.10) 2 2 0.942
 Other chronic disease 12 (0.31) 9 3 0.107
 Pre-eclampsia 0.192
  Eclampsia 8 (0.21) 4 4
  Preeclampsia 198 (5.10) 115 83
 Abortion history 17 (0.44) 9 8 0.925
 Intrauterine fetal death Infertility 10 (0.26) 3 7 0.167
 Female infertility 214 (5.51) 146 68 <0.001
 ART 144 (3.71) 94 50 0.001
  Drug 26 (0.67) 23 3 <0.001
  IUI 18 (0.46) 9 9
  IVF 100 (2.58) 62 38
Accreta status
 Decollement/placenta abruption 41 (1.06) 28 13 0.034
 Vasa previa 1 (0.03) 1 0 0.335
 Previa 113 (2.91) 62 51 0.508
 Placenta accreta 163 (4.2) 94 69 0.126
Fetal data
 Number of infants <0.001
  1 3,407 (87.76) 1,678 1,729
  2 419 (10.79) 293 126
  3 55 (1.42) 39 16
  4 1 (0.03) 1 0
 Sex 0.396
  Female 1,730 (44.57) 881 849

Table 2. Descriptive statistics of risk factors

(Continued to the next page)



444 https://www.accjournal.org Acute and Critical Care 2022 August 37(3):438-453

Zarkesh MR et al. CPR of infants at birth

Table 2. Continued

Variable Total 
(n=3,882)

CPR 
(n=2,011)

Non-CPR 
(n=1,871)

P-value 
(CPR vs. non-CPR group)

  Male 2,146 (55.28) 1,128 1,018
  Ambiguous genitalia 6 (0.15) 2 4
 Rank of infant <0.001
  1 3,628 (93.46) 1,838 1,790
  2 235 (6.05) 160 75
  3 19 (0.49) 13 6
 IUGR 223 (5.75) 134 89 0.011
 Tumor 14 (0.36) 8 6 0.689
 Genetic problems/anomaly 18 (0.46) 13 5 0.082
 Macrosomia 19 (0.49) 3 16 0.002
 Cardiac problem 31 (0.8) 16 15 0.983
 Surgery (defect of the abdominal) 54a (1.39) 24 30 0.276
 Blood problem 4 (0.10) 2 2 0.942
 Pulmonary problem 12 (0.31) 9 3 0.107
 Brain problem 25 (0.64) 13 12 0.984
 Fetal hydrops 12 (0.31) 10 2 0.029
 Other problem (fetus) 6 (0.15) 3 3 0.930
Delivery risk factor
 Delivery type <0.001
  Cesarean 3,617 (93.17) 1,923 1,694
  Vaginal 265 (6.83) 88 177
 PRoM 549 (14.14) 304 245 0.071
 Presentation 0.073
  Breech 106 (2.73) 42 64
  Transverse 6 (0.15) 2 4
  Hand 1 (0.03) 1 0
  Normal 3,769 (97.09) 1,966 1,803
 Cord 0.240
  Absent Doppler 27 (0.69) 18 9
  Cord prolapse 4 (0.10) 3 1
  Reverse 1 (0.03) 1 0
  No 3,850 (99.18) 1,989 1,861
 Thick meconium 24 (0.62) 16 8 0.144
 Amniotic fluid 0.041
  Oligohydramnios 43 (1.11) 18 25
  Polyhydramnios 26 (0.67) 8 18
  Normal 3,813 (98.22) 1,985 1,828
 Fetal heart condition 0.395
  Arrhythmia 1 (0.03) 0 1
  BPP 2 (0.05) 1 1
  Bradycardia 6 (0.15) 5 1
  Tachycardia 10 (0.26) 5 5
  Decreased FHR 269 (6.93) 148 121
  Fetal distress 8 (0.21) 6 2
  Sinusoidal 1 (0.03) 1 0
  PVC 1 (0.03) 1 0
  No  3,584 (92.31) 1,844 1,740
Continuous risk factor
 Maternal age (yr) 30.89±5.9 30.85±3.81 30.94±3.68 0.474
 Gestational age (day) 247.15±25.17 237.19 ±26.35 257.85 ±18.38 <0.001
 PRoM (hr) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) <0.001

Values are presented as number (%), mean±standard deviation (range), or median (interquartile range).
CPR: cardiopulmonary resuscitation; HIV: human immunodeficiency virus; ART: assisted reproductive technique; IUI: intrauterine insemination; IVF: in vitro fertilization; 
IUGR: intrauterine growth restriction; PRoM: prelabor rupture of membranes; BPP: biophysical profile; FHR: fetal heart rate; PVC: premature ventricular contraction.
aIncluding colonic atresia, diaphragmatic hernia, duodenal atresia, esophageal atresia, gastroschisis, internal hernia, intestinal atresia, jejunal atresia, omphalocele.
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Figure 3. Performance metrics of Machine Learning algorithms for original dataset. (A) At-birth cardiopulmonary resuscitation (CPR) prediction 
in general, (B) at-birth basic CPR prediction, (C) at-birth advanced CPR prediction. MLP: multilayer perceptron; SVM: support vector machine; RF: 
random forest; NB: Naïve Bayesian.
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Figure 4. Accuracy of Machine Learning algorithms for 20 feature subsets. (A) At-birth cardiopulmonary resuscitation (CPR) prediction in general, 
(B) at-birth basic CPR prediction, (C) at-birth advanced CPR prediction. MLP: multilayer perceptron; SVM: support vector machine; RF: random 
forest; NB: Naïve Bayesian.
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Figure 5. F-measure of Machine Learning algorithms for 20 feature subsets. (A) At-birth cardiopulmonary resuscitation (CPR) prediction in 
general, (B) at-birth basic CPR prediction, (C) at-birth advanced CPR prediction. MLP: multilayer perceptron; SVM: support vector machine; RF: 
random forest; NB: Naïve Bayesian.
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ML algorithms, the best model to predict advanced CPR was 

J48, with an accuracy of 90.15% and an F-measure of 87.5%. 

According to the experiment performed on the six most im-

portant features, J48 had the highest accuracy of 90.89%, while 

NB using the three most significant features achieved the best 

performance with an F-measure of 88.9%.  

Feature ranking was performed using five FS algorithms, and 

the most effective risk factors were identified for the general/ 

basic/advanced CPR prediction. Among all variables, only GA 

was significant in all types of CPR prediction models. Delivery 

type, presentation, and addiction are other important factors 

in general CPR prediction. Also, the most significant risk fac-

tors of basic CPR prediction were GA, delivery type, prenatal 

care, placental abruption, mother’s addiction, amniotic fluid 

status, maternal chronic disease history, macrosomia, rank of 

infant, and fetal hydrops. Moreover, GA, infertility, gestational 

diabetes, history of kidney disease, HIV, and PRoM were the 

most important risk factors for predicting the need for ad-

Figure 6. User interface of the proposed system. CPR: cardiopulmonary resuscitation.

Table 4. The best performance of each ML methods on various feature subsets

ML method
General CPR Basic CPR Advanced CPR

Accuracy F-measure Number of 
selected features Accuracy F-measure Number of 

selected features Accuracy F-measure Number of 
selected features

MLP 90.76 90.8 3 88.51 88.5 5 90.71 88.2 6, 2a

J48 90.89 90.9 4 88.92 88.9 10 90.97 88.5 6, 2a

RF 90.24 90.3 3 87.43 87.4 1 89.76 87.7 10
SVM 90.42 90.3 8 88.23 87.9 8 89.86 83.7 1, 30a

NB 89.93 89.6 9 87.82 87.2 7 90.61 88.9 3

ML: Machine Learning; CPR: cardiopulmonary resuscitation; MLP: multilayer perceptron; RF: random forest; SVM: support vector machine; NB: Naïve Bayesian.
aNumber of selected features to obtain the best F-measure value.



451https://www.accjournal.orgAcute and Critical Care 2022 August 37(3):438-453

Zarkesh MR et al. CPR of infants at birth

vanced CPR. 

According to the sixth edition of the Textbook of neonatal 

resuscitation [21] and the ILCOR guidelines [22], the risk fac-

tors of GA, delivery type, presentation, macrosomia, prenatal 

care, PRoM, history of kidney disease, multiple gestation, fetal 

hydrops, amniotic fluid status, diabetes, placental abruption, 

and maternal chronic disease history all can contribute to 

an increased need for at-birth CPR in neonates. In a study by 

Afjeh et al. [18], risk factors affecting CPR in neonates were 

examined, whereby placental abruption, multiple gestation, 

delivery type, and infertility were identified as the risk factors 

that contribute to increasing the need for delivery room CPR. 

Also, a study by Jiang et al. found that diabetes, hypertension, 

and delivery type affect the need for CPR in neonates [19]. 

In our study, HIV was identified as an effective risk factor in 

predicting advanced CPR. To the best of our knowledge, the 

association between maternal HIV infection and need for neo-

natal CPR has not previously been reported. However, many 

previous studies have shown that maternal HIV infection is as-

sociated with small for gestational age, preterm birth, low birth 

weight, and stillbirth [34-37]. Our results revealed that macro-

somia is one of the most important risk factors for predicting 

the need for basic resuscitation. However, while association 

between macrosomia and CPR was not found in the literature, 

previous studies showed that macrosomia is associated with 

shoulder dystocia, perinatal asphyxia, diabetes or gestational 

diabetes, and prolonged labor [38,39], factors that all play vital 

roles in increasing the need for at-birth resuscitation risk. 

The prevalence of mortality, neurodevelopmental impair-

ment, respiratory support at 28 days, days to full oral feeds, 

and length of stay are very high among neonates who have 

undergone at-birth CPR [9,40]. Even the National Institute of 

Child Health and Developmental Neonatal Research reported 

that CPR in the delivery room is a prognostic factor for morbid-

ity and later complications up to 18 months of age [41]. Thus, 

the healthcare system should be able to better predict which 

neonates require CPR before delivery, so that the neonatal re-

suscitation team is present in time [42]. Previous studies have 

shown that antenatal transfer of high-risk mothers reduces 

pre-discharge neonatal mortality [43,44]. Thus, predicting the 

need for at-birth CPR can be very effective, as it increases the 

preparation of the neonatal resuscitation team and provides 

the possibility of consultation with the family before delivery 

[42]. Therefore, according to the results obtained from this 

study, use of the proposed system for predicting the need for at-

birth CPR in neonates will greatly reduce the adverse outcomes 

in childbirth with more preparation time for the CPR team. 

In addition, coordination between the CPR team and ob-

stetricians can lead to reduced adverse events in the delivery 

room and improve overall care [42]. A study by Draper et al. 

[45] examined intrapartum deaths in the UK and found that 

around 25% of mortalities were due to lack of suitable commu-

nication between the multidisciplinary team members during 

delivery. Thus, the proposed system can be used as an infant 

pre-resuscitation guide to ensure coordination between the 

CPR team and obstetricians. 

Despite the importance of CPR prediction, very few studies 

have dealt with neonatal CPR, most of which have addressed 

CPR in the NICU [13-16], which have small numbers of sam-

ples and few risk factors because of challenges in data collec-

tion [13-17]. However, in this study, in addition to considering 

a sample of suitable size, attempts were made to capture all fe-

tal and maternal risk factors mentioned in credible guidelines, 

which also had demonstrated their importance in previous 

studies.  

The main limitation of this study, like most previous studies, 

was that the data related to only one center were examined. 

Thus, it is suggested to conduct studies with a more diverse 

sample extracted from multiple centers with different grades 

of NICU. Comparison of the results can be useful in identifying 

significant risk factors affecting the need for CPR and its pre-

diction. Also, the included population was all neonates hospi-

talized in the NICU, which is a very selective high-risk group of 

neonates who had a very high incidence of resuscitation. This 

limited the generalizability of this dataset to the usual situation 

in the delivery room.  
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Background: Pediatric Index of Mortality 3 (PIM 3) and Pediatric Logistic Organ Dysfunction-2 
(PELOD-2) are validated tools for predicting mortality in children. Research suggests that these 
tools may have different predictive performance depending on patient group characteristics. 
Therefore, we designed this study to identify the factors that make the mortality rates predicted by 
the tools different. 
Methods: This retrospective study included patients (<18 years) who were admitted to a pediatric 
intensive care unit from July 2017 to May 2019. After defining the predicted mortality of PIM 3 
minus the predicted mortality rate of PELOD-2 as “difference in mortality prediction,” the clinical 
characteristics significantly related to this were analyzed using multivariable regression analysis. 
Predictive performance was analyzed through the Hosmer-Lemeshow test and area under the re-
ceiver operating characteristic curve (AUROC). 
Results: In total, 945 patients (median [interquartile range] age, 3.0 [0.0–8.0] years; girls, 44.7%)  
were analyzed. The Hosmer-Lemeshow test revealed AUROCs of 0.889 (χ2=10.187, P=0.313) and 
0.731 (χ2=6.220, P=0.183) of PIM 3 and PELOD-2, respectively. Multivariable linear regression 
analysis revealed that oxygen saturation, partial pressure of CO2, base excess, platelet counts, and 
blood urea nitrogen levels were significant factors. Patient condition-related factors such as cardi-
ac bypass surgery, seizures, cardiomyopathy or myocarditis, necrotizing enterocolitis, cardiac arrest, 
leukemia or lymphoma after the first induction, bone marrow transplantation, and liver failure 
were significantly related (P<0.001). 
Conclusions: Both tools predicted observed mortality well; however, caution is needed in interpre-
tation as they may show different prediction results in relation to specific clinical characteristics. 
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INTRODUCTION 

Predicting mortality is very important in the process of caring for critically ill patients. De-

pending on the likelihood of mortality, the urgency of the use of medical resources can be as-

sessed, and the medical condition can be detected and treated early before progression [1-3]. 
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There are various tools for predicting mortality in critically ill 

pediatric patients, among which Pediatric Index of Mortality 3 

(PIM 3) and Pediatric Logistic Organ Dysfunction-2 (PELOD-2) 

are widely used worldwide [4,5]. The predictive performance 

and effectiveness of both prediction tools have been proven 

through several validation studies [6-9]. 

However, in a retrospective study of children who received 

bone marrow transplantation, it was reported that there was 

no significant difference in mortality predicted by PIM (pre-

vious version of PIM 3) between survivors and non-survivors 

[10]. Another study of patients undergoing surgery for congen-

ital heart disease reported a weak relationship between the 

severity of the patient’s condition and the PELOD (previous 

version of PELOD-2) score [11]. Since it is important to be 

aware that the performance of a mortality prediction system 

may vary according to a specific disease or patient group, we 

attempted to find studies on PIM 3 and/or PELOD-2, which 

are the upgraded versions of PIM and PELOD, respectively. 

However, to the best of our knowledge, none of the available 

studies exactly fit this purpose. Therefore, we designed this 

study with the aim of determining whether there are patient 

group characteristics that influence the mortality predictive 

performance of PIM 3 and PELOD-2, and if any, we aimed to 

determine the specific factors that cause the difference in per-

formance between these tools. 

MATERIALS AND METHODS 

Study Setting 
This retrospective observational study was conducted at a 24-

bed medical and surgical pediatric intensive care unit (PICU) 

of a tertiary hospital. Patients under the age of 18 years who 

were admitted to the PICU from July 2017 to May 2019 were 

included, and patients with vital signs that were consid-

ered non-physiologic were excluded from the analysis. The 

non-physiologic vital signs were defined as: heart rate (HR) 

above 300 beats/min or below 30 beats/min, respiratory rate 

(RR) above 120 breaths/min or below 5 breaths/min, body 

temperature above 42°C or below 30°C, and oxygen saturation 

below 30%. 

Data Collection and Pre-processing 
The following data were collected from the hospital’s elec-

tronic health records: age; sex; physical findings such as blood 

pressure (BP), HR, and RR; clinical findings such as vasoac-

tive-inotropic scores and the use of mechanical ventilation; 

■ The predictive performance of both Pediatric Index of 
Mortality 3 and Pediatric Logistic Organ Dysfunction-2 is 
good.

■ There is a difference in performance between the tools 
based on patient characteristics and groups.

KEY MESSAGES

and laboratory findings such as blood gas analysis results and 

electrolyte levels. Among these variables, BP, HR, and RR, 

whose normal ranges change with age [12], were not used in 

order to avoid age-related bias, but the z-score for each vari-

able was calculated and used for analyses. In the process of 

calculating the z-score, the “generalized additive models for 

location scale and shape” and “sitar” package of R software (R 

Foundation for Statistical Computing, Vienna, Austria) were 

used [13,14]. The PIM 3 and PELOD-2 scores were calculated 

using formulas presented in the development studies [4,5]. 

When calculating the scores of the above tools, the worst one 

was used within 1 hour of entering the PICU, and the results of 

the examination within 1 hour of entering the PICU were used 

based on the examination execution time, not the examination 

result report time. The process of recording data through the 

hospital information system was performed by one researcher, 

and the PIM 3 and PELOD-2 scores were calculated through R 

coding.  

Outcome Measures  
The primary outcome in this study was an analysis of factors 

affecting the mortality prediction performance of PIM 3 and 

PELOD-2. For this, the value obtained by subtracting the pre-

dicted mortality rate of PELOD-2 from the predicted mortality 

rate of PIM 3 was defined as “difference in mortality predic-

tion”, and related factors were analyzed using multivariable lin-

ear regression. The secondary outcome was whether there was 

a difference from observed mortality in each subgroup; this 

was obtained by performing subgroup analysis on categorical 

variables among factors that were significantly related to “dif-

ference in mortality prediction” in the multivariable analysis.  

Statistical Analysis 
To analyze the relationship between the mortality predicted by 

PIM 3 or PELOD-2 and the observed mortality, the area under 

the receiver operating characteristic curve (AUROC) and Hos-

mer-Lemeshow goodness of fit test were used, and the grade 
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was set to 10 steps. Linear regression analyses were used to an-

alyze factors related to the “difference in mortality prediction,” 

and factors that showed significant results in the univariable 

analyses were used to create a multivariable linear regression 

model. The final model was derived using the backward se-

lection method. All statistical analyses were performed using 

R version 4.0.3 (R Foundation for Statistical Computing), and 

P<0.05 were considered statistically significant. 

Ethics Statements 
The need for obtaining ethics approval of the study protocol 

and written consent from the study participants was waived 

by the Institutional Review Board of the institution where this 

study was conducted (H-2004-229-1119). 

RESULTS 

Baseline Characteristics 
During the study period, a total of 1,073 patients were 

screened, and 945 patients were finally analyzed after applying 

the inclusion and exclusion criteria (Figure 1). The median (in-

terquartile range) age was 3.0 years (0.0–8.0 years), and 44.7% 

of the patients were girls. Table 1 provides detailed information 

regarding the baseline characteristics. The Hosmer-Lemeshow 

goodness of fit test was conducted to confirm whether the 

mortality predicted by the severity scoring tools differed from 

the observed mortality. The results of PIM 3 (AUROC=0.889, 

χ2=10.187, P=0.313) showed no statistically significant differ-

ence from the observed mortality. The results of PELOD-2 

were also AUROC=0.731, χ2=6.220, P=0.183, showing that there 

was no difference from the observed mortality. Both PIM 3 

and PELOD-2 showed fair to good predictive performance in 

predicting the observed mortality (Figure 2). 

Main Outcomes 
Based on the multivariable analysis, oxygen saturation (β= 

–0.065, standard error [SE]=0.012, P<0.001), base excess (β= 

–0.124, SE=0.024, P<0.001), a diagnosis of seizures (β=–3.598, 

SE=0.723, P<0.001), and cardiac bypass surgery (β=–2.083, 

SE=0.264, P<0.001) were associated with a decrease in the 

“difference in mortality prediction” between the tools. That is, 

the mortality rate predicted by PELOD-2 tends to increase to a 

greater extent than the mortality rate predicted by PIM 3 as the 

factors correspond to the above variables. In contrast, partial 

pressure of CO2 (β=0.041, SE=0.010, P<0.001); platelet counts 

(β=0.004, SE=0.001, P<0.001); blood urea nitrogen levels 

(β=0.045, SE=0.017, P=0.008); diagnoses of cardiomyopathy or 

myocarditis (β=3.810, SE=0.948, P<0.001), necrotizing entero-

colitis (β=4.356, SE=1.356, P<0.001), cardiac arrest (β=20.691, 

SE=0.813, P<0.001), and leukemia or lymphoma after the 

first induction (β=9.066, SE=2.163, P<0.001); bone marrow  

transplantation (β=6.255, SE=1.542, P<0.001); and liver failure 

(β=5.907, SE=1.257, P<0.001) were associated with an increase 

in the “difference in mortality prediction” (the more the above 

factors were met, the higher the predicted mortality rate of 

PIM 3 was that of PELOD-2) (Table 2).  

Table 3 shows the results of the subgroup analyses based 

Figure 1. Study flow diagram.

Figure 2. The receiver operating characteristic (ROC) curves according 
to situations of observed mortality and predicted mortality by 
Pediatric Index of Mortality 3 (PIM 3) and Pediatric Logistic Organ 
Dysfunction-2 (PELOD-2). P-values were derived using the Hosmer-
Lemeshow goodness of fit test. AUROC: area under the ROC curve.
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on categorical variables among the factors confirmed to af-

fect “difference in mortality prediction” in the multivariable 

analysis. Similar to the results of the multivariable analysis, 

PELOD-2 had a higher predictive mortality rate than PIM 3 

in cases of bypass cardiac surgery or seizures, and PIM 3 had 

a higher predictive mortality rate in other cases. In the Hos-

mer-Lemeshow goodness of fit test result, only the predicted 

mortality of PIM 3 could be analyzed in both ‘cardiomyop-

athy or myocarditis’ and ‘cardiac arrest’ cases, and none of 

them showed a statistically significant difference; thus, PIM 3 

predicted the actual observed mortality well in the subgroup  

(Table 3). 

Variable Value (n=945)
Age (yr) 3.0 (0.0 to 8.0)
Female 422 (44.7)
Length of stay in ICU (hr) 24.2 (19.0 to 77.7)
Underlying disease
 Cardiovascular disease 138 (13.3)
 Endocrinologic disease 48 (4.6)
 Gastrointestinal disease 84 (8.1)
 Genetic disease 108 (10.4)
 Genitourinary disease 62 (6)
 Hemato-oncologic disease 174 (16.8)
 Infectious disease 42 (4.1)
 Neuromuscular disease 171 (16.5)
 Ophthalmologic disease 27 (2.6)
 Psychologic disease 38 (3.7)
 Respiratory disease 119 (11.5)
 Trauma 25 (2.4)
Physical finding
 Z-score of SBP by age 0.0 (–0.7 to 0.7)
 Z-score of DBP by age –0.0 (–0.7 to 0.6)
 Z-score of MBP by age 0.0 (–0.6 to 0.6)
 Z-score of HR by age 0.0 (–0.7 to 0.7)
 Z-score of RR by age 0.0 (–0.7 to 0.7)
 Body temperature (°C) 36.8 (36.3 to 37.2)
 Oxygen saturation (%) 99.0 (95.0 to 100.0)
 Glasgow coma scale
  Eye 4.0 (4.0 to 4.0)
  Verbal 5.0 (5.0 to 5.0)
  Motor 6.0 (6.0 to 6.0)
 Fixed pupil reflex, both 14 (1.5)
Clinical finding
 Vasoactive-inotropic score 0.0 (0.0–3.2)
 Mechanical ventilation application 696 (73.7)
Laboratory finding
 pH 7.4 (7.3 to 7.4)
 Partial pressure of CO2 (mm Hg) 41.0 (36.0 to 47.0)
 Total CO2 (mmol/L) 24.0 (21.5 to 27.2)
 Base excess (mmol/L) –0.8 (–3.5 to 1.4)
 Leukocyte (×103 cells/μl) 9.4 (5.6 to 13.9)
 Platelet (×103 cells/μl) 192.0 (106.0 to 282.0)
 Glucose (mg/dl) 115.0 (87.0 to 156.0)
 Potassium (mg/dl) 4.0 (3.6 to 4.4)
 Lactate (mmol/L) 1.5 (0.9 to 2.5)
 BUN (mg/dl) 8.0 (5.0 to 10.0)
 Creatinine (mg/dl) 0.3 (0.1 to 0.4)
 Bilirubin (mg/dl) 0.6 (0.3 to 1.0)
 PT-INR 1.2 (1.1 to 1.3)
 aPTT (sec) 34.7 (29.9 to 42.0)
Elective admission to ICUa 773 (81.8)

Variable Value (n=945)
Association between ICU admission and surgerya

 Not related to surgery 200 (21.2)
 Bypass cardiac surgery 209 (22.1)
 Non-bypass cardiac surgery 44 (4.7)
 Non-cardiac surgery 492 (52.1)
Low-risk diagnosisa

 None 909 (96.2)
 Bronchiolitis 4 (0.4)
 Diabetic ketoacidosis 6 (0.6)
 Seizure 26 (2.8)
High-risk diagnosisa

 None 908 (96.1)
 Spontaneous cerebral hemorrhage 12 (1.3)
 Cardiomyopathy or myocarditis 15 (1.6)
 Hypoplastic left heart syndrome 1 (0.1)
 Neurodegenerative disorder 3 (0.3)
 Necrotizing enterocolitis 6 (0.6)
Very high-risk diagnosisa

 None 913 (96.6)
 Cardiac arrest 15 (1.6)
 Severe combined immune deficiency 2 (0.2)
 Leukemia or lymphoma after first induction 3 (0.3)
 Bone marrow transplant recipient 6 (0.6)
 Liver failure 6 (0.6)
Predicted mortality rate by PIM 3 2.0 (0.9 to 2.7)
Predicted mortality rate by PELOD-2 0.9 (0.5 to 1.4)
Observed all-cause ICU mortality 17 (1.8)

Values are presented as median (interquartile range) or number (%).
ICU: intensive care unit; SBP: systolic blood pressure; DBP: diastolic BP; MBP: 
mean BP; HR: heart rate; RR: respiratory rate; BUN: blood urea nitrogen; 
PT-INR: prothrombin time international normalized ratio; aPTT: activated 
partial thromboplastin time; PIM 3: Pediatric Index of Mortality 3; PELOD-2: 
Pediatric Logistic Organ Dysfunction-2.
aFor this classification, the criteria of the PIM 3 calculation formula were 
used [4].

Table 1. Demographic and baseline characteristics of the participants
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Table 2. Demographics and baseline variables on linear regression analysis

Variable
Univariable analysis Multivariable analysis

Estimate SE P-value Estimate SE P-value
Age (yr) 0.059 0.031 0.055
Sex
 Male Reference
 Female –0.466 0.310 0.133
Physical finding
 Z-score of SBP by age 0.247 0.155 0.113
 Z-score of HR by age 0.140 0.154 0.364
 Z-score of RR by age 0.142 0.155 0.359
 Body temperature (°C) 0.075 0.192 0.696
 Oxygen saturation (%) –0.091 0.015 <0.001 –0.065 0.012 <0.001
 Glasgow coma scale
  Eye 0.700 0.183 <0.001
  Verbal 0.407 0.121 0.001
  Motor 0.718 0.143 <0.001
 Fixed pupil reflex 0.948 1.277 0.458
Clinical finding
 Vasoactive-inotropic score –0.006 0.008 0.410
 Mechanical ventilation
  No Reference
  Yes 0.672 0.350 0.055
Laboratory finding
 pH –15.690 1.656 <0.001
 Partial pressure of CO2 (mm Hg) 0.082 0.014 <0.001 0.041 0.010 <0.001
 Total CO2 (mmol/L) –0.028 0.032 0.372
 Base excess (mmol/L) –0.223 0.035 <0.001 –0.124 0.024 <0.001
 Leukocyte (×103 cells/μl) 0.053 0.021 0.013
 Platelet (×103 cells/μl) 0.005 0.001 <0.001 0.004 0.001 <0.001
 Glucose (mg/dl) 0.000 0.002 0.786
 Potassium (mg/dl) 0.266 0.124 0.033
 Lactate (mmol/L) 0.435 0.089 <0.001
 BUN (mg/dl) 0.081 0.020 <0.001 0.045 0.017 0.008
 Creatinine (mg/dl) 0.377 0.295 0.202
 Bilirubin (mg/dl) 0.114 0.096 0.234
 PT 0.070 0.024 0.004
 PT-INR 1.588 0.436 <0.001
 aPTT (sec) –0.002 0.009 0.808
Elective admission to ICUa

 No Reference
 Yes –2.825 0.389 <0.001
Association between ICU admission and surgerya
 Not related to surgery Reference Reference
 Bypass cardiac surgery –2.786 0.361 <0.001 –2.083 0.264 <0.001
 Non-bypass cardiac surgery 1.908 0.730 0.009
 Non-cardiac surgery 0.018 0.309 0.955

(Continued to the next page)
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Variable
Univariable analysis Multivariable analysis

Estimate SE P-value Estimate SE P-value
Low-risk diagnosisa
 None Reference Reference
 Bronchiolitis –3.210 2.375 0.177
 Diabetic ketoacidosis –2.215 1.942 0.254
 Seizure –2.998 0.938 0.001 –3.598 0.723 <0.001
High-risk diagnosisa
 None Reference Reference
 Spontaneous cerebral hemorrhage 2.024 1.377 0.142
 Cardiomyopathy or myocarditis 3.281 1.230 0.008 3.810 0.948 <0.001
 Hypoplastic left heart syndrome 0.654 4.747 0.891
 Neurodegenerative disorder 0.934 2.743 0.733
 Necrotizing enterocolitis 5.547 1.935 0.004 4.356 1.356 0.001
Very high-risk diagnosisa
 None Reference Reference
 Cardiac arrest 23.157 0.978 <0.001 20.691 0.813 <0.001
 Severe combined immune deficiency 4.838 3.355 0.150
 Leukemia or lymphoma after first induction 6.826 2.734 0.013 9.066 2.163 <0.001
 Bone marrow transplant recipient 6.635 1.931 0.001 6.255 1.542 <0.001
 Liver failure 5.937 1.933 0.002 5.907 1.257 <0.001

SE: standard error; SBP: systolic blood pressure; HR: heart rate; RR: respiratory rate; BUN: blood urea nitrogen; PT-INR: prothrombin time international 
normalized ratio; aPTT: activated partial thromboplastin time; ICU: intensive care unit.
aFor this classification, the criteria of the Pediatric Index of Mortality 3 (PIM 3) calculation formula were used [4].

Table 3. Subgroup analysis of factors related to the difference in predicted mortality between PIM 3 and PELOD-2

Variable No. of 
patients

Observed 
mortality

PIM 3 PELOD-2
Predicted 

mortality rate AUROC χ2 P-value Predicted 
mortality rate AUROC χ2 P-value

Bypass cardiac surgery 209 0 0.7 (0.6–0.9) NA NA NA 0.9 (0.5–1.4) NA NA NA
Seizure 26 0 0.4 (0.2–0.6) NA NA NA 1.1 (0.5–3.5) NA NA NA
Cardiomyopathy or myocarditis 15 1 (0.1) 4.4 (3.0–5.9) 0.929 1.243 0.996 0.9 (0.3–2.2) NA NA NA
Necrotizing enterocolitis 6 0 7.6 (6.5–10.3) NA NA NA 0.7 (0.5–1.4) NA NA NA
Cardiac arrest 15 3 (20.0) 22.0 (18.2–35.1) 0.639 11.809 0.160 3.5 (1.1–3.5) NA NA NA
Leukemia or lymphoma after first 

induction
3 2 (66.7) 6.2 (3.5–13.8) NA NA NA 1.4 (1.1–1.4) NA NA NA

Bone marrow transplant recipient 6 1 (16.7) 8.6 (6.0–10.1) NA NA NA 0.9 (0.5–2.2) NA NA NA
Liver failure 6 1 (16.7) 9.2 (8.6–9.6) NA NA NA 1.5 (0.5–3.5) NA NA NA

Values are presented as number (%) or median (interquartile range).
PIM 3: Pediatric Index of Mortality 3; PELOD-2: Pediatric Logistic Organ Dysfunction-2; AUROC: area under the receiver operating characteristic curve; NA: not 
applicable.

Table 2. Continued

DISCUSSION 

We conducted this study to determine whether there may be 

a difference in the predictive performance between PIM 3 and 

PELOD-2. Further, we investigated the specific factors that 

cause the difference. We found that both PIM 3 and PELOD-2 

showed good performance in predicting the observed mortali-

ty; however, both showed slightly different results in predicting 

mortality according to the clinical characteristics of the pa-

tients. 

Previous studies reported that the AUROC range of PIM 3 

was 0.75–0.88 [8,15-19]. The AUROC of PELOD-2 was reported 

to be in the range of 0.75 to 0.94 [7,17-20]. In our results, the 

AUROC values of PIM 3 and PELOD-2 were 0.889 and 0.731, 
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respectively, which were not significantly different from those 

in previous studies. 

In this study, the “difference in mortality prediction” was 

affected by several factors, suggesting that the predicted mor-

tality rates of PIM 3 and PELOD-2 may be affected by the char-

acteristics of the patient group. As mentioned earlier, there is 

no existing study comparing PIM 3 and PELOD-2 according to 

patient group characteristics; thus, it was impossible to directly 

compare the results of our study with those in the existing liter-

ature. However, we were able to find one published paper sug-

gesting that PELOD-2 scores may be lower in certain patient 

groups [20]. That study is a prospective observational study of 

critically ill children who needed plasma transfusion admitted 

to 101 PICUs in 21 countries. It was reported that the mortality 

prediction of PELOD-2 showed a fair performance, i.e., an AU-

ROC of 0.76, but a relatively low predictive power compared 

to previous results, i.e., an AUROC of 0.934. In addition, the 

study concluded that the predictive power of PELOD-2 may 

be different in specific subpopulations [21]. Although plasma 

transfusion itself was not analyzed as a relevant factor in our 

study, PELOD-2 showed a lower mortality rate than PIM 3 in 

patients with leukemia, bone marrow transplantation, and 

liver failure who were expected to require large amounts of 

plasma transfusion. Of course, these results cannot be directly 

applied; however, we believe it might be a worthwhile point 

considering the relevance to existing studies conducted in pa-

tients who received plasma transfusions. 

In the subgroup analysis results, most observed mortality 

was closer to the predicted mortality of PIM 3 than the predict-

ed mortality of PELOD-2. However, we did not think that this 

was a result that meant that PIM 3 was superior to PELOD-2. 

This is because, while targeting a specific subpopulation, the 

sample size corresponding to each subgroup was very small 

(e.g., only three patients in the case of leukemia or lymphoma 

after first induction). Additionally, since this subgroup analysis 

is binary based on whether the listed factors are or not, there 

may be other potential confounding factors in each subgroup. 

Further, as a result of the Hosmer-Lemeshow test, most of the 

items were not applicable. The test was designed to compare 

the predicted mortality rate range (from 0% to 100%) with 

mortality by dividing it into 10 segments with 10% intervals. 

Therefore, it was difficult to derive results from the small sam-

ple population by dividing it into several subgroups. 

This study has several limitations. First, this was a single 

center study. Thus, there may be differences in the results 

when the tools are applied in other institutions. However, we 

attempted to include a sufficiently large number of partici-

pants in our study. Second, the timing at which each tool was 

applied may have been different for individual patients. This 

is because the calculation definitions of PIM 3 and PELOD-2 

are different, and our study was performed within a defined 

calculation time range. Third, the sample size was relatively in-

sufficient to perform subgroup analysis. Finally, it was thought 

that clinical management before ICU admission might have 

been different for each patient, but it is not considered to be 

the focus of the study itself. 

Both PIM 3 and PELOD-2 showed good results in predicting 

mortality but showed different predictive results depending 

on the specific clinical characteristics of the patient. Since the 

study was conducted at a single center and contained a rela-

tively insufficient sample size, it may be difficult to directly ap-

ply the results of this study to other institutions. Therefore, it is 

necessary to supplement these results with multicenter studies 

including sufficient sample sizes in the future. Moreover, when 

applying and interpreting the above tools in clinical practice 

based on these results, it is necessary to consider the charac-

teristics of each individual patient. 
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INTRODUCTION 

Traumatic brain injury (TBI), which is known as a silent epidemic, is a common cause of dis-

ability and death in children and adults worldwide [1]. Therefore, estimation of the damage 

caused by TBI is important for the treatment plan in terms of preparing families for possible 

situations. The Glasgow Coma Score (GCS) has been used for many years to evaluate the 

neurological status of brain injury patients and to determine the severity of TBI [2]; however, 

it has limited use in predicting mortality [3].  

Current scoring systems used to predict mortality in TBI include the Acute Physiology and 

Background: Prediction of intensive care unit (ICU) mortality in traumatic brain injury (TBI), which 
is a common cause of death in children and young adults, is important for injury management. 
Neuroinflammation is responsible for both primary and secondary brain injury, and C-reactive pro-
tein-albumin ratio (CAR) has allowed use of biomarkers such as procalcitonin (PCT) in predicting 
mortality. Here, we compared the performance of CAR and PCT in predicting ICU mortality in TBI. 
Methods: Adults with TBI were enrolled in our study. The medical records of 82 isolated TBI pa-
tients were reviewed retrospectively. 
Results: The mean patient age was 49.0 ± 22.69 years; 59 of all patients (72%) were discharged, 
and 23 (28%) died. There was a statistically significant difference between PCT and CAR values 
according to mortality (P<0.05). The area under the curve (AUC) was 0.646 with 0.071 standard er-
ror for PCT and 0.642 with 0.066 standard error for CAR. The PCT showed a similar AUC of the re-
ceiver operating characteristic to CAR. 
Conclusions: This study shows that CAR and PCT are usable biomarkers to predict ICU mortality in 
TBI. When the determined cut-off values are used to predict the course of the disease, the CAR 
and PCT biomarkers will provide more effective information for treatment planning and for prepa-
ration of the family for the treatment process and to manage their outcome expectations. 
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Chronic Health Evaluation (APACHE) II system and a combi-

nation of the GCS and other physiological parameters. The In-

flammation, Nutrition, Consciousness, Neurological function, 

and Systemic function scale [4] is a new TBI-specific scoring 

system that gives accurate results; however, it requires time 

to obtain the data and requires an application to perform the 

calculation. Therefore, new markers in predicting mortality in 

TBI continue to be investigated. 

Many metabolic, physical, and biochemical events that oc-

cur after TBI initiate neuroinflammation, which affects mortal-

ity. Importantly, the mechanisms of injury include apoptosis 

of neural cells, blood brain barrier dysfunction, and ischemia. 

TBI activates the microglia, induces cytokine production in the 

brain, and causes migration of peripheral immune cells to the 

damaged area. Microglia are the first responders to brain inju-

ry, and co-activation with astrocytes might be responsible for 

neuroinflammation and long-term damage [5]. 

C-reactive protein-albumin ratio (CAR), which has been 

proven as useful in predicting mortality in diseases such as 

sepsis, hepatocellular carcinoma, and pancreatic cancer, has 

started to be used as a biomarker in TBI [6]. Neuroinflamma-

tion, which occurs when neural components (glial cells, axons, 

neurons) are damaged by mechanical forces, is responsible 

for both primary and secondary brain damage [5]. Therefore, 

CAR, an inflammation-based score, can be useful in predicting 

mortality in TBI. 

Procalcitonin (PCT) is the 116-amino acid polypeptide pro-

hormone of calcitonin, and its presence has been identified in 

many tissues, including the brain [7]. While there is no signifi-

cant amount in serum in healthy individuals, serum PCT level 

is elevated in conditions such as bacterial sepsis, head trauma, 

and severe trauma [8]. In this study, we aimed to compare the 

performance of CAR and PCT in predicting mortality in TBI. 

MATERIALS AND METHODS 

The Ethical Committee for Clinical Research of Muğla Sıtkı 

Kocman University approved this study on February 3, 2021. 

(No. 3/VIII). Adults with TBI who were admitted to the Anes-

thesiology intensive care unit (ICU) of Muğla Research and 

Training Hospital from 2019 to 2020 were enrolled in our 

study. Patient consent was waived because the local ethics 

committee approved the retrospective study. The medical re-

cords of 91 isolated TBI patients were reviewed retrospectively. 

Patients younger than 18 years, pregnant women, and those 

with missing data were excluded from the study (Figure 1). The 

following data were obtained from the medical records: age, 

gender, comorbidity, intubation, mechanical ventilation dura-

tion, number of days of intensive care hospitalization, surgery, 

ICU exit status (discharge-exitus), and vasopressor/inotrope 

need within the first 24 hours. In addition, GCS, APACHE II 

score, CRP, albumin, and PCT values of the patients within the 

first 24 hours of admission to ICU were noted. 

Statistical Analysis 
Statistical analysis was performed using the IBM SPSS ver. 23.0 

(IBM Corp., Armonk, NY, USA). Continuous variables are ex-

pressed as mean±standard deviation and categorical variables 

are expressed as percentage. Continuous variables were ana-

lyzed using Student t-tests for normally distributed variables, 

and Mann-Whitney U-tests for non-normally distributed vari-

ables. Categorical variables were analyzed using Pearson’s chi-

square test analysis and Fisher’s exact tests, when appropriate. 

■ This study compared C-reactive protein-albumin ratio 
(CAR) and procalcitonin (PCT) in predicting intensive 
care unit mortality in traumatic brain injury and shows 
both are useful markers.

■ There was a statistically significant difference between 
PCT and CAR values according to mortality (P=0.041 and 
P=0.047, respectively).

■ When the determined cut-off values are used to predict 
the course of the disease, the CAR and PCT biomarkers 
provide effective information for treatment planning and 
for preparation of the family for the treatment process and 
to manage their outcome expectations. 

KEY MESSAGES

Figure 1. Flowchart displaying selective and exclusive process of 
patients with severe traumatic brain injury (TBI) in the current study. 
ICU: intensive care unit.

91 Patients with TBI treated in the ICU 
during 2019–2020

Excluded
   4 Age <18 yr
   7 Missing baseline data

82 Study population
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In all tests, a P-value below 0.05 was considered statistically 

significant. 

Receiver operating characteristics curve (ROC) analysis was 

used to determine the predictive power of the APACHE II, 

GCS, CAR, and PCT variables. When a significant cut-off value 

was observed, the sensitivity, specificity, and positive and neg-

ative predictive values were presented. When evaluating the 

area under the curve (AUC), a 5% type-I error level was used 

to accept a statistically significant predictive value of the test 

variables. Calibration of the prognostic models, defined as the 

accuracy of the estimated mortality rate, was assessed using 

the Hosmer-Lemeshow goodness-of-fit test, standardized 

mortality rate, and calibration curves. 

Possible factors identified via univariate analyses were fur-

ther analyzed using the Cox regression analysis with backward 

selection to determine independent predictors of survival. The 

Kaplan-Meier survival estimates were calculated. Among cor-

related factors with similar effects on survival, only those with 

clinical significance were included. The proportional hazards 

assumption and model fit were assessed by means of residual 

(Schoenfeld and Martingale) analysis. A 5% type-I error level 

was used to infer statistical significance. 

The G-power program was used in power calculations. 

Post-treatment power levels for PCT and CAR were calculated 

by referencing the statistical results outlined in Table 1. The 

AUC value of PCT was 0.646±0.071 and the AUC value of CAR 

was 0.642±0.066. The standard AUC value to be tested was 0.5 

and the power level calculated for 82 (23 deaths, 59 survivals) 

was 99.6%. 

RESULTS 

A total of 91 patients was identified for the study; however, five 

patients were excluded due to lack of medical data and four 

patients were excluded because they were younger than 18 

years. Statistical analysis was conducted on 82 patients. The 

mean age of the patients was 49.0±22.69 years, 56 patients 

(68.3%) were male and 26 (31.7%) were female. A total of 43 

patients (52.4%) had at least one comorbidity, while 18 (22%) 

required a vasopressor/inotrope. A total of 59 patients (72%) 

was discharged and 23 (28%) died (Table 2). 

There was a statistically significant difference between PCT 

and CAR values according to mortality (P=0.041 and P=0.047 

respectively). Therefore, we calculated cut-off points for PCT, 

CAR, and GCS according to mortality by ROC analysis. The 

AUC was 0.646 with 0.071 standard error for PCT and 0.642 

with 0.066 standard error for CAR. The PCT showed similar 

area under the receiver operating characteristic curve (AU-

ROC) score to CAR; however, the AUROC of GCS was lower 

than that of PCT and CAR (AUROC: 0.614, 0.646, 0.642, respec-

tively) (Figure 2 and Table 1). 

Results determined a PCT cut-off point of 1.16, with a sensi-

tivity of 65.2% and specificity of 66.1%. In addition, a CAR cut-

off point of 0.32 was identified, with a sensitivity of 61% and 

specificity of 60.1% (Table 3). Cox regression analysis was per-

formed to determine the factors affecting ICU mortality. CAR 

was compared with the outcome variable (death or survival) of 

PCR and GCS. PCT and CAR pose a 1.040 (95% CI, 1.004–1.077) 

and 16.755 (95% CI, 1.606–174.876) times higher risk for mor-

tality, respectively (Table 4). 

DISCUSSION 

TBI is a heterogeneous injury that occurs due to external 

mechanical force and can result in temporary or permanent 

neurological changes or death [9]. Contrary to the immediate 

and rapid clinical effect of primary brain damage caused by 

a blow to the head, secondary brain injury can occur within 

minutes or even days after the event. The severity of secondary 

injury determines mortality in patients recovering from a first 

traumatic injury. Neuroinflammation plays a role in the patho-

physiology of both primary and secondary injuries in TBI [9]. 

Therefore, the use of inflammatory biomarkers, including CRP, 

albumin, CAR, and PCT, in predicting mortality is widespread. 

C-reactive protein (CRP) is elevated as an acute response to 

inflammation after tissue injury and TBI. Studies have shown 

that CRP can be used to determine prognosis and severity 

after head trauma [10]. Albumin, which is a nutritional status 

marker, significantly decreases after TBI [11]. CAR, which is an 

Table 1. ROC curves for the PCT, CAR, GCS, CRP, and albumin compared 
to ICU mortality
Variable AUROC SD 95% CI P-value
PCT 0.646 0.071 0.506–0.785 0.041
CAR 0.642 0.066 0.513–0.771 0.047
GCS score 0.614 0.050 0.516–0.712 0.044
CRP 0.567 0.070 0.430–0.703 0.334
Albumin 0.609 0.074 0.464–0.753 0.121

ROC: receiver operating characteristics; PCT: procalcitonin; CAR: C-reactive 
protein to albumin ratio; GCS: Glasgow Coma Scale; CRP: C-reactive 
protein; ICU: intensive care unit; AUROC: area under the receiver operating 
characteristic curve; SD: standard deviation; Cl: confidence interval.
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Figure 2. Receiver operating characteristic (ROC) curves displaying 
predictive value of procalcitonin (PCT), C-reactive protein to albumin 
ratio (CAR) and Glasgow Coma Scale (GCS) score for traumatic brain 
injury.

Table 3. Diagnostic scanning for the PCT and CAR
Diagnostic scanning test Value
PCT
 Cut-off 1.166
 Sensitivity (%) 65.2
 Specificity (%) 66.1
 PPV 38.5
 NPV 81.4
CAR
 Cut-off 0.320
 Sensitivity (%) 61.0
 Specificity (%) 60.1
 PPV 37.8
 NPV 80.0

PCT: procalcitonin; CAR: C-reactive protein to albumin ratio; PPV: positive 
predictive value; NPV: negative predictive value.
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Table 2. Patient demographic characteristics and results between death and survival
Variable Total (n=82) Survival (n=59) Death (n=23) P-value
Age (yr) 49.1±22.6 44.2±21.7 61.5±20.5 0.002
Sex 0.050
 Female 26 (31.7) 15 (25.4) 11 (47.8)
 Male 56 (68.3) 44 (74.6) 12 (52.2)
Comorbidity 39 (47.6) 23 (39) 16 (69.6) 0.013
 DM 19 (23.2) 10 (16.9) 9 (39.1) 0.032
 HT 30 (36.6) 17 (28.8) 13 (56.5) 0.019
 ACS 8 (9.8) 5 (8.5) 3 (13) 0.680
 Others 6 (7.3) 5 (8.5) 1 (4.3) 0.519
Intubation 61 (74.4) 40 (67.8) 21 (91.3) 0.460
Surgery 25 (30.5) 18 (30.5) 7 (30.4) 0.095
Length of stay in ICU 12.2±10.7 14.0±11.4 7.7±7.6 0.003
Vasopressor/inotropic drug 18 (22.0) 6 (10.2) 12 (52.2) <0.001
APACHE II score 25.6±12.0 22.7±11.4 34.0±9.4 <0.001
GCS score 6.5±4.2 7.6±4.3 3.6±2.4 <0.001
PCT (ng/ml) 3.3±5.5 2.9±5.6 4.4±5.1 0.041
CAR 1.3±1.9 0.9±2.3 1.4±1.7 0.046
CRP (mg/L) 39.4±53.6 24.3±53.5 45.3±52.8 0.036
Albumin (g/L) 34.8±6.7 35.3±6.0 33.6±8.1 0.321

Values are presented as mean±standard deviation or number (%).
DM: diabetes mellitus; HT: hypertension; ACS: acute coronary syndrome; ICU: intensive care unit; APACHE: Acute Physiology and Chronic Health Evaluation; GCS: 
Glasgow Coma Scale; PCT: procalcitonin; CAR: C-reactive protein to albumin ratio; CRP: C-reactive protein.

inflammation-based score, has been used for the prognosis 

and mortality of many diseases by evaluating both inflamma-

tion and nutritional status [12]. CAR in TBI was first used by 

Wang et al. [5], and high levels were found to be associated 

with poor outcome in TBI. In the same study, CAR was found 

to be superior to other biomarkers according to logistic regres-

sion and ROC curve analysis of CRP, albumin, and CAR [6]. We 



466 https://www.accjournal.org Acute and Critical Care 2022 August 37(3):462-467

Gürsoy C, et al. CAR and procalcitonin in mortality

obtained similar results in our study, where CAR was superior 

to CRP and albumin in predicting mortality. 

PCT, a calcitonin propeptide that is produced by alternative 

processing of the calcitonin/calcitonin-gene-related-peptide 

(CGRP) gene transcript, is produced by thyroid C cells, the 

lungs, and the intestine under physiological conditions [13,14]. 

Under normal conditions, PCT is found in very low level in 

serum, but the level increases significantly in cases of bacterial 

sepsis, multiorgan failure, and systemic inflammation [15]. The 

increase in serum level of PCT has drawn attention in TBI [8]. 

While PCT is detected in cerebrospinal fluid after TBI in chil-

dren, it has been shown that CGRP neuropeptide accumulates 

in infant rats in a hypoxic-ischemic brain injury model [13,16]. 

It has also been shown that PCT is released from intestinal 

neuroendocrine cells into the bloodstream during acute ce-

rebral infarction [17]. In our study, the serum level of PCT was 

elevated in TBI, and its relationship with mortality was veri-

fied. The performance of CAR and PCT in predicting mortality 

in TBI was similar (AUROC for PCT: 0.646 [95% confidence 

interval, 0.506–0.785], AUROC for CAR: 0.642 [0.513–0.771]). 

GCS is considered an important parameter in determining 

mortality in TBI; however, its performance in predicting mor-

tality is controversial. Studies have shown that new biomarkers 

are more effective than GCS in predicting mortality [6]. Similar 

results were obtained in our study. Compared to GCS, the 

performance of both CAR and PCT biomarkers is superior in 

predicting mortality. 

PCT release increases within three to four hours after in-

duction, reaching the highest serum level at approximately 

six hours and is known to plateau for 24 hours. In contrast, 

CRP begins to be synthesized in the liver with inflammation 

caused by tissue damage, and high serum level is reached after 

12–18 hours [18]. Therefore, it takes a longer time to detect 

disease-related values of CRP in serum relative to PCT. This 

suggests that PCT can provide more accurate results in the 

early estimation of mortality. In addition, bleeding after TBI, 

surgical procedures, and interventional procedures can affect 

the reliability of CAR by causing changes in CRP and albumin 

serum levels. Considering the peak times of these markers 

in serum, serial measurements within the first 24 hours after 

trauma can determine the most appropriate time and cut-off 

value for mortality estimation. 

Contrary to our study, serial PCT measurements were per-

formed on the first, second, and fifth days for prediction of 

mortality in TBI patients with or without extracranial injury by 

Goyal et al. [19], and it was concluded that PCT did not sup-

port the prediction of mortality in TBI. When the PCT values 

of the living and deceased patients were compared, the high 

PCT levels in deceased patients were statistically significant; 

however, it was thought that the PCT levels might reveal risk 

in terms of secondary complications. High PCT level in cases 

of developing sepsis is an expected result [19]. In our study, a 

single PCT data point was evaluated in isolated TBI patients. 

PCT was compared with CAR and GCS to determine its role in 

mortality prediction. 

Our study has potential limitations. First is the retrospec-

tive design of the study. Second is the use of a single ICU data 

point. In addition, only moderate and severe TBI cases were 

evaluated in our study, making it difficult to interpret the per-

formance of CAR and PCT in predicting mortality in patients 

with mild TBI. CRP, albumin, and PCT values were obtained 

from the data within 24 hours after trauma. The results show 

that CAR and PCT can be used in the earliest hours after trau-

ma to predict mortality. Further prospective study with inter-

mittent measurements is required. 

This study showed that PCT and CAR are available bio-

markers to predict mortality in TBI. Using the cut-of values 

determined to predict the course of the disease should provide 

more effective communication about treatment planning and 

preparation of the family for this process and their expecta-

tions. 
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According to the United Nations, there were 703 million persons aged 65 years or over in 

2019. The number of older persons is projected to reach 1.5 billion in 2050. Globally, the pro-

portion of the population aged 65 years or over increased from 6% in 1990 to 9% in 2019. This 

share is projected to rise further to 16% by 2050. Population aging has been fastest in Eastern 

and South-Eastern Asia [1]. The Republic of Korea is rapidly becoming an aging society. In 

Korea, the proportion of older adults (65 or over) increased from 11.5% in 2012 to 16.5% in 

2021 [2]. Considering the course of natural tendency in demographic shift, it is very likely that 

Korea will become a super-aging country by 2029 [3]. Older age is related to a higher preva-

lence of chronic diseases, which may cause increased incidence rate of acute critical illnesses 

and admission to the intensive care unit (ICU) [4]. 

In this issue of Acute and Critical Care, Lee et al. [5] studied the change in the characteris-

tics and prognostic factors of very old patients (85 or over) admitted to the ICU over 11 years 

from 2007 to 2017. They retrospectively investigated the data of patients admitted to the ICU, 

comparing the first and second halves of the research period; the share of very old adults in-

creased from 1.3% to 1.8%. They report that the in-hospital mortality of very old ICU patients 

decreased, but that abnormal creatinine, vasopressor use, and ventilator weaning failure 

were associated with mortality [5]. 

Despite the limitations of a single-center retrospective cohort study, this study by Lee et al. 

[5] is very challenging and revealed the importance of ICU treatment for older patients. This 

study showed that the mortality of very old ICU patients decreased and suggested mean-

ingful prognostic factors related to in-hospital mortality. To be sure, this study used limited 

data, which some might characterize as insufficiently reliable. Therefore, for generalization, 

prospective multicenter-based clinical trials are needed. As the number of older patients is 

continuing to increase dramatically, their socioeconomic burden will increase. As healthcare 

resources are limited, a comprehensive ICU management strategy for this population is be-

coming important for critical care physicians. I hope this article is able to provide an impetus 

for strengthening these strategies.
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The acute respiratory distress syndrome (ARDS) secondary to viral pneumonitis is one of the 

main causes of high mortality in patients with coronavirus disease 2019 (COVID-19) that has 

been estimated to be around 39% [1]. Some patients develop refractory hypoxemia that ne-

cessitates utilization of veno-venous extracorporeal membrane oxygenation (VV ECMO) [2]. 

By substituting some of the lung’s function in terms of oxygenation and CO2 removal, a com-

mon strategy applied is “lung resting” protective ventilation using lower ventilation pressures 

and tidal volumes (Vt; typically < 6 ml/kg/predicted body weight) to minimize ventilator-in-

duced lung injury until lung function impairment resolves. Moreover, it has been shown 

that low driving pressure in ECMO patients with ARDS is associated with reduced mortality 

We report a patient with severe coronavirus disease 2019 (COVID-19) acute respiratory distress 
syndrome (ARDS) treated with veno-venous extracorporeal membrane oxygenation (VV ECMO) 
and programmed multi-level ventilation (PMLV). VV ECMO as a treatment modality for severe 
ARDS has been described multiple times as a rescue therapy for refractory hypoxemia. It is well 
known that conventional ventilation can cause ventilator-induced lung injury. Protective ventila-
tion during VV ECMO seems to be beneficial, translating to using low tidal volumes, prone posi-
tioning with general concept of open lung approach. However, mechanical ventilation is still re-
quired as ECMO per se is usually not sufficient to maintain adequate gas exchange due to hyper-
dynamic state of the patient and limitation of blood flow via VV ECMO. This report describes venti-
lation strategy using PMLV during “resting” period of the lung. In short, PMLV is a strategy for ven-
tilating non-homogenous lungs that incorporates expiratory time constants and multiple levels of 
positive end-expiratory pressure. Using this approach, most affected acute lung injury/ARDS areas 
can be recruited, while preventing overdistension in healthy areas. To our knowledge, case report 
using such ventilation strategy for lung resting period has not been previously published. 

Key Words: acute respiratory distress syndrome; COVID-19; programmed multi-level ventilation; 
veno-venous extracorporeal membrane oxygenation
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[3]. Lung rest can also be achieved by more physiological ap-

proach to protective ventilation. 

Programmed multi-level ventilation (PMLV) ventilation 

strategy has already been described as a superior method for 

lung recruitment in heart surgery [4]. It is based on measured 

first expiratory time constant (TauE) to calculate optimal fre-

quency in order to minimize intrinsic positive end-expiratory 

pressure (PEEPi). Additionally, alternating PEEP levels may 

allow ventilation of most diseased lung regions and provide 

recruitment (Figure 1). Changing two or three PEEP levels en-

able redistribution of a part of Vt into diseased compartments 

while protecting healthy areas from overdistension. 

CASE REPORT 

A 56-year-old female presented to the intensive care unit with 

shortness of breath, non-productive dry cough and worsening 

hypoxemia (SpO2 at admission of 70% on room air). Her med-

ical history included hypertension, obesity (body mass index, 

40.2 kg/m2) and stable bronchial asthma. Severe acute respi-

ratory syndrome coronavirus 2 (SARS-CoV-2) COVID-19 test 

was positive via polymerase chain reaction test. Improvement 

of oxygenation was attempted initially by total face continuous 

positive airway pressure ventilation mask with 0.5 FiO2 (Total 

Face DiMax; Dimar Medical Devices, Medolla, Italy) but did 

not yield improvement. She was intubated and mechanical 

ventilation was initiated using Bilevel mode (Puritan Bennett 

840; Medtronic, Minneapolis, MN, USA) that also proved inef-

fective (PEEP high [PEEPh], 28; PEEP low [PEEPlow], 14 cm H2O; 

inspiratory: to expiratory ratio, 1:1; PEEP plat [Pplat], 30 cm H2O; 

Vt, 420 ml; FiO2, 0.8) despite using prone positioning. Two days 

later, her condition worsened by reaching PaO2 to FiO2 ratio of 

75 according to Berlin ARDS criteria (PaO2, 60 mm Hg; FiO2, 0,8; 

PEEP, 10 cm H2O; Pplat, 35 cm H2O) (Figure 2A). Calculated 

Murray score for acute lung injury was 3.3 with a correspond-

ing predicted mortality of 45%. Therefore, ECMO center was 

consulted and patient transferred. 

VV ECMO (Cardiohelp System; Maquet Cardiopulmonary, 

Hirrlingen, Germany) was initiated using 19-Fr inflow canula 

inserted via right common femoral vein, and 17-Fr outflow 

Figure 1. Schematic representation of pressure vs. time curve scheme when pressure controlled ventilation (PCV) ventilation (A) and programmed 
multi-level ventilation (PMLV) is activated on top of PCV (B). PEEP: positive end-expiratory pressure; PEEPh: PEEP high; PEEPh2: PEEP high2; Ppc: 
pressure of pressure control.
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canula inserted via left internal jugular vein, with initial VV 

ECMO flow of 4 L/min. Institutional anticoagulation protocol 

was initiated and maintained using unfractionated heparin 

(UFH), aiming for aiming for activated partial thromboplastin 

time of 60–80 seconds for the whole time on ECMO. While 

on ECMO, the patient was returned into prone position. After 

proning, pulmonary mechanics were measured including dy-

namic expiratory TauE and lung rest strategy was started using 

pressure controlled ventilation (PCV) and PMLV mode with an 

Aura V ventilator (Chirana Medical, Stará Turá, Slovakia). Ini-

tially four levels PMLV (4LV PMLV with three alternating PEEP 

levels with PC on top of each PEEP) and later three levels (3LV 

PMLV with two levels of changing PEEP with PC atop of each 

PEEP) was used. Initial settings with 4LV PMLV were: respira-

tory rate (RR) of 30/min, PEEP 8 cm H2O, PEEPh 5 cm H2O and 

PEEPh2 5 cm H2O with PEEPh being used in 50% of all respira-

tory cycles and PEEPh2 in 25% of all respiratory cycles. PC was 

used atop of all PEEP levels with peak inspiratory pressure not 

exceeding 30 cm H2O. 

On day 4, the patient was bleeding from puncture sites, with 

profound thrombocytopenia (from 130,00 to 45,000/μl) and 

disseminated intravascular coagulopathy diagnosed. Multi-

ple transfusions and substitution of coagulation factors were 

required and anticoagulation with UFH stopped. On day 10, 

pulmonary mechanics markedly improved and VV ECMO 

successfully explanted. She was extubated on the same day 

passing gas exchange and neurological criteria. However, neu-

rologic status suddenly worsened few hours after extubation 

including quadriplegia and aphasia, with preserved eye move-

ments only, that resembled locked-in syndrome. Subsequent 

computed tomography angiography showed basilar artery 

thrombosis with poor peripheral flow to adjacent arteries. Me-

chanical thrombectomy was performed and blood flow was 

restored, but catheter manipulation near sensitive areas of the 

brainstem caused circulatory arrest that necessitated intuba-

tion and cardiopulmonary resuscitation for 5 minutes which 

resulted in hemodynamic stability. 

During the next three days, she was on mechanical ventila-

tion and unable to wean due in part to bacterial superinfection 

(Klebsiella pneumoniae) that necessitated frequent bronchos-

copies. Pressure supported ventilation (PSV) mode with 3LV 

PMLV was used: RR 24/min, PEEP 8 cm H2O, PEEPh 6 cm H2O, 

with PEEPh being used in 50% of all respiratory cycles. PSV was 

used on top of all PEEP levels with peak inspiratory pressure 

rarely exceeding 30 cm H2O. She was extubated on day 14 (Fig-

ure 2B), with neurologic status slowly returning to normal. At 

discharge she was neurologically intact, walking spontaneous-

ly with basic walking assistance device. She was transferred 

to an intensive rehabilitation facility of her own choosing a 

month after admission.  

DISCUSSION 

Optimal ventilation strategy during lung resting period with 

part of gas is exchanged extracorporeally, is heavily debated [5]. 

Ideal ventilation mode should prevent further damage to the 

lung, promote recovery and enable weaning from mechanical 

ventilation. The most frequent initial mode of ventilation used 

Figure 2. Computed tomography (CT) scan showing classical appearance of acute phase acute respiratory distress syndrome with 
pneumomediastinum on Bi-Level ventilation at admission (day 1, A) and CT scan after weaning from programmed multi-level ventilation (day 14, B).
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during ECMO is controlled (62%), followed by supported (21%) 

and APRV (4%), with PCV being the preferred controlled mode 

of ventilation [6]. There are various goals for ventilating lungs 

on VV ECMO. Lung rest seems to be most widely used venti-

lation goal and lung recruitment is stated as a goal much less 

often [6]. 

PMLV may combine advantage of both, lung rest and re-

cruitment at the same time, while including fundamentals 

of protective ventilation. PMLV is based on pulmonary phys-

iology and measured, not calculated TauE. Based on TauE, 

optimal frequency can be set to achieve full exhalation, and 

thus avoiding PEEPi. PMLV operates with alternating different 

levels of PEEP. When using 2 PEEP levels, the ventilation is 3 

level PMLV (3LV PMLV) and when 3 levels of PEEP are used 

(4LV PMLV) because PCV or PSV is used on top of each PEEP, 

thus counting for another level. PMLV operates with multiple 

mechanisms. First, by allowing long inspiration times during 

subsequent PEEP increase, the effect of recruitment may be 

more pronounced and sustained during whole time of using 

PMLV. 

Second, the part of Vt is redistributed from short TauE into 

long TauE compartments in the ARDS lung. By redistributing 

a part of Vt, healthy areas may be less prone to overdistension. 

This is largely explained by longer inspiration times during 

PEEP shifts from baseline to higher PEEP levels allowing lon-

ger equilibration time between various TauE compartments. 

Therefore, different Vt at each PEEP will be delivered using 

multiple PEEP. This approach may in turn increase aeration of 

the ARDS lung. 

The application of PMLV may be beneficial during resting 

period of the lung while on VV ECMO in terms of recruitment 

and fundamentals of protective ventilation (e.g. PEEP, low Vt 

a plateau pressures). This strategy requires further studies for 

patients with ARDS and receiving ECMO. 

CONFLICT OF INTEREST 

No potential conflict of interest relevant to this article was re-

ported. 

ORCID 

Filip Depta https://orcid.org/0000-0002-2854-0450 

Anton Turčan https://orcid.org/0000-0001-7944-594X 

Pavol Török https://orcid.org/0000-0002-2678-1074 

Petra Kapraľová https://orcid.org/0000-0002-1441-6483 

Michael A. Gentile https://orcid.org/0000-0003-4542-0845 

AUTHOR CONTRIBUTIONS 

Visualization: FD, AT, PK. Writing–original draft: FD. Writing–

review & editing: PT, MAG. 

REFERENCES 

1. Hasan SS, Capstick T, Ahmed R, Kow CS, Mazhar F, Merchant 

HA, et al. Mortality in COVID-19 patients with acute respiratory 

distress syndrome and corticosteroids use: a systematic review 

and meta-analysis. Expert Rev Respir Med 2020;14:1149-63. 

2. Shaefi S, Brenner SK, Gupta S, O’Gara BP, Krajewski ML, Char-

ytan DM, et al. Extracorporeal membrane oxygenation in pa-

tients with severe respiratory failure from COVID-19. Intensive 

Care Med 2021;47:208-21. 

3. Serpa Neto A, Schmidt M, Azevedo LC, Bein T, Brochard 

L, Beutel G, et al. Associations between ventilator settings 

during extracorporeal membrane oxygenation for refractory 

hypoxemia and outcome in patients with acute respiratory 

distress syndrome: a pooled individual patient data analysis:  

mechanical ventilation during ECMO. Intensive Care Med 

2016;42:1672-84. 

4. Candik P, Kolesar A, Nosal M, Paulíny M, Sabol F, Donicova V, 

et al. Use of programmed multilevel ventilation as a superior 

method for lung recruitment in heart surgery. Int J Crit Care 

Emerg Med 2019;5:067.  

5. Del Sorbo L, Goffi A, Goligher E, Fan E, Slutsky AS. Setting me-

chanical ventilation in ARDS patients during VV-ECMO: where 

are we? Minerva Anestesiol 2015;81:1369-76. 

6. Marhong JD, Telesnicki T, Munshi L, Del Sorbo L, Detsky M, Fan 

E. Mechanical ventilation during extracorporeal membrane 

oxygenation: an international survey. Ann Am Thorac Soc 

2014;11:956-61. 

https://doi.org/10.1080/17476348.2020.1804365
https://doi.org/10.1080/17476348.2020.1804365
https://doi.org/10.1080/17476348.2020.1804365
https://doi.org/10.1080/17476348.2020.1804365
https://doi.org/10.1007/s00134-020-06331-9
https://doi.org/10.1007/s00134-020-06331-9
https://doi.org/10.1007/s00134-020-06331-9
https://doi.org/10.1007/s00134-020-06331-9
https://doi.org/10.1007/s00134-016-4507-0
https://doi.org/10.1007/s00134-016-4507-0
https://doi.org/10.1007/s00134-016-4507-0
https://doi.org/10.1007/s00134-016-4507-0
https://doi.org/10.23937/2474-3674/1510067
https://www.ncbi.nlm.nih.gov/pubmed/25300627
https://www.ncbi.nlm.nih.gov/pubmed/25300627
https://doi.org/10.1513/annalsats.201403-100bc
https://doi.org/10.1513/annalsats.201403-100bc
https://doi.org/10.1513/annalsats.201403-100bc
https://doi.org/10.1513/annalsats.201403-100bc


Copyright © 2022 The Korean Society of 
Critical Care Medicine 

This is an Open Access article distributed 
under the terms of Creative Attributions 
Non-Commercial License (https://creativecom-
mons.org/li-censes/by-nc/4.0/) which permits 
unrestricted noncommercial use, distribution, 
and reproduction in any medium, provided the 
original work is properly cited.

474 https://www.accjournal.org

| pISSN 2586-6052 | eISSN 2586-6060

An 81-year-old man visited our emergency department with a chief complaint of altered 

consciousness. His Glasgow coma scale (GCS) score was 11 and brain magnetic resonance 

imaging findings were suggestive of Creutzfeldt-Jakob disease (CJD) (Figure 1). Fluoros-

copy-guided cerebrospinal fluid (CSF) drainage was attempted, but only 1 mL of contrast 

media could be injected into the CSF space, confirming the location of the needle, without 

acquisition of any CSF. Eight hours later, his GCS score dropped to 8 and brain computed 
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Figure 1. Brain diffusion-weighted imaging at 
b1000 at the levels of (A) midbrain, (B) thalamus, 
and (C) frontal and occipital lobes. Multifocal 
diffusion restriction can be seen along the 
bilateral cerebral cortex, especially prominent on 
the right parietal area.
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tomography (CT) scan showed high attenuation in the sub-

arachnoid space suggestive of subarachnoid hemorrhage 

(SAH) (Figure 2A). High attenuation disappeared gradually 

from CT at 12 and at 24 hours (Figure 2B and C); this indicat-

ed that the suspected SAH was contrast media, and his GCS 

score recovered to 10. Five days later, CSF was drained. CSF 

red blood cell count, white blood cell count, protein level, 

and glucose level were 67/mm3, 0/mm3, 35 mg/dl, and 75 

mg/dl, respectively. Tau protein (>4,000 pg/ml), Aβ42 protein 

(279.6 pg/ml), 14-3-3 protein and scrapie prion protein were 

detected, confirming a diagnosis of sporadic CJD. Compared 

with previous reports [1-4], injection of only 1 mL of intra-

thecal contrast media mimicked SAH, possibly resulting in 

transient alteration of consciousness. 
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Figure 2. Serial brain computed tomography images. (A) At midnight on the day of fluoroscopy-guided cerebrospinal fluid drainage, diffuse high 
attenuation was seen in the subarachnoid space (66 HU). (B) Twelve hours after initial observation, diffuse sulcal high attenuation was still noted 
(59 HU); however, it was more dispersed into the subarachnoid space. (C) After 24 hours, high attenuation had nearly disappeared (21 HU). HU: 
hounsfield unit.
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Dear Editor: 

The calcineurin-inhibitor tacrolimus (FK506) is widely used to prevent rejection and graft 

loss in solid organ transplantation. It induces immunosuppression by inhibiting interleukin 

2 and interferon-gamma production. Tacrolimus is metabolized in the liver via CYP3A4 and 

has high inter-and intra-personal variability [1]. Moreover, tacrolimus has a very narrow ther-

apeutic index, requiring constant increase for success of solid organ transplantation while 

reducing its adverse effects. Therefore, monitoring tacrolimus blood trough concentration is 

mandatory to optimize treatment after organ transplantation. The most common side effects 

of tacrolimus are neurotoxicity, nephrotoxicity, and electrolyte abnormalities. Neurologic 

complications occur in 8.2% of patients who have undergone liver transplantation, with 

encephalopathy being the most common. Herein, we report for the first time an infant who 

underwent living donor liver transplantation (LDLT) and developed chorea due to tacrolimus 

neurotoxicity. Written informed consent was obtained from the patient’s parents. 

A 45-day-old boy presented with biliary atresia, for which he underwent a Kasai portoen-

terostomy at 80 days of age. Biliary drainage was achieved, but his course was complicated 

by recurrent cholangitis episodes and ascites. He was not thriving and developed portal vein 

thrombosis. Therefore, LDLT was planned. At 10 months of age, weighing 6 kg, LDLT was 

performed with a liver from his father. A reduced left lateral segment graft weighing 180 g was 

implanted following thrombectomy and portal vein reconstruction with patch venoplasty. 

The graft weight-to-body weight ratio was 3%. Postoperative anti-rejection therapy initially 

consisted of corticosteroid and tacrolimus. Tacrolimus was adjusted to maintain trough blood 

level within the range of 10–12 ng/ml. The targeted tacrolimus level was between 5–6 ng/ml. 

On post-transplant day 5, mycophenolate mofetil (MMF) was added.  

The early postoperative course was uneventful except for atelectasis. On postoperative 

day 6, the patient developed choreiform movements, which were non-repetitive, irregularly 

timed, spontaneous movements in both arms. No obvious reason for these movements could 

be found. He was on methylprednisolone (0.3 mg/kg/day), tacrolimus (0.125 mg/kg/day), 

and MMF (530 mg/m2/day). The tacrolimus blood trough level was 16.1 ng/ml. After starting 

MMF, the tacrolimus blood level target was decreased from 10–12 ng/ml to 5–6 ng/ml. How-

ever, during follow-up, the blood drug level started to increase. The tacrolimus dose, which 

was started at 0.25 mg/day, was continued at 0.5 mg in the morning and evening according 
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to the drug level. On the 6th day after transplantation, the tac-

rolimus blood level was 16.1 ng/ml, and the tacrolimus dose 

was skipped. On the 7th day, a single dose of 0.25 mg/day was 

given. No seizures were observed until the 8th day after trans-

plant when the tacrolimus level was 6 ng/ml without the daily 

dose, encephalopathy increased and generalized tonic-clonic 

seizure activity was observed. Immediate administration of in-

travenous midazolam at 0.1 mg/kg during the seizure led to its 

rapid resolution, after which the patient was put on levetirac-

etam for seizure control. The patient's electrolytes were within 

normal reference values, except magnesium and calcium. That 

day, the patient experienced brief, semi-directed, irregular 

movements of the upper extremities. These movements were 

explained as chorea on pediatric neurology consultation. Cho-

rea, encephalopathy, and seizures were attributed to tacrolim-

us neurotoxicity, and the drug was withheld until blood trough 

level was below the target level. The patient was conscious but 

apathetic and experienced truncal hypotonia. Neurological 

examination revealed normal cranial and peripheric nerves 

and motor systems but meningeal irritation. Post-seizure bio-

chemical parameters were calcium 6.5 mg/dl, ionized calcium 

0.7 mmol/L, and magnesium 1.1 mg/dl. However, the calcium 

and magnesium values measured 8 hours prior were within 

the normal reference values. All electrolyte abnormalities were 

resolved. Computerized cranial tomography was not ordered 

because the patient showed no focal neurologic findings. 

The next day when tacrolimus blood trough level reduced to  

3.9 ng/ml, his choreiform movements resolved, his enceph-

alopathy improved, and seizure did not repeat. Tacrolimus 

was restarted with a target blood trough level of 4–5 ng/ml. 

The patient was discharged from the pediatric intensive care 

unit 13 days after LDLT with normal vital signs, neurologic 

findings, and graft function. He was still doing well at 30 days 

after LDLT. Magnetic resonance imaging (MRI) was performed 

for follow-up after the patient was discharged. No pathology 

was detected and no posterior reversible encephalopathy syn-

drome (PRES) lesion or pathological finding was detected on 

MRI imaging. 

In this report, we present the first infant who has undergone 

LDLT and developed chorea 6 days after transplantation due 

to tacrolimus neurotoxicity. The most common complications 

of tacrolimus neurotoxicity are encephalopathy, seizure, and 

PRES. Tacrolimus currently is a standard immunosuppres-

sive drug used after solid organ transplantation. The primary 

mechanism for its action is suppression of calcineurin activity 

in T cells. Calcineurin inhibitors are related to neurotoxicity, 

and such suppression is common especially in the first weeks 

after transplantation. Calcineurin is expressed in several areas 

of the brain: cerebral cortex, cerebellum, hippocampus, stri-

atum, and substantia nigra [2]. In the central nervous system, 

calcineurin is a significant organizer of various sequences of 

proteins involved in the arrangement of gene transmission, 

ion channels, synaptic transcription, and neuronal excitability 

and function. 

Vasospasm resulting in brain hypoperfusion was demon-

strated in tacrolimus users by magnetic resonance angiogra-

phy. That study indicated that tacrolimus can cause PRES via 

reversible vasospasm resulting in brain hypoperfusion [3]. 

Furthermore, tacrolimus can induce encephalopathy by hypo-

magnesemia, which can lead to vasoconstriction. Thus, in our 

patient, chorea, seizure, and encephalopathy occurred due to 

low magnesium level. 

To the best of our knowledge, there is only one case report 

describing chorea, in a 14-year-old girl who was given tacroli-

mus following renal transplantation. However, blood tacroli-

mus trough level at the time of chorea was not included in that 

case report [4]. The authors report that the chorea symptoms 

resolved by maintaining a tacrolimus blood trough concen-

tration at 4–5 ng/ml [4]. Similarly, in our patient, choreiform 

movements regressed when tacrolimus blood trough level 

decreased. If tacrolimus neurotoxicity occurs, the first step 

is to reduce or skip the dosage. Phenytoin, which is a strong 

CYP3A4/5 inducer, can be used to increase the metabolism of 

tacrolimus to combat neurotoxicity. Hemodialysis is not useful 

in tacrolimus toxicity since tacrolimus is lipophilic and mostly 

bound to plasma proteins and erythrocytes. Tacrolimus has 

a high distribution volume and its blood concentration is 10 

to 30 times higher than plasma concentration. Therefore, red 

blood cell exchange is the only reliable option to address tac-

rolimus toxicity [5]. 

In conclusion, neurotoxicity is a serious adverse effect of 

tacrolimus, and the precise mechanism of action is not un-

derstood. To prevent adverse effects, electrolyte disturbances 

and blood trough levels above the therapeutic range should be 

avoided, especially in infants receiving tacrolimus. 
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Dear Editor:

The chlorhexidine (CHX) utilization for oral care for the purpose of reduction of ventilator-as-

sociated pneumonia (VAP) has been dated for two decades with controversial recommenda-

tions. For example, one meta-analysis confirmed its effectiveness in reducing VAP [1], while 

another more recent one did not find benefit in term of VAP reduction but rather reported 

an increased mortality [2]. In a recent elegant, well-designed, and meticulously-executed 

randomized controlled trial, the CHORAL (effects of oral chlorhexidine de-adoption and im-

plementation of an oral care bundle on mortality for mechanically ventilated patients) study 

by Dale et al. [3], in an attempt to draw a conclusion about the de-adoption of oral care using 

CHX among mechanically ventilated patients in the intensive care units (ICUs). The authors 

did not find superior benefits from de-adoption of CHX and providing a bundle of oral care 

in terms of ICU mortality, time to extubation from mechanical ventilation, infection-related 

ventilator-associated complication and oral procedural pain. 

The mortality linked to CHX was explained by oral mucosal disruption and the subsequent 

systemic infection by multidrug-resistant bacteria [4]. Interestingly, a meta-analysis enrolling 

a group of cardiac surgery patients, found that CHX is effective when compared with placebo 

in reducing nosocomial infections and postoperative pneumonia (5.3% and 20.2% vs. 10.4% 

and 31.3%, respectively) [5]. It is worth noting that this group of patients are typically less sick 

than ordinary general ICU patients and hence may not be exposed to the overall risk like the 

rest of critically ill patients. In addition, patients post cardiac surgery are at lower risk of de-

veloping VAP due to a shorter duration of intubation, which is driven by the need to ventilate 

many patients for less than 24 hours [3,5]. It would be interesting to learn whether there are 

different results between the various ICU that participated in the CHORAL study. 

The implementation of the oral care bundle may require a closer and longer contact be-

tween the health care providers and the patients which is of a potential concern after the 

changes dictated by the current pandemic. Furthermore, additional cost, resources, and 

nursing care will be needed. The lack of effect on mortality and oral mucosa in the CHORAL 

study was attributed to the use of a less concentrated CHX preparation, which may strength-

en the claim that oral CHX use may be a direct cause of it. However, the possibility that this 

can be due to the critical illness itself is a valid possibility. This assumption should be proven 

in future trials that conduct a head-to-head comparison between CHX and another or a novel 
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oral antiseptic agent for example. 

We think that in the absence of benefits or additional harm 

of de-adoption of oral CHX, and until availability of further 

evidence, it may be appropriate to continue using oral CHX, 

especially during the pandemic where there is global lack of 

financial and human resources. 
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quest further corrections, revisions, and deletions of articles, 

if necessary. ACC follows the Recommendations for the Con-

duct, Reporting, Editing, and Publication of Scholarly Work in 

Medical Journals available at: http://www.icmje.org/, if other-

wise not described below.

RESEARCH AND PUBLICATION ETHICS

The Acute and Critical Care journal adheres completely to the 

ethical guidelines for research and publication described in 

the Guidelines on Good Publication (http://publicationeth-

ics.org/resources/guidelines), the ICMJE Recommendations 

(http://www.icmje.org), and Principles of Transparency 

and Best Practice in Scholarly Publishing (joint statement by 

COPE, DOAJ, WAME, and OASPA; (http://doaj.org/bestprac-

tice). Furthermore, all processes addressing research and pub-

lication misconduct shall follow the flowchart of COPE (http://

publicationethics.org/resources/flowcharts).

1. Statement of Human and Animal Rights and 
Informed Consent

Any investigations involving humans and animals should 

be approved by the Institutional Review Board and Animal 

Instructions for Authors
1992. 5. 13. Enacted
2017. 2. 22. Revised
2017. 5. 17. Revised
2018. 5. 21. Revised

2018. 11. 23. Revised
2021. 12. 1. Revised

Care Committee, respectively, of the institution at which the 

study took place. ACC will not consider any studies involving 

humans or animals without appropriate approval. Informed 

consent should be obtained, unless waived by the institutional 

review board, from patients who participated in clinical inves-

tigations. Human subjects’ names, initials, hospital, dates of 

birth or other personal or identifying information should not 

be used. Images of human subjects should not be used unless 

the information is essential for scientific purposes and explicit 

permission has been given as part of the consent. Even where 

consent has been given, identifying details should be omitted 

if they are not essential. If identifying characteristics are al-

tered to protect anonymity, authors should provide assurances 

that such alterations do not distort scientific meaning. Formal 

consents are not required for the use of entirely anonymized 

images from which the individual cannot be identified- for ex-

ample, x-rays, ultrasound images, pathology slides or laparo-

scopic images, provided that these do not contain any identify-

ing marks and are not accompanied by text that might identify 

the individual concerned. If consent has not been obtained, it 

is generally not sufficient to anonymize a photograph simply 

by using eye bars or blurring the face of the individual con-

cerned. If experiments involve animals, the research should be 

based on national or institutional guidelines for animal care 

and use. Original articles submitted to ACC that address any 

investigation involving humans and animals should include 

a description about whether the study was conducted with 

approval of the institutional review board (with or without 

patient informed consent) and animal care committee, re-

spectively, of the institution at which the study was conducted. 

ACC may also request an approval by the institutional review 

board or animal care committee for other types of articles 

when necessary. The content of each article is the responsibili-

ty of the authors and not of ACC.
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2. Registration of Clinical Trial Research
Any research that deals with a clinical trial should be registered 

with a primary national clinical trial registration site such as 

https://cris.nih.go.kr/cris/index.jsp, or other primary nation-

al registry sites accredited by the World Health Organization 

(http://www.who.int/ictrp/network/primary/en/) or clini-

caltrial.gov (http://clinicaltrials.gov/), a service of the United 

States National Institutes of Health.

3. Conflicts of Interest
A conflict of interest exists when an author (or the author’s in-

stitution), reviewer, or editor has financial or personal relation-

ships that inappropriately influence (bias) their actions (such 

relationships are also known as dual commitments, compet-

ing interests, or competing loyalties). These relationships vary 

from being negligible to having great potential for influencing 

judgment. Not all relationships represent true conflicts of in-

terest. On the other hand, the potential for a conflict of interest 

can exist regardless of whether an individual believes that the 

relationship affects their scientific judgment. Financial rela-

tionships (such as employment, consultancies, stock owner-

ship, honoraria, and paid expert testimony) are the most easily 

identifiable conflicts of interest and the most likely to under-

mine the credibility of the Journal, the authors, and science 

itself. However, conflicts can occur for other reasons, such as 

personal relationships, academic competition, and intellectual 

passion (http://www.icmje.org/conflicts-of-interest/). If there 

are any conflicts of interest, authors should disclose them in 

the manuscript. The conflicts of interest may occur during the 

research process; however, the important point is the disclo-

sure itself. Disclosure allows the editors, reviewers, and read-

ers to approach the manuscript with an understanding of the 

situation under which the research work was processed.

4. Authorship
Authorship credit should be based on (1) substantial contri-

butions to the conception and design, acquisition of data, or 

analysis and interpretation of data; (2) drafting the article or 

revising it critically for important intellectual content; (3) final 

approval of the version to be published; and (4) agreement 

to be accountable for all aspects of the work in ensuring that 

questions related to the accuracy or integrity of any part of 

the work are appropriately investigated and resolved. Authors 

should meet these four conditions. If the number of authors is 

greater than six, a list should be included of each author’s role 

for the submitted paper. Policies on research and publication 

ethics that are not stated in the Instructions can be found in 

the Guidelines on Good Publication (http://publicationethics.

org/) or Good Publication Practice Guidelines for Medical 

Journals (http://kamje.or.kr/).

5. Originality and Duplicate Publication
Manuscripts that are under review or have been published by 

other journals will not be accepted for publication in ACC, and 

articles published in this journal are not allowed to be repro-

duced, in whole or in part, in any type of publication without 

the permission of the Editorial Board. Figures and tables can 

be used freely if the original source is verified according to the 

Creative Commons Non-Commercial License. It is manda-

tory that all authors resolve any copyright issues when citing 

a figure or table from a different journal that is not open-ac-

cess. Regarding duplicate publication, plagiarism, and other 

problems related to publication ethics, the “Good Publication 

Practice Guidelines for Medical Journals” (https://www.kcse.

org/resources/, http://publicationethics.org, https://www.

kamje.or.kr/board/lists?b_name=bo_publication) should be 

followed.

6. Secondary Publication
It is possible to republish a manuscript if it satisfies the con-

dition of secondary publication of the Uniform Requirements 

for Manuscripts Submitted to Biomedical Journals by Interna-

tional Committee of Medical Journal Editors, available from: 

http://www.icmje.org/ as follows:

Certain types of articles, such as guidelines produced by 

governmental agencies and professional organizations, may 

need to reach the widest possible audience. In such instances, 

editors sometimes deliberately publish material that is also 

published in other journals with the agreement of the authors 

and the editors of those journals. Secondary publication for 

various other reasons, in the same or another language, es-

pecially in other countries, is justifiable and can be beneficial 

provided that the following conditions are met. The authors 

have received approval from the editors of both journals (the 

editor concerned with secondary publication must have a 

photocopy, reprint, or manuscript of the primary version). The 

priority of the primary publication is respected by a publica-

tion interval of at least one week (unless specifically negotiated 

otherwise by both editors).

The paper for secondary publication is intended for a differ-

ent group of readers; therefore, an abbreviated version could 

be sufficient. The secondary version faithfully reflects the data 
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and interpretations of the primary version. The footnote on 

the title page of the secondary version informs readers, peers, 

and documenting agencies that the paper has been published 

in whole or in part and states the primary reference. A suitable 

footnote might read: “This article is based on a study first re-

ported in the [title of journal, with full reference].”

7. Management of Research and Publication Misconduct
When the Journal faces suspected cases of research and publi-

cation misconduct such as redundant (duplicate) publication, 

plagiarism, fraudulent or fabricated data, changes in author-

ship, undisclosed conflicts of interest, ethical problems with 

a submitted manuscript, a reviewer who has appropriated an 

author’s idea or data, or complaints against editors, the reso-

lution process will follow the flowchart provided by the Com-

mittee on Publication Ethics (http://publicationethics.org/re-

sources/flowcharts). Discussions and decisions on suspected 

cases are conducted by the Editorial Board.

8. Editorial Responsibilities
The Editorial Board will continuously work to monitor/safe-

guard publication ethics: guidelines for retracting articles; 

maintenance of the integrity of the academic record; preclu-

sion of business needs from compromising intellectual and 

ethical standards; publishing corrections, clarifications, retrac-

tions, and apologies when needed; and ensuring that there is 

no plagiarism and no fraudulent data in publications. Editors 

maintain the following responsibilities: the responsibility 

and authority to reject/accept articles; no conflicts of interest 

with respect to articles they reject/accept; the acceptance of a 

paper when reasonably certain; promoting the publication of 

corrections or retractions when errors are found; and the pres-

ervation of the anonymity of reviewers.

MANUSCRIPT PREPARATION

Manuscripts should be written in English. Medical terminol-

ogy should conform to the most recent edition of Dorland’s 

Illustrated Medical Dictionary.

1. General Principles
1) Word processors and format of manuscript
Manuscripts should be submitted in the file format of Micro-

soft Word 2003 or higher. Manuscripts should be typed on an 

A4-sized document, be double-spaced, and use a font size of 

12 point with margins of 2 cm on each side and 3 cm for the 

upper and lower ends. Double spaces should be left between 

the lines.

2) Abbreviation of terminology
Abbreviations should be avoided as much as possible. One 

word should not be expressed through an abbreviation, al-

though more than two words may be expressed through an 

abbreviation. The full term for which the abbreviation stands 

should be used at its first occurrence in the text. Abbreviations 

should not be present in the title. Common abbreviations, 

however, may be used, such as DNA.

3) Units
The use of International Standardized (SI) units is encouraged. 

These are available at https://physics.nist.gov/cuu/Units/in-

dex.html or https://physics.nist.gov/cuu/pdf/sp811.pdf.

4) Machine and equipment
When the use of reagents or devices is reported in the text, the 

name of the manufacturer, city, state, and country should be 

indicated.

5) Statistics
Statistical methods must be described and the program used 

for data analysis, and its source, should be stated.

6) Arrangement of manuscript
The article should be organized in the order of Title page, Ab-

stract, Introduction, Materials and Methods, Results, Discus-

sion, Conflict of Interest, Acknowledgments, Open Researcher 

and Contributor ID (ORCID), Authors’ contributions, Refer-

ences, Table, Figure, and Figure Legends.

The title of each new section should begin on a new page. 

Number pages consecutively, beginning with the abstract 

page. Page numbers should be placed at the middle of the bot-

tom of each page.

7) Reporting guidelines for specific study designs
Research reports frequently omit important information. As 

such, reporting guidelines have been developed for a number 

of study designs that some journals may ask authors to follow. 

Authors are encouraged to also consult the reporting guide-

lines relevant to their specific research design. A good source 

for reporting guidelines is the EQUATOR Network (http://

www.equator-network.org/home/) and the United States Na-

tional Institutes of Health/National Library of Medicine (http://
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www.nlm.nih.gov/services/research_report_guide.html).

2. Organization of Manuscript – Original Article
1) Title page
Title: The title should be concise and precise. The first letters 

of nouns, adjectives, verbs, and adverbs in titles should be cap-

italized. The title should use generic drug names, not brand 

names.

Authors and affiliations: First, middle, and last names should 

be included for each author. If the author is affiliated with 

multiple departments, this should be included in a footnote by 

their name. If authors are affiliated with multiple departments 

and hospitals, affiliations should be arranged in the order of 

authors and demarcated with a number.

Running head: A running head of no more than 50 characters 

including letters and spaces should be included in English. 

If the included running head is inappropriate, the Editorial 

Board may revise it.

Corresponding author: The corresponding author’s name, 

postal code, address, telephone number, fax number, e-mail 

address should be included.

2) Abstract
All manuscripts should contain a structured abstract. Abstracts 

should be no more than 250 words in length and must have 

the following headings: Background, Methods, Results, and 

Conclusions. The quotation of references must not be includ-

ed in the abstract. A maximum of 6 keywords should be listed, 

immediately after the abstract, in alphabetical order. Each 

key word should be separated by a semicolon (;). The authors 

should use MeSH (Medical Subject Heading) terms in their 

key words (https://meshb.nlm.nih.gov/).

Ex) Key Words: carbon dioxide; cerebral vessels; oxygen; 

spinal analgesia

Ex) Key Words: α2-adrenoceptor agonist; GABA; oxygen

3) Key Messages
A list of 2 or 3 key messages is required. This provides a quick 

structured synopsis of the important findings of your man-

uscript and their meaning. This section is limited to 50-100 

words or less.

4) Introduction
The introduction should address the purpose of the article 

concisely and include background reports that are relevant to 

the purpose of the paper.

5) Materials and Methods
When reporting experiments with human or animal subjects, 

the authors should indicate whether they received approval 

from the IRB for the study, and agreement from the patients. 

When reporting experiments with animal subjects, the authors 

should indicate whether the handling of animals was super-

vised by the Institutional Board for the Care and Use of Labo-

ratory Animals. Sufficient details need to be addressed in the 

methodology section of an experimental study so that it can 

be further replicated by others. Ensure correct use of the terms 

sex (when reporting biological factors) and gender (identity, 

psychosocial, or cultural factors), and, unless inappropriate, 

report the sex and/or gender of study participants, the sex of 

animals or cells, and describe the methods used to determine 

sex and gender. If the study involved an exclusive population, 

for example in only one sex, authors should justify why, except 

in obvious cases (e.g., prostate cancer). Authors should also 

define how they determined race or ethnicity and justify their 

relevance.

6) Results
Results should be presented in a logical sequence in the text, 

tables, and illustrations, giving the main or most important 

findings first. Do not repeat all of the data in the tables or il-

lustrations in the text; emphasize or summarize only the most 

important observations.

7) Discussion
Discussion should emphasize the new and important aspects 

of the study, including the conclusions. Do not repeat the 

results in detail or other information that is included in the 

Introduction or Results sections. Describe the conclusions 

according to the purpose of the study but avoid unqualified 

statements that are not adequately supported by the data. 

Conclusions may be stated briefly in the last paragraph of the 

Discussion section.

8) Conflict of Interest
If there are any conflicts of interest, authors should disclose 

them in the manuscript. Disclosures allow editors, reviewers, 

and readers to approach the manuscript with an understand-

ing of the situation and background of the completed research. 

If there are no conflicts of interest, authors should include fol-

lowing sentence: “No potential conflict of interest relevant to 

this article was reported.”
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9) Funding
Funding for the research should be provided here. Providing 

a FundRef ID is suggested, including the name of the funding 

agency, the country, and if available, the number of the grant 

provided by the funding agency. If the funding agency does 

not have a FundRef ID, please ask the agency to contact the 

FundRef registry (e-mail: fundref.registry@crossref.org). A de-

tailed description of the FundRef policy can be found at http://

www.crossref.org/fundref/.

10) Acknowledgments
Persons or institutes that contributed to the papers but whose 

contribution was not significant enough to be co-authors may 

be introduced at the end (between Discussion and References).

11) ORCID (Open Researcher and Contributor ID)
All authors are recommended to provide an ORCID. To ob-

tain an ORCID, authors should register at the ORCID website: 

https://orcid.org. Registration is free for all researchers.

12) Authors’ contributions
The work authors have conducted for the study should be 

described in this section. To qualify for authorship, all contrib-

utors must meet at least one of the seven core contributions by 

CRediT (conceptualization, methodology, software, validation, 

formal analysis, investigation, data curation), as well as at least 

one of the writing contributions (original draft preparation, 

review, and editing). Authors may also satisfy the other contri-

butions; however, these alone will not qualify them for author-

ship. Contributions will be published with the final article and 

they should accurately reflect contributions to the work. The 

submitting author is responsible for completing this informa-

tion at submission, and it is expected that all authors will have 

reviewed, discussed, and agreed to their individual contribu-

tions ahead of this time. The information concerning sources 

of author contributions should be included in this section at 

the submission of the final version of the manuscript (at the 

first submission, this information should be included in the 

title page).

Examples of authors’ contributions are as follows:

Conceptualization: MHC. Data curation: JH. Formal anal-

ysis: YIA. Funding acquisition: MHC. Methodology: MHC, 

JH, YIA. Project administration: YIA. Visualization: MHC, 

JH, YIA. Writing – original draft: JH, YIA. Writing – review & 

editing: MHC, JH, YIA.

13) References
References should be obviously related to the document and 

cited in sequential order in the text. The description of the Ref-

erence section is provided below. The References follow the 

NLM Style Guide for Authors, Editors, and Publishers (http://

www.nlm.nih.gov/citingmedicine) if not specified below.

References should be identified in text with full-size Arabic 

numerals on the line and in square brackets [ ]. All of the refer-

ences should be stated in English, including author, title, and 

name of journal. If necessary, the reviewers and the Editorial 

Board may request original documents of the references. In the 

Reference section, journals should be abbreviated according to 

the style used in the list of journals indexed in the NLM Journal 

Catalog (http://www.ncbi.nlm.nih.gov/nlmcatalog/journals). 

Journal titles that are not listed in the Catalog should follow the 

ISO abbreviation as described in “ISO 4:1997 Information and 

documentation--Rules for the abbreviation of title words and 

titles of publications” (http://www.iso.org/iso/home/store/

catalogue_tc/catalogue_detail.htm?csnumber=3569).

Up to six authors may be listed. If a reference has more than 

six authors, only list the first six authors with “et al.” Provide the 

start and end page numbers of the cited reference.

Examples of reference style

A. Journal Article

Authors. Article title. Journal title Published year;Volume: 

Start-End page.

1. Lee DH, Kim EY, Seo GJ, Suh HJ, Huh JW, Hong SB, et al. 

Global and regional ventilation during high flow nasal can-

nula in patients with hypoxia. Acute Crit Care 2018;33:7-15.

2. Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hud-

son L, et al. The American-European Consensus Conference 

on ARDS: definitions, mechanisms, relevant outcomes, 

and clinical trial coordination. Am J Respir Crit Care Med 

1994;149:818-24.

3. Orengo CA, Bray JE, Hubbard T, LoConte L, Sillitoe I. Anal-

ysis and assessment of abinitio three-dimensional predic-

tion, secondary structure, and contacts prediction. Proteins 

1999;43(Suppl 3):149-70.

B. Book

Authors. Book title. Edition*. Place of publication: Publisher; 

Published year.

*Mark edition if it is beyond the 2nd edition.

4. Nuwer MR. Evoked potential monitoring in the operating 

room. 2nd ed. New York: Raven Press; 1986.
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C. Book Chapter

Authors of chapter. Title of chapter. In: Editors of book, edi-

tor(s). Title of book. Edition. Place of publication: Publisher; 

Published year. p. Start-End page.

5. Blitt C. Monitoring the anesthetized patient. In: Barash PG, 

Cullen BF, Stoelting RK, editors. Clinical anesthesia. 3rd ed. 

Philadelphia: Lippincott-Raven; 1997. p. 563-85.

D. Electronic Format

· Electronic publication before print

6. Lee OJ, Cho YH, Hwang J, Yoon I, Kim YH, Cho J. Long-term 

extracorporeal membrane oxygenation after severe blunt 

traumatic lung injury in a child. Acute Crit Care 2017 Feb 10 

[Epub]. https://doi.org/10.4266/acc.2016.00472.

· Website

7. Sage Terapeutics. A study with SAGE-547 for superrefractory 

status epilepticus [Internet]. Bethesda (MD): U.S. National 

Library of Medicine; 2000 [cited 2016 Nov 12]. Available 

from: https://clinicaltrials.gov/ct2/show/NCT02477618?ter-

m=NCT02477618&rank=1.

14) Tables
Each table should be consecutively typed or printed on a sep-

arate sheet of paper in the order of citation in the text. Supply 

a brief title at the top of the table. The titles of tables start with 

“Table 1.” Footnotes should be provided consecutively in order 

of the information, statistics, and abbreviations. Footnoted in-

formation should be referenced using superscript small letters 

(ex; a, b) in alphabetical order.

15) Figures and Illustrations
ACC publishes in full color and encourages authors to use 

color to increase the clarity of figures. Authors must submit 

figures and illustrations as electronic files. Images must be pro-

vided as TIFF files. JPEG is also acceptable when it is the orig-

inal format. Each figure must be of good quality, higher than 

300 dpi resolution with good contrast and sharpness. Figures 

must be sized to 4 inches. If possible, submit the original file 

without any modifications.

Submit files of figures and photographs separately from the 

text of the paper. Number figures as “Figure Arabic numeral” 

in the order of their citation (ex. Figure 1). If a figure is divid-

ed into more than two images, mark each figure with Arabic 

numerals and a capital letter (Ex. Figure 1A, Figure 1B). Au-

thors should submit line drawings in black and white. Figures 

should be explained briefly in the titles. An individual should 

not be recognizable in photographs or X-ray films provided at 

the time of submission. Radiographic prints must have arrows 

for clarity if applicable. Pathological samples should be pic-

tured with a measuring stick

16) Legends of Figures and Illustrations
All figures and photos should be described in the text sep-

arately. The description order must be the same as in the 

footnotes in tables and should be in recognizable sentences. 

In microscopic pictures, staining methods and magnification 

ratio should be indicated.

3. Organization of Reviews
The Editorial Board requests review articles of particular titles 

and text. Author can describe text that is not itemized. Review 

articles should include unstructured abstracts equal to or less 

than 250 words in English. Key words should follow ordinary 

processes. The length of the text excluding references, tables, 

and figures should not exceed 5,000 words.

4. Organization of Letters to the Editor
Letters to the Editor should include brief constructive com-

ments that concern a published article; a short, free-stand-

ing opinion; or a short, interesting case. Letters to the Editor 

should be submitted no more than 6 months after the relevant 

paper has been published. Body text should not exceed 1,000 

words and should have less than 5 references. Letters may 

be edited by the Editorial Board, and if necessary, responses 

from the author of the relevant paper may be provided. The 

responses should have the same format of Letters to Editor.

5. Images in Critical Care
The images section must be of high scientific quality and val-

ue and provide didactic and self-explanatory lessons. Images 

must be unique and adhere to ethical standards with patient/

relative approval when appropriate and ensure protection of 

patient identity and privacy.

The total text should not exceed 200 words. A maximum of 

five authors is permitted. Up to 5 references are allowed. No 

abstract is required.

The legend for the image should concisely present rele-

vant clinical information, including a short description of the 

patient’s history, relevant physical and laboratory findings, 

clinical course, response to treatment (if any), and condition 

at last follow-up. All labeled structures in the image should be 

described and explained in the legend.
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6. Other Publication Types
Other publication types such as guidelines, brief reports, and 

history articles may be accepted. The recommended format 

can be discussed with the Editorial Board.

MANUSCRIPT SUBMISSION

1. Submission Process
1) Authors are requested to submit their papers electronically 

using the online manuscript submission system available 

at: http://submit.accjournal.org/. Under this online system, 

only corresponding authors and first authors can submit 

manuscripts. The process of reviewing and editing will be 

conducted entirely through this system.

2) Authors and reviewers may check the progress of reviews 

and related questions/answers on this system. All progress 

in reviews will also be informed to corresponding authors.

3) Upon submission of a manuscript, authors should send a 

statement of copyright release and author agreement, which 

must be signed by all authors, by scanned file to the Editori-

al Office.

4) A proof by authors should be submitted within one week of 

the request.

5) During submission process, the authors ORCIDs will be re-

quested. The corresponding author’s ORCIDs is mandatory.

2. Article Processing Charge
There are no author submission fees. All costs for the submis-

sion process are supported by the Publisher.

3. Contact
For queries about manuscript submission, please contact:

Editorial Office #805-806, Yongseong Biztel, 109 Hangang-dae-

ro, Yongsan-gu, Seoul 04376, Korea

Tel: +82-2-2077-1533, Fax: +82-2-2077-1535,

E-mail: acc@accjournal.org

PEER REVIEW AND PUBLICATION PROCESS

1. Screening after Submission
1) Screening process will conducted after submission. If the 

manuscript does not fit the aims and scope of the Journal or 

does not adhere to the Instructions to authors, it may be re-

turned to the author immediately after receipt and without 

a review.

2) Before reviewing, all submitted manuscripts are inspect-

ed by Similarity Check powered by iThenticate (https://

www.crossref.org/services/similarity-check/), a plagia-

rism-screening tool. If a too high a degree of similarity score 

is found, the Editorial Board will do a more profound con-

tent screening.

3) The criterion for similarity rate for further screening is usu-

ally 15%; however, the excess amount of similarity in spe-

cific sentences may be also checked in every manuscript. 

The settings for Similarity Check screening are as follows: 

It excludes quotes, bibliography, small matches of 6 words, 

small sources of 1%, and the Methods section.

2. Peer Review Process
1) Submitted manuscripts will be reviewed by 2 or more ex-

perts in the corresponding field. The Editorial Board may 

request authors to revise the manuscripts according to the 

reviewer’s opinion. After revising the manuscript, the author 

should upload the revised files with a reply to each item of 

the reviewer’s opinion. The revised part should be marked 

as red font with underline.

2) The author’s revisions should be completed within 30 days 

after the request. If it is not received by the due date, the Ed-

itorial Board will not consider it for publication again.

3) The manuscript review process can be finished the second 

review. If further revision is requested, the Editorial Board 

may consider it.

4) The Editorial Board may request authors to correct English 

to reach a certain standard and authors should accept the 

request.

5) The Editorial Board will make a final decision on the ap-

proval of the submitted manuscript for publication and can 

request any further corrections, revisions, and deletions of 

the article text if necessary. Statistical editing is also per-

formed if the data requires professional statistical review by 

a statistician.

3. Process after Acceptance
If the manuscript is finally accepted, the proofreading will be 

sent to the corresponding author after professional manuscript 

editing and/or English proofreading. Proofreading should be 

performed again for any misspellings or errors by the authors.

Before final proofreading, the manuscript may appear at the 

journal homepage as an epub ahead of print with a unique 

DOI number for rapid communication. The epub ehead of 

print version will be replaced by the replacement XML file and 
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a final PDF.

4. Fee for Publication and Reprints
There is no article processing charge but an additional fee for 

reprints or color prints will be charged to authors. However, 

this policy could be changed in the future.

5. Copyright and Open access
Copyrights ownership is to be transferred to the KSCCM. The 

authors should submit “Authorship Responsibility and License 

Agreement Form” at the time of manuscript submission. This 

is an open access article distributed under the terms of the 

Creative Commons Attribution Non-Commercial License 

(http://creativecommons.org/licenses/by-nc/4.0), which per-

mits unrestricted use, distribution, and reproduction in any 

medium, provided the original work is properly cited.

6. Clinical Data Sharing Policy
ACC accepts the ICMJE recommendations for data sharing 

statement policy (http://icmje.org/icmje-recommendations.

pdf). All manuscripts reporting clinical trial results are recom-

mended to submit a data sharing statement following the IC-

MJE guidelines from 1 January 2019. Authors may refer to the 

editorial, “Data Sharing Statements for Clinical Trials: A Re-

quirement of the International Committee of Medical Journal 

Editors,” in JKMS Vol. 32, No. 7:1051-1053 (http://crossmark.

crossref.org/dialog/?doi=10.3346/jkms.2017.32.7.1051&do-

main=pdf&date_stamp=2017-06-05).
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Check List for Authors

A. Confirmation by authors

Items Check points

Originality ☐ Confirm that neither the manuscript submitted nor any part of it has been published or is being considered for 
publication elsewhere.

Research ethics ☐ Confirm that your study complies with the ethical guidelines for research and publication described in Good 
Publication Guidelines for Medical Journals and Guidelines on Good Publication.

Disclosure ☐ Disclose any commercial associations with specific products or financial support from any company.

Funding ☐ Acknowledge any research funds, sponsorships, or grants.

Thesis ☐ State that your article is a thesis for a degree such a Master’s or PhD degree, if applicable.

Presentation ☐ If your article was presented in a national or international meeting, describe this.

English proofreading ☐ State whether your article was revised or edited by a professional English proofreader.

B. Structure of article

Items Check points

Sequence ☐ Title page, abstract and keywords, main text, conflict of interest, (acknowledgments), references, table, table 
legends, figure legends

Title page ☐ Title: The title should be concise and precise. The first letters of nouns, adjectives, verbs, and adverbs in titles 
should be capitalized. The title should use generic drug names, not brand names.

☐ Authors and affiliations: First, middle, and last names should be included for each author. If the author is 
affiliated with multiple departments, this should be included in a footnote by their name. If authors are 
affiliated with multiple departments and hospitals, affiliations should be arranged in the order of authors and 
demarcated with a number.

☐ Running head: A running head of no more than 50 characters including letters and spaces should be included in 
English. If the included running head is inappropriate, the Editorial Board may revise it.

☐ Corresponding author: The corresponding author’s name, postal code, address, telephone number, fax number, 
e-mail address should be included.

Manuscript ☐ All manuscripts are typed in 12-point font size, double-spaced, and saved as an MS Word file.

☐ Any text that identifies me as the author or my affiliation is deleted from the title page and manuscript text.

☐ The title does not include abbreviations.

☐ The running head is less than 50 characters.

Original Article

☐ Manuscripts include an Abstract, Key Words, Introduction, Materials and Methods, Results, Discussion, Conflict 
of Interest, (Acknowledgments), References, Table(s), and Figure(s) in the order listed.

Letters to the Editor

☐ Letters to the Editor should include brief constructive comments that concern a published article; a short, free-
standing opinion; or a short, interesting case.
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Items Check points

Abstract ☐ Key words (up to 6 words) are chosen from the Index Medicus.

Original Article

☐ The abstract is less than 250 words and includes the following sections: Background, Methods, Results, and 
Conclusions.

Review

☐ The abstract must be less than 250 words.

Letters to the Editor

☐ No abstract is required. Body text should not exceed 1,000 words.

Images in Critical Care

☐ No abstract is required. The total text should not exceed 200 words.

Text ☐ The Introduction section presents the background and purpose of this study.

☐ All tables and figures are provided in English, and all abbreviations are explained.

☐ All tables and figures are cited in the text in order.

☐ All tables are included in the text file, and all figures are submitted as a separate file in “TIFF” or “JPEG” formats.

Original Article

☐ The text is organized into Introduction, Materials and Methods, Results, Discussion, (Acknowledgments), 
References.

☐ The Materials and Methods section provides information on permission obtained from my affiliation and from 
patients for a human trial or animal testing.

☐ The Discussion section is not a summary of results, but describes new and important findings without any 
duplicate contents.

References ☐ References are arranged in numerical order according to the sequence of citations in the text. For regular 
journals, the names of all authors (up to six) are listed in the reference list, and the abbreviation of et al. is used 
when the number of authors exceeds six. The article title is followed by the journal title, the year of publication, 
volume number, and page range. The list of references includes the statement, “Author(s) ensures the accuracy 
of all the references.”

☐ All references are cited in the text as numbers within brackets in the same order they appear in a reference list.

Letters to the Editor

☐ References list entries are limited to 5.

Images in Critical Care

☐ References list entries are limited to 5.

Tables ☐ Each table should be consecutively typed or printed on a separate sheet of paper in the order of citation in the 
text. Supply a brief title at the top of the table.

☐ The titles of tables start with “Table 1.” Footnotes should be provided consecutively in order of the information, 
statistics, and abbreviations.

☐ Footnoted information should be referenced using superscript small letters (ex; a, b) in alphabetical order.

Legends of Figures 
and Illustrations

☐ All figures and photos should be described in the text separately.

☐ The description order must be the same as in the footnotes in tables and should be in recognizable sentences.

☐ In microscopic pictures, staining methods and magnification ratio should be indicated.

Consent form(s) ☐ Copyright transfer form has been signed by all authors.

☐ Authorization and Release form for identifiable patient descriptions and photographs are included.
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Authorship Responsibility and License Agreement Form

Title :                                                                                                                                                                                                                              

Each author must read and sign the following statements. Completed statements should be send to the Editorial Office through the 

online manuscript submission system or e-mail (acc@accjournal.org).

I, as an author, submit my manuscript in consideration of the Editorial Board of Acute and Critical Care for reviewing, editing, 

and publishing.

I hereby transfer, assign, and otherwise convey copyright to the Korean Society of Critical Care Medicine upon acceptance of the 

manuscript for publication by Acute and Critical Care. I can use part or all of the contents of the manuscript providing that the orig-

inal work is properly cited.

The contribution is my original work, all of which has been carried out by those named as authors, and I will take public respon-

sibility for its content.

I agree to the standards and principles of coping with duplication and certify that the content of the manuscript, in all or in part, 

has not been published and is not being considered for publication elsewhere, unless otherwise specified herein.

I certify that I have disclosed potential conflicts of interest in the cover letter, including financial support or political pressure from 

interest groups, or academic problems.

Author’s printed name

                                                                                                                        

                                                                                                                        

                                                                                                                        

                                                                                                                        

                                                                                                                        

                                                                                                                                                      

Corresponding author’s printed name

     

1.

2.

3.

4.

5.

6.

(※ Please add the names and signatures of any additional authors)

Position

                                                                                                                        

                                                                                                                        

                                                                                                                        

                                                                                                                        

                                                                                                                       

                                                             

Position

                                                                                                                        

Signature

                                                           

                                                            

                                                            

                                                            

                                                                                                                                                      

                                                                                                                                                      

Signature

                                                           

Date

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

Date

                                                                                                                                                      

☐ Editorial   ☐ Original article   ☐ Review   ☐ Letter to the editor   ☐ Images in critical care
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