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*stable but not improving at 5 days. 
ACT-MRSA NP = The Asian Consensus Taskforce on MRSA Nosocomial Pneumonia; MRSA = methicillin-resistant Staphylococcus aureus. 

Reference 1. Cao B, Tan TT, Poon E, et al. Consensus statement on the management of methicillin-resistant Staphylococcus aureus nosocomial pneumonia in Asia. Clin Respir J. 2015 Apr;9(2):129-42. 2. Zyvox® Injection Prescribing information. (2021.11.25)
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The ACT-MRSA NP Consensus Statement (2015) recommended 
switching to Linezolid when MRSA NP patients  
who is on Vancomycin have a poor response.*1

The timing of Zyvox® for MRSA NP patients is now.2

Infection
Dosage and Route of Administration

Recommended Duration of 
TreatmentPediatric Patients† 

(Birth through 11 Years of Age)
Adults and Adolescents  

(12 Years and Older)

Nosocomial pneumonia

10 mg/kg oral q8h 600 mg oral q12h 10 to 14 consecutive days

Community-acquired 
pneumonia (including 
concurrent bacteremia)

Complicated skin and skin 
structure infections

Uncomplicated skin and skin 
structure infections
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Adults: 400 mg oral q12h 
Adolescents(12-17 yrs):  
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Vancomycin-resistant 
Enterococcus faecium infections, 
including concurrent bacteremia
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†Neonates <7 days: Most pre-term neonates <7 days of age (gestational age <34 weeks) have lower systemic linezolid clearance 
values and larger AUC values than many full-term neonates and older infants. These neonates should be initiated with a dosing 
regimen of 10 mg/kg q12h. Consideration may be given to the use of 10 mg/kg q8h regimen in neonates with a sub-optimal clinical 
response. All neonatal patients should receive 10 mg/kg q8h by 7 days of life.
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INTRODUCTION 

In adult out-of-hospital cardiac arrest survivors with ventricular tachycardia or fibrillation, 

when TH (32°C–34°C for 12–24 hours) is applied after resuscitation, it is well-known to im-

prove neurologic outcomes by reducing reperfusion injury (hypoxic-ischemic cascade), and 

it is therefore recommended. Based on this situation, many studies have been conducted to 

confirm the effects of therapeutic hypothermia (TH) or targeted temperature management 

(TTM) on severe traumatic brain injury (TBI) treatment. 

The efficacy of TH has not been demonstrated so far to improve neurological outcomes in 

Traumatic brain injury (TBI) is a critical cause of disability and death worldwide. Many studies have 
been conducted aimed at achieving favorable neurologic outcomes by reducing secondary brain 
injury in TBI patients. However, ground-breaking outcomes are still insufficient so far. Because 
mild-to-moderate hypothermia (32°C–35°C) has been confirmed to help neurological recovery for 
recovered patients after circulatory arrest, it has been recognized as a major neuroprotective treat-
ment plan for TBI patients. Thereafter, many clinical studies about the effect of therapeutic hypo-
thermia (TH) on severe TBI have been conducted. However, efficacy and safety have not been 
demonstrated in many large-scale randomized controlled studies. Rather, some studies have 
demonstrated an increase in mortality rate due to complications such as pneumonia, so it is not 
highly recommended for severe TBI patients. Recently, some studies have shown results suggesting 
TH may help reperfusion/ischemic injury prevention after surgery in the case of mass lesions, such 
as acute subdural hematoma, and it has also been shown to be effective in intracranial pressure 
control. In conclusion, TH is still at the center of neuroprotective therapeutic studies regarding TBI. 
If proper measures can be taken to mitigate the many adverse events that may occur during the 
course of treatment, more positive efficacy can be confirmed. In this review, we look into adverse 
events that may occur during the process of the induction, maintenance, and rewarming of target-
ed temperature management and consider ways to prevent and address them. 

Key Words: intracranial pressure; ischemia; reperfusion; targeted temperature management; ther-
apeutic hypothermia; traumatic brain injury  
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patients with TBI in multicenter randomized controlled study 

(RCT) [1-4]. For this reason, early (within 2.5 hours), short-

term (48 hours post-injury), and prophylactic hypothermia 

are not recommended to improve outcomes in patients with 

diffuse injury in the Guidelines for the Management of Severe 

Traumatic Brain Injury [2,5]. Nonetheless, many institutions 

are still using TTM for the purpose of neuroprotection, intra-

cranial pressure (ICP) control, and decreasing fever burden in 

patients with severe TBI. 

ICP control and reducing fever burden are very important to 

prevent secondary brain injury in patients with severe TBI. Fe-

ver is commonly found in neurological ICU patients, increases 

the risk of complications, and is usually associated with unfa-

vorable clinical outcomes [6-8]. Recently, the ability to stably 

control patients’ body temperatures has become possible 

thanks to the development of equipment. TTM is considered 

to be able to help improve clinical outcomes by reducing fever 

burden. In this review, we would like to examine the factors 

that should be considered in the process of applying TH or 

TTM in TBI patients. 

WHY DID TH AND TTM NOT DEMONSTRATE 
NEUROPROTECTION IN TBI PATIENTS? 

The exact reason why TH in TBI does not work is unknown. 

Some researchers are seeking answers in the mechanisms 

of TBI. To date, the disease in which TH is known to improve 

neurologic outcomes is out-of-hospital cardiac arrest [9,10]. 

For this reason, post-cardiac arrest care guidelines were modi-

fied to recommend target temperatures of 32°C to 36°C [11-13]. 

However, compared to patients with these diseases and TBI, 

the pathological environment of the brain is different, so the 

effect does not seem to be perfect. 

In the case of cardiac arrest, abnormalities in brain cell func-

tion occur due to transient global ischemia; therefore, there 

is little structural destruction in brain cells. When the cardiac 

arrest time is short, TH after successful resuscitation improves 

clinical outcomes by preventing secondary brain injury by 

blocking the hypoxic-ischemic cascade. However, in the case 

of TBI, TH effects can be limited because there are several 

lesions, such as permanent structural destruction, cerebral 

hemorrhage, ischemic lesions, delayed edema, etc., rather 

than single ischemia. And there seems to be a limitation in 

recovery since the primary injury caused by the initial insult is 

severe (Table 1) [14]. 

WHEN SHOULD TH OR TTH BE STARTED, AND 
HOW LONG SHOULD IT BE MAINTAINED IN 
TBI PATIENTS? 

Brain edema and secondary brain injury in TBI patients persist 

for hours to days. Therefore, when TH or TTH is applied for the 

purpose of these cases, it is recommended to be maintained 

for a long time rather than post-resuscitation [2,11]. In RCTs 

on prolonged mild hypothermia and slow rewarming in pa-

tients with severe TBI, tight hemodynamic management and 

slow rewarming, together with prolonged TH (32°C–34°C), did 

not improve the neurological outcomes or reduce mortality 

■ Targeted temperature management is one of the most 
promising neuroprotective methods to prevent secondary 
brain injury in patients with traumatic brain injury.

■ Although many studies have not proven its effectiveness 
clearly so far, and there have been many problems due to 
side effects, its complications and side effects have been 
significantly reduced as general supportive technology 
develops.

■ It is expected that clinical studies including patients with 
the proper indications and well-organized protocols for 
targeted temperature management can be conducted.

KEY MESSAGES

Table 1. Difference between the two conditions
Cardiac arrest Traumatic brain injury

Evidence of therapeutic hypothermia Effective Not proved
Injury mechanism Temporary global ischemic-reperfusion brain injury Primary mechanical disruption of brain cells and blood-

brain barrier
Secondary injury: hemorrhage, ischemia-reperfusion, 

excitotoxicity, inflammation, etc.
Injury type Relatively homogenous Heterogeneous mechanism that includes focal and 

diffuse components
Reversibility Depends on the duration of ischemic time Depends on primary injury
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compared with strict temperature control (35.5°C–37°C) [1,2]. 

Although there are no clear guidelines on when to start and 

how long to maintain decreased ICP by controlling brain ede-

ma to help neurological recovery and reduce the length of stay 

in the ICU, maintaining TTM within normal body temperature 

(36°C–37.5°C) can be considered to reduce fever burden and 

variability from the beginning. When there’s no response to 

other existing medical treatments, it is recommended to per-

form induced hypothermia at 32°C–35°C to control brain ede-

ma and ICP [5,15]. In this case, the treatment should be main-

tained for days, and it would be good to do a slow rewarming 

with ICP monitoring [15,16]. Hypothermia combined with 

craniotomy may improve neurologic outcomes in patients 

with hematomas and severe TBI [3,4]. Overall, cooling before 

decompression surgery weakens some of the reduction of 

reperfusion injury. 

STAGES OF TH AND WHAT TO CONSIDER AT 
EACH STAGE 

TH can be divided into three phases: phase 1 (induction), 

phase 2 (maintenance), and phase 3 (rewarming) [14,17]. Let’s 

take a look at what to consider at each stage [14,18]. 

Phase 1: Induction 
If it is decided to do TH in refractory increased ICP, the target 

temperature should be reached by maximizing the speed of 

cooling as much as possible [10]. Although there are many 

methods for this, servo-regulatory non-invasive surface cool-

ing devices and invasive endovascular cooling devices are 

mainly used. In addition, the application of ice bags and local 

cooling methods exist, but they are not commonly used. In the 

case of invasive endovascular cooling devices, there is a risk 

of catheter-related thrombosis and infection, and in the case 

of surface cooling devices, there is a risk of skin necrosis and 

soreness caused by peripheral vasoconstriction of the skin [19].  

In a study, a large ice-cold fluid infusion (4°C, 20–30 ml/kg) 

did not increase the incidence of pulmonary edema but in-

creased the incidence of rearrests [10,19]. Some studies insist 

that rapid induction decreases the risks and consequences of 

short-term side effects, such as shivering and metabolic disor-

ders [19]. But in many cases, it is necessary to consider edema 

and cardiovascular effects due to volume-overload in patients 

with severe TBI. 

TH should be performed based on the core temperature. 

The optimal temperature measurement site should accurately 

reflect the core temperature, be non-invasive, and be mea-

sured continuously. The most commonly used sites are the 

esophagus, bladder, and rectum, in that order [9,20]. Direct 

measuring equipment using sensors attached to the scalp has 

recently been used for brain temperature [21]. 

Because shivers can increase the rate of metabolism, oxy-

gen consumption, excess breathing, heart rate, and a general 

stress-like response, shivering management, such as sedatives, 

anesthetics, opiates, magnesium, muscle paralyzers, and var-

ious other drugs, are important during TH [19,22]. A shivering 

assessment scale is provided in Table 2 [23]. Drugs and skin 

counter warming for shivering mitigation are organized in 

Figure 1. However, many patients with severe TBI are under 

sedation therapy, so it is sometimes difficult to identify them. 

Phase 2: Maintenance 
After reaching the target temperature after induction, it is im-

portant to reduce body temperature variation and shivering 

before rewarming. Also, it is very important to prevent and 

treat various complications that may occur during TH. The 

most used surface cooling device, gel pads attached to the 

skin, is non-invasive and convenient but has disadvantages in 

that skin necrosis and shivering can occur more easily. Endo-

vascular devices using endovascular insertion and a catheter 

are invasive and can cause complications, such as infection, 

bleeding, and venous thrombosis, therefore, it should be used 

with caution. To decrease temperature variability, using tem-

perature-modulating devices with servo-controls and gradient 

temperature changes is recommended [15]. During this phase, 

potential complications caused by hypothermia can occur 

(Table 3). Let’s study more about them. 

Table 2. Bedside Shivering Assessment Scale [23]
Score Type of shivering Location
0 None No shivering is detected in the masseter, neck, or chest muscles
1 Mild Shivering localized to neck and thorax only
2 Moderate Shivering involves gross movement of upper extremities (in addition to the neck and thorax)
3 Severe Shivering involves gross movement of the trunk and upper and lower extremities
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Table 3. Summary of potential complications of IH
Type of system Response to IH and potential complications
Cardiovascular In the early stage, increasing sympathetic tone and peripheral vasoconstriction Hypertension

Arrhythmia
Decreased left ventricular function  Hypotension
Hypovolemia due to cold diuresis

Immunologic Immunosuppression Increased risk of infection
leukopenia

Hematologic Increased hematocrit Mild coagulopathy
Thrombocytopenia Increased risk of bleeding
Increased prothrombin time and activated partial thromboplastin time

Acid-base dysregulation & 
metabolic change

pH elevation
Hypokalemia  Arrhythmia
Hyperglycemia
Hypomagnesemia

Others Shivering
Skin necrosis
Changes in drug clearance/elimination

IH: induced hypothermia.

Figure 1. Shivering management [19,27]. Continuous electroenceph-
alogram monitoring may be considered for early detection of noncon-
vulsive status epilepticus for Stages 2 and 3.

Stage 1. Maneuvers
(1) Skin counter warming
(2) Acetaminophen (500 mg every 4–6 hr)
(3) Magnesium sulphate  

(Maintenance 0.5 g/hr or IV 2–3 g slowly) 
(Goal serum level  3–4 mg/dl)

Stage 2. Maneuvers
(1) Dexmedetomidine (50–100 µg or 0.2–0.7 µg/kg/hr)
(2) Remifentanil (6–60 µg/kg/hr)
(3) Fentanyl (50–100 µg or 0.7–1.0 µg/kg/hr)
(4) Meperidine (10–25 mg or 0.5 mg/kg every 6 hr)
(5) Propofol (20–150 mg or 0.5–3.0 mg/kg/hr)
(6) Midazolam (2.5–10 mg or 0.03–0.2 mg/kg/hr)

Stage 3. Maneuvers
(1) Cisatracurium IV (0.12–0.6 mg/kg/hr) 

or rocuronium IV 0.4 mg/kg/hr

Potential cardiovascular complications 
In the early stage of TH, blood pressure rises due to peripheral 

vasoconstriction and hypotension thereafter due to hypovo-

lemia caused by cold diuresis decreases cardiac output and 

induces arrhythmia including bradycardia [20,24]. If hypovo-

lemia is corrected, mild to moderate hypothermia does not 

decrease myocardial contractility or induce hypotension [25]. 

Therefore, it is an important point to correct hypovolemia. 

Osmotic agents are often used for patients with severe TBI and 

central diabetes insipidus (DI) due to ICP, so it is important to 

check volume status and properly manage volume treatment. 

According to a recent publication, hypertonic saline enhances 

ICP and cerebral perfusion pressure more than mannitol does, 

so, because of the effect of volume expansion, hypertonic sa-

line can be useful during TH [26]. 

Potential immunologic complications 
Many patients with severe TBI have the risk of catheter-related 

infection related to multiple trauma wounds, postoperative 

status, central line, intubation tube, foley catheter, etc. Pneu-

monia is the most common complication due to aspiration in 

the unconscious state of the early stage of severe TBI. In these 

conditions, TH increases the risk of infection due to immu-

nosuppression and leukopenia. Therefore, to check whether 

infection is progressing during TH maintenance, protocolized 

care for infection monitoring should be needed. If infection 

control is not proper and goes to sepsis, the mortality risk in-

creases significantly.  

Existing tests to monitor infection progression include white 

blood cell (WBC) count, erythrocyte sedimentation rate (ESR), 

C-reactive protein (CRP), blood-culture, etc. However, it is dif-

ficult to determine the progression of infection with these tests 

because fever pattern and WBC count can be influenced by 
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TH. In addition, ESR/CRP can rise non-specifically in the case 

of multiple trauma, and the results of blood culture are slow, 

making treatment with proper timing difficult. As such, exist-

ing blood tests related to inflammation have limitations, so ad-

ditional research on new methods is needed. One sign of pro-

gressing infection can be a sudden increase in the workload 

of the cooling device, such as a decrease in water temperature 

and an increase in noise levels of the device. If an infection 

is developing, our body attempts to generate fever and cause 

shivering [25]. There is a report that the use of prophylactic 

antibiotics decreased the incidence of pneumonia 4-fold [28]. 

But, to date, the best timing of antibiotic therapy and the drug 

choice are still unclear, and prophylactic use of broad-spec-

trum antibiotics is thought to be necessary for patients with 

severe TBI. 

Potential hematologic complications 
TH increases bleeding risk by inducing thrombocytopenia, 

platelet dysfunction, and mild coagulopathy [25,29]. Patients 

with severe TBI often have consumptive coagulopathy due 

to multiple trauma, and many of them also have traumatic 

intracerebral hemorrhage or delayed hemorrhage. It should 

be considered that TH during the early stage of trauma may 

adversely affect patients because of thrombocytopenia and 

mild coagulopathy, increased bleeding. For this, personalized 

transfusion can be helpful for proper coagulation in the early 

stage of trauma. Also, thromboelastometry can be one way to 

do this [30]. 

Potential metabolic complications 
TH causes many electrolyte changes and hyperglycemia. De-

creased K+, P+, and Mg2+ and increased glucose are most com-

mon [31,32]. In particular, severe electrolyte depletion, which 

is partly due to an increase in the amount of discharge caused 

by cold diuresis, should be thoroughly corrected because it 

causes cardiac arrhythmia and is life-threatening. So, electro-

lyte levels should be monitored frequently, and prophylactic 

electrolyte supplementation should be considered. It is recom-

mended to maintain 4.0 mEq/L or more before TH induction 

and 3.0–3.5 mEq/L during maintenance [15]. The reason why 

K+ should be maintained in the low limit of the normal range 

is that decreased potassium by intracellular shifting during 

rewarming can cause rebound hypokalemia. Besides, tests 

for Mg and P should be properly performed and maintained 

during TH [32]. In the case of refractory K+ replacement, it 

must be confirmed that hypomagnesemia is not the cause. 

Because magnesium is necessary for sodium, potassium, and 

calcium to move into and out of cells, hypomagnesemia results 

in hypocalcemia and hypokalemia. 

Also, TH can increase insulin resistance and cause hyper-

glycemia. Severe TBI can be accompanied by stress-induced 

hyperglycemia in the early stage, so it is necessary to control 

hyperglycemia, minimizing glycemic variability. Appropriate 

glycemic control methods and insulin types have not yet been 

determined, but it is better to measure glucose levels more fre-

quently, and continuous monitoring can be considered [31]. 

Acid-base dysregulation and ventilation settings 
Cerebral metabolism decreases by 6% to 10% for each 1°C re-

duction in body temperature during cooling [33]. Accordingly, 

the requirements for oxygen and glucose are decreased. If 

the ventilator setting is not properly adjusted, accidental hy-

perventilation and hyperglycemia can be maintained due to 

decreased oxygen and glucose consumption during TH, and it 

induces secondary brain injury by vasoconstriction. 

Another point of consideration is the oxygen dissociation 

curve of hemoglobin. In a hypothermic state, the solubility of 

oxygen and carbon dioxide increases. However, since arterial 

blood test results are tested at 37°C, pH and carbon dioxide 

levels are different from the actual values in the hypothermic 

state [34]. PaO2 is decreased by 5 mm Hg for each degree be-

low 37°C, and PaCO2 is decreased by 2 mm Hg for each degree 

below 37°C. Alpha-stat means temperature-uncorrected arte-

rial pCO2, and pH-stat means temperature-corrected arterial 

pCO2 [25]. Strictly applied alpha-stat management can lead to 

hyperventilation and cerebral vasoconstriction; strict pH-stat 

management can lead to hypercapnia, cerebral vasodilation, 

and increased ICP. Which option is preferable may depend 

on the precise nature of the neurological injury and the pres-

ence or absence of brain edema. Excessive hypocapnia can 

increase ischemia in injured areas of the brain, while excessive 

hypercapnia can increase brain edema; thus, both can cause 

additional brain injury [25]. An example situation was shown 

in Figure 2. 

Although there’s controversy as to whether alpha-stat or pH-

stat are superior, the recent guidelines recommend pH-stat 

[12,15]. Arterial blood gas measurements should be tempera-

ture-corrected during TH; also, increased PH makes the oxy-

gen dissociation curve shift to the left. In this case, the oxygen 

affinity of hemoglobin increases, and oxygen delivery to the 

tissues decreases. Therefore, it is necessary to maintain oxygen 

concentration at the upper limit in the normal range. 
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Changes in drug clearance 
TH could decrease the function of physiologic enzymes and 

affect changes in drug clearance. Because various drugs in-

cluding anticonvulsants, antibiotics, analgesics, and sedatives 

are used in patients with severe TBI, their therapeutic efficacy 

and serum concentrations should be monitored. In addition, 

it should be considered that the effect of these drugs may last 

longer than expected [30]. 

Others (development of epilepsy, skin necrosis and sores, and 
bowel function) 
Nonconvulsive status epilepticus (i.e., epileptic activity with-

out obvious clinical signs and symptoms) frequently occurs in 

Figure 2. Different management plans according to alpha-stat and pH-stat. ICP: intracranial pressure.

Definition
Alpha-stat: temperature-uncorrected arterial pCO2

pH-stat: temperature-corrected arterial pCO2

Change rate of pH, pCO2, pO2 per 1°C that the patient’s temperature is <37°C;
Add 0.012 pH units, subtract 5 mm Hg pO2, subtract 2 mm Hg pCO2

Patient with moderate hyperthermia (32°C)
Blood gas result assayed at 37°C

pH 7.42, pO2 80 mm Hg, pCO2 40 mm Hg

pH 7.42, pO2 80 mm Hg
pC02 40 mm Hg

Same as blood gas result
assayed at 37°C

Corrected by body temperature
pH 7.42+(37°C–32°C)×0.012=7.48

pO2 80 mm Hg–(37°C–32°C)×5 mm Hg=55 mm Hg
pCO2 40 mm Hg–(37°C–32°C)×2 mm Hg=30 mm Hg

Blood gas result reassayed at 37°C (=alpha-stat)
pH 7.42–(37°C–32°C)×0.012=7.36

pCO2 80 mm Hg＋(37°C–32°C)×5 mm Hg=100 mm Hg
pCO2 40 mm Hg＋(37°C–32°C)×2 mm Hg=50 mm Hg

Strict pH-stat management could lead to excessive
oxygenation and hypercapnia, cerebral vasodilation,

increased ICP and oxygen free radical

Continue ventilator setting
Excessive hypocapnia & Hypoxia can increase

ischemia in injured areas

Ventilator

Ventilator setting change

Management by pH-statManagement by alpha-stat

pH-stat: pH 7.42, pO2 80 mm Hg, pCO2 40 mm Hg

patients with TBI [35]. Hypothermia acts as neuroprotection, 

suppresses epileptic activity, and spreads nervous system de-

pression-like depolarization suppression [25,36]. Therefore, 

the use of prophylactic anticonvulsants is not recommended. 

Vasoconstriction of the skin caused by hypothermia could 

affect the occurrence of wound infection and bed sores [25]. 

To prevent this, warming of the exposed skin could be an op-

tion to try in the case of using invasive endovascular cooling 

devices or surface-cooling machine (Arctic Sun; Medivance 

Inc., Louisville, CO, USA). Bowel function and delayed gastric 

emptying caused by TBI may occur during hypothermia. How-

ever, a proper treatment strategy for this area has not yet been 

suggested.
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Phase 3: Rewarming 
Considerations during rewarming are opposed to induction. 

To reduce side effects, rewarming should be performed slowly. 

In general, rewarming is performed at 0.25°C per hour, but if 

there’s a concern about ICP, it may be maintained more slow-

ly at <0.1°C per hour [25]. Slow rewarming for over 48 hours 

might improve the neurological outcomes of prolonged TTM 

in patients with TBI and an evacuated hematoma. Further 

studies are needed to determine the optimal rewarming pro-

tocol in patients with TBI [37]. If all K+-containing fluids are 

needed to prevent or stop hyperkalemia, the management of 

hypotension due to vasodilation, hypoglycemia, arrhythmias, 

shivering, or seizure should be prepared for. It is recommend-

ed to maintain 24–48 hours of normothermia after rewarming 

and then apply titration of analgesics and sedatives to prevent 

rebound fever [20]. 

CONCLUSIONS 

So far, TH has not yet been proven clinically effective in im-

proving neurologic outcomes. However, appropriate thermo-

regulation with TTM (TH and intensive normothermia) might 

have a critical role in the treatment of patients with severe TBI 

through ICP control and neuroprotection by various mech-

anisms. The medical team in charge of neurointensive care 

should understand the physiologic response to hypothermia 

and provide appropriate supportive care according to well-or-

ganized protocols to reduce adverse effects. 
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INTRODUCTION 

Mechanical ventilation (MV) is one of the most used life supports in intensive care units (ICUs) 

[1]. Its main objectives are to maintain adequate gas exchange, decrease work of breathing or 

rest the ventilatory muscles until the patient's clinical condition is resolved or in the process 

of being resolved. Administering MV is not similar to administering a drug: interaction is 

much more complex and depends on multiple variables, some related to the patient (effort, 

demand, breathing timing) and others depend on the ventilator (trigger, flow, volumes). An 

optimal balance between these variables is what allows an adequate "patient-ventilator" syn-

chrony. Mismatch between the patient's demand and the ventilator's delivery (in any of its 

phases) is defined as asynchrony. 

Ventilator waveforms provide a continuous flow of information on patient-ventilator phys-

iology and interaction (Figure 1). This information is invaluable for the detection and treat-

ment of asynchronies since it has been reported its association with worse results [2]. The 

presence of ineffective efforts and double shots, for instance, has been shown to be related 

to mortality, longer MV and longer ICU stay [3]. Given the report of a new type of asynchrony 

[4], the proposal of this text is to develop a practical and concise clinical guide on the char-

acteristics, causes, detection and strategies to prevent the deleterious effects of this entities. 

Invasive mechanical ventilation is a frequent therapy in critically ill patients in critical care units. 
To achieve favorable outcomes, patient and ventilator interaction must be adequate. However, 
many clinical situations could attempt against this principle and generate a mismatch between 
these two actors. These asynchronies can lead the patient to worst outcomes; that is why it is vital 
to recognize and treat these entities as soon as possible. Early detection and recognition of the 
different asynchronies could favor the reduction of the days of mechanical ventilation, the days of 
hospital stay, and intensive care and improve clinical results. 

Key Words: asynchronies; detection; mechanical ventilation; recognition; treatment strategies  
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■ Asynchronies during mechanical ventilation have shown 
association with worse outcomes. 

■ Early detection and treatment could improve patient sur-
vival.

■ There are different classifications of asynchrony. 

■ A distinction based on phase variables helps to better un-
derstand its causes and early detection.

■ Complementary methods, such as ultrasonography, 
esophageal pressure or visual inspection, collaborate and 
reinforce the detection, diagnosis and treatment of these 
entities.

KEY MESSAGES

Figure 1. (A) Reverse triggering. (B) Overshooting.

AA

BB

Although we did not conduct a formal systematic review, we 

do include studies that provide guidance on pathophysiology 

and clinical decision making.  

GLOSSARY  

Trigger 
This parameter indicates the beginning of inspiration and 

ventilatory assistance. It is produced by the patient through 

inspiratory effort, generating synchrony in MV. Otherwise, al-

terations in trigger activation will cause a dyssynchrony in the 

MV-patient interaction [5-7]. 

Neural Inspiratory Time 
It refers to the time in which diaphragmatic electrical activa-

tion (EAdi) occurs, specifically it is the time difference between 

the beginning of EAdi and the peak of inspiratory EAdi. It 

simply mentions the necessary time of the inspiratory phase 

according to the patient's respiratory demand and respiratory 

drive [8-11]. 

Mechanical or Ventilatory Inspiratory Time 
The term indicates the time lapse of the programmed inspi-

ratory phase in MV and tidal volume (TV). It is programmed 

according to expiratory time, respiratory rate (RR) and inspira-

tory to expiratory ratio [8-11]. 

Cycling 
It represents the end of the inspiratory phase and the begin-

ning of the passive expiratory phase [5,12]. 

Respiratory Drive 
It is a physiological variable that refers to intensity of activity in 

respiratory centers, culminating on the activation and contrac-

tion of inspiratory muscles to generate a certain inspiratory 

flow. There are determinants that this impulse such as cortical, 

chemical and metabolic feedback, all present in critically ill 

patients [13-16]. 

Ventilatory Pressure 
It is part of the equation of movement in MV:

Pmus+Pvent=E × V + R × F.

, where Pmus means muscle pressure; Pvent, ventilatory 

pressure; E, elastance; V, volume; R, resistance; and F, flow.

It refers to the work done by the mechanical ventilator, that 

is, the pressure generated in the respiratory system and its re-

sistance and elastance properties to generate a certain volume 

and flow [17]. 

Muscle Pressure 
Like Pvent, it is part of the equation of movement with the 

same purpose, however it is represented not by the work of the 

mechanical ventilator, but by the inspiratory muscles. During 
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MV , individual participation, predominance or balance be-

tween Pvent and Pmus occurs [17]. 

ASYNCHRONY INDEX 

Varon et al. [18] defined the asynchrony index (AI) as the per-

centage of monitored breaths that fail to be triggered, while 

Thille et al. [19] considered it as the number of events divided 

by the total RR, calculated as the sum of the number of ventila-

tor cycles (activated or not) and ineffective shots. According to 

the above, this equation would be as follows. 

AI=number of asynchrony events/total RR (ventilation cy-

cles+lost efforts)×100. 

They determine a high incidence of asynchrony as an AI 

>10%. One in four patients had a high incidence of asyn-

chronies, the most common being IT and double trigger (DT), 

these patients were associated with longer ventilation times 

and a higher incidence of tracheostomy [19].  

OUTCOMES 

Many authors have studied the relationship between asyn-

chronies and outcomes. Blanch et al. [20] found that patients 

who had an AI >10% had higher mortality rates, both in the 

ICU and hospital, and a tendency to greater duration of MV. 

Similar findings were published by Thille et al. [19], who also 

associated an AI with more days of MV. 

In 2019, a group of researchers carried out a review that ana-

lyzed the results described in 16 studies, in which, apparently, 

high rates of asynchronies were associated with worse results. 

Due to the paucity of controlled trials, inconsistency between 

studies (on the quantification of the rate of asynchrony), the 

heterogeneity of the results and the paucity of patients recruit-

ed, the authors could not be conclusive about that association 

[2]. These findings coincide with the data recently published 

by Kyo et al. [21], where they showed that the number of asyn-

chronies represented by the AI ≥10% may be associated with 

hard outcomes, such as the duration of MV, hospital and ICU 

mortality. 

CLASSIFICATION 

Different classification of asynchronies have been reported. 

According to Pham et al. [17], they can be grouped according 

to ventilatory assistance, distinguishing between over-assis-

tance or low respiratory drive asynchrony and under-assis-

tance or high respiratory drive asynchrony. Other authors 

[3,22,23] classify them according to the ventilatory cycle phase 

or divide them into clusters. With the aim of developing a 

friendly guide (Figure 2), a text is proposed that addresses each 

term in a brief and concise way, to facilitate its comprehension 

and provide different solutions. 

TRIGGER ASYNCHRONIES 

Reverse Trigger 
Reverse trigger (RT) described by Akoumianaki et al. [24], 

refers to the abnormal relation between the MV and diaphrag-

matic activation, where the external stimulus, the ventilator, 

provokes a response, that is, diaphragmatic contraction. It can 

be displayed as two continuous breathings without enough 

expiratory time, the first one is mandatory by the MV while 

the second by reflex contraction of the diaphragm (Figure 1A). 

The main theory of this event explains that flow and pressure 

applied by the MV activate stretch receptors in upper airways, 

lungs and chest. As a result, the respiratory center coincides 

with the phase and frequency of the external stimulus (ventila-

tor) producing a repetitive respiratory pattern [25]. In general, 

it is more likely to occur during prolonged mechanical lung 

insufflation, with low flow rates and high volumes. It has been 

reported that this entity is observed in 50% of patients with 

acute respiratory distress syndrome (ARDS) during the first 72 

hours of MV [26]. When this phenomenon occurs periodically 

or synchronously with different patterns, it is called “entrain-

ment,” and it can be present in awake sedated patients, even 

with neuromuscular blockade (NMB), taking place with major 

frequency when the programed TV and RR are close to the pa-

tient’s TV and RR. Its clinical impact will depend on the degree 

of mismatch between the mechanical cycle and the muscular 

effort. During RT, the patient’s inspiratory effort begins after 

the mandatory cycle, and generally, persists beyond it. It has 

been observed that the maximum expiratory flow is reduced 

significantly by the presence of inspiratory muscle activation 

at the beginning of expiration, preventing elastic recoil in the 

respiratory system. 

RT has two principal characteristics: it occurs in a stable, 

repetitive pattern, and reflex-triggered ventilations differ min-

imally in timing, duration and magnitude of inspiratory effort. 

In order to detect and differentiate this entity, a prolonged ex-

piratory pause has been proposed [27], to suppress the exter-

nal stimulus and avoid diaphragm activation. To distinguish it 

from a DT, it is suggested to evaluate the pressure curve, where 
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a negative deflection could mean the presence of a DT, but not 

a RT. 

To characterize this entity, the existence of different phe-

notypes has been proposed depending on the moment of 

the ventilatory cycle in which they occur. This classification 

includes: early RT with early relaxation, early RT with delayed 

relaxation, mid-cycle RT, late RT, and RT with breath stacking. 

These variants may be associated with increased TV, increased 

mean airway pressure, increased end-inspiratory transpulmo-

nary pressure, increased muscle pressure during expiration, 

persistent inspiratory muscle activity, decreased expiratory 

flow, and/or air trapping [28]. The same variants were also 

found in patients with ARDS [29]. 

To correct this asynchrony, the interruption and modifica-

tion of the entrainment pattern is completely necessary. It is 

not suggested to increase sedation levels as treatment. Ventila-

tion stacking can be prevented with the reduction of ventilator 

sensibility, but this action does not eradicates muscular effort 

unless TV and RR are changed. Although low TV and short 

inspiratory times recommended in protective ventilation may 

increase the risk of DT, it is noteworthy that, in ARDS Network 

study, patients who received TV of 8 ml/kg had fewer lapses of 

Figure 2. Classification of asynchronies according to phrase variables.
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asynchrony than those who received 6 ml/kg, showing benefit 

by increasing TV, as long as there is no additional risk of super-

imposed lung injury [30]. 

Strategies like modification of TV, RF and the use of NMB 

have been described for the management of RT, although they 

only achieved a temporary resolution. He et al. [31] demon-

strated that the reduction of the RR, without modifying other 

variants, decreased the percentage of RT by 30%. Rodriguez 

et al. [26] also identified the usefulness of RF reduction to 

solve TR in patients with ARDS. In view of these strategies to 

increase TV or decrease RF, it is important to monitor lung 

protection goals and CO2. 

Auto Trigger 
Auto-trigger can be described as the opposite of ineffective 

trigger. In this case, the MV triggers a ventilatory cycle without 

the presence of an inspiratory effort, mistakenly recognizing 

a variation in airway flow or pressure. In a recent review [2], 

auto-trigger is arbitrarily defined as one of the most important 

asynchronies, being considered in 45 studies of the mentioned 

work (73% of the studies analyzed). 

Identification of this asynchrony should be suspected by dis-

playing a total frequency higher than the one programmed on 

the MV with controlled modes, or a higher frequency without 

patient effort in assisted modes (Supplementary Figure 1E). 

This asynchrony can be caused by two circumstances: related 

to the MV or to the patient. Within the causes of the first term 

we can find air leaks, low sensitivity adjustments and circuit 

condensation. Patient-related causes include the transmission 

of intrathoracic pressure variations resulting from intense car-

diac activity [32]. In the flow curve, specifically in the expirato-

ry phase, constant and rhythmic oscillations or turbulence can 

be observed, which should make us suspect transmission of 

cardiac activity or circuit condensation. One option to confirm 

this singularity is to increase the sensitivity of the trigger and 

observe reduction in RR, secondary to the absence of effort or 

triggering in ventilatory cycles. Considering this, it is important 

to increase trigger sensitivity, correct leaks and remove exist-

ing circuit condensation [33]. 

Ineffective Trigger 
This type of asynchrony is defined as inspiratory efforts that 

cannot be detected by the mechanical ventilator, and there-

fore, cannot start a ventilatory cycle, causing failure in the 

patient’s ventilatory demand. This asynchrony is only found 

in patients with spontaneous effort, so it cannot be detected in 

deeply sedated patients or those with NMB [34]. At the pres-

ence of an ineffective trigger, the patient’s RR will be higher 

than the total RR displayed by the ventilator. In a prospective 

observational study, Blanch et al. [20] evaluated the prevalence 

of asynchrony during different ventilatory modes, and noticed 

the high frequency of ineffective trigger, therefore, its early de-

tection and correction is crucial. 

Ineffective trigger is identified in the flow curve, during mid 

or end of expiration by an increase in inspiratory flow. Simul-

taneously, a pressure drop is displayed in the pressure curve 

(Supplementary Figure 1A). Most of time it is detected during 

expiration, however, it can also occur during inspiration [35]. 

This entity may be product of setting the trigger sensitivity too 

high or a long inspiratory time. Other causes include respirato-

ry muscle weakness, decreased respiratory drive, inadequate 

programmed positive end-expiratory pressure (PEEP) and 

dynamic hyperinflation (auto-PEEP). All of this causes are re-

lated to the individual characteristics of each patient. 

As a primary solution, sensitivity of the MV should be re-

duced. This action will help the patient to start the ventilatory 

cycle more easily. It is also necessary to reduce inspiratory 

time in different ventilatory modes and optimize infusion of 

sedative drugs or respiratory drive depressants. Decreasing dy-

namic hyperinflation by reducing pressure support (PS) levels 

and correctly titrating PEEP (to compensate auto-PEEP) are 

also options in patients with this problem [33]. 

Trigger Delay 
The activation phase (or trigger) runs from the moment in 

which the patient initiates the effort until the opening of the 

inspiratory valve and the start of the flow supply. In modern 

MVs, response time is <100 ms, as long as trigger sensitivity is 

correctly stablished [36]. Trigger delay is defined as the pres-

ence of a discrepancy between the beginning of the patient’s 

effort and the time it takes for the MV to detect the mentioned 

effort [37]. This mainly occurs with inappropriate sensitivity 

setting (usually seen when sensitivity is too “hard,” making 

the MV triggering more difficult), causes related with the ven-

tilator itself such as position of the flow/pressure sensor and 

high resistances produced by a heat and moisture exchanger. 

Problems related to the ventilator valves or endotracheal tube 

are also factors that can predispose to the appearance of this 

asynchrony. 

Double Triggering: “Breath Stacking” 
DT is classified as a flow asynchrony or insufficient assistance, 
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but it is also classified as a trigger alteration. DT is composed 

of two continuous ventilatory efforts, both are initiated by the 

patient (unlike RT), with insufficient expiratory time between 

them, calculated at less than 50% average of the inspiratory 

time. Graphically, two stacked and continuous breaths are dis-

played in the pressure curve, calling this “breath stacking” [2] 

(Supplementary Figure 1F). 

Due its clinical impact on mortality [20], it can be considered 

as a “major” asynchrony, therefore, adequate programming 

of protective ventilation and appropriate analgesia protocols 

are important. Programming a low TV predisposes to the ap-

pearance of this asynchrony. It must be considered that the 

volume of the stacked breaths can double the set TV in volume 

control-continuous mandatory ventilation with constant flow 

[38]. It is generally seen in patients with ARDS and protective 

ventilation, inadequate or low inspiratory flow, and high respi-

ratory drive. Other causes may be related to a short inspiratory 

time, where cycling occurs before the Pmus peak, as well as 

the presence of other types of asynchrony such as premature 

cycling. It is worth mentioning that its appearance is more fre-

quent in volume controlled mode [17,22,33]. 

Resolution of DT is achieved by optimized levels of sedation 

and analgesia, which may be increased if the patient requires 

strict protective ventilation. The use of NMB may also be con-

sidered. In those patients who, due to their clinical condition, 

do not require deep sedation, ventilatory spontaneous mode 

is suggested. Other options to consider may be: increase of TV, 

ventilatory support, inspiratory flow or time, or decrease of rise 

time. These interventions are intended to optimize ventilatory 

demand or “air hunger” [12,21]. 

FLOW ASYNCHRONIES 

Insufficient Flow Asynchrony: “Air Hunger” 
This asynchrony is based on the insufficient administration 

of gas flow, and, as a consequence, it is not possible to satisfy 

the patient's ventilatory demand. Consequently, it causes 

the activation and greater energy expenditure of inspiratory 

muscles. It can be displayed in volume-controlled modes, as 

a concavity in the pressure curve during the inspiratory phase 

(until peak pressure is reached), once the present inspiratory 

flow has been delivered. This phenomenon indicates patient’s 

inspiratory effort (Pmus) by air suction mode, which decreases 

the ventilatory pressure (Pvent), causing a “work shifting,” with 

the attempt to satisfy their own ventilatory demand. 

This concavity will be directly proportional in magnitude to 

the inspiratory effort, and may generate deflection and pres-

sure drop until triggering a second breathing, that is, a double 

trigger. It is called “air hunger” asynchrony for this reason [5,17]. 

Causes of this asynchrony are a low inspiratory flow or even a 

low TV, as in protective ventilation for ARDS. Other causes may 

be related to situations that generate a high respiratory drive 

such as agitation, pain and/or fever. 

Its approach can be carried out by controlling anxiety states 

and adequate analgesia, increase in inspiratory flow and TV 

in volume-controlled mode, or by reducing the “rise time” in 

pressure-controlled modes. If the patient has criteria for spon-

taneous ventilation, switching to pressure support ventilation 

(PSV) and early extubation may also represent a solution, oth-

erwise, adjust sedation to avoid inspiratory effort during pro-

tective ventilation for ARDS [17]. This entity can be considered 

as severe asynchrony due to the discomfort it generates, exces-

sive inspiratory efforts, high trans pulmonary pressure gradi-

ents and potential lung injury or barotrauma (Supplementary 

Figure 1B and Figure 3) [5]. 

Flow Excess Asynchrony: “Overshooting” 
It is a rare asynchrony compared to insufficient flow asyn-

chrony because it is more likely to program a low flow than a 

high flow. It is mainly observed in volume-controlled mode, 

where inspiratory flow is excessive or higher than the patient’s 

demand, causing overcompensation (Figure 1B). It can also 

occur in pressure controlled modes, due to high programming 

of inspiratory pressure (iP) or PS, which generates excessive 

pressurization. Another option could be a shorter rise time. 

Its identification is made more easily in pressure curve: a 

spike shape or peak will be appreciated on the first part of the 

inspiratory phase. Its clinical involvement may be minimal, 

causing only discomfort, however, in PSV mode it can generate 

early or premature cycling (due to excessively high flow after 

an inspiratory flow drop), thus shortening inspiratory phase 

and, consequently, generating an inadequate TV. An alterna-

tive to solve this clinical manifestation is to reduce inspiratory 

flow (in volume control mode) until it meets the patient’s de-

mand or obtains an inspiration/expiration ratio close to 1:2, 

without causing air trapping. In pressure-controlled modes, 

decreasing PS or iP assistance, as well as increasing rise time, 

could represent viable solutions [5,32]. 

CYCLING ASSYNCHRONY 

Cycling or expiratory asynchrony can be described from the 
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relationship between neural inspiratory time and mechanical 

inspiratory time (MIT). NIT is defined as a breath that will be 

initiated and conclude by the patient and is in direct relation 

to respiratory drive. On the other hand, in MIT, the respiratory 

cycle will be initiated and concluded by the MV according to 

the programmed parameters, which will have a direct impact 

on the cycle, when the patient begins to present assisted or 

spontaneous breathing (sedation interruption, for example). 

Within this classification, premature cycling and late cycling 

can be found. The first one is defined and caused by a pro-

gramming the shortest MIT in relation to NIT. This situation 

stablish that MV finishes the inspiratory phase before the pa-

tient and, depending on NIT intensity or duration, may cause 

interruption of a peak expiratory flow and the start of a new 

respiratory cycle. This asynchrony can cause the presence of 

DT and generate greater lung injury due to "volutrauma" (Sup-

plementary Figure 1C). 

In late cycling, MIT is longer than NIT, thus, the MV will 

continue to deliver flow to the respiratory system at the same 

time that the patient has already ceased his inspiratory phase 

[39]. Consequently, during the end of the respiratory cycle, an 

increase in airway pressure and, in some cases, an increase in 

peak expiratory flow may be observed. The persistence of this 

entity can trigger a lung injury due to “barotrauma” (Supple-

mentary Figure 1D). 

In those patients where the cause of the mechanical respi-

ratory assistance has been resolved, and they are stable from 

the respiratory and hemodynamic point of view, it is suggested 

to use a spontaneous ventilation modality in order to avoid 

the appearance of asynchrony. On the other hand, patients 

who require moderate or conscious sedation (Richmond 

Agitation-Sedation Scale –2 or –3) without the need for a neu-

romuscular blocker (assisted modality), could have variability 

between both neural and the mechanical times, giving rise to 

asynchrony. It is important to prioritize NIT over MIT taking 

into account the RR and inspiratory time. Likewise, observe 

"coupling" once the parameters have been adjusted, avoiding 

a low or high TV, CO2 retention or the appearance of a new 

asynchrony. 

Figure 3. Different types of ventilation-induced lung injury due to asynchronies.

Ventilation-induced 
lung injury
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EXPIRATORY MUSCLE RELAXATION-INDUCED 
TRIGGERING 

Recently, a reported case [4] described a patient with contrac-

tion of the abdominal muscles during the expiratory phase 

and, before the cessation of this activity, the start of a new 

respiratory cycle (initiated by the ventilator) without initial 

activity of the diaphragm, which is later activated. Under nor-

mal physiological conditions, expiration is a passive process, 

secondary to the retraction of the lung tissue and the cessation 

of the concentric contraction of the diaphragm. However, 

this situation is not always observed: sustained and maximal 

contraction of the expiratory muscles, for example, can bring 

the lung down to its residual volume, shedding the expiratory 

reserve volume (ERV). As a consequence, to return to the nor-

mal functional residual capacity, it’s necessary to reincorpo-

rate ERV by expanding the thoracic cage to equalize pressures 

with the lung, generating a negative pressure that, if intense 

enough, will trigger a new cycle in the MV, leading to asyn-

chrony. 

The diaphragm action, as described, will be activated lately, 

showing a mismatch between the start of the mechanical ven-

tilatory time and the start of the neural inspiratory cycle. Pos-

sibly, the diaphragm will be activated by a reflex mechanism 

initiated after the "rebound effect" that returns the system to its 

equilibrium point. Thus, a double respiratory cycle is observed 

(Supplementary Figure 1G). 

Despite not having specifically designed studies to address 

this new asynchrony, we will test some options to prevent its 

deleterious effects. Considering that asynchrony is a conse-

quence of muscular activity, optimize level of sedation, an-

algesia and, if necessary, neuromuscular blockers could be a 

possible solution. The use of bronchodilators should also be 

considered to reduce airflow resistance and prevent contrac-

tion of the abdominal muscles. Finally, there would be an op-

tion based on MV parameter settings. However, this last option 

is complex to implement since mechanical times will be stable 

and neural times will be variable. 

MONITORING 

Visual Inspection 
Visual inspection of flow/time and pressure/time curves is 

a traditionally accepted and reliable method for identifying 

asynchronies, but requires specific skills and experience for 

correct interpretation. Colombo et al. [40] evaluated the abil-

ity of ICU physicians to detect dyssynchrony during PSV, by 

inspecting flow and pressure waveforms, and to determine 

the impact of physician experience on the ability to recog-

nize asynchrony; found that the ability to correctly recognize 

asynchronies is generally quite low and is only moderately 

influenced by clinical experience. ICU physicians can detect 

less than a third of dyssynchronies, which is, however, sig-

nificantly higher than the 16% detection rate shown by ICU 

residents [40].  

Likewise, Ramirez et al. [41] carried out an observational 

study that included 366 health professionals (physicians, respi-

ratory therapists and nurses) in 17 urban ICUs. These profes-

sionals were shown three videos with different asynchronies 

and were asked to identify them. A significant difference was 

found between professionals who had training in MV versus 

those who did not. Thus, among the trained professionals, 81% 

managed to correctly identify the three asynchronies versus 

19% in the untrained (P<0.001). In the same way, profession-

als who had training increased the chance of identifying two 

or more asynchronies adequately by almost four times (odds 

ratio, 3.67; 95% confidence interval, 1.93–6.96; P<0.001). It is 

important to note that in this study neither years of experience 

Figure 4. Ultrasound monitoring of the diaphragmatic function. (A) Diaphragmatic excursion. (B) Diaphragmatic thickening fraction.

AA BB
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nor profession were associated with the ability of professionals 

to correctly detect asynchrony [41]. 

Ultrasound 
Diaphragm ultrasound (Figure 4) could be a reasonable alter-

native to detect some types of asynchrony. It has the advantage 

of being a non-invasive method, the learning curve is achieved 

quickly and it is harmless to the patient. Direct observation of 

the diaphragmatic movement, both in its displacement and in 

its thickening fraction, allow to detect the patient's inspiratory 

effort and its magnitude. Soilemezi et alal. [42] reported a case 

series where, through ultrasonography, along with esophageal 

pressure, they detected cases of DT, RT and ineffective trigger. 

This simple approach is not yet standardized and requires 

synchronization of the ventilator curves with the ultrasound 

signal, so its use still requires investigation. 

Esophageal Pressure 
One of the main challenges in monitoring and detecting asyn-

chrony is being able to estimate the activity of the respiratory 

muscles, a task that is not always easy and could go unnoticed, 

even by experts. This difficulty justifies the use of an esoph-

ageal signal (Pes), through the placement of a balloon in the 

esophagus connected to a transducer to monitor pressure 

changes and be able to estimate the beginning, the end and 

the magnitude of muscular effort. Pes recording can help 

detect asynchrony by comparing the temporal occurrence of 

changes in Pes with changes in Paw and waveforms on the 

flow-time curve. The use of Pes allows to detect the inspirato-

ry effort simultaneously with the Paw curves and to monitor 

the synchronicity between both curves to match the patient's 

inspiratory effort with each mechanical cycle (an IE can be 

identified as a negative deflection of Pes that is not followed by 

a ventilation cycle, for instance). The main disadvantages of 

this technique are its invasiveness and not being available in 

all ICUs [43]. 

CONCLUSION 

MV is a life-saving therapy. Its correct implementation re-

quires a learning curve and theoretical concepts to turn it 

into a safe tool. Even so, it is not exempt from adverse effects 

that can be injurious to the lung and prolong the application 

time of the therapy and ICU length of stay. In this sense, the 

patient-ventilator interaction represents a challenge for inten-

sivists, respiratory therapists and other health professionals. 

When an adequate balance between patient´s needs and the 

assistance offered by the ventilator is not achieved, asynchro-

ny begins to appear frequently. That is why it is mandatory to 

deepen the understanding of the principles of physiology and 

the mechanics of the respiratory system, to understand and 

identify the causes that generate this imbalance, guaranteeing 

a correct interpretation of the different entities and optimizing 

the clinical practices and outcomes 
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INTRODUCTION 

Traditionally, the role of chest ultrasound in the evaluation of dyspnea was limited to the 

diagnosis of pleural effusion and guiding interventions like thoracocentesis. Its major draw-

back was poor penetration of the ultrasound beam due to the overlying thoracic cage and air 

content within the lung which led to artifacts. The same artifacts were used by Lichtenstein 

to develop the principles of lung ultrasound. In 1996, Lichtenstein [1] proposed the Bedside 

Lung Ultrasound in Emergency (BLUE) protocol which was rejected repeatedly, before being 

finally accepted after 12 years. Today, the principles of the BLUE protocol in lung ultrasound 

in the critically ill (LUCI) provide a standardized and simplified technique for performing and 

interpreting lung ultrasound. Lung ultrasound is based on understanding and analyzing the 

existing acoustic artifacts. It has the advantages of being cost-effective, feasible with bedside 

availability, lack of ionizing radiation, and allowing real-time imaging. Furthermore, lung ul-

trasound has a short learning curve and has been found to give reproducible results. 

Although the linear transducer is usually used for evaluating the pleura, lung ultrasound 

is widely performed with convex or micro convex transducers, the latter being preferred if 

available. The following pictorial review attempts to simplify the physics, technique, interpre-

tation, and pitfalls in performing lung ultrasound. Written informed consent was taken from 

each patient for publication of images. 

Lung ultrasound is based on the analysis of ultrasound artifacts generated by the pleura and air 
within the lungs. In recent years, lung ultrasound has emerged as an important alternative for 
quick evaluation of the patient at the bedside. Several techniques and protocols for performing 
lung ultrasound have been described in the literature, with the most popular one being the Bedside 
Lung Ultrasound in Emergency (BLUE) protocol which can be utilized to diagnose the cause of 
acute dyspnea at the bedside. We attempt to provide a simplified approach to understanding the 
physics behind the artifacts used in lung ultrasound, the imaging techniques, and the application 
of the BLUE protocol to diagnose the commonly presenting causes of acute dyspnea. 
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PHYSICS 

Basic knowledge of physics behind the generation of ultra-

sound artifacts is essential for image interpretation and extrap-

olation in various lung pathologies. Normally, the transducer 

emits a short ultrasound pulse which is transmitted into the 

body and undergoes reflections and scatterings at various 

levels as it passes through the tissues. The echo signal thus 

generated, returns to the transducer and is used for image 

formation. The image formation is dependent on a few basic 

assumptions [2]: the ultrasound pulse travels in a straight 

line, the speed of sound in tissues is constant and the depth at 

which echo is generated is assumed to be determined by the 

time delay at which the echo signal is received by the probe. 

These assumptions by the machine form the basis for two of 

the most important artifacts used in lung ultrasound–A-lines 

and B-lines (Figure 1) [2,3]. 

TECHNIQUE 

Lungs are voluminous organs, hence detection and localiza-

tion of pathologies may seem challenging. Various techniques 

have been described for performing lung ultrasound, the most 

popular ones being those devised by Lichtenstein [1], Gargani 

and Volpicelli [4]. These protocols range from comprehensive 

28-site scanning evaluation at multiple intercostal spaces in 

the anterolateral chest wall with/without additional posterior 

chest evaluation described by Jambrik et al. [5] to the simpli-

fied eight-zone scanning of the anterolateral chest wall as de-

scribed by described by Gargani and Volpicelli [4]. A 14-zone 

focused thoracic scanning technique (Figure 2) of antero-

lateral and posterior chest by Laursen et al. [6] has also been 

described. These techniques are preferred in stable patients. 

Written informed consent was obtained from each patient for 

publication of images. 

However, in the emergency setup, time is a crucial com-

modity. One of the principles of LUCI states that life-threat-

ening disorders usually have an extensive projection. On this 

premise, Lichtenstein [1] defined six BLUE-points, much like 

the standard electrode placement in electrocardiogram (ECG), 

allowing a simplified, quick and standardized technique for 

evaluating a critically ill patient at the bedside. There are three 

BLUE-points (Figure 3), 2 on the anterior chest wall (upper & 

lower BLUE point) and 1 located semi posteriorly (posterolat-

eral alveolar and/or pleural syndrome [PLAPS] point). This al-

lows the detection of PLAPS, i.e., consolidation and/or pleural 

■ Lung Ultrasound is a useful tool, especially for bedside 
diagnosis of dyspnea in the acute and critical care setting.

■ Lung ultrasound is based on analyzing the ultrasound 
artifacts generated, and applying the principles of the 
Bedside Lung Ultrasound in Emergency (BLUE) protocol 
to arrive at a diagnosis.

■ Correlation with history and clinical findings at the bed-
side further adds to the diagnostic value of this quick and 
feasible technique.

KEY MESSAGES

Figure 1. (A) Reverberation artifacts [2]. When two reflective 
parallel interfaces lie in the path of the ultrasound beam, the beam 
gets reflected multiple times between these interfaces. Hence, the 
transducer assumes them to arise at increasing depths depending 
on the time delay between transmitted pulse and received echo. This 
generates an image comprising of multiple echogenic parallel lines 
placed equidistant from each other, which decrease in brightness 
with increasing depth. In the chest, the pleural line lies parallel 
to the probe and acts as a reflective interface when the lungs are 
aerated, giving rise to reverberation artifacts known as “A-lines” due 
to repetitive reflections between it and the transducer. Hence, the 
presence of A-lines denotes an aerated lung. It is important to note 
that tissue harmonic imaging (THI) will decrease this artifact. (B) 
Comet-tail artifacts [3]. These are a subtype of reverberation artifacts 
arising from highly reflective, closely apposed interfaces like calcium, 
cholesterol crystals, and metal, which cannot be resolved separately. 
The comet-tail artifact appears as a tapering echogenic cone, 
showing decreased amplitude and width with increasing depths. 
Previously, the B-lines were called comet-tail artifacts. (C) Ring-down 
artifacts [2]. These are similar to comet-tail artifacts but arise from 
fluid trapped between air. B-lines have been described to be ring-
down artifacts. Comet-tail and ring-down artifacts are minimized by 
spatial compound imaging, which needs to be turned off to get less 
divergent, sharper, and brighter B-lines. THI also assists in producing 
sharper comet tails. Permission obtained from RSNA to reproduce 
images in print or web. 
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Figure 2. Focused transthoracic ultrasound using 14-zone scanning protocol by Laursen et al. [6], based on principles of Lichtenstein and 
Volpicelli, using a curved array low-frequency transducer placed in a longitudinal axis over an intercostal space with the patient in a supine 
position. (A) Zone R1: transducer placed in the 2nd intercostal space, a few centimeters away from the sternum. (B) Zone R2: transducer placed in 
the 4th intercostal space in the mid-clavicular line. (C) Zone R3: transducer placed in the mid-axillary line on the lower part of the lateral chest, 
in approximately the 5th or 6th intercostal space. (D) Zone R4: transducer placed in the mid-axillary line on the upper part of the lateral chest, in 
the 3rd intercostal space. (E) Zone R5: with the patient in a sitting position, the posterior chest wall is scanned by placing the transducer on the 
lower part of the chest along a vertical line passing through the inferior angle of the scapula. (F) Zone R6: the transducer is placed medially in 
the posterior midclavicular line at a level corresponding to middle to lower part of the scapula. (G) Zone R7: transducer placed further cranially, 
medial to the upper part of the scapula. Similarly, scanning is done on the left side in zones L5–L7. (H) Zone 8 scanning of anterolateral chest wall 
proposed by Volpicelli et al. Zones are divided into anterior and lateral by the parasternal line (PSL), anterior axillary line (AAL), posterior axillary 
line (PAL), and upper and basal by a line passing below/at the level of the nipple-areola complex. Zone 1: anterior upper; zone 2: anterior basal; 
zone 3: lateral upper; zone 4: lateral basal. 

AA

EE

CC

GG

BB

FFDD

HH

PAL

AAL

PSL



505https://www.accjournal.orgAcute and Critical Care 2022 Novemebr 37(4):502-515

Murali A, et al. Lung ultrasound in pulmonary dyspnea

Figure 3. Localizing the bedside lung ultrasound in emeregency (BLUE) points [7]. (A) The radiologist first compares their hands with the patient's 
and places one hand just below the clavicle with fingertips at the midline. The “upper BLUE point” is located at the root of the middle and ring 
fingers. The other hand is applied just below the upper one, excluding the thumb. The “lower BLUE point” is located in the middle of the palm of 
the lower hand with the inferior edge of the little finger indicating the “phrenic line.” (B) The “posterolateral alveolar and/or pleural syndrome (PLAPS) 
point” which lies at the intersection of the posterior continuation of lower BLUE point and posterior axillary line, is used to scan the posterior lung 
zones in a critically ill patient in supine/semi-recumbent position. It is best performed with a small footprint probe (C, D) which is held like a tennis 
racket, placed perpendicular to the PLAPS point, and directed as cranially as possible for a wider scanning window. 
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effusion. Although these points are standardized, the protocol 

allows for operator flexibility. The first step in performing lung 

ultrasound is localizing the “bat-sign” (Figure 4) [1]. This is an 

important landmark and must be visualized before analyzing 

any artifacts. 

IMAGE INTERPRETATION 

The BLUE protocol [1] provides lung ultrasound profiles with 

an algorithmic approach to assist in diagnosis of 6 common 

acute conditions causing dyspnea: pneumothorax (A’ profile), 

pneumonia (C profile, AB profile, B’ profile and A-no V-PLAPS 

profile), pulmonary edema (B profile), acute exacerbation of 

chronic obstructive pulmonary disease (COPD)/asthma (A-no 

V-no PLAPS profile), and pulmonary embolism (A-V profile). 

A-Profile 
The A-profile is defined by the presence of both lung sliding 

and A-lines on anterior scans, bilaterally. Sometimes one or 

two B-lines with lung sliding may also be seen and are also 

included under A-profile. The pleural line is a hyperechoic, 

nearly horizontal line visualized <1 cm deep to the ribs. It is 

constituted by the parietal and visceral pleura which are not 

normally seen separately and indicates the interface between 

the soft tissues of the chest wall and the lungs. The normal 

physiological movement of the lungs results in sliding of the 

visceral pleura against the motionless parietal pleura resulting 

in a twinkling, to-and-fro motion called “lung sliding” [8]. On 

M-mode, the “seashore” [8] sign is demonstrated (Figure 5). 

The A-profile can be used to diagnose three etiologies of 

dyspnea (Figure 6). Pulmonary embolism, pneumonia, and 

COPD/asthma. Firstly, history and clinical examination find-

ings are taken into account while performing a sequential 

venous analysis to look for thrombosis. If thrombosed veins 

are visualized, a diagnosis of pulmonary embolism can be 

suggested. The presence of subpleural consolidations adds to 

the diagnostic value. If veins are not thrombosed, the PLAPS 

point is assessed. If pleural effusion and/or consolidation are 

detected, a diagnosis of pneumonia can be made. In absence 

of PLAPS, the most likely diagnosis is an acute exacerbation of 

COPD/asthma (Figure 7). 

Zanobetti et al. [9] reported a sensitivity, specificity, posi-

tive predictive value, and negative predictive value of 86.8%, 

96.1%, 89.7%, and 94.9% for the diagnosis of COPD/asthma by 

ultrasound. In the extended BLUE protocol [7], the physician 

performing the scan can extend the BLUE protocol at will and 

utilize clinical details suggestive of pulmonary embolism e.g. 

contraceptive pill use, chest pain, hemoptysis, deranged ECG, 

positive D-dimers, etc. if pulmonary embolism is suspected. 

Similarly, auscultation to hear wheezing can be done if there is 

a strong suspicion of COPD/asthma. 

Figure 4. (A) Longitudinal ultrasound scan of the second intercostal space in the mid-clavicular line on anterior chest wall depicting sonographic 
appearance of normal lung, identified by the landmarks forming the “bat sign”: two ribs (R) with posterior acoustic shadowing representing the 
wings of the bat, and the hyperechoic pleural line (asterisk), its body. A-lines (arrowheads) can be seen parallel to the pleural line. (B) Cine US clip 
depicting the same (Supplementary Material 1).
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Figure 6. The presence of lung sliding and A-lines constitutes the A-profile [7]. This is followed by sequential venous analysis to look for 
thrombosed veins (pulmonary embolism) or assessment of posterolateral alveolar and/or pleural syndrome (PLAPS) point in case of free veins to 
diagnose pneumonia (PLAPS) and chronic obstructive pulmonary disease (COPD)/asthma (no PLAPS). BLUE: bedside lung ultrasound in Emergency.

(Upper & lower BLUE points)
Lung sliding

Present

A-profile

Sequential venous analysis

Thrombosed vein

Pulmonary embolism

Free vein

Assess PLAPS point

PLAPS

Pneumonia

No PLAPS

COPD/Asthma

Figure 5. Lung sliding. (A) M-mode with the cursor over the pleural line illustrating the “seashore sign.” The motionless portion of the chest above 
the pleural line creates horizontal “waves,” (bracket) and the lung sliding below the pleural line creates a granular pattern, the “sand” (brace). (B) 
Cine US clip demonstrating the same (Supplementary Material 2).
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Figure 7. A profile. Sagittal greyscale ultrasound scans (A-H) of eight lung 
zones in bilateral anterolateral chest wall revealing the A-profile A-lines with 
lung sliding and absence of B-lines in a 30-year-old afebrile male with a 
history of chronic cigarette smoking, presenting with dyspnea, diagnosed as 
exacerbation of chronic obstructive pulmonary disease/asthma on ultrasound. 
(I) Findings on chest X-ray were seen to be concordant. Bilateral lung fields 
appear hyperinflated with rounded costophrenic angles and flattening of 
hemidiaphragm. 
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Figure 8. (A) Longitudinal scan of anterior chest wall showing 3 “B-lines”: comet-tail artifacts, always arising from the pleural line, and always 
moving in synchrony with lung-sliding. They are almost always long, well-defined, laser-like, hyperechoic, erasing A-lines, and are considered 
significant when ≥3. Few B-lines may be normally seen in basal lung zones. (B) Cine US clip demonstrating the same (Supplementary Material 3).

AA BB

B-Profile 
The presence of three or more B-lines in one longitudinal scan, 

disseminated to the anterior chest wall bilaterally with pre-

served lung sliding is called the B-profile. One must carefully 

assess a vertical artifact before calling it a B-line. The following 

are the features of a B-lines (Figure 8) as described by Lichten-

stein [7]: (1) B-line is a comet tail artifact. (2) It always arises 

from the pleural line. (3) Always moves in synchrony with lung 

sliding. (4) Almost always long, spreading out without fading 

to edge of the screen. (5) Almost always erases A-lines. (6) Al-

most always hyperechoic. 

Diffuse interstitial syndrome (Figure 9) is an ultrasound 

diagnosis defined by presence of multiple (three or more) 

B-lines in more than one scanning zone in the anterolateral 

chest wall, bilaterally [10]. In the critically ill, diffuse interstitial 

syndrome is almost always due to pulmonary edema, either 

hemodynamic (fluid overload or cardiogenic) and permea-

bility induced (acute respiratory distress syndrome [ARDS]/

post-infectious, etc.). The utility of B-lines in diagnosis and 

follow up of Interstitial lung diseases has been established in 

studies by several authors including Reissig and Kroegel [11], 

Gargani et al. [12], and Copetti et al. [13]. Reissig and Copetti 

[14] stated that appearance of the pleural line can be used as 

a criterion to differentiate pulmonary edema from Interstitial 

lung disease, with a regular pleural line seen in pulmonary 

edema. Buda et al. [15] defined several criteria for pulmonary 

fibrosis on lung ultrasound based on pleural line abnormalities 

including irregularity, tightening, fragmentary nature, blur-

ring and thickening of the pleura line. Furthermore, Gargani 

[16] described the utility of lung ultrasound in differentiating 

pulmonary edema from ARDS on the basis of distribution of 

B-lines— homogenous, diffuse distribution is seen in pulmo-

nary edema in contrast to non-homogenous distribution with 

areas of sparing noted in ARDS/acute lung injury. The latter 

also included additional sonographic findings like pleural al-

terations and consolidations of varying sizes. 

Numerous descriptors are used for B-lines in literature [17], 

such as “lung rocket” pattern (3 B-lines), “septal rocket” pat-

tern (4 B-lines) representing interlobular septal thickening 

and “ground glass rocket” pattern (>5 B-lines) representing 

ground glass areas on computed tomography. Scoring systems 

[18] have also been devised for semiquantitative assessment of 

lung aeration depending on number and proximity of B-lines. 

A’-Profile 
This profile is defined by abolished lung sliding at the anterior 

chest wall with the “A-line” sign. (1) Abolished lung sliding [8]: 

the presence of air between the parietal and visceral pleura 

in the case of pneumothorax results in a lack of lung sliding. 

This is further confirmed using the M-mode tracing which 

will display horizontal lines above and below the pleural line, 

known as the “barcode” or “stratosphere sign.” (2) “A-line” sign 



510 https://www.accjournal.org Acute and Critical Care 2022 Novemebr 37(4):502-515

Murali A, et al. Lung ultrasound in pulmonary dyspnea

Figure 9. B-profile. Diffuse interstitial syndrome on ultrasound, diagnosed by the presence of multiple (≥3) B-lines in >1 scanning zone in 
anterolateral chest wall on each side in a patient presenting with acute dyspnea and hemoptysis. (A, B) Four B-lines are known as “septal rocket” 
pattern and represent interlobular septal thickening. (C, D) Five or more B-lines are called “ground glass rocket” patterns, representing ground-
glass areas on the computed tomography of the chest. the pleural line in this case was regular in appearance. The patient was diagnosed with 
pulmonary edema based on ultrasound findings. (E) Chest X-ray revealed concordant findings in the form of cephalization of the pulmonary 
vasculature and prominent interstitial markings. Axial (F) and coronal (G) sections from contrast-enhanced chest computed tomography scan 
performed in the patient revealed ground glass opacities and Interlobular septal thickening as demonstrated by the “ground glass rocket” pattern 
and “septal rocket” pattern respectively on ultrasound, providing further confirmation of the diagnosis. 
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[17]: this refers to a pattern of exclusive A-lines with a complete 

absence of B-lines. The loss of B-lines is a result of air accu-

mulating within the pleural space, eliminating the acoustic 

impedance gradient and thereby hindering the propagation of 

sound waves. 

After establishing the A’ profile, the next step to confirm the 

diagnosis of pneumothorax is to detect the “lung point” sign 

(Figure 10) [19], which occurs at the border of pneumothorax 

due to the sliding lung intermittently coming into contact with 

the chest wall during inspiration. This is the confirmatory sign 

for establishing a diagnosis of pneumothorax (Figure 11) and 

helps in determining its size, which is important for clinical 

decision-making, as larger pneumothoraces are more likely to 

require thoracostomy. On M-mode, this sign is translated as 

alternating “seashore” and “stratosphere” patterns appearing 

over time when the probe is kept at a particular location. The 

more lateral or posterior the “lung-point sign” is identified, 

the larger the pneumothorax. According to Lichtenstein [1], 

the “Lung-point sign” is 100% specific for pneumothorax but 

with a relatively low sensitivity of 66% and is not seen in cases 

of total lung collapse. Various authors [20-22] have found that 

lung sliding is absent in many cases other than pneumothorax, 

including pleural effusions, ARDS, large consolidations, pul-

monary fibrosis, pleural adhesions, atelectasis, right mainstem 

intubation, and phrenic nerve paralysis. Thus, lung sliding 

when used alone has a low specificity. 

PLAPS (A-No V-PLAPS Profile) & Pneumonia (C, A/B & 
B’ Profile)
In the BLUE protocol, the terms used for lung consolidation 

are “Pneumonia” for anterior consolidation and posterolateral 

alveolar/pleural syndrome (PLAPS) for consolidation and/

or pleural effusion in posterolateral lung zones. In the BLUE 

protocol [1], pneumonia is diagnosed by four profiles (Figure 

12), namely C profile, AB profile, B’ profile and A-no V-PLAPS 

profile. Anterior consolidation is designated a “C-profile” (Fig-

ure 13) while posterolateral consolidation in a patient showing 

A-profile (lung sliding and A-lines) anteriorly is designated a 

“A-no V-PLAPS” profile (Figure 14). Unilateral lung-rockets are 

designated “A/B profile.” Diffuse, bilateral B-lines with loss of 

lung sliding is designated a “B’ profile.” 

Four patterns of consolidation were described by Lichtenstein 

[1] to diagnose pneumonia. These included “non-translobar 

consolidation,” “translobar consolidation,” small subpleural 

consolidation identified by “C-line” and unilateral lung rocket 

pattern. To identify the “non-translobar” type of consolidation 

(Figure 15), presence of associated pleural effusion is first looked 

for by evidence of a regular lung line. This is done to avoid mis-

diagnosing a consolidation for an effusion. 

Traditionally, the diagnosis of pleural effusion is based on 

visualizing an anechoic/hypoechoic collection. This criterion 

is not advocated by the BLUE protocol, especially in critically 

ill patients with life-threatening collections like hemothorax 

and pyothorax and in challenging cases where difficulty in 

examination might create “parasite echoes” as described 

by Lichtenstein [7]. In the BLUE protocol, Lichtenstein [1] 

described the “lung line”, “quad sign,” and “sinusoid sign” as 

criteria for diagnosis of pleural effusion, disregarding the echo-

genicity of the collection (Figure 13). 

The “Lung line” is a regular line which outlines the effusion, 

indicating the visceral pleural line, roughly parallel to the pleu-

ral line (parietal pleura). Thus, all effusions, anechoic or echo-

ic, can be diagnosed using the lung line. Another useful sign 

is the “quad sign” which refers to the rough quadrilateral ap-

pearance of the effusion framed by the pleural line superiorly, 

visceral line inferiorly and rib shadows on either side. It is best 

demonstrated at the “PLAPS point” in a critically ill patient 

who has to be examined in a supine position. 

A dynamic sign for diagnosing pleural effusion is the “sinu-

soid sign”. On M-mode, a “sinusoidal pattern” is noted due to 

movement of lung line towards the motionless pleural line on 

Figure 10. An abolished lung sliding combined with “A-line sign” 
(exclusive A-lines with absence of B-lines) is assigned the A’ profile [7]. 
Detection of “lung point” confirms the diagnosis as pneumothorax. 
If Lung point is not demonstrated, the patient would require further 
diagnostic modalities for assessment. BLUE: bedside lung ultrasound 
in Emergency.

(Upper & lower BLUE points)
Lung sliding

Abolished

A’-profile

Lung point present

Pulmonary embolism

Without lung point

Need for further
diagnostic modalities
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Figure 11. (A-E) A’ profile. Sagittal grey scale ultrasound scan (A) with M-mode tracing (B) in a 6-year old boy with history of dyspnea, chest 
pain and previous intercostal chest tube drainage for empyema revealed abolished lung sliding in the form of “stratosphere sign”: horizontal lines 
above and below the pleural line, in the left anterior and lateral lung zones with presence of A-lines and absent B-lines (known as A’ profile). (C) 
Diagnosis of pneumothorax was confirmed on ultrasound by localizing the “lung point”: visualizing intermittent stratosphere sign and seashore 
sign (arrows). The lung point was however visualized in posterolateral lung zones, indicating a large pneumothorax. (D) Chest X-ray in the 
same patient revealed a large left sided pneumothorax with contralateral tracheomediastinal shift, further confirming the findings of a large 
pneumothorax as diagnosed on ultrasound. The patient was however hemodynamically stable. (E) Contrast-enhanced chest computed tomography 
scan  chest revealed a bronchopleural fistula (arrow). (F) Cine US clip showing absent lung sliding (Supplementary Material 4). (G) Cine US clip 
showing “stratosphere sign (Supplementary Material 5).”
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Figure 12. Anterior consolidation is called the C profile [7]. Unilateral 
B-lines (atleast 3 in one scanning zone) with A lines on the contralateral 
side is called the A/B profile. An abolished lung sliding combined with B 
lines is called B’ profile. Meanwhile, A-profile anteriorly with presence 
of posterolateral consolidation is called the A-no V-PLAPS profile. BLUE: 
bedside lung ultrasound in Emergency; PLAPS: posterolateral alveolar 
and/or pleural syndrome. 

(Upper & lower BLUE points)
Lung sliding

A-profile A/B or C profile B’ profile

Sequential venous 
analysis

Free vein

Assess PLAPS point

AnyPresent

PLAPS

Pneumonia

Pneumonia

Abolished

Pneumonia

Figure 13. C profile. (A) Greyscale sagittal ultrasound scan of the right upper anterolateral chest in a 13-year-old female presenting with dyspnea, 
fever, and cough demonstrating “translobar consolidation” identified by “tissue-like” echotexture, absence of A-lines, presence of sonographic air-
bronchograms and a lack of a shredded border. (B) Colour doppler revealed the presence of internal vascularity. (C) Right upper lobe consolidation 
with air bronchograms was similarly noted on Chest X-ray, correlating with the ultrasound findings. 

AA BB CC

inspiration and downward movement on expiration, shaping a 

sinusoid. This sign is specific for pleural effusion. However, it is 

absent in very viscous or septate effusions. Moreover, since this 

sign indicates a low viscosity of fluid, the use of a narrow-gauge 

needle for thoracocentesis can be advised. 

Apart from detecting pleural effusion, ultrasound can also 

determine the aeration status of underlying lung. In case of 

aerated, normal lung, short vertical echogenic lines, called the 

“Sub-B lines” may be visualized (Figure 13). On the contrary, a 

shredded margin or frank hepatisation/sonographic broncho-

grams denote underlying lung consolidation. Furthermore, a 

quantitative assessment of volume of pleural fluid can also be 

done using the BLUE-pleural index as highlighted by Lichten-

stein [7]. This is done by measuring the interpleural distance 

at the PLAPS point and applying the correction factor in case 

of underlying lung consolidation. For example, 3 mm, 1 cm 

and 2 cm correspond to a “BLUE-pleural volume” of 15–30 ml, 

75–150 ml, and 300–600 ml respectively. 

CONCLUSION 

Lung ultrasound is a useful imaging modality in the evaluation 

of dyspnea. With its non-invasive nature, easy availability, and 

lack of ionizing radiation, ultrasound is capable of diagnosing 

common respiratory pathologies causing dyspnea including 

pneumonia, pneumothorax, pulmonary edema, and acute ex-

acerbation of COPD/severe asthma, apart from its traditional 

use in detecting pleural effusion. It has a short learning curve 
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Figure 14. posterolateral alveolar and/or pleural syndrome profile. (A) Pleural effusion (asterisk) in a 20-year-old female presenting with 
breathlessness and chest pain identified by visualizing the underlying visceral pleural line/“lung line” (arrow). “Quad sign,” a sonographic feature 
is depicted in the form of a rough quadrilateral bounded by the two ribs (R) with their posterior acoustic shadow on either side, the pleural line 
superiorly, and the lung line inferiorly. (B) M-mode tracing in a pleural effusion reveals a “sinusoidal” pattern. The underlying lung appears to be 
normal, with few Sub-B lines seen. 

AA BB

Figure 15. (A) Greyscale sagittal ultrasound scan of the right upper lateral chest in a 25-year-old male presenting with dyspnea, fever, and cough 
demonstrating “non-translobar consolidation”/“fractal sign” identified by “tissue-like” echotexture, absence of A-lines with an underlying shredded 
border. (B) Three B-lines representing the “lung rocket” pattern were noted only on the left side. Unilateral lung rockets are seen in pneumonia. (C) 
Chest X-ray revealed fluffy air space opacities in bilateral lung fields (left>right). The patient was diagnosed with pneumonia.  

AA BB CC
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INTRODUCTION 

Palliative care (PC) is an interprofessional approach to care for patients with serious and 

complex illness aimed to optimize their quality of life by anticipating, preventing, and treat-

ing suffering when the patients are no longer responsive to curative therapies [1]. The provi-

sion of PC has shown many benefits including improved quality of life and reduced hospital 

admission and hospital stays [2]. Due to its benefits, the provision of PC is encouraged to be 

integrated into a health system, including in the intensive care unit (ICU) [3-5]. The provision 

of PC in the ICU is increasing, and all patients admitted to ICU should receive PC, which in-

cludes symptom management, patient-centered care, and shared-decision making [1,6,7]. 

Initially, provision of PC in the ICU aimed to improve end-of-life (EOL) care, which in-

The provision of palliative care in the intensive care unit (ICU) is increasing. While some scholars 
have suggested the goals of palliative care to not be aligned with the ICU, some evidence show 
benefits of the integration. This review aimed to explore and synthesize research that identified 
barriers and facilitators in the provision of palliative care in the ICU. This review utilized Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses Scoping Review guidelines based on 
population, concept, and context. We searched for eligible studies in five electronic databases 
(Scopus, PubMed, ProQuest, Science Direct, and Sage) and included studies on the provision of pal-
liative care (concept) in the ICU (context) that were published in English between 2005–2021. We 
describe the provision of palliative care in terms of barriers and facilitators. We also describe the 
study design and context. A total of 14 papers was included. Several barriers and facilitators in 
providing palliative care in the ICU were identified and include lack of capabilities, family boundar-
ies, practical issues, cultural differences. Facilitators of the provision of palliative care in an ICU in-
clude greater experience and supportive behaviors, i.e., collaborations between health care profes-
sionals. This scoping review demonstrates the breadth of barriers and facilitators of palliative care 
in the ICU. Hospital management can consider findings of the current review to better integrate 
palliative care in the ICU. 
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cludes symptom management and shared decision-making 

[8]. A previous study showed that up to 20% of patients in an 

ICU were eligible for PC consultation [9]. Such a PC consulta-

tion is available to patients with the following conditions: (1) 

multisystem organ failure, (2) stage IV malignancy, (3) a stay 

10 days or longer in the ICU, (4) intracerebral hemorrhage 

that requires ventilation, or (5) post cardiac arrest [9]. Thus, 

ICU-based PC could support patients and families and can 

provide a more comfortable environment, better healing, and 

increased awareness of EOL care [10]. It has been shown that 

PC can be an important component of care for all patients 

with life-limiting illness [11]. In addition, a current systematic 

review identified positive outcomes of PC provision in the ICU 

that include reduced length of hospital stay and reduced time 

on life-sustaining treatment [12].  

The literature search found limited studies focusing on the 

barriers and facilitators of PC integration in the ICU. Therefore, 

this scoping review aimed to explore and map barriers and 

facilitators experienced by health care providers in addressing 

PC provision in the ICU. 

MATERIALS AND METHODS 

This scoping review was conducted and reported in accor-

dance with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses extension for Scoping Review 

(PRISMA-ScR) guidelines [13]. We followed Arksey and O’Mal-

ley’s steps for conducting a scoping review: (1) identifying the 

research questions, (2) identifying relevant studies, (3) study 

selection, (4) charting data, (5) collating, summarizing, and 

reporting results, and (6) consultation with the experts [14]. 

Identifying the Research Questions 
In a scoping review, it is fundamental to have a well-defined 

research question that includes the scope of the study, be-

cause it will allow researchers to conduct a more practical and 

efficient review [15]. There were two research questions for 

the present review: (1) What are barriers of PC provision in the 

ICU? and (2) What are facilitators of PC provision in the ICU? 

Identifying Relevant Studies 
We searched the five electronic databases PubMed (Med-

line), Science Direct, ProQuest, Scopus, and Sage to identify 

published studies that met the inclusion criteria. We searched 

using keywords that were developed based on our questions: 

“palliative care,” “end-of-life care,” “terminal care,” “intensive 

care,” “ICU,” and “critical care.” We exported all identified 

records to Endnote 20 Software (Clarivate Analytics, Philadel-

phia, PA, USA) and used it to remove duplicates automatically. 

Study Selection 
Each title and abstract of the retrieved articles were screened 

independently by two reviewers (ER and SA) to assess adher-

ence to the inclusion criteria. Inclusion criteria were (1) stud-

ies about PC or EOL care in adult ICU, (2) studies with quan-

titative, qualitative, or mixed method designs, (3) publication 

year 2005–2021, and (4) published in English. Review articles 

and protocols were excluded. Full-text articles were reviewed 

independently and then discussed to confirm if the full-text 

articles met the inclusion criteria. Any discrepancies between 

the two reviewers at any stage of the selection process were 

discussed and settled with a third reviewer. 

Charting the data 
The fourth step was charting the data. A table for extracting 

details, characteristics, and results of studies based on the Jo-

anna Briggs model was developed [16]. Each of the 14 includ-

ed studies was read several times by four reviewers (CE, YO, 

SA, and ER) to ensure that all information was included. We 

developed a table to chart and capture all relevant important 

information. Categories included in the charting data stage 

were: (1) author and publication year, (2) aim of the study, (3) 

context of the study (country, type of ICU), (4) study design, 

and (5) respondents (number of participants, characteristics) 

and study findings.  

Consultation to Expert  
The consultants’ roles were to provide additional references on 

potential studies for inclusion in the review, as well as valuable 

insights into the issues identified. In this study, the process 

■ The provision of palliative care in intensive care units 
(ICUs) is advocated to improve end-of-life care and pa-
tient’ quality of life, and to reduce hospital admission and 
hospital stays.

■ This review maps a lack of capabilities and family bound-
aries as barriers in the integration of palliative care in the 
ICU.

■ Experiences and supportive behaviors are identified as 
facilitators in the provision of palliative care in ICUs.

KEY MESSAGES
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involved an experienced critical care nurse and an anesthetic 

doctor who served in the ICU as a consultant; both were asked 

for their opinions regarding the study findings. Both experts 

agreed with the findings and highlighted the importance of 

hospital policy related to the provision of PC in an ICU. 

RESULTS 

Search Results 
We found 5,499 studies during the literature search. After 

removing 531 duplicate articles, the remaining 4,985 articles 

were further examined based on inclusion criteria by titles and 

abstracts. In the title and abstract screening, articles that did 

not meet the inclusion criteria were removed. A total of 149 

full text articles was screened independently and discussed 

to determine relevance. The research flow of articles through 

identification of final papers is represented in Figure 1. 

Characteristics of the Included Studies 
A total of 14 papers was reviewed in the current scoping review 

(Table 1) [17-30]. The included studies were performed in nine 

countries: Egypt (n=1), United States (n=5), Brazil (n=2), Israel 

(n=1), Germany (n=1), Canada (n=1), Poland (n=1), Scotland 

(n=1), and Jordan (n=1). The total number of participants was 

2,015, comprising patients and relatives (n=324) and health 

care professionals (HCPs) that included nurses (n=1.499), phy-

sicians (n=159), and other HCPs (n=33). The papers explored 

the provision of EOL care (n=10) in intensive and critical care 

(n=4) units. 

Barriers on the Provision of PC in the ICU 
After reviewing the literature, barriers and facilitators were 

identified. The barriers were lack of capabilities, family bound-

aries, practical issues, and cultural differences. Further analy-

sis of each barrier found in this review is described below. 

Lack of capabilities 
There are several barriers to the provision of PC in an ICU. The 

limited capabilities of HCPs were the most significant barrier 

[17-28], due in part to shortcomings in PC training [17,28]. In 

addition, a study conducted by Ozga et al. [25] highlighted the 

absence of hospital management support in providing train-

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Review (PRISMA-ScR) search flowchart.
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ing on EOL care. This hinders nurses from acquiring a better 

understanding of PC, particularly in EOL care. The inadequacy 

of educational and training for EOL care was perceived as a 

barrier to integrate PC into the ICU, dealing with death and 

dying issues, and lack of communication. A study conducted by 

McKeown et al. [21] stated that education could equip an ICU 

team to deal with issues surrounding PC as well as death and 

dying. Four studies found insufficient communication between 

medical teams and family members [17-19,23]. Evidence from 

included studies showed lack of communication with patients 

and families related to decision-making by HCPs [18,19,29]. 

Family boundaries 
Another barrier is family boundaries, an enduring problem in 

the integration of PC into ICU protocols [8,19,27,29-31]. Many 

families in such situations have unrealistic expectations, which 

can lead to difficulties for HCPs in applying PC principles 

based on comfort care and may lead to aggressive treatment 

for the patients [18,19,23]. A study conducted by Kyereman-

teng et al. [19] found unrealistic patient or family expectations 

as a barrier in providing EOL care in the ICU. This is because 

the family lacked the necessary medical knowledge and did 

not fully understand the condition of the dying patient. Un-

realistic expectations also were found by Espinosa et al. [18], 

who identified unrealistic expectations as barriers to PC, par-

ticularly during EOL care. 

Practical issues 
Practical issues are also a considerable barrier to PC delivery in 

the ICU [18-20,23,29,32]. These issues include limited time for 

administrative tasks and documentation, disagreement about 

goals of care between HCPs, differences in nursing and med-

ical approaches, and administrative policy treatment. During 

providing PC in the ICU there are often agreements and dis-

agreements between HCPs. For example, agreement between 

HCP was found in Festic et al.’s study [20] that both physicians 

and nurses agree if patient’s death was not the result of treat-

ment failure. In addition, they thought that providing EOL care 

for dying patients and their families is a rewarding experience. 

Meanwhile, disagreement among physicians and nurses is 

common when providing EOL care in the ICU. Nurses often 

feel uninvolved in the treatment plan for dying patients, sim-

ply carrying out actions discussed and decided only by doctors 

and families [18,19]. Inadequate policies and practices were 

identified as barriers to EOL care in the ICU [20]. 

Differences between medical and nursing models, which 

were reported as barriers, showed that medical models are 

focused more on disease or dysfunction, while most nurses 

are trained in a holistic model to consider all aspects of the 

patient. The difference between these two models can create 

difficulty when nurses try to implement physician directions, 

resulting in nurse frustration, especially in providing EOL care 

[18]. Practical issues also can be caused by lack of documen-

tation; a study conducted by Graw et al. [29] found that lack 

of documentation related to advance directives was a signifi-

cant barrier for health workers in providing care as desired by 

patients. In addition, barriers including lack of coordination, 

limited time and staff, and ethical issues were identified [31]. 

Cultural differences 
Cultural difference is another barrier in the provision of PC in 

the ICU. In this review, only one paper highlighted cultural dif-

ferences [27]. Ganz and Sapir [27] state that doctors in Asia are 

more aggressive in their treatment than those in the West. This 

finding may be due to cultural differences, as death is often not 

openly discussed in Asia, which can lead to lack of discussion 

about EOL decisions. 

Facilitators in the Provision of PC in ICU 
Several facilitators have been identified and include experi-

ences and supportive behavior. Further analysis of each facili-

tator found in this study is described below. 

Supportive behaviors 
Sharour et al. [30] identified some supportive behaviors in 

providing EOL care, including collaboration among physicians 

and other HCPs to stop aggressive treatment and start EOL 

care, thereby improving family acceptance. In addition, family 

acceptance regarding patient death can reduce suffering and 

psychosocial distress and improve the quality of life for fam-

ilies and their time with patients. Another helpful behavior is 

appointing one of the family members to communicate with 

the nurse. This can make it easier for nurses to explain the pa-

tient’s condition and EOL care, possibly increasing the effec-

tiveness of treatment and reducing the nurses’ workload.  

Previous experiences 
Another facilitator is experience, which was identified in a pre-

vious study. Festic et al. [20] found that nurses and attending 

physicians who have longer working experience state have 

higher agreement on conducting EOL discussion than fellow 

physicians. Experience is influenced by length of working and 
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the context where the HCP works Experience can lead HCPs 

in providing EOL care, and ample experience could result in 

better quality of EOL care [20].  

DISCUSSION 

This study provides a comprehensive review of the research 

evidence on the barriers and facilitators in PC provision in the 

ICU. Further, this review highlights barriers to such provision, 

including lack of capabilities (knowledge, skills, communi-

cations), family boundaries, practical issues, and cultural 

differences. Facilitators of previous experience and supportive 

behavior also were identified from the included studies. While, 

in theory, the ICU and PC principles and practices may seem 

to be opposites, the two share a similar fundamental goal to 

provide quality care to patients [1]. PC is increasingly accepted 

as an essential component of comprehensive care for critically 

ill patients, regardless of age, diagnosis, and prognosis [33]. 

The provision of PC has grown exponentially during the last 

decade. In this regard, data regarding implementation of PC in 

the ICU setting is lacking due to the common practice of refer-

ring PC patients to hospice care, which is commonly offered 

in a non-hospital setting [1]. In the coming decades, evidence 

and knowledge translation in PC, intensive care, and their in-

tegration will expand further [34]. 

Barriers in the Provision of PC 
Ongoing barriers for optimal integration of PC in the ICU 

setting have been identified. The provision of a high quality 

of care for patients who are nearing their EOL is the profes-

sional responsibility of health care workers [35]. Therefore, it 

is crucial for health professionals who work in the hospital to 

be competent in basic PC and EOL care. However, physicians 

and nurses continue to lack knowledge in the necessary com-

munication skills, including communicating with family and 

patients about outcomes and managing clinical aspects of 

poor outcomes [36]. This limitation may be caused by limited 

availability of training and education [37]. A study found that 

a lack of knowledge was more prevalent in female compared 

to male healthcare professionals and less frequently in physi-

cians [38]. In addition, knowledge deficits were more prevalent 

in healthcare professionals who had little contact with dying 

patients [38]. Healthcare professionals who worked with se-

riously ill or dying patients had higher motivation for quality 

care compared to those who did not have such contact [38]. 

However, one study found that critical care nurses felt inade-

quate and unprepared to provide quality EOL care in the ICU 

[39]. Regarding EOL decision making skills, a study found that 

European physicians had no difficulty in making EOL deci-

sions in 81%–93% of cases. In contrast, such decisions were 

perceived to be difficult by Indian physicians due to barriers of 

lack of awareness of ethical issues, culture of heroic “fighting 

till the end,” and lack of PC orientation [40]. 

Another study supported our findings that the main obsta-

cles of EOL care by doctors and nurses in critical care units 

were lack of education and training regarding family grieving 

and quality of EOL care [41]. Training on implementation of 

PC in the ICU could improve the capabilities of nurses and 

physicians. For example, two studies reported that training 

can improve PC knowledge and skills, particularly in symptom 

management and communication [42,43]. 

Another barrier in EOL care is cultural differences. Our study 

confirmed previous findings from Asia that physicians in ICUs 

frequently withheld but rarely withdrew life-sustaining treat-

ment [44,45]. A study from Asia reported an ethical dilemma 

involved in withholding and withdrawal of treatment among 

Asian nurses, where withholding is considered more ethical 

than withdrawing treatment [46].  

While there were several barriers identified, we found 

previous experiences of HCPs facilitate the provision of PC 

in the ICU. This finding aligns with a previous study among 

ICU nurses in which the respondents were classified into two 

groups based on work experience. Jang et al. [47] reported that 

the more experienced group tended to consider EOL care. 

In addition to experience, supportive behaviors also facili-

tate the provision of PC. Supportive behaviors such as trans-

formational leadership and supportive inquiry conditions 

were also reported in two previous studies. For example, the 

application of transformational leadership was able to create 

good daily working environments including adequate staffing 

and has been suggested as contributing to successful imple-

mentation. Moreover, facilitation, in the sense of individuals or 

strategies that make change easier, has recently been strength-

ened as a crucial component for implementation of EOL care. 

Another study reported that peer emotional support has a 

facilitating role for EOL care in the ICU [31]. 

This literature review applied the six steps of Arksey and 

O’Malley guidelines, including the sixth step of consulting 

experts. The experts validated that all articles met the criteria 

and examined both clinical and practical related contexts. The 

keywords used were broader compared to PC articles in the 

ICU setting and included PC, end of life care, and terminal 
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care. This resulted in a large number of identified articles. 

CONCLUSIONS 

Implementing PC in the ICU is increasingly recognized. How-

ever, the implementation of this PC care in the ICU settings has 

faced some barriers such as lack of capabilities among doctors 

and nurses, family boundaries, and cultural differences. The 

facilitators in implementing PC in the ICU setting include 

health care provider experience and supportive behavior with-

in the organization. 
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INTRODUCTION 

Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response to 

infection [1]. Despite the availability of the Surviving Sepsis Campaign: International Guide-

lines for Management of Sepsis and Septic Shock 2021 [2], sepsis and septic shock remain 

major causes of death in critically ill patients; more than 1.7 million adults were diagnosed 

with sepsis annually in the United States, with 270,000 sepsis-induced deaths [3]. 

Various biomarkers are available for evaluation of the prognosis and therapeutic effects 

Background: Sepsis and septic shock remain the leading causes of death in critically ill patients 
worldwide. Various biomarkers are available to determine the prognosis and therapeutic effects of 
sepsis. In this study, we investigated the effectiveness of presepsin as a sepsis biomarker. 
Methods: Patients admitted to the intensive care unit with major or minor diagnosis of sepsis 
were categorized into survival and non-survival groups. The white blood cell count and serum 
C-reactive protein, procalcitonin, and presepsin levels were measured in all patients. 
Results: The study included 40 patients (survival group, 32; non-survival group, 8; mortality rate, 
20%). The maximum serum presepsin levels measured during intensive care unit admission were 
significantly higher in the non-survival group (median [interquartile range]: 4,205.5 pg/ml 
[1,155.8–10,094.0] vs. 741.5 pg/ml [520.0–1,317.5], P<0.05). No statistically significant intergroup 
differences were observed in the maximum, minimum, and mean values of the white blood cell 
count, as well as serum C-reactive protein, and procalcitonin levels. Based on the receiver operat-
ing characteristic curve, the area under the curve for presepsin as a predictor of sepsis mortality 
was 0.764. At a cut-off value of 1,898.5 pg/ml, the sensitivity and specificity of presepsin for pre-
diction of sepsis-induced mortality were 75.0% and 87.5%, respectively. 
Conclusions: Early diagnosis of sepsis and prediction of sepsis-induced mortality are important for 
prompt initiation of treatment. Presepsin may serve as an effective biomarker for prediction of 
sepsis-induced mortality and for evaluation of treatment effectiveness. 
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of sepsis. The white blood cell (WBC) count is the most com-

mon laboratory investigation performed for diagnosis and 

treatment of sepsis. However, the WBC count is not a specific 

indicator of sepsis [4], and other advanced biomarkers are also 

used as sepsis predictors. Procalcitonin (PCT) and C-reactive 

protein (CRP) are representative biomarkers used to treat sep-

sis. According to the Surviving Sepsis Campaign Guidelines 

2021, PCT is more useful as a prognostic biomarker of sepsis, 

although its diagnostic potential may be limited [2]. A study 

has reported that PCT was shown to be superior to serum CRP 

levels and the WBC count as a prognostic indicator of sepsis 

[5]. In contrast, another study reported that based on the area 

under the curve (AUC) for PCT, this biomarker was not useful 

for prognostic evaluation of sepsis [6]. Pro-inflammatory cy-

tokines released during the acute phase of sepsis have been 

investigated as potential diagnostic and prognostic biomarkers 

of sepsis [7-9]. Studies have investigated the role of interleukin 

(IL)-6 and IL-8 as representative cytokines associated with 

sepsis [7,10]. However, previous studies have reported that the 

cytokines used as diagnostic and prognostic indicators of sep-

sis are not significant [9]. 

Presepsin (sCD14-ST) was introduced in 2004 and is used 

as a diagnostic and prognostic sepsis biomarker [11]. Previous 

studies have reported significantly increased serum presepsin 

levels in patients with sepsis and septic shock and that these 

levels were associated with sepsis severity [12,13]. Notably, se-

rum presepsin levels tend to increase in patients with coronary 

artery disease, liver cirrhosis, heart failure, and hyperglycemia, 

even in the absence of sepsis [14]. Therefore, the Surviving 

Sepsis Campaign Guidelines 2021 do not mention the use-

fulness of presepsin as a sepsis biomarker. In this study, we 

investigated the role of biomarkers, particularly presepsin as 

diagnostic and prognostic indicators of infection and sepsis in 

patients admitted to the intensive care unit (ICU) with various 

diseases. 

MATERIALS AND METHODS 

Research Ethics
The study was approved by the Institutional Review Board of 

Ewha Womans University Seoul Hospital (No. SEUMC 2022-

01-020) and waived the informed consents due to the retro-

spective study.

Patients, Data Collection and Study Design 
The study included patients admitted to the ICU with a major 

or minor diagnosis of sepsis between March and May 2021. 

The diagnosis of sepsis followed the "Sepsis-3" diagnostic cri-

teria. Patients who consented to do-not-resuscitate order or to 

discontinue life-sustaining treatment were excluded from the 

study. First of all, the following demographic and clinical data 

were recorded from patients who meet inclusion criteria: sex, 

age, body mass index (BMI), diagnosis, mortality rate, length 

of ICU stay, ICU mortality, the Acute Physiology and Chronic 

Health Evaluation (APACHE) II score, Sequential Organ Failure 

Assessment (SOFA) score, duration of mechanical ventilation, 

use of continuous renal replacement therapy (CRRT), and the 

norepinephrine infusion rate. The following laboratory tests 

were performed during ICU admission: the WBC count, neu-

trophil count (%), serum CRP, lactate, PCT, and presepsin lev-

els. The period of data collection for laboratory tests is from the 

date of inclusion criteria to the date of discharge from the ICU. 

Measurement of Presepsin Levels 
We measured presepsin levels along with PCT levels in pa-

tients diagnosed with sepsis by the "Sepsis-3" diagnostic crite-

ria. From the first day of admission to the ICU, presepsin levels 

were measured simultaneously with PCT. Afterwards, when 

the intensivist determined that re-measurement of PCT levels 

was necessary, presepsin was also measured. A chemilumi-

nescence enzyme immunoassay was performed using mag-

netic particles to measure presepsin levels.  

Statistical Analysis  
We performed intergroup comparison of the variables includ-

ed in this study. Categorical variables were analyzed using 

the chi-squared test. Numeric variables, such as age, BMI, 

length of ICU stay, the APACHE II and SOFA scores, duration 

of mechanical ventilation, and the norepinephrine infusion 

rate were expressed as median (interquartile range) and were 

analyzed using the Mann-Whitney U-test. Results of individ-

■ Sepsis and septic shock are the leading causes of death in 
critically ill patients.

■ Procalcitonin, presepsin, and lactate are some of the bio-
markers available for diagnosis of sepsis and prediction of 
sepsis-induced mortality.

■ Serum presepsin levels may serve as an effective biomark-
er for prediction of sepsis-induced mortality.
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ual laboratory tests for each patient were expressed as maxi-

mum, minimum, and mean values and were analyzed using 

the Mann-Whitney U-test. With regard to laboratory tests, 

we created a receiver operating characteristic (ROC) curve to 

determine the optimal indicator for mortality prediction. The 

optimal cut-off value for mortality was selected as the point at 

which the sum of sensitivity and specificity was highest. All sta-

tistical analyses were performed using the IBM SPSS version 

26.0 (IBM Corp., Armonk, NY, USA). The figure was created 

using CorelDRAW 2019 (Corel Corp., Ottawa, Canada). 

RESULTS 

Patient Characteristics 
This study was performed between March and May 2021 and 

included 40 patients categorized into the survival group (32 

patients) and non-survival group (8 patients; mortality rate, 

20%). Mechanical ventilation was used in 27 patients (survival 

group, 19; non-survival group, 8). CRRT was used only in four 

patients in the non-survival group. No statistically significant 

intergroup difference was observed in the APACHE II score, 

SOFA score, length of ICU stays, and norepinephrine infusion 

rates. Table 1 shows patient characteristics. 

Laboratory Findings and Accuracy of Mortality 
Prediction 
The maximum serum presepsin levels measured during ICU 

admission were significantly higher in the non-survival than 

in the survival group (median [interquartile range]: 4,205.5 

pg/ml [1,155.8–10,094.0]) vs. 741.5 pg/ml [520.0–1,317.5], 

P<0.05). Additionally, the maximum, minimum, and mean 

PCT values were higher in the non-survival group; however, 

the difference was statistically nonsignificant. The maximum, 

minimum, and mean serum CRP levels were higher in the 

survival group, although the difference was statistically non-

significant (Table 2). The maximum serum presepsin level 

was significantly higher in the non-survival group, and nota-

bly, only this difference was statistically significant. 

Figure 1 shows the ROC curves for sepsis-induced mortali-

ty prediction. The AUCs calculated from the ROC curves were 

0.764 for presepsin and 0.744 for the WBC count (P<0.05). 

The AUC for lactate was 0.700, although this value was statis-

tically nonsignificant (P=0.105). At a cut-off value of 1,898.5 

pg/ml, sensitivity and specificity of serum presepsin for 

sepsis-induced mortality prediction were 75.0% and 87.5%, 

respectively. 

Table 1. Patients’ clinical characteristics in survival and non-survival groups
Characteristics Survival group (n=32) Non-survival group (n=8) P-value
Age (yr) 80.5 (65.25–88.75) 73.5 (62.75–82.00) 0.434
Sex (male:female) 15:17 5:3 0.625
BMI (kg/m2) 22.2 (19.70–25.33) 22.7 (21.85–28.31) 0.325
APACHE II score 26.0 (21.25–34.75) 26.5 (25.25–31.25) 0.955
SOFA score 6.0 (3.25–9.00) 8.5 (5.00–11.50) 0.174
ICU stay period (day) 6.5 (2.00–20.50) 22.5 (17.50–71.25) 0.008
Mechanical ventilator (n=27) 19 (70.4) 8 (29.6) 0.037
Mechanical ventilator period 7 (2.0–33.0) 19.5 (13.75–68.25) 0.031
CRRT (n=4) 0 4 0.001
Norepinephrine infusion rate (µg/kg/min) 0.01 (0.00–0.10) 0.03 (0.00–0.25) 0.804
Disease classification 0.205
 Gastrointestinal system 9 (28.1) 1 (12.5)
 Musculoskeletal system 7 (21.9) 0
 Septic shock 5 (15.6) 2 (25)
 Cardiopulmonary system 4 (12.5) 3 (37.5)
 Cerebrovascular system 4 (12.5) 0
 Malignancy 2 (6.3) 2 (25)
 Sepsis 1 (3.1) 0

Values are presented as median (interquartile range) or number (%).
BMI: body mass index; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; ICU: intensive care unit; CRRT: 
continuous renal replacement therapy.
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DISCUSSION 

Presepsin is a soluble N-terminal fragment of the differentiat-

ed marker protein cluster of differentiation 14 (CD14), which is 

released into the circulation during monocyte activation after 

the host cells recognize lipopolysaccharide (LPS) produced by 

an infectious agent. CD14, a 55 kDa glycoprotein, is expressed 

on monocytes and macrophage membranes and is released 

into the circulation as soluble CD14, which induces a Toll-

like receptor 4-specific inflammatory response that mediates 

the response to LPS released by an infectious agent [12,15]. 

Inflammation triggers PCT production via direct pathways 

that are activated by LPS or other toxic metabolites released by 

microorganisms and indirect pathways that are activated sec-

ondary to the action of inflammatory mediators such as IL-6 

and tumor necrosis factor-α [16]. CRP (an acute-phase protein 

of hepatic origin) production is increased in response to IL-6 

secretion by macrophages and T cells during inflammation 

[17]. Therefore, various mechanisms underlie the release of 

different biomarkers; we attempted to identify the optimal bio-

marker for sepsis. 

In this study, the mortality rate in patients with sepsis and 

septic shock was 20%, which was similar to findings reported 

by previous studies. We observed that serum presepsin levels 

were strongly associated with mortality in critically ill patients. 

Among the biomarkers commonly used in the management 

of critically ill patients, particularly in those with sepsis, serum 

Table 2. Comparison of the maximum, minimum, and mean values of laboratory parameters between survival and non-survival groups
Variable Survival group (n=32) Non-survival group (n=8) P-value
Maximum presepsin level (pg/ml) 741.5 (520.0–1,317.5) 4,205.5 (1,155.8–10,094.0) 0.014
Minimum presepsin level (pg/ml) 532.5 (362.5–781.5) 2,143.5 (662.0–4,559.5) 0.030
Average presepsin level (pg/ml) 649.0 (403.5–825.2) 3,668.8 (938.0–7,339.8) 0.023
Maximum PCT level (μg/L) 0.885 (0.745–1.688) 1.165 (0.685–10.165) 0.960
Minimum PCT level (μg/L) 0.675 (0.170–0.885) 0.605 (0.498–0.783) 0.855
Average PCT level (μg/L) 0.778 (0.507–1.214) 0.838 (0.633–5.364) 0.539
Maximum WBC count (×103/μl) 12.630 (9.290–16.080) 16.270 (10.420–18.045) 0.184
Minimum WBC count (×103/μl) 9.070 (6.260–10.870) 8.555 (6.155–14.568) 0.959
Average WBC count (×103/μl) 10.997 (8.950–13.310) 11.655 (8.022–17.145) 0.505
Maximum CRP level (mg/dl) 10.945 (5.498–14.873) 7.050 (4.483–17.310) 0.332
Minimum CRP level (mg/dl) 3.510 (1.793–10.095) 3.680 (2.458–7.338) 0.847
Average CRP level (mg/dl) 7.625 (4.615–12.248) 6.053 (3.428–10.827) 0.562
Maximum lactate level (mg/dl) 12.10 (8.88–18.03) 34.20 (9.90–80.30) 0.118
Minimum lactate level (mg/dl) 8.65 (6.60–12.23) 34.20 (6.70–50.70) 0.118
Average lactate level (mg/dl) 11.05 (8.18–14.63) 34.20 (8.78–62.75) 0.138

Values are presented as median (interquartile range).
PCT: procalcitonin; WBC: white blood cell; CRP: C-reactive protein.

Figure 1. The receiver operating characteristic curve for maximum 
serum levels of biomarkers for sepsis-induced mortality prediction. 
The cut-off value of presepsin for sepsis-induced mortality prediction 
is 1,898.5 pg/ml (sensitivity, 75.0%; specificity, 87.5%). AUC: area 
under the curve; WBC: white blood cell; CRP: C-reactive protein; PCT: 
procalcitonin.
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presepsin is shown to be superior to serum PCT (which is 

recommended by the Surviving Sepsis Campaign Guidelines 

2021 as a sepsis biomarker) [2]. 

Many studies have reported the effectiveness and usefulness 

of presepsin measurement in patients with sepsis. Masson et 

al. [6] observed that the serum presepsin level on the day of 

admission to the ICU was significantly higher in non-survi-

vors than in survivors, and this value was associated with the 

28-day mortality rate. However, other studies have reported 

that measurement of serum PCT, CRP, and presepsin was of 

moderate diagnostic value in patients with sepsis. Therefore, 

owing to lack of consistent evidence to support its usefulness, 

presepsin is currently not included in the guidelines [18]. Early 

diagnosis followed by prompt and appropriate treatment of 

sepsis is essential immediately after diagnosis as recommend-

ed by the Surviving Sepsis Campaign Treatment Bundle [19]. 

According to the most recent update to the Surviving Sepsis 

Campaign Guidelines 2021, the level of evidence for the use of 

PCT for diagnosis of sepsis is weak [2]. According to the guide-

lines, evaluation of serum PCT levels and clinical symptoms 

should not take precedence over evaluation of clinical symp-

toms alone for decision-making regarding initiation of antibi-

otics, and PCT estimation is recommended to guide antibiotic 

discontinuation. 

In this study, serum lactate levels were not significantly asso-

ciated with sepsis-induced mortality, although several studies 

have reported an association between serum lactate levels and 

sepsis-induced mortality [20]. The Surviving Sepsis Campaign 

Guidelines 2021 currently recommend the use of serum lactate 

as a useful aid for evaluation of patients with sepsis. Sepsis, a 

life-threatening organ dysfunction caused by a dysregulated 

host response to infection [1], is associated with a broad range 

of diagnostic criteria owing to the multifactorial etiology of this 

condition. Broad diagnostic criteria can be considered to have 

a high incidence. Most patients require critical care manage-

ment owing to the high mortality rate of sepsis. The ICU is a 

limited and critical resource; therefore, diagnosis of sepsis and 

sepsis-induced mortality prediction are important. However, 

biomarkers that are strongly associated with sepsis or septic 

shock are currently unavailable. Therefore, much research has 

focused on the high diagnostic value of presepsin, and sever-

al studies have reported its usefulness as a sepsis biomarker 

[6,11,12,14,21]. In this study, we observed that presepsin 

showed high accuracy for sepsis-induced mortality prediction. 

Although the Surviving Sepsis Campaign Guidelines 2021 do 

not currently discuss the utility of presepsin as a sepsis bio-

marker, further research is warranted to gain a deeper under-

standing of the effectiveness of this agent. 

Following are the limitations of this study: (1) The design of 

this single-center small-scale study is a drawback that cannot 

be ignored. Therefore, we plan further studies with multi cen-

ters and larger sample numbers. Through this, we will confirm 

whether presepsin has important value in the treatment of 

sepsis patients. (2) Compared with estimation of the WBC 

count and serum lactate and CRP measurements, we did not 

frequently measure serum presepsin and PCT levels. (3) We 

did not consider the specific infection profile detected in each 

patient. The infection profile may be classified into fungal, 

viral, and bacterial infections; bacterial infections are further 

categorized into Gram-negative and Gram-positive bacterial 

infections. PCT levels were significantly higher in patients 

with gram-negative bacterial infections than in those with 

Gram-positive or fungal infections [22]. In contrast, serum 

presepsin levels were significantly higher in Gram-negative 

and Gram-positive bacterial and fungal infections [23]. Neither 

presepsin nor PCT is a specific biomarker for viral infections 

[24,25]. We intend to perform a multicenter large-scale study 

to validate the usefulness of presepsin measurement in sepsis. 

In conclusion, presepsin may be potentially useful as a predic-

tor of sepsis-induced mortality and to evaluate the effective-

ness of treatment. 
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Background: Rheumatoid arthritis (RA) is associated with increased risk of sepsis and higher in-
fection-related mortality compared to the general population. However, the evidence on the prog-
nostic impact of RA in sepsis has been inconclusive. We aimed to estimate the population-level 
association of RA with short-term mortality in sepsis. 
Methods: We used statewide data to identify hospitalizations aged ≥18 years in Texas with sepsis, 
with and without RA during 2014–2017. Hierarchical logistic models with propensity adjustment 
(primary model), propensity score matching, and multivariable logistic regression without propen-
sity adjustment were used to estimate the association of RA with short-term mortality among 
sepsis hospitalizations. 
Results: Among 283,025 sepsis hospitalizations, 7,689 (2.7%) had RA. Compared to sepsis hospi-
talizations without RA, those with RA were older (aged ≥65 years, 63.9% vs. 56.4%) and had high-
er burden of comorbidities (mean Deyo comorbidity index, 3.2 vs. 2.7). Short-term mortality of 
sepsis hospitalizations with and without RA was 26.8% vs. 31.4%. Following adjustment for con-
founders, short-term mortality was lower among RA patients (adjusted odds ratio [aOR], 0.910; 
95% confidence interval [CI], 0.856–0.967), with similar findings on alternative models. On sensi-
tivity analyses, short-term mortality was lower in RA patients among sepsis hospitalizations aged 
≥65 years and those with septic shock, but not among those admitted to intensive care unit (ICU; 
aOR, 0.990; 95% CI, 0.909–1.079). 
Conclusions: RA was associated, unexpectedly, with lower short-term mortality in septic patients. 
However, this “protective” association was driven by those patients without ICU admission. Further 
studies are warranted to confirm these findings and to examine the underlying mechanisms. 
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INTRODUCTION 

Rheumatoid arthritis (RA) is the most common systemic autoimmune disease [1], estimated to 

affect over 1.3 million adults in the United States (US) [2]. Although major strides were made 

in the care of affected patients, following the introduction of disease-modifying antirheumat-

ic drugs, life expectancy remains shortened among patients with RA, with over four-times 
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higher standardized mortality rate compared to the general 

population [3]. Patients with RA are at an increased risk of in-

fectious complications, often progressing to sepsis, stemming 

from immune dysfunction due to the disease itself, comorbid 

conditions, and common use of immunomodulating therapy 

[4], and sepsis is increasingly a major cause of hospitalization 

in this population [5]. 

The diagnosis of sepsis can be challenging in patients with 

RA since pre-existing immune dysfunction may affect its initial 

manifestations, and these patients may be at a higher risk of 

infections with drug- resistant pathogens due to repeated ex-

posure to antibiotics related to recurrent infections [6]. These 

latter factors can result in delays in the diagnosis of sepsis and 

initiation of time-sensitive interventions and raised risk of in-

appropriate initial antimicrobial therapy, thus increasing risk 

of lethal outcomes [7,8]. Indeed, infection is the most common 

cause of death in patients with RA, accounting for 34% of all 

deaths in this population [3], with sepsis considered the major 

cause of death from infectious diseases [9]. Moreover, patients 

with RA have over six-times greater risk of infection-related 

mortality than the general population [10]. 

The higher risk of infection-related mortality in patients 

with RA compared to the general population may reflect their 

increased risk of sepsis, higher death rate in septic patients, or 

a combination of both. Distinguishing between these potential 

drivers of increased infection-related mortality in patients with 

RA is important, as it can guide future interventions. However, 

while greater risk of sepsis among patients with RA is well-doc-

umented, ranging for three- [5] to four-times [11] higher than 

in the general population, the evidence base on the outcomes 

of patients with RA in sepsis has been scarce, with inconclu-

sive findings. 

In a recent population-based study in the US, hospital 

mortality was slightly lower among septic patients with RA 

compared to the general population, but the difference was 

not statistically significant on adjusted analyses [12]. In a 

registry-based study from Israel, 30-day mortality was higher 

among septic patients with RA, but did not differ following 

adjustment for confounders [13]. In a study from Germany, 

hospital mortality was 3-fold higher in septic patients with 

RA, and RA was the most important predictor of death [14]. 

Finally, in a US-based study of the prognostic impact of au-

toimmune diseases in sepsis, 30-day mortality was markedly 

lower among these patients as a group, but although the point 

estimate showed lower mortality in the subgroup with RA, 

this latter finding was not statistically significant [15]. The 

interpretation and external validity of these studies is limited 

by single-center design [14,15], small cohort size [13-15], re-

striction to intensive care unit (ICU) patients [13-15], limited 

adjustment for confounders [12], and lack of data on patient 

characteristics [15]. Improved understanding of outcomes of 

RA in sepsis may guide clinicians’ decision-making and future 

efforts to improve sepsis outcomes. In this study, we examine 

the association of RA with short-term mortality among hos-

pitalizations with sepsis. We postulated that RA is associated 

with worse outcomes in sepsis. 

MATERIALS AND METHODS 

This was a retrospective, population-based cohort study. The 

study was determined by the Institutional Review Board of 

Texas Tech University Health Sciences Center to be exempt 

from formal review because we used a publicly available, 

de-identified data set, which is not considered human re-

search and where informed consent is not applicable per the 

US Department of Health and Human Services regulation 45 

CFR 46.101(c). The reporting of the study findings followed the 

STROBE guidelines on reporting observational studies in epi-

demiology [16].  

Data Sources and Study Population  
We used the Texas Inpatient Public Use Data File (TIPUDF) 

to identify the target population. In brief, the TIPUDF is an 

administrative data set maintained by the Texas Department 

of State Health Services [17] and includes inpatient discharge 

data from state-licensed, non-federal hospitals, and captures 

approximately 97% of all hospital discharges in the state. We 

linked Social Deprivation Index (SDI) data [18] (see details on 

the SDI under risk-adjustment covariates below) at the Zip 

Code Tabulation Area level to the TIPUDF data to derive the 

■ Patients with rheumatoid arthritis had lower risk of 
short-term mortality than those without rheumatoid ar-
thritis among septic patients.

■ This finding suggests that the increased risk of infec-
tion-related mortality in patients with rheumatoid ar-
thritis compared to the general population is due to their 
increased risk of sepsis, rather than higher case fatality 
among septic patients.

KEY MESSAGES
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SDI for individual hospitalizations. 

Our primary cohort consisted of hospitalizations aged ≥18 

years with a diagnosis of sepsis during the years 2014–2017. 

We excluded hospitalizations with missing data on hospital 

disposition. We identified hospitalizations with sepsis based 

on the presence of the International Classification of Diseas-

es, 9th and 10th revisions, Clinical modification (ICD-9-CM 

and ICD-10-CM, respectively) codes for severe sepsis (995.92, 

R65.20) and septic shock (785.52, R65.21) under the principal 

or secondary diagnosis fields. This ICD code-based definition 

of sepsis is aligned with the framework of Sepsis-3 [19] and has 

been used in contemporary studies of sepsis in administra-

tive data [20-22]. Hospitalizations with ICU admissions were 

identified based on unit-specific revenue codes for an ICU or a 

coronary care unit. 

Exposure and Outcome 
The primary exposure was a diagnosis of RA. Hospitalizations 

with RA were identified based on the presence of ICD-9-CM 

and ICD-10-CM codes 714.0, 714.1, 714.2, 714.8x, or 714.9, 

and M05x or M06x, respectively, in the principal or secondary 

diagnosis fields [23,24]. The primary outcome was short-term 

mortality, defined as in-hospital death or discharge to hospice. 

We have included discharge to hospice since this is an increas-

ingly common end-of-life destination in sepsis. Therefore, 

focusing only on in-hospital mortality can produce misleading 

estimates and for this reason this composite outcome is in-

creasingly used in epidemiological studies of sepsis [20]. 

Risk-Adjustment Covariates 
Risk-adjustment covariates were selected a priori based on 

biological and clinical plausibility and existing literature [25-27] 

and included patients’ demographics (age, sex, race/ethnicity, 

primary health insurance), SDI, major comorbidities, includ-

ing chronic lung disease, congestive heart failure, chronic renal 

disease, diabetes mellitus, malignancy, and chronic liver dis-

ease, as well as the Deyo Comorbidity Index (all based on the 

Deyo modification of the Charlson Comorbidity Index [28,29]), 

sites of infection, obesity, tobacco use, hospitals’ teaching 

status, and year of admission. The SDI represents a composite 

measure of poverty, level of education, single parenthood, 

rental living, overcrowding, transportation, level of education 

at a given area, and high-need demographics [30]. The SDI is 

expressed on a 1 (least deprived)-100 (most deprived) point 

scale [18,30]. Severity of illness was characterized using ICD 

codes for organ dysfunction [31]. Procedure use was identi-

fied using ICD-9 and ICD-10 procedure codes for mechanical 

ventilation, hemodialysis, and blood transfusion. The ICD-9-

CM and ICD-10-CM used to identify sites of infection, obesity, 

tobacco use, organ dysfunction and procedures are detailed in 

Supplementary Tables 1-4. 

Statistical Analysis 
We summarized categorical variables as frequencies and per-

centages, while continuous variables were reported as mean 

and standard deviation. The chi-square test was used for group 

comparison involving categorical variables, while the t-test 

was used for comparison of continuous variables. We used 

three distinct prespecified analytical approaches to examine 

the association between a diagnosis of RA and short-term 

mortality: (1) multilevel multivariable logistic regression with 

propensity adjustment (our primary analysis), (2) propensity 

score matching, and (3) multivariable logistic regression with-

out propensity adjustment. Multicollinearity was excluded us-

ing variance inflation factors. We report the models’ findings as 

adjusted odds ratios (aOR) and 95% confidence intervals (95% 

CI). The choice of these models represents the core analytical 

approaches in observational studies on the association be-

tween studied exposures and specific outcomes: (1) covariate 

adjustment (e.g., regression-based analyses) and (2) analyses 

based on patients’ likelihood to have the examined exposure 

(e.g., propensity score-based analyses). Although we have 

used a very large dataset, we have employed several different 

types of models to estimate the association of RA with short-

term mortality among patients with sepsis, in order to examine 

whether the findings of the primary analysis are robust on al-

ternative modeling approaches. 

Propensity score calculation 
A propensity score is a probability-based measure indicating 

the propensity of a septic patient to have RA. We estimated the 

propensity for RA among sepsis hospitalizations using mul-

tivariable logistic regression with RA used as the dependent 

variable. The variables included in the model, based on prior 

reports [32,33] were age, sex, race/ethnicity, SDI (as deciles), 

obesity, and tobacco use. 

Multilevel multivariable logistic regression with propensity 
adjustment 
We used multilevel multivariable logistic regression to assess 

the association between RA and short-term mortality in sepsis 

hospitalizations. The covariates entered into the multivariable 
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model included all those described for risk-adjustment, as 

well as RA, and with individual hospitals entered as random 

intercepts to account for clustering of hospitalizations within 

hospitals. We excluded rheumatological conditions from the 

Deyo comorbidity index to prevent duplicate analysis of RA. 

The propensity score was added as an independent variable. 

Combining regression analysis and propensity scores into a 

single model, known as double robust estimation [34], allows 

all study patients to be retained in the analysis, as opposed to 

traditional 1:1 propensity score matching, which excludes un-

matched patients and thus can reduce model’s generalizabili-

ty. In addition, this method provides more accurate estimation 

of variance and reduces bias [35]. 

Propensity score matching 
Hospitalizations with RA were matched to those without RA, 

but who had similar propensity for it. Matching was performed 

with 1:1 nearest neighbor matching without replacement, us-

ing maximal caliper width equal to 20% of the standard devia-

tion of the logit of the propensity score [36]. We examined the 

balance of each covariate between the matched cohorts with 

and without RA using standardized differences, without con-

sideration of any outcome variable. A standardized difference 

<0.1 was considered to represent well-balanced groups on a 

given covariate [37]. Pre-match versus post-matched data were 

represented graphically as density plots for propensity scores 

and as changes of standardized differences (Supplementary 

Figure 1). Multivariable logistic regression was used following 

propensity score matching to generate estimates of the associ-

ation of RA with short-term mortality. 

Multivariable logistic regression without propensity adjustment 
We used multivariable logistic regression to assess the asso-

ciation between RA and short-term mortality, using the same 

covariates as described for our primary analysis, including the 

adjustment of the Deyo comorbidity index. 

Sensitivity analyses 
We probed the robustness of the observed association between 

RA and short-term mortality with six additional analyses. The 

first three analyses were restricted to sepsis hospitalizations 

aged ≥65 years and those more severely ill, including those 

admitted to ICU and those with septic shock. The three other 

analyses addressed the impact of non-random missingness of 

gender data in the cohort (see below). The primary analysis 

approach was used for sensitivity analyses. The State of Texas 

masks gender data of hospitalizations with a diagnosis of HIV 

(human immunodeficiency virus) infection, and of those with 

ethanol or drug abuse. Gender data were missing nonran-

domly in 8.8% of hospitalizations in our cohort, precluding 

imputation of missing values. We examined the sensitivity of 

the association between RA and short-term mortality to miss-

ing gender data using missing gender as indicator variable (see 

Supplementary data file for details). In this article, we present 

the results of our analyses using data restricted to hospitaliza-

tions with gender data.  

Data management was performed using Microsoft Excel 

(Microsoft, Redmond, WA, USA) and statistical analyses were 

performed with R 4.0.5 (R Foundation for Statistical Comput-

ing, Vienna, Austria). The R code supporting these analyses is 

provided in the Supplementary Material 1. A two-sided P-val-

ue <0.05 was considered statistically significant. 

RESULTS 

Among 283,025 hospitalizations with sepsis, meeting inclusion 

criteria, 7,689 (2.7%) had RA. There was 90.7% matching rate by 

propensity score (corresponding to 6,977 pairs of sepsis hospi-

talizations with and without RA) (Supplementary Table 5). 

Cohort Characteristics 
The characteristics of sepsis hospitalizations are described 

in Table 1. Compared to sepsis hospitalizations without RA, 

those with RA were older (aged ≥65 years 63.9% vs. 56.4%), less 

commonly racial/ethnic minority (42.9% vs. 48.1%), had high-

er burden of comorbidities (mean Deyo comorbidity index, 

3.2 vs. 2.7), while having lower mean number of organ dys-

functions (2.5 vs. 2.7) and lower use of mechanical ventilation 

(30.3% vs. 35.1%). Sepsis hospitalizations with RA and without 

RA had similar rates of admission to ICU (46.5% vs. 46.0%) and 

septic shock (59.5% vs. 59.6%). 

The Association of RA with Short-term Mortality 
Short-term mortality among sepsis hospitalizations with RA 

was lower than in those without RA (26.8% vs. 31.4%, respec-

tively; P<0.001). Similarly, short-term mortality was lower in 

septic patients with RA than those without RA among those 

aged ≥65 years (31.5% vs. 36.4%; P<0.001), ICU admissions 

(30.8% vs. 34.9%; P<0.001), and those with septic shock (34.1% 

vs. 40.1%; P<0.001). Following adjustment for confounders, RA 

was associated with 9% lower risk of short-term mortality (aOR, 

0.910; 95% CI, 0.856–0.967). This latter finding was consistent 
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Table 1. The characteristics of sepsis hospitalizations with and without rheumatoid arthritis

Variable Rheumatoid arthritis 
(n=7,689)

Non-rheumatoid arthritis 
(n=275,336) P-value

Age (yr) <0.001
 18–44 439 (5.7) 30,418 (11.0)
 45–64 2,338 (30.4) 89,375 (32.4)
 ≥65 4,912 (63.9) 155,543 (56.4)
Sexa)

 Female 5,536 (75.3) 124,592 (49.7) <0.001
Race/ethnicity <0.001
 White 4,392 (57.1) 142,827 (51.9)
 Hispanic 1,965 (25.6) 73,517 (26.7)
 Black 837 (17.9) 36,203 (13.1)
 Other 494 (6.4) 22,728 (8.3)
Health insurance <0.001
 Private 2,621 (34.1) 89,843 (32.6)
 Medicare 4,315 (56.1) 136,859 (49.7)
 Medicaid 385 (5.0) 20,701 (7.5)
 Uninsured 296 (3.8) 24,055 (8.7)
 Other 65 (0.8) 3,539 (1.3)
Social deprivation index 59.0±27.5 61.0±27.7 <0.001
Deyo comorbidity index 3.2±2.1 2.7±2.4 <0.001
Selected comorbidity
 Chronic lung disease 2,638 (34.3) 72,935 (26.5) <0.001
 Congestive heart failure 2,445 (31.8) 85,341 (31.0) 0.135
 Renal disease 2,205 (28.7) 92,276 (33.5) <0.001
 Diabetes 2,709 (35.2) 110,363 (40.1) <0.001
 Malignancy 683 (8.9) 39,819 (10.9) <0.001
 Liver disease 677 (8.8) 33,314 (12.1) <0.001
 Obesity 1,335 (17.4) 41,433 (15.0) <0.001
Tobacco use 1,534 (20.0) 54,511 (19.8) 0.664
Site of infection
 Respiratory 3,036 (39.5) 103,100 (37.4) <0.001
 Urinary 2,997 (39.0) 101,446 (36.8) <0.001
 Abdominal 914 (9.0) 34,034 (12.4) <0.001
 Skin and soft tissue 815 (10.6) 27,263 (9.9) 0.043
 Device-related 169 (2.2) 6,824 (2.5) 0.096
 Otherb) 368 (4.8) 14,567 (5.3) 0.053
Septic shock 4,573 (59.5) 164,225 (59.6) 0.860
Number of organ dysfunctions 2.5±1.4 2.7±1.5 <0.001
Type of organ dysfunctions
 Respiratory 3,957 (51.5) 149,553 (54.3) <0.001
 Cardiovascular 4,908 (63.8) 176,836 (64.2) 0.471
 Renal 4,600 (59.8) 168,368 (61.1) 0.021
 Hepatic 473 (6.2) 24,488 (8.9) <0.001
 Hematological 1,374 (17.9) 57,615 (20.9) <0.001
 Neurological 1,903 (24.7) 76,518 (27.8) <0.001
Intensive care unit admission 3,579 (46.5) 126,579 (46.0) 0.386
Mechanical ventilation 2,331 (30.3) 96,535 (35.1) <0.001
Hemodialysis 640 (8.3) 35,235 (12.8) <0.001
Blood transfusion 1,402 (18.2) 54,746 (19.9) <0.001
Teaching hospital 2,002 (26.0) 76,948 (27.9) <0.001

(Continued to the next page)
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in the alternative models (Table 2). 

RA remained associated with lower short-term mortality on 

sensitivity analyses among sepsis hospitalizations aged ≥65 

years (aOR, 0.874; 95% CI, 0.816–0.937) and those with septic 

shock (aOR, 0.897; 95% CI, 0.834–0.964). However, RA was not 

associated with short-term mortality among those admitted to 

ICU (aOR, 0.990; 95% CI, 0.909–1.079). Similar findings were 

obtained in the modeling approach for missing gender for 

each of the three models for the whole cohort, as well as for 

sepsis hospitalizations aged ≥65 years, ICU admissions, and 

those with septic shock (Supplementary Tables 6-11). 

DISCUSSION 

Key Findings 
In this population-based study, we found that short-term 

mortality was markedly lower among septic patients with RA 

compared to those without RA. This favorable prognostic asso-

ciation of RA in sepsis remained robust following adjustment 

for confounders across three different modeling methods. The 

lower risk of short-term mortality in RA patients with sepsis re-

mained among older patients and those with septic shock, but 

RA was not associated with mortality among septic patients 

admitted to ICU.  

Relationship to Prior Studies  
Our finding of a ”protective” association of RA in sepsis was 

unexpected. Septic patients with RA in our cohort were old-

er and had higher comorbidity burden that those without 

RA. Moreover, as noted earlier, patients with RA may face 

higher risk of delays in recognition of sepsis and initiation of 

time-sensitive interventions, while a potentially increased risk 

of infection with multidrug resistant pathogens may further 

increase their risk of death, compared the general population. 

However, we found that short-term mortality is lower in RA 

patients with sepsis, which remained following adjustment 

for confounders for the whole cohort and, notably, among the 

more severely ill subgroups of older patients and those with 

septic shock. The findings of our study contrast those from a 

recent population-based report from the US by Colbert and 

colleagues [12]. In that study, although hospital morality was 

lower among septic patients with RA compared to the general 

population (24.5% vs. 26.5%, respectively), RA was not asso-

ciated with mortality following adjustment for confounders 

(aOR, 0.91; 95% CI, 0.82–1.01]) [12]. However, lack of adjust-

ment for severity of illness in that study [12] may have affected 

their findings. Our findings suggest that, when compared to 

the general population, the higher risk of infection-related 

mortality in patients with RA [10] reflects the increased risk of 

Table 2. Odds ratios for short-term mortality associated with rheumatoid arthritis among sepsis hospitalizations
Model aOR (95% CI) P-value
Multilevel multivariable logistic regression with propensity adjustment 0.910 (0.856–0.967) 0.007
Alternative analysis
 Propensity score-matched sample 0.808 (0.719–0.907) <0.001
 Multivariable logistic regression without propensity adjustment 0.901 (0.849–0.956) <0.001

aOR: adjusted odds ratio; CI: confidence interval.

Variable Rheumatoid arthritis 
(n=7,689)

Non-rheumatoid arthritis 
(n=275,336) P-value

Hospital disposition
 In-hospital death 1,546 (20.1) 63,891 (23.2) <0.001
 Hospice 518 (6.7) 22,520 (8.2) <0.001
 Home 2,986 (38.8) 98,146 (35.6) <0.001
 Another acute care hospital 217 (2.8) 8,678 (3.2) 0.049
Post-acute care facilityc) 2,395 (31.1) 80,018 (29.1) <0.001
Leave against medical advise 27 (0.4) 2,083 (0.8) <0.001

Values are presented as number (%) or mean±standard deviation.
a) Data on sex was missing for 333 (4.3%) hospitalizations with rheumatoid arthritis and for 24,639 (8.9%) hospitalizations without rheumatoid arthritis; the 
percent figures for sex in each column refer to that column's denominator for sex; b) Other sites of infection are genital, blood, endocarditis, central nervous 
system, and bone and joint; c) Post-acute care facilities include long-term acute care hospitals, inpatient rehabilitation, skilled nursing facilities, and nursing 
homes.

Table 1. Continued
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sepsis among the latter, rather than higher case fatality of sep-

tic patients. 

On the other hand, although crude short-term mortality was 

lower among septic RA patients admitted to ICU compared to 

those without RA (30.8% vs. 34.9%), the lack of independent 

association of RA with short-term mortality on adjusted anal-

yses is consistent with two recent ICU-based studies from the 

US [15] and Israel [13]. However, our findings on the subgroup 

of ICU admissions differed from the findings by Krasselt et al. 

[14] from Germany, who found that septic ICU admissions 

with RA (n=49) had nearly two-fold higher rate of septic shock 

than those without RA (65.3% vs. 29.4%), with nearly three 

times higher hospital mortality that those without RA (42.9% 

vs. 15.7%, respectively), and over 32 times higher odds of death 

among those with RA on adjusted analyses. The difference be-

tween the later study and our findings may reflect a single-cen-

ter design, small number of patients with RA, difference in 

case mix, and ICU triage and care processes. 

The factors contributing to the absence of independent as-

sociation of RA with short-term mortality among ICU admis-

sions with sepsis are unclear and our administrative dataset 

does not include information to directly examine the poten-

tial causes. Several possibilities for this observation may be 

considered. First, the timing of ICU admission and thus pre-

ICU care may have differed between sepsis hospitalizations 

with and without RA, possibly leading to elimination of their 

differences of adjusted short-term outcomes. Second, a re-

cent multicenter study by Anesi et al. [38], using instrumental 

variable-based analysis, showed that among septic patients 

presenting to the emergency department with high acuity but 

no need for organ support interventions, initial admission to 

ICU rather than to ward was associated with increased risk 

of hospital mortality on adjusted analyses. The investigators 

hypothesized that initial triage to ICU rather than to ward in 

these septic patients may have exposed the former to greater 

use of harmful intervention (e.g., excess intravenous fluid re-

suscitation), higher frequency of complications, or different 

end-of-life care processes [38]. While not directly reflecting our 

cohort, we speculate that these types of ICU-level exposures of 

septic patients with and without RA may have had greater ad-

verse effect on the former and have eliminated their differenc-

es of adjusted short-term outcomes. Last, although we have 

performed an extensive adjustment for confounders among 

ICU admissions with and without RA, there may have been 

residual differences in patient characteristics between these 

groups that could not be captured in our dataset and may have 

contributed to the observed lack of association RA with short-

term mortality among ICU admissions with sepsis. Additional 

investigations using more granular data are warranted to 

explore potential mechanisms for the observed prognostic as-

sociations of septic patients with RA receiving ICU care. In the 

interim, our findings show that care escalation to ICU among 

septic patients with RA does not indicate worse short-term 

outcome compared to those in the general population. This 

finding can inform clinicians’ decision-making and early dis-

cussions with patients and their surrogates about goals of care.  

The mechanisms underlying the lower risk of short-term 

mortality associated with RA among septic patients are un-

clear. Dysregulated immune response to infection, including 

imbalance of pro- and anti-inflammatory cytokines [39] is con-

sidered a key driver of sepsis manifestations [40], and the ab-

errant cytokine signatures among patients with autoimmune 

diseases, including RA, include some of those involved in the 

pathophysiology of sepsis [41,42]. It has been hypothesized 

that baseline cytokine imbalance in patients with autoimmune 

disease can affect their response to infection and subsequent 

sepsis [15].  

Several recent studies have shown that the risk of death in 

sepsis may be lower in patients with autoimmune diseases, but 

the findings were inconsistent. In a population-based study 

of inflammatory bowel disease, Crohn disease was associated 

with lower risk-adjusted in-hospital mortality among septic 

patients (aOR, 0.78; 95% CI, 0.63–0.97), while ulcerative colitis 

was associated with increased risk of death [12]. In the recent 

single-center study by Sheth et al. [15], noted earlier, autoim-

mune diseases were associated as a group with lower risk-ad-

justed 30-day mortality (aOR, 0.73; 95% CI, 0.57–0.93), though 

the favorable prognostic association was generally not statisti-

cally significant for individual diseases. However, when analy-

ses in that study were stratified by levels of cytokine expression 

of individual autoimmune diseases, those with overexpression 

of interleukin (IL)-12 and interferon-gamma (IFN-γ) were 

associated, as a group, with lower risk of death, with similar 

trends among those diseases with underexpression of IL-4 and 

IL-10 [15]. Similar pattern of cytokine expression was report-

ed in patients with RA, with both IL-12 [43] and IFN-γ [43,44] 

being overexpressed, while IL-4 and IL-10 are underexpressed 

[42-44]. The “protective” prognostic implications of immune 

dysregulation pre-sepsis are supported by reports of sepsis-re-

lated impairment of IL-12 [45] and IFN-γ [46] production, 

with preclinical studies showing that therapies that increase 

the expression of both can improve sepsis survival [47]. In ad-
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dition, the immunosuppressive effect of sepsis is enhanced by 

increased expression of IL-4 and IL-10 [46], both of which were 

shown to reduce expression of pro-inflammatory cytokines. 

It has been postulated that chronic overexpression of select 

cytokines may improve sepsis survival of affected patients due 

to their better ability to overcome the immune dysfunction on 

sepsis [15]. If correct, this hypothesis may explain the findings 

of the present study. 

However, notwithstanding the compelling findings reported 

by Sheth et al. [15] and the cytokine profiles reported in pa-

tients with RA, there have not been, to our knowledge, studies 

directly comparing the immune responses of septic patients 

with and without RA to date. Thus, additional investigations 

are warranted to confirm our observations and to compare 

specific sepsis-related domains of immune response in pa-

tients with and without RA, in order to guide future efforts to 

improve survival in sepsis. Recent reports characterizing sepsis 

endotypes through mechanistic signatures of gene expression 

of immune effectors to predict sepsis severity [48] may inform 

such studies. 

Strengths and Limitations 
Our study has relevant strengths and limitations. In terms of 

strengths, the present study evaluates a relatively little-exam-

ined and important research question. We used a high-quality, 

all- payer data set of consecutive hospitalizations, thus allow-

ing transcending variation in practice patterns and case mix. 

We adhered closely to reporting guidelines and used statistical 

methods to limit confounding and enhance trustworthiness in 

measures of association. 

However, our study has several important limitations. First, 

data were analyzed retrospectively and we used an admin-

istrative data set. Second, sepsis was identified by using ICD 

codes, similar to other epidemiological studies using admin-

istrative data [22], and not from clinical records, an inherent 

limitation of administrative data. Third, although the ICD 

codes for RA in the present report were used in prior epidemi-

ological studies [23,24], misclassification may have occurred 

between groups. However, misclassifying RA hospitalizations 

would have likely reduced differences in outcomes between 

sepsis hospitalizations with and without RA. Such blurring of 

outcome differences would have resulted in possible under-

estimation of the magnitude of the better outcomes observed 

among the former. Fourth, the TIPUDF data does not provide 

information on the duration of RA, its activity level, or details 

on immunomodulating therapy. In addition, data on the pro-

cesses of care (e.g., adherence to sepsis bundles, timeliness of 

therapeutic interventions, hospital admission, and admission 

to ICU) is not included in the TIPUDF data set and it is possi-

ble that these have been different in septic patients with and 

without RA. Thus, residual confounding in our models cannot 

be excluded. However, as outlined earlier, septic patients with 

RA may face greater delays in recognition of sepsis and use of 

time-sensitive interventions, as well as timely triage, compared 

to those without RA, which would have led to worse outcomes 

among RA patients with sepsis. Finally, it is unclear whether 

our findings can be generalized to other regions and countries. 

In conclusion, RA was associated with lower short-term 

mortality among septic patients. This “protective” prognostic 

association was consistent across alternative modeling ap-

proaches, and among the subsets of older patients and those 

with septic shock, but not among septic patients admitted to 

ICU. Future studies are needed to determine the mechanisms 

underlying these observations, in order to inform efforts to im-

prove sepsis outcomes. 
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INTRODUCTION 

Legionella species (spp.) are small Gram-negative bacilli usually found in natural aqueous 

environments [1,2]. The bacteria can cause respiratory infection in humans and are an im-

portant causative organism of pneumonia [3,4]. Legionella pneumonia (LP) accounts for 

2.4%–12.5% of community-acquired pneumonia (CAP) cases [5,6]. In the last decade, the 

incidence of LP has rapidly increased worldwide [7-9]. The number of cases reported to the 

Korea Centers for Disease Control and Prevention was 6 in 2006 in contrast to 501 in 2019 

Background: Legionella species are important causative organisms of severe pneumonia. However, 
data are limited on predictors of progression to severe Legionella pneumonia (LP). Therefore, the 
risk factors for LP progression from non-severe to the severe form were investigated in the present 
study. 
Methods: This was a retrospective cohort study that included adult LP patients admitted to a 
2,700-bed referral center between January 2005 and December 2019. 
Results: A total of 155 patients were identified during the study period; 58 patients (37.4%) ini-
tially presented with severe pneumonia and 97 (62.6%) patients with non-severe pneumonia. 
Among the 97 patients, 28 (28.9%) developed severe pneumonia during hospitalization and 69 
patients (71.1%) recovered without progression to severe pneumonia. Multivariate logistic regres-
sion analysis showed platelet count ≤150,000/mm3 (odds ratio [OR], 2.923; 95% confidence inter-
val [CI], 1.100–8.105; P=0.034) and delayed antibiotic treatment >1 day (OR, 3.092; 95% CI, 
1.167–8.727; P=0.026) were significant independent factors associated with progression to severe 
pneumonia. 
Conclusions: A low platelet count and delayed antibiotic treatment were significantly associated 
with the progression of non-severe LP to severe LP. 
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[10]. The reasons for such a sharp increase include widespread 

nucleic acid amplification, urinary antigen testing, and the 

introduction of mandatory reporting systems for the disease in 

several countries [11-13]. Furthermore, an aging population, 

infrastructure, and changes in the global climate have been 

suggested as factors contributing to this increase [14]. 

In prior studies, 20.7%–78.6% of LP patients were shown 

to initially have or eventually progress to severe pneumonia 

requiring intensive care unit (ICU) admission [15-18]. Despite 

the growing importance of LP in public health, the issues asso-

ciated with the progression of LP have been addressed in only 

a few studies. Therefore, in the present study, the risk factors 

associated with the progression of non-severe LP to severe LP 

in adults were investigated. 

MATERIALS AND METHODS 

The study protocol was approved by the Institutional Review 

Board of Asan Medical Center (No. 2021-2424). The require-

ment for informed consent was waived due to the retrospec-

tive nature of the analysis. 

Study Population and Data Collection 
Patients whose clinical specimens yielded positive results for 

Legionella spp. between January 2005 and December 2019 

at Asan Medical Center, a 2,700-bed tertiary hospital, were 

screened for this study. Using the clinical microbiology elec-

tronic database of the hospital, 170 LP patients >18 years of 

age were identified, their medical records were reviewed, and 

patients treated in-hospital for LP were selected. Finally, a to-

tal of 155 patients were included in the present study (Figure 

1). Data on demographics, underlying diseases or conditions, 

clinical manifestations, laboratory and radiologic findings, 

pathogens, treatment, and outcomes were retrospectively col-

lected from the electronic records. Survival data were obtained 

from the National Health Insurance records. 

Definitions 
A LP case was defined as a patient with pneumonia whose 

specimens yielded microbiologic evidence of Legionella spp. 

The diagnosis of pneumonia was confirmed if the patient pre-

sented with new or increased cough, sputum, fever or hypo-

thermia, abnormal white blood cell count, or elevated C-reac-

■ Among 155 patients with Legionella pneumonia at pre-
sentation, 58 patients (37.4%) had severe pneumonia and 
97 patients (62.6%) had non-severe pneumonia; 28 of the 
97 patients (28.9%) progressed to severe pneumonia.

■ Platelet count ≤150,000/mm3 and delayed antibiotic treat-
ment >1 day were factors associated with progression to 
severe pneumonia in initially non-severe Legionella pneu-
monia patients.

KEY MESSAGES

Figure 1. Flowchart of study findings.

170 Patients with Legionella pneumonia 
from Jan 2006 to Dec 2019

155 Legionella pneumonia patients included in this study

97 Initially non-severe pneumonia patients 58 Initially severe pneumonia patients

Excluded
15 Patients not admitted

69 Non-severe pneumonia 
patients (71.1%)

28 Progression to severe 
pneumonia patients (28.9%)
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tive protein as well as new pulmonary infiltration on radiologic 

examination. Legionella spp. were detected based on serology 

(type-specific immunofluorescence antibody assay conducted 

at the Seoul Research Institute of Public Health and Environ-

ment), BinaxNOW urinary antigen testing (Abbott Diagnostic 

Medical, Lake Forrest, CA, USA), PCR with the AmpliSens 

Legionella pneumophila-FRT PCR kit (InterLabService Ltd., 

Moscow, Russia), Seeplex PneumoBacter ACE Detection assay 

(Seegene, Seoul, Korea), or culture of respiratory tract speci-

mens using buffered charcoal yeast extract agar (bioMérieux, 

Marcy-l'Étoile, France). 

Severe pneumonia was defined as septic shock with the 

need for vasopressor administration, respiratory failure re-

quiring mechanical ventilation, as defined in the American 

Thoracic Society and Infectious Disease Society of America’s 

guidelines [19], or PaO2/FiO2 (partial pressure of arterial ox-

ygen/fraction of inspired oxygen) ratio <200. The criteria for 

clinical stability were temperature ≤37.8°C, heart rate ≤100 

beats/min, respiratory rate ≤24 breaths/min, systolic blood 

pressure ≥90 mm Hg, arterial oxygen saturation ≥ 90% or pO2 

≥60 mm Hg on room air, ability to maintain oral intake, and 

normal mental status [20]. 

Adequate antibiotic treatment was defined as the use of 

macrolides or fluoroquinolones. Although other classes of 

empirical antibiotics were also frequently administered, they 

were not categorized as “adequate” due to their lack of efficacy 

against LP. The macrolides used in this study were clarithro-

mycin and azithromycin. The fluoroquinolones included 

ciprofloxacin, levofloxacin, and moxifloxacin. Chronic lung 

diseases included chronic obstructive pulmonary disease, 

interstitial lung disease, bronchiectasis, emphysema, asthma, 

and chronic bronchitis.  

Statistical Analysis  
Continuous variables were compared using Student t-test 

or Mann-Whitney test as appropriate. Categorical variables 

were compared using chi-square test or Fisher’s exact test. 

The relationship among risk factors for progression to severe 

pneumonia was evaluated using logistic regression analysis. 

Factors with P<0.1 in univariate analysis were selected for mul-

tivariate analysis. Statistical analysis was performed using R 

version 3.6.0 (R Foundation for Statistical Computing, Vienna, 

Austria). All tests of significance were two-sided, and P<0.05 

was considered statistically significant (two-tailed). 

RESULTS 

Baseline Characteristics 
The baseline characteristics of the 155 included patients are 

presented in Table 1. The mean number of patients per year 

increased from 5.2 per year between 2005 and 2009 to 12.9 

per year between 2010 and 2019. The mean age was 64.9 years 

and 76.1% of patients were male. CAP was the most common 

(45.2%) and 34.8% and 20.0% of patients had healthcare-as-

sociated pneumonia and hospital-acquired pneumonia, 

respectively. A total of 89 patients (57.4%) were immunocom-

promised. The most common symptom was fever (67.1%), 

followed by sputum (63.9%) and cough (62.6%). A total of 22 

patients (14.2%) had altered mental status. At LP diagnosis, 

the median serum sodium concentration was 134.0 mmol/L 

and the median C-reactive protein level was 16.8 mg/dl. The 

median leukocyte and platelet counts were 9,200/mm3 and 

174,000/mm3, respectively. A total of 65 patients had thrombo-

cytopenia (<150,000/mm3). Radiologic examination revealed 

bilateral lung involvement in 58.7% of patients and pleural 

effusion in 16.1% of patients. 

Treatment and Clinical Outcomes of LP 
During hospitalization, most patients (98.7%) were treated 

with macrolides, fluoroquinolones, or both for LP. Fluoro-

quinolone therapy, without macrolide was administered to 

102 patients (65.8%) and macrolide therapy without fluoro-

quinolone was administered to 11 patients (7.1%). A combi-

nation of both was administered to 40 patients (25.8%). At pre-

sentation, 58 patients (37.4%) had severe pneumonia. Among 

the 97 patients without severe pneumonia (62.6%, 97/155), 28 

patients (28.9%, 28/97) progressed to severe pneumonia and 

69 patients (71.1%, 69/97) recovered without deterioration 

(Figure 1). At presentation, leukocyte and platelet counts were 

lower in the progressed group than in the non-progressed 

group; however, other baseline characteristics were compa-

rable (Table 2). Clinical stability was achieved in 60 patients 

and the median time since the presentation of LP was 6 days 

(interquartile range, 4–11 days). The 90-day mortality rates of 

patients with non-severe LP, initially severe LP, and severe LP 

after progression were 17.4% (12/69), 53.4% (31/58), and 75.0% 

(21/28), respectively (P=0.001). 

Risk Factors for Progression to Severe Pneumonia in LP 
Table 3 shows analysis of the risk factors for progression to 
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severe pneumonia for the 97 patients with initially non-se-

vere LA. In univariate analysis, platelet count ≤150,000/mm3 

(odds ratio [OR], 3.30; 95% confidence interval [CI], 1.34–8.43; 

P=0.010) and delayed antibiotic treatment >1 day (OR, 2.75; 

95% CI, 1.11–7.10; P=0.032) were significant factors associated 

with the development of severe pneumonia during hospital-

ization. In addition, immunocompromised state (OR, 2.35; 

95% CI, 0.93–6.38; P=0.078) and bilateral involvement on ra-

diologic examination (OR, 2.13; 95% CI, 0.88–5.35; P=0.098) 

were included for multivariate analysis. Multivariate analysis 

identified platelet count ≤150,000/mm3 (adjusted OR [aOR], 

2.92; 95% CI, 1.10–8.11; P=0.034) and delayed antibiotic treat-

ment >1 day (aOR, 3.09; 95% CI, 1.17–8.73; P=0.026) as inde-

pendent risk factors for severe disease in LP.  

DISCUSSION 

In the present study, approximately one-third of patients 

initially had severe LP at the time of hospital presentation. 

Among the remaining two-thirds of patients with non-severe 

LP, one-quarter progressed to severe pneumonia during hos-

pitalization. Risk factors associated with the development of 

severe pneumonia were low platelet count and delayed antibi-

otic treatment. Overall, the death rate was high among patients 

who progressed to severe LP. 

The high percentage of severe pneumonia among patients 

with LP in this study is comparable to the findings in several 

previous studies. In a prospective study conducted in Spain, 

among 30 hospitalized LP patients, 50% had respiratory fail-

ure [15]. The outcomes of 14 LP patients were reported in a 

Canadian study and 78.6% (11/14) required ICU admission 

[16]. However, conflicting results have also been reported. In a 

large prospective French study, 27.4% (30/540) of 540 commu-

nity-acquired LP patients required ICU care [17]. In a study in 

Italy, 20.7% (24/116) of 116 patients retrospectively analyzed 

required ICU admission [18]. These discrepancies may be at-

tributed to differences in the patient population and number 

of participants. The present study was relatively large and per-

formed at a tertiary care hospital. The inclusion of immuno-

compromised patients may have contributed to the relatively 

high rate of severe LP. 

A low platelet count has been associated with the progres-

sion of non-severe LP. In a recent prospective cohort study 

involving 250 hospitalized CAP patients, both ICU admission 

rate and the rate of mechanical ventilation were higher in the 

thrombocytopenia group (<100,000/mm3) [21]. In another 

Table 1. Baseline characteristics of 155 Legionella pneumonia patients 
included in the study
Characteristics Value
Number of patients 155
Age (yr) 64.9±12.9
Male 118 (76.1)
Body mass index (kg/m2) 22.2±3.4
Current smoker 19 (12.3)
Category of pneumonia
 Community-acquired pneumonia 70 (45.2)
 Healthcare-associated pneumonia 54 (34.8)
 Hospital-acquired pneumonia 31 (20.0)
Comorbidity
 Immunocompromised statea) 89 (57.4)
 Diabetes mellitus 39 (25.2)
 Chronic lung disease 30 (19.4)
  Chronic obstructive pulmonary disease 12 (40.0)
  Interstitial lung disease 8 (26.7)
  Bronchiectasis 5 (16.7)
  Emphysema 3 (10.0)
  Chronic bronchitis 1 (3.3)
  Asthma 1 (3.3)
 Chronic kidney disease 26 (16.8)
 Chronic heart disease 18 (11.6)
 Liver cirrhosis 13 (8.4)
Clinical finding
 Fever 104 (67.1)
 Sputum 99 (63.9)
 Cough 97 (62.6)
 Dyspnea 80 (51.6)
 Altered mental status 22 (14.2)
 Chest discomfort 17 (11.0)
 Diarrhea 17 (11.0)
 Headache 5 (6.9)
Laboratory finding
 Leukocytes (/mm3) 9,200 (4,100–13,500)
 Platelets (×103/mm3) 174.0 (91.5–238.5)
 Blood urea nitrogen (mg/dl) 24.0 (17.5–37.5)
 Sodium (mmol/L) 134.0 (130.0–137.0)
 Lactate dehydrogenase (U/L) 362.0 (255.0–481.0)
 C-reactive protein (mg/dl) 16.8 (8.3–27.2)
 PaO2/FiO2 ratio 276.2 (206.7–342.8)
Radiologic finding
 Multilobar involvement 104 (67.1)
 Bilateral involvement 91 (58.7)
 Pleural effusion 25 (16.1)
Pneumonia severity
 CURB-65 score 2 (1–2)

Values are presented as mean±standard deviation, number (%), or median 
(interquartile range).
PaO2: partial pressure of arterial oxygen; FiO2: fraction of inspired oxygen; 
CURB-65: confusion, uremia, blood pressure, age ≥65 years.
a) An immunocompromised state was defined if one of the following criteria 
were met: (1) receiving immunosuppressants daily, including corticosteroids; 
(2) infection with human immunodeficiency virus; (3) receiving solid organ 
or hematopoietic stem cell transplantation; (4) receiving chemotherapy for 
underlying malignancy during the previous 6 months; and (5) presence of 
other underlying immunodeficiency disorders.
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Table 2. Baseline characteristics of Legionella pneumonia patients who progressed or did not progress to severe pneumonia
Characteristics Progressed Non-progressed P-value
Number of patients 28 69 -
Age (yr) 66.0±11.2 63.0±14.2 0.327
Male 24 (85.7) 49 (71.0) 0.207
Body mass index (kg/m2) 23.5±3.4 22.2±3.4 0.098
Current smoker 2 (7.1) 10 (14.5) 0.512
Immunocompromised statea) 20 (71.4) 34 (51.5) 0.119
Chronic lung disease 5 (17.9) 15 (21.7) 0.880
Leukocytes (/mm3) 7,850 (3,150–10,775) 9,800 (6,500–15,100) 0.040
Platelets (×103/mm3) 102 (44.5–180.5) 193 (131–269) <0.001
Protein (mg/dl) 5.9±0.9 6.3±1.0 0.361
Albumin (mg/dl) 2.5±0.6 2.8±0.6 0.203
Sodium (mmol/L) 134.5 (131.8–136.2) 134.0 (130.0–137.0) 0.984
Blood urea nitrogen (mg/dl) 20.5 (18.0–29.0) 22 (22.0–34.0) 0.837
PaO2/FiO2 ratio <300 12 (42.9) 18 (26.1) 0.169
Bilateral involvement 17 (60.7) 29 (42.0) 0.148
Pleural effusion 2 (7.1) 10 (14.5) 0.512
Fluoroquinolone use 24 (85.7) 60 (87.0) >0.999
Macrolide use 10 (35.7) 24 (34.8) >0.999
Both fluoroquinolone and macrolide use 15 (21.7) 8 (28.6) 0.650
CURB-65 score 2 (1–2) 1 (1–2) 0.236

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
PaO2: partial pressure of arterial oxygen; FiO2: fraction of inspired oxygen; CURB-65: confusion, uremia, blood pressure, age ≥65 years.
a) An immunocompromised state was defined if one of the following criteria were met: (1) receiving immunosuppressants daily, including corticosteroids; (2) 
infection with human immunodeficiency virus; (3) receiving solid organ or hematopoietic stem cell transplantation; (4) receiving chemotherapy for underlying 
malignancy during the previous 6 months; and (5) presence of other underlying immunodeficiency disorders.

Table 3. Risk factors for progression to severe pneumonia among 97 patients who were initially presented with non-severe Legionella pneumonia

Risk factor
Univariate analysis Multivariate analysis

OR 95% CI P-value Adjusted OR 95% CI P-value
CURB-65 score 1.311 0.782–8.231 0.308
Body mass index 1.121 0.982–1.296 0.101
Current smoker 0.454 0.067–1.877 0.329
Chronic lung disease 0.783 0.233–2.293 0.669
Immunocompromised state 2.353 0.934–6.377 0.078 2.104 0.767–6.150 0.157
Leukocytes <4,000/mm3 2.250 0.817–6.179 0.115
Platelets ≤150,000/mm3 3.302 1.344–8.427 0.010 2.923 1.100–8.105 0.034
PaO2/FiO2 ratio ≤300 2.125 0.839–5.365 0.109
Bilateral involvement on CXR 2.132 0.879–5.345 0.098 2.081 0.785–5.776 0.147
Delayed antibiotic treatment >1 day 2.746 1.109–7.103 0.032 3.092 1.167–8.727 0.026
Fluoroquinolone use 0.900 0.265–3.574 0.871
Macrolide use 1.042 0.406–2.583 0.931
Both fluoroquinolone and macrolide use 1.440 0.512–3.864 0.475

OR: odds ratio; CI: confidence interval; CURB-65: confusion, uremia, blood pressure, age ≥65 years; PaO2: partial pressure of oxygen; FiO2: fraction of inspired 
oxygen; CXR: chest X-ray.

retrospective cohort study involving 500 hospitalized patients 

with CAP, thrombocytopenia was significantly associated 

with death [22]. The present study results are in agreement 

with these studies, indicating a low platelet count might be 
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predictive of non-severe LP progressing to severe LP. Platelets 

play various roles in the immune response; they can recog-

nize pathogenic bacteria or toxins, induce the acute phase 

response, and promote the innate immune cell response [23]. 

Recently, streptococcal M1 protein was shown to activate 

platelets, resulting in the acquisition of C1q on the surface of 

the platelets and increase apoptosis and phagocytosis [24]. A 

similar mechanism for enhancing complement activity may 

be present in Legionella spp. The L. pneumophila lipopolysac-

charide activates the classical complement pathway [25]. In a 

study of samples from infected patients, an activation of plate-

lets and thrombocytopenia was observed [26]. In addition, L. 

pneumophila is an intracellular organism that utilizes comple-

ment receptors for entry into monocytes for replication [27]. A 

decreased platelet count may indirectly indicate susceptibility 

to Legionella infection. 

In the present study, delayed antibiotic treatment >1 day 

was a risk factor for progression to severe pneumonia, which 

is consistent with a recent Italian study [10]. The investiga-

tors showed macrolide/levofloxacin administration within 

24 hours of admission was associated with fewer transfers to 

the ICU (OR, 0.20; 95% CI, 0.05–0.73). In a Taiwanese study, 

the ICU admission rate was also reportedly higher in patients 

who received delayed treatment compared with subjects who 

received timely antibiotic treatment (68.7% vs. 31.2%) [28]. The 

importance of administering antibiotics in a timely manner 

has also been demonstrated for all-cause pneumonia [29]. Our 

finding reemphasizes the importance of adequate early thera-

py for non-severe LP as well as severe LP. 

The present study had several limitations. First, this was a 

retrospective study performed at a single referral center. Ap-

proximately half the patients were immunocompromised. Due 

to the possibility of selection bias of the study population, the 

results may not be generalizable to other patient populations. 

Second, patients who were not hospitalized were excluded 

from the analysis which may have been a source of bias. How-

ever, the number of excluded patients was relatively small. 

In conclusion, severe pneumonia frequently occurs among 

patients with LP and the mortality rate is high. The risk of pro-

gression to severe pneumonia is higher among patients with 

subnormal platelet counts and delayed antibiotic treatment >1 

day. Thus, that early administration of antibiotics against Le-

gionella spp. may be beneficial for LP patients, especially those 

with low platelet counts.  
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Background: Studies on the effects of viral coinfection on bacterial pneumonia are still scarce in 
South Korea. This study investigates the frequency and seasonal distribution of virus infection and 
its impact on the prognosis in patients with community-acquired pneumonia (CAP). 
Methods: The medical records of CAP patients with definite etiology, such as viruses and bacteria, 
were retrospectively reviewed. Their epidemiologic and clinical characteristics, microbiologic test 
results, the severity of illness, and 30-day mortality were analyzed. 
Results: Among 150 study subjects, 68 patients (45.3%) had viral infection alone, 47 (31.3%) had 
bacterial infection alone, and 35 (23.3%) had viral-bacterial coinfection, respectively. Among 103 
patients with viral infections, Influenza A virus (44%) was the most common virus, followed by 
rhinovirus (19%), influenza B (13%), and adenovirus (6%). The confusion-urea-respiratory rate-
blood pressure-age of 65 (CURB-65) score of the viral-bacterial coinfection was higher than that 
of the viral infection (median [interquartile range]: 2.0 [1.0–4.0] vs. 2.0 [0.3–3.0], P=0.029). The 
30-day mortality of the viral infection alone group (2.9%) was significantly lower than that of 
bacterial infection alone (19.1%) and viral-bacterial coinfection (25.7%) groups (Bonferroni-cor-
rected P<0.05). Viral-bacterial coinfection was the stronger predictor of 30-day mortality in CAP 
(odds ratio [OR], 18.9; 95% confidence interval [CI], 3.0–118.3; P=0.002) than bacterial infection 
alone (OR, 6.3; 95% CI, 1.1–36.4; P=0.041), compared to viral infection alone on the multivariate 
analysis. 
Conclusions: The etiology of viral infection in CAP is different according to regional characteris-
tics. Viral-bacterial coinfection showed a worse prognosis than bacterial infection alone in patients 
with CAP. 
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INTRODUCTION 

Pneumonia is an infectious disease that affects lung parenchyma, resulting in the hosts' 

inflammatory reaction to microorganisms, and it ranks the first among the causes of death 

in patients with infectious diseases over 65, with 12%–40% mortality rates based on wheth-
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er they admit the intensive care unit (ICU) [1]. According to 

statistics on the cause of death in Korea, even if deaths from 

pneumonia were only 9.4 per 100,000 population in 2007, 

they increased to 45.4 per 100,000 population in 2018, and 

pneumonia was the third most common cause of death in that 

report [2,3]. 

Community-acquired pneumonia (CAP) is typically caused 

by bacteria, such as Streptococcus pneumoniae, Hemophilus 

influenzae, Staphylococcus aureus, and Gram-negative bacilli. 

However, with the development of molecular biological diag-

nostic technology, multiplex reverse transcriptase polymerase 

chain reaction (RT-PCR) tests for virus detection have been 

increasingly used at treatment sites, and respiratory viruses 

have been reported in 20%–40% of CAP cases [4]. Respiratory 

viruses can be causes of pneumonia by themselves, or they 

can be a leading factor for progressing to bacterial pneumonia 

or coinfection with bacteria [5]. Although a study reported 

that pneumonia caused by viral-bacterial coinfection was 

associated with a robust inflammatory response and severer 

clinical course than those caused by either viral or bacterial 

infection [6], the knowledge of the impact of viral-bacterial 

coinfections on treatment outcomes in CAP is still scarce. This 

study attempted to evaluate the frequency of viral infection in 

CAP, monthly and seasonal epidemiology of respiratory virus 

infections, and the impact of viral-bacterial coinfection on 

treatment outcomes in CAP patients. 

MATERIALS AND METHODS 

This study protocol was approved by the Institutional Review 

Board of Dankook University Hospital (No. 2020-09-026). The 

requirement to obtain informed consent was waived because 

of the retrospective nature of the study design. 

Data Collection 
This study was conducted retrospectively in adult patients 

aged 19 years or older admitted to Dankook University Hos-

pital, a tertiary teaching hospital in the central province of 

South Korea, from January 1, 2016, to December 31, 2018, to 

treat CAP as the primary disease. We included patients with 

pneumonia confirmed by chest X-ray or chest computed 

tomography (CT) and microbial tests performed within 72 

hours after hospitalization for respiratory secretion, including 

sputum, bronchial aspirates, and bronchoalveolar lavage for 

both respiratory virus RT-PCR and bacterial cultures. Patients 

were excluded if hospitalized within 28 days for immunocom-

petent patients and within 90 days for immunocompromised 

patients. Immunocompromised patients were defined as 

those who received a solid organ or hematopoietic stem cell 

transplantation, ongoing chemotherapy, and steroid (predni-

sone equivalent to ≥20 mg/day) or other immunosuppressive 

treatment for more than 28 days. In addition, patients with 

risk factors for non-community acquired respiratory patho-

gens, such as those with a tracheostomy or a percutaneous 

endoscopic gastrostomy tube, those transferred from long-

term care facilities, those transferred from other hospitals after 

more than 5 days of hospitalization for current treatments, and 

patients whose treatment outcomes were not defined, such as 

those transferred out to other hospitals without improvement 

were also excluded. 

Medical records and radiographs of the study population 

were reviewed. To compare clinical characteristics of subjects, 

age, sex, smoking history, comorbidities including diabetes, 

chronic heart disease, chronic liver disease, chronic respirato-

ry disease, and chronic kidney disease, the confusion-urea-re-

spiratory rate-blood pressure-age of 65 (CURB-65) score and 

its components to evaluate the initial severity of pneumonia 

before hospitalization, blood test results representing infection 

states, such as complete blood cell count, neutrophil percent-

ages (%) of white blood cell (WBC) differential counts, C-re-

active protein (CRP) and procalcitonin, the Sequential Organ 

Failure Assessment (SOFA) score and its components, the re-

sults of respiratory virus RT-PCR and bacterial cultures includ-

ing respiratory secretion, blood, and pleural effusion, Myco-

plasma immunoglobulin M (IgM) antibodies, S. pneumoniae 

urinary antigens, Legionella urinary antigens, the frequency of 

ICU admission and the length of ICU stay, the total length of 

hospitalization, and treatment outcomes, including discharge 

after recovery, death during hospitalization, and 30-day mor-

■ The most frequently detected viruses were influenza A vi-
rus (44%), followed by rhinovirus (19%), influenza B (13%), 
and adenovirus (6%) in community-acquired pneumonia 
(CAP) patients.

■ Viral-bacterial coinfection was significantly more frequent 
in elderly patients over 65 than both viral alone and bacte-
rial alone infection.

■ Compared with viral alone infection, viral-bacterial coin-
fection was the stronger predictor of 30-day mortality in 
CAP than bacterial alone infection.

KEY MESSAGES
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tality were analyzed. Chest X-rays and CTs were investigated to 

define the radiographic severity of pneumonia. A simple chest 

X-ray divided the left and right lungs into the upper and lower 

parts. The number of areas with pneumonic consolidation on 

an initial chest X-ray, the presence of bilateral pneumonia, and 

parapneumonic pleural effusion were evaluated.  

Statistical Analysis 
All results are presented as numbers with percentages for 

categorical variables and medians with interquartile ranges 

for continuous variables. The Mann-Whitney U-test or Krus-

kal-Wallis test was used to compare continuous variables, and 

the chi-square test or Fisher’s exact test was used to compare 

categorical variables. Bonferroni correction was additionally 

performed if comparisons were multiple. Univariate and mul-

tivariate binary logistic regression analyses using the backward 

elimination procedure were done to evaluate predictors for 30-

day mortality. Variables included in multivariate analysis were 

selected from univariate analyses presenting solid statistical 

significance or clinically essential variables. IBM SPSS version 

28.0 (IBM Corp., Armonk, NY, USA), was used for all analyses, 

and P-value <0.05 indicated statistical significance. 

RESULTS 

General Characteristics of Subjects 
A total of 267 patients conducted both respiratory virus RT-

PCR and microbial tests for respiratory secretion during the 

study period. Among them, 150 patients with known causative 

microorganisms of pneumonia and definite treatment out-

comes were analyzed (Table 1). They were classified into viral 

infection alone (group A), bacterial infection alone (group B), 

and viral-bacterial coinfection (group C) groups (Figure 1). 

The median age of all patients was 73.0 years (60.0–81.3) and 

62.7% were male. Twenty-five patients (16.7%) were current 

smokers. Chronic lung disease was the most common comor-

bidity (27.3%), followed by diabetes (20.7%), chronic heart dis-

ease (14.7%), chronic kidney disease (5.3%), and chronic liver 

disease (0.7%). There were no statistical differences among 

groups for age, sex, smoking history, and comorbidities (P>0.05 

for all). 

The median CURB-65 score was 2.0 (1.0–3.0) points in to-

tal, and group C had statistically higher CURB-65 scores than 

group A (2.0 [1.0–4.0] vs. 2.0 [0.3–3.0], P=0.029). Analyses of 

each component of the CURB-65 score showed a higher fre-

quency of age over 65 years in group C (85.7%) than in group 

A (57.4%) and B (59.6%) (Bonferroni-corrected P<0.05). While 

the percentage of neutrophil, hemoglobin, CRP, and procal-

citonin levels were not different among groups, the median 

WBC count was significantly higher in group C than in group 

A (10,860 [8,580–17,710] vs. 8,815 [5,120–13,220], P=0.019). 

The SOFA score was calculated for all patients regardless of 

admission to the ICU. The median SOFA score was 3.0 (1.0–5.0) 

points, and there was no significant difference in the scores 

among groups (group A: 3.0 [1.3–5.0] vs. group B: 3.0 [1.0–8.0] 

vs. group C: 3.0 [1.0–5.0], P=0.909). 

The total number of ICU admission cases was 52 (34.7%), 

and group B and C showed a more frequent tendency of ICU 

admission than group A (group B: 44.7% and group C: 40.0% 

vs. group A: 25.0%, P=0.070). Even if mechanical ventilation 

(MV) was applied for 36 of 52 (69.2%) of the ICU admission 

cases, there was no significant difference among groups (group 

A: 70.6% vs. group B: 71.4% vs. group C: 64.3%, P=0.894). Ad-

ditionally, the length of hospitalization (group A: 8.0 [5.0–11.0] 

vs. group B: 8.0 [4.0–17.0] vs. group C: 9.0 [6.0–18.0], P=0.268), 

the length of ICU stays (4.0 [3.0–7.0] vs. 6.0 [3.5–12.5] vs. 14.0 

[3.0– 22.8], P=0.225), and the duration of MV (2.5 [1.0–8.0] vs. 

4.0 [3.0–12.0] vs. 8.0 [5.0–21.0], P=0.092) were not different 

among groups.  

In the issues of radiographic severities, bilateral pneumonia 

was observed in 80 (53.3%), and the median number of areas 

with consolidation was 2.0 (1.0–3.0). Pleural effusion was ac-

companied in 60 patients (40.0%). There were no significant 

differences among groups for all items examined in radio-

graphs (P>0.05 for all). The number of patients discharged 

from the hospital after improvement was 128 (85.3%). Group 

A patients of 97.1% were discharged from the hospital after 

improvement. However, the percentages of patients who died 

within 30 days of hospitalization in group B and group C were 

significantly higher than in group A (group B: 9 [19.1%] and 

group C: 9 [25.7%] vs. group A: 2 [2.9%], Bonferroni-corrected 

P<0.05). 

Causative Microorganisms of Pneumonia 
The frequency of viruses detected by the respiratory virus 

RT-PCR test was presented in Figure 2. The most frequently 

detected viruses were influenza A virus, accounting for 44% of 

the total, followed by rhinovirus (19%), influenza B (13%), ade-

novirus (6%), metapneumovirus (5%), and parainfluenza virus 

(5%). In the case of coronavirus, NL63 (2%), and OC43 (3%) 

were confirmed. 

The monthly distribution of respiratory viruses detected in 
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at least 5% was presented in Figure 3. Influenza A and B viruses 

increased from December, with the highest frequency in Feb-

ruary, and then decreased, showing a briefly increased detec-

tion in July and August. Rhinovirus had the highest frequency 

during the change of seasons from May to June and from Sep-

tember to October. In the cases of other viruses, the detection 

frequency was very low throughout the year. Overall, viruses 

were rarely detected in the midsummer season, between July 

and August. 

The frequency of bacterial strains defined by bacterial cul-

tures, urinary antigen tests, and IgM antibodies was presented 

in Figure 4. The most frequent bacteria were Klebsiella pneu-

moniae, which was detected in 22 of 150 patients (14.7%). S. 

pneumoniae, previously known as the most common causative 

organism of pneumonia, was detected in 19 patients (12.7%), 

followed by Pseudomonas aeruginosa (5.3%), Mycoplasma 

pneumoniae (5.3%), H. influenzae (4.0%), Escherichia coli 

(3.3%), and methicillin-resistant S. aureus (3.3%). 

Figure 1. Flowchart of patient enrollment. CAP: community–acquired pneumonia; RT–PCR: reverse transcriptase polymerase chain reaction.

Figure 2. The frequency of causative respiratory viruses detected by reverse transcriptase polymerase chain reaction tests. Values are presented as 
the percentage of viruses detected from patients. RSV: respiratory syncytial virus.

267 Patients with CAP conducted both 
respiratory virus RT-PCR and microbial tests

153 Patients with definite etiology

Excluded
3 Patients transferred to other hospitals  

within 30 days

150 Patients with definite etiology and treatment outcomes

68 Patients (45.3%) with 
viral infection alone

47 Patients (31.3%) with 
bacterial infection alone

35 Patients (23.3%) with
viral-bacterial coinfection

Human metapneumovirus (4.9%)

Human parainfluenza virus 1 (4.9%)

Human parainfluenza virus 3 (1.9%)

Human coronavirus NL63 (1.9%)
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Bocavirus (1.0%)RSV-B (1.0%)
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Rhinovirus 
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Table 1. Characteristics of 150 patients with pathogen confirmed community-acquired pneumonia
Characteristics Group A (n=68) Group B (n=47) Group C (n=35) Total (n=150) P-value
Age (yr) 71.0 (50.3–80.8) 70.0 (61.0–79.0) 78.0 (70.0–82.0) 73.0 (60.0–81.3) 0.054
Male 44 (64.7) 32 (68.1) 18 (51.4) 94(62.7) 0.273
Smoking 0.370
 Never smoker or ex-smoker 54 (79.4) 42 (89.4) 29 (82.9) 125 (83.3)
 Current smoker 14 (20.6) 5 (10.6) 6 (17.1) 25 (16.7)
Comorbidity (may be multiple)
 Diabetes 13 (19.1) 9 (19.1) 9 (25.7) 31 (20.7) 0.701
 Chronic heart disease 12 (17.6) 5 (10.6) 5 (14.3) 22 (14.7) 0.578
 Chronic kidney disease 4 (58.8) 3 (6.4) 1 (2.9) 8 (5.3) 0.808
 Chronic liver disease 0 1 (2.1) 0 1 (0.7) 0.547
 Chronic lung disease 18 (26.5) 10 (21.3) 13 (37.1) 41 (27.3) 0.274
CURB-65 scorea) 2.0 (0.3–3.0) 2.0 (1.0–4.0) 2.0 (1.0–4.0) 2.0 (1.0–3.0) 0.029
 Confusion 17 (25.0) 13 (27.7) 11 (31.4) 41 (27.3) 0.785
 Age >65 yrd,e) 39 (57.4) 28 (59.6) 30 (85.7) 97 (64.7) 0.012
 BUN >19 mg/dl 30 (44.1) 30 (63.8) 22 (62.9) 82 (54.7) 0.061
 Respiration rate >30/min 17 (25.0) 18 (38.3) 13 (37.1) 48 (32.0) 0.245
 Systolic pressure <90 mm Hg or diastolic 

pressure <60 mm Hg
20 (29.4) 22 (46.8) 14 (40.0) 56 (37.3) 0.155

Result of laboratory tests
 WBCa) 8,815 (5,120–13,220) 11,025 (7,775–19,050) 10,860 (8,580–17,710) 10,080 (7,210–16,185) 0.019
 Neutrophil (%) 78.9 (69.3–86.9) 82.6 (76.1–90.1) 82.1 (76.1–89.2) 81.1 (73.8–88.5) 0.099
 Hemoglobin 12.6 (11.5–13.5) 11.8 (10.4–13.3) 12.4 (10.9–14.3) 12.4 (10.9–13.7) 0.347
 C-reactive protein 8.8 (3.1–16.5) 11.9 (6.5–17.7) 11.0 (6.3–21.9) 10.7 (5.5–17.9) 0.050
 Procalcitonin 0.3 (0.8–2.7) 1.0 (0.1–9.3) 0.7 (0.2–5.7) 0.4 (0.1–5.3) 0.064
SOFA score 3.0 (1.3–5.0) 3.0 (1.0–8.0) 3.0 (1.0–5.0) 3.0 (1.0–5.0) 0.909
 PaO2/FiO2 ratio 2.0 (1.0–3.0) 2.5 (1.0–4.0) 2.0 (1.0–3.0) 2.0 (1.0–3.0) 0.633
 Platelets 0.0 (0.0–1.0) 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.191
 Mean arterial pressure or vasopressor use 0.0 (0.0–1.0) 0.0 (0.0–1.8) 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.063
 Bilirubin 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.970
 Creatinine or decreased urine output 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.692
ICU admission 17 (25.0) 21 (44.7) 14 (40.0) 52 (34.7) 0.070
 Mechanical ventilation 12 (70.6) 15 (71.4) 9 (64.3) 36 (69.2) 0.894
Radiograph
 Bilateral pneumonia 36 (52.9) 24 (51.1) 20 (57.1) 80 (53.3) 0.858
 Number of areas with consolidationb) 2.0 (1.0–3.0) 2.0 (1.0–3.0) 2.0 (1.0–3.0) 2.0 (1.0–3.0) 0.101
 Pleural effusion 24 (35.3) 21 (44.7) 15 (42.9) 60 (40.0) 0.556
Length of ICU stays (day) 4.0 (3.0–7.0) 6.0 (3.5–12.5) 14.0 (3.0–22.8) 6.0 (3.0–14.8) 0.225
Mechanical ventilation duration (day) 2.5 (1.0–8.0) 4.0 (3.0–12.0) 8.0 (5.0–21.0) 4.0 (2.0–11.8) 0.092
Length of hospital stays (day) 8.0 (5.0–11.0) 8.0 (4.0–17.0) 9.0 (6.0–18.0) 8.0 (5.0–13.0) 0.268
Treatment outcome
 Discharge after recovery 66 (97.1) 36 (76.6) 26 (74.3) 128 (85.3) - 
 Death during hospitalizationc,d) 2 (2.9) 11 (23.4) 9 (25.7) 22 (14.7) 0.001
 30-Day mortalityc,d) 2 (2.9) 9 (19.1) 9 (25.7) 20 (13.3) 0.002

Values are presented as median (interquartile range) or number (%). Group A: viral infection alone; Group B: bacterial infection alone; Group C: viral-bacterial 
coinfection.
CURB-65: confusion-urea-respiratory rate blood pressure-age of 65; BUN: blood urea nitrogen; WBC: white blood cell; SOFA: Sequential Organ Failure 
Assessment; ICU: intensive care unit.
a) Group C>group A; b) The right and left lungs on the chest X-rays were divided into upper and lower parts. One area is defined when pneumonic consolidation 
involves one of four quadrants; c-e) Bonferroni-corrected P<0.05 in c) group A vs. B, d) group A vs. C, e) group B vs. C.
Statistical analyses were performed using chi-square test and Fisher's exact test for categorical variables, and Kruskal-Wallis test for continuous variables.
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Clinical Characteristics Based on 30-Day Mortality 
The difference in clinical characteristics based on 30-day 

mortality was analyzed (Table 2). There were no significant dif-

ferences in age, sex, smoking history, and comorbid diseases 

between the two groups (P>0.05 for all). The median CURB-

65 score was significantly lower in the survivor group than in 

Figure 3. The monthly distribution of the six most common respiratory viruses accounts for more than 5%. Values are presented as the number of 
detected cases.
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Table 2. Clinical characteristics based on 30-day mortality
Characteristics Survivor (n=130) Non-survivor (n=20) P-value
Age (yr) 73.0 (59.8–80.0) 74.5 (62.3–85.8) 0.305
Male 81 (62.3) 13 (65.0) 0.817
Smoking 1.000
 Never smoker or ex-smoker 108 (83.1) 17 (85.0)
 Current smoker 22 (16.9) 3 (15.0)
Comorbidity (may be multiple)
 Diabetes 24 (18.5) 7 (35.0) 0.133
 Chronic heart disease 19 (14.6) 3 (15.0) 1.000
 Chronic kidney disease 8 (6.2) 0 0.598
 Chronic liver disease 1 (0.8) 0 1.000
 Chronic lung disease 35 (26.9) 6 (30.0) 0.774
CURB-65 score 2.0 (1.0–3.0) 4.0 (2.3–4.0) <0.001
 Confusion 31 (23.8) 10 (50.0) 0.015
 Age >65 yr 84 (64.6) 13 (65.0) 0.973
 BUN >19 mg/dl 68 (52.3) 14 (70.0) 0.139
 Respiration rate >30/min 35 (26.9) 13 (65.0) 0.001
 Systolic pressure <90 mm Hg or diastolic pressure <60 mm Hg 39 (30.0) 17 (85.0) <0.001
Result of laboratory tests
 WBC 9,775 (6,593–13,643) 10,280 (4,883–21,840) 0.504
 Neutrophil (%) 79.4 (71.3–87.1) 88.4 (69.6–91.7) 0.053
 Hemoglobin 12.5 (11.2–14.0) 11.7 (10.7–13.2) 0.191
 C-reactive protein 9.9 (5.1–16.9) 11.7 (6.5–23.2) 0.152
 Procalcitonin 0.4 (0.1–3.9) 2.7 (0.2–23.4) 0.049
SOFA score 3.0 (1.0–5.0) 8.0 (4.0–11.0) <0.001
 PaO2/FiO2 ratio 2.0 (1.0–3.0) 3.0 (4.0–5.5) <0.001
 Platelets 0.0 (0.0–0.0) 0.5 (0.0–1.0) 0.208
 Mean arterial pressure or vasopressor use 0.0 (0.0–1.0) 4.0 (0.0–4.0) <0.001
 Bilirubin 0.0 (0.0–0.0) 0.0 (0.0–0.8) 0.064
 Creatinine or decreased urine output 0.0 (0.0–0.0) 0.0 (0.0–1.8) 0.049
ICU admission 35 (26.9) 17 (85.0) <0.001
Mechanical ventilation use 21/35 (60.0) 15/17 (88.2) 0.039
Extent of pneumonic infiltration
 Bilateral pneumonia 65 (50.0) 15 (75.0) 0.037
 Number of areas with consolidationa) 2.0 (1.0–3.0) 2.0 (2.0–3.0) 0.054
 Pleural effusion 48 (36.9) 12 (60.0) 0.050
Length of ICU stays (day) 5.0 (3.0–14.0) 7.0 (3.0–17.5) 0.652
Mechanical ventilation duration (day) 4.0 (1.5–14.5) 7.0 (3.0–9.0) 0.821
Length of hospital stays (day) 8.0 (5.0–12.3) 7.5 (3.0–21.3) 0.830
Type of infectionb,c) 0.002
 Group A (n=68) 66 (97.1) 2 (2.9)
 Group B (n=47) 38 (80.9) 9 (19.1)
 Group C (n=35) 26 (74.3) 9 (25.7)

Values are presented as median (interquartile range) or number (%). Group A: viral infection alone; Group B: bacterial infection alone; Group C: viral-bacterial 
coinfection.
CURB-65: confusion-urea-respiratory rate blood pressure-age of 65; BUN: blood urea nitrogen; WBC: white blood cell; SOFA: Sequential Organ Failure 
Assessment; ICU: intensive care unit.
a) The right and left lungs on the chest X-rays were divided into upper and lower parts. One area is defined when pneumonic consolidation involves one of four 
quadrants; b, c) Bonferroni-corrected P<0.05 in b) group A vs. B, c) group A vs. C.  
Statistical analyses were performed using chi-square test and Fisher's exact test for categorical variables, and Mann-Whitney U-test for continuous variables.



557https://www.accjournal.orgAcute and Critical Care 2022 Novemebr 37(4):550-560

Kim KJ and Kim DH Viral coinfection in community-acquired pneumonia

the non-survivor group (2.0 [1.0–3.0] vs. 4.0 [2.3–4.0], P<0.001). 

Among the components of the CURB-65 score, the frequencies 

of patients with confusion (23.8% vs. 50.0%), high respiration 

rates (26.9% vs. 65.0%) and hypotension (30.0% vs. 85.0%) 

were significantly lower in the survivor group (P<0.05 for all). 

Among the laboratory test variables, the median procalcitonin 

value was significantly lower in the survivor group (0.4 [0.1–3.9] 

vs. 2.7 [0.2–23.4], P=0.049). 

The median SOFA score was also lower in the survivor group 

than in the non-survivor group (3.0 [1.0–5.0] vs. 8.0 [4.0–11.0], 

P<0.001). Among the components of the SOFA score, the 

scores of the PaO2/FiO2 ratio (2.0 [1.0–3.0] vs. 3.0 [4.0–5.5], 

P<0.001), mean arterial pressure or vasopressor use (0.0 

[0.0–1.0] vs. 4.0 [0.0–4.0], P<0.001) and creatinine or decreased 

urine output (0.0 [0.0–0.0] vs. 0.0 [0.0–1.8], P=0.049) were sig-

nificantly lower in the survivor group than in the non-survi-

vor group. In addition, the cases of ICU admission (26.9% vs. 

85.0%, P<0.001), MV treatment (60.0% vs. 88.2%, P=0.039), and 

with bilateral pneumonia (50.0% vs. 75.0%, 0.037) were more 

common in the non-survivor group. Comparing the differenc-

es in prognosis according to the types of infection, while only 

2.9% of group A patients died from CAP during hospitaliza-

tion, 19.1% in group B and 25.7% in group C died, respectively. 

(Bonferroni-corrected P<0.005 for each).  

Predictors for Poor Prognosis in Patients with CAP  
Univariate and multivariate binary logistic regression analyses 

were performed to evaluate predictors for 30-day mortality 

(Table 3). In the univariate analysis, the CURB-65 score had an 

odds ratio (OR) of 2.1 (95% confidence interval [CI], 1.4–3.2; 

P<0.001). Procalcitonin was weaker but showed a statistically 

significant OR of 1.0 (95% CI, 1.0–1.1; P=0.015). In the case of 

the SOFA score, OR was 1.5 (95% CI, 1.2–1.7; P<0.001). Accord-

ing to the types of infection, group C and B were stronger pre-

dictors associated with 30-day mortality compared to group 

A, with OR of 11.4 (95% CI, 2.3–56.5; P=0.003) and OR of 7.8 

(95% CI, 1.6–38.1; P=0.011), respectively. Among all variables, 

admission to the ICU and MV treatment were the most potent 

predictors affecting 30-day mortality with, OR of 15.4 (95% CI, 

4.3–55.7; P<0.001), and OR of 15.6 (95% CI, 5.1–47.5; P<0.001), 

respectively. 

Among the factors obtained from the univariate analysis, 

age, male sex, CURB-65, SOFA scores, MV treatment, bilateral 

pneumonia, and infection types were selected for multivariate 

analysis. Eventually, compared to group A, group C (OR, 18.9; 

95% CI, 3.0–118.3; P=0.002) and B (OR, 6.3; 95% CI, 1.1–36.4; 

P=0.041) were independently associated with worse 30-day 

mortality in CAP. MV use (OR, 5.5; 95% CI, 1.2–24.9; P=0.027) 

and the higher SOFA score (OR, 1.3; 95% CI, 1.1–1.6; P=0.013) 

were also associated with poor outcomes. 

Table 3. Predictors of 30-day mortality on community-acquired pneumonia

Variable 30-Day mortality (n=20)
Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value
Age (yr) 74.5 (62.3–85.8) 1.0 (1.0–1.0) 0.552
Male 13 (65.0) 1.1 (0.4–3.0) 0.817
CURB-65 core 4.0 (2.3–4.0) 2.1 (1.4–3.2) <0.001
C-reactive protein 11.0 (5.8–24.0) 1.0 (1.0–1.1) 0.131
Procalcitonin 2.7 (0.3–23.4) 1.0 (1.00–1.1) 0.015
SOFA score 8.0 (4.0–11.0) 1.5 (1.2–1.7) <0.001 1.3 (1.1–1.6) 0.013
ICU admission 17 (85.0) 15.4 (4.3–55.7) <0.001
MV uses in ICU 15 (48.6) 15.6 (5.1–47.5) <0.001 5.5 (1.2–24.9) 0.027
Bilateral pneumonia 15 (75.0) 3.0 (1.0–8.7) 0.044
No. of areas with consolidationa) 2 (2–3) 1.5 (0.9–2.3) 0.101
Type of infection  (vs. group A)
 Group B 9 (45.0) 7.8 (1.6–38.1) 0.011 6.3 (1.1–36.4) 0.041
 Group C 9 (45.0) 11.4 (2.3–56.5) 0.003 18.9 (3.0–118.3) 0.002

Values are presented as median (interquartile range) or number (%) unless otherwise indicated.  Group A: viral infection alone; Group B: bacterial infection alone; 
Group C: viral-bacterial coinfection.
OR: odds ratio; CI: confidence interval; CURB-65: confusion-urea-respiratory rate blood pressure-age of 65; SOFA: Sequential Organ Failure Assessment; ICU: 
intensive care unit; MV: mechanical ventilation.
a) The right and left lungs on the chest X-rays were divided into upper and lower parts. One area is defined when pneumonic consolidation involves one of four 
quadrants.
Statistical analyses were performed using binary logistic regression analysis.
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DISCUSSION 

This study was conducted on patients hospitalized for CAP 

treatment in a medium-sized city in rural areas. We evaluat-

ed the frequency of viral infection in patients with CAP, the 

monthly distribution of common respiratory viruses, and the 

impact of viral coinfection on CAP treatment outcomes. In this 

study, influenza A and B viruses and rhinovirus were the most 

common viruses associated with CAP. Elderly patients over 

65 years had more frequent viral-bacterial coinfection than 

younger patients. Compared to viral infection alone, viral-bac-

terial coinfection was a stronger predictor for 30-day mortality 

than bacterial infection alone in CAP treatment. 

Viral pneumonia was rarely investigated in sparsely pop-

ulated local cities and rural areas in South Korea. Because 

most respiratory virus infections are transmitted through hu-

man-to-human contact transmission under densely populat-

ed environment, we hypothesized there might be differences 

in the epidemiological and clinical presentation of respiratory 

virus infections between major cities and more remote areas. 

This study provides epidemiological information on virus in-

fection in the rural community compared to existing studies 

on metropolitans. Among 267 CAP patients who conducted 

both respiratory virus RT-PCR and microbial tests for respira-

tory secretion during the study period, 103 (39%) were defined 

to have viral infections and was higher than the total number 

of patients with the bacterial infection including those with 

virus coinfection (n=82, 31%). This result shows that viral 

infection in CAP would be more frequent than expected. A 

survey of 456 patients with CAP in Korea reported that 60 of 

327 (18.3%) were detected with respiratory virus infection [7]. 

In another study of 198 patients with severe CAP admitted to 

the ICU in Seoul, the capital of South Korea, more than one 

respiratory virus was detected in 36.4% of patients [8]. Seoul is 

a megalopolis of about 9.5 million people and is famous for its 

overpopulation. Therefore, it is different from our expectation 

that the virus infection rates in areas where contact transmis-

sion is predicted to be small are higher than in larger cities. 

In this study, influenza A virus accounted for 44% of all 

viruses, followed by rhinovirus (19%), influenza B (13%), ad-

enovirus (6%), coronavirus including NL63 and OC43 (5%), 

metapneumovirus (5%), and parainfluenza virus 1 (5%). Kang 

et al. [7] reported that the influenza virus (38%) was the most 

common, and respiratory syncytial virus (RSV; 15%), rhinovi-

rus (12%), coronavirus (10%), adenovirus (10%), metapneu-

movirus (8%), and parainfluenza virus (5%) were detected in 

order. In the study of the ICU patients with severe CAP, the fre-

quency of virus varied with rhinovirus (23.6%), parainfluenza 

(20.8%), metapneumovirus (18.1%), influenza virus (16.7%), 

RSV (13.9%), coronavirus (5.6%), and adenovirus (1.4%) [8]. In 

addition, a study of 2,488 adults conducted in the United States 

showed national differences in frequent viruses in the order 

of rhinovirus (9%), influenza A and B (6%), metapneumovirus 

(4%), and RSV (3%) [9]. These findings suggest that epidemi-

ological characteristics of CAP’s respiratory virus infection 

would differ depending on the regionality and pneumonia 

severity. 

The most common causative bacteria were K. pneumoni-

ae detected in 14.4% of patients. S. pneumoniae as the most 

common cause of pneumonia was reported in 27%–69% pre-

viously [10,11], but was relatively less frequent (12.7%) in this 

study. Compared to foreign countries, domestic reports have 

a relatively high frequency of identifying K. pneumoniae and 

P. aeruginosa. Most of the studies in Korea were conducted at 

tertiary hospitals, interpreting that many severely ill patients 

were included [12]. In this study, the number of patients ad-

mitted to the ICU was 52 of 150 (34.7%), and severer patients 

were included much more in the study population. Given the 

pattern of bacterial identification, it should be considered to 

use wide-spectrum antibiotics to cover most gram-negative 

bacteria for patients needing inpatient CAP treatment at this 

area. 

In the evaluation of pneumonia severity at the time of hos-

pitalization, the CURB-65 scores of group C were significantly 

higher than that of group A. The higher CURB-65 score in 

group C is due to a significantly higher proportion of elderly 

patients aged over 65 (85.7%) than those in group A (57.4%) 

and B (59.6%). Because other CURB-65 components were not 

different among groups, it seems that the old age ≥ of 65 is a 

more important contributor to the initial severity of CAP in 

this study. Considering the 30-day mortality rate was highest 

in group C (25.7%) than in group A (2.9%) and B (19.1%), and 

group C was the strongest predictor of 30-day mortality in a 

multivariate analysis than group B, old age may be a leading 

factor for viral-bacterial coinfection and determining the se-

verity of CAP, and the combination of old age and viral coin-

fection is thought to make CAP patients’ prognosis worse. 

Several studies have shown why the elderly population is 

vulnerable to virus infection. Impairment of Toll-like receptor 

function in alveolar macrophages is associated with severe 

lung damage, and difficulties in transitions between pro-in-

flammatory and anti-inflammatory states and prolonged 
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active macrophages are suggested as the causative mecha-

nisms of severe lung injury [13-15]. In addition, atrophy of the 

thymus with aging, resulting in a decrease in the production of 

naive T cells, accumulation or exhaustion of memory B cells, 

exhaustion of cytotoxic T and helper T cells, and impaired T 

cell receptor expansion have also been suggested as causes 

of increased vulnerability and progression to severe diseases 

[16-18]. Given these past reports, the increasing tendency of 

virus-bacterial coinfections in elderly patients and their worse 

outcomes might be partly due to inadequate virus clearance 

and an increased tendency to secondary bacterial infection. 

The limitation of this study are as follows: firstly, because of 

the small sample size, our study has a limit on generalizing the 

results. We had to analyze CAP patients with definite etiology, 

including bacteria and viruses, and thus 114 patients initially 

enrolled were excluded. In addition, the sample size became 

much smaller after 150 patients were categorized into three 

groups. For this reason, well-validated prognostic factors for 

pneumonia, such as age, sex, and CURB-65 score, were not 

significant predictors in the multivariate analysis. Therefore, 

further study on a larger scale should be needed to validate our 

results. Secondly, most respiratory virus RT-PCR tests and bac-

terial cultures were performed on sputum samples, resulting 

in low sensitivity, specificity, and accuracy to reflect lower air-

way infections. Thus, specimens should be obtained by bron-

choscopic sampling to reflect true viral pathogens. Thirdly, 

because this study did not investigate antibiotic-resistant pat-

terns and appropriate antibiotic use, the effects of appropriate 

antibiotic use on the prognosis were not evaluated. Lastly, the 

mechanism of the increase in viral and bacterial coinfection 

with aging was not revealed because blood tests for various 

cytokines and interferons were not evaluated due to the limita-

tion of the retrospective study. However, despite these limita-

tions, this study presented the epidemiologic characteristics of 

viral infection on CAP in the rural province of Korea, showing 

different findings from previous metropolitan-based studies. 

This study also implicates the potential for worse prognosis 

in elderly patients with viral-bacterial coinfected CAP and the 

need for a large-scale prospective study.  
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INTRODUCTION 

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive, and fibrosing interstitial pneu-

monia of unknown cause. The prevalence of IPF was 2–29 cases per 100,000 in the general 

population [1]. IPF has a poor prognosis and limited treatment options. According to the 

American Thoracic Society (ATS) guidelines, antifibrotic drugs such as pirfenidone and nin-

tedanib are recommended to treat IPF; corticosteroids may be helpful during acute exacerba-

tion of IPF [1,2]. Lung transplantation (TPL) is strongly recommended for patients having IPF 

Background: Delayed intubation is associated with poor prognosis in patients with respiratory 
failure. However, the effect of delayed intubation in patients with idiopathic pulmonary fibrosis 
(IPF) remains unknown. This study aimed to analyze whether timing of intubation after high-con-
centration oxygen therapy was associated with worse clinical outcomes in IPF patients. 
Methods: This retrospective propensity score-matched study enrolled adult patients with IPF who 
underwent mechanical ventilation between January 2011 and July 2021. Patients were divided into 
early and delayed intubation groups. Delayed intubation was defined as use of high-concentration 
oxygen therapy for at least 48 hours before tracheal intubation. The primary outcome was inten-
sive care unit (ICU) mortality, and a conditional logistic regression model was used to evaluate the 
association between timing of intubation and clinical outcomes. 
Results: The median duration of high-concentration oxygen therapy before intubation was 0.5 
days in the early intubation group (n=60) and 5.1 days in the delayed intubation group (n=36). The 
ICU mortality rate was 56.7% and 75% in the early and delayed intubation groups, respectively, 
before propensity matching (P=0.075). After matching for demographic and clinical covariates, 33 
matched pairs were selected. In the propensity-matched cohort, delayed intubation significantly 
increased the risk of ICU mortality (adjusted odds ratio, 3.99; 95% confidence interval, 1.02–15.63; 
P=0.046). However, in-hospital mortality did not differ significantly between the groups. 
Conclusions: In patients with IPF, delayed intubation after initiation of high-concentration oxygen 
therapy was significantly associated with increased risk of ICU mortality compared to early intuba-
tion. 
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with a progressively incurable nature. 

Mechanical ventilation is not recommended due to the high 

mortality associated with mechanical ventilation in patients 

with IPF (approximately 80–90%) [3,4]. In a minority of cases, 

however, mechanical ventilation is reasonable [1]. In some 

patients with IPF, invasive mechanical ventilation can be 

implemented as a bridge to lung TPL [5,6]. Recently, with the 

development of critical medical care, the rate of mechanical 

ventilation in patients with IPF has gradually increased. Ac-

cording to a previous study, the number of patients with IPF 

with respiratory failure that required mechanical ventilation 

increased by 61% from 5.9 per 100,000 hospitalizations in 

2013 to 9.5 per 100,000 hospitalizations in 2017 [7]. Although 

the use of mechanical ventilation is increasing in IPF patients, 

there are no precise guidelines for optimizing both patient 

selection and timing of intubation in IPF patients with respi-

ratory failure. 

With the development of oxygen therapy for improving pa-

tient oxygenation, high-flow oxygen therapy, such as through 

the use of a high-flow nasal cannula (HFNC), could reduce the 

need for tracheal intubation [8]. However, use of HFNC in pa-

tients with respiratory failure may delay intubation and worsen 

the clinical outcomes [9]. Delayed intubation showed a poor 

prognosis in a study of patients with acute respiratory distress 

syndrome (ARDS) [10]. However, these studies analyzed pa-

tients with respiratory failure, including those with several 

etiologies. The association between timing of tracheal intuba-

tion and clinical prognosis may differ depending on the cause 

of respiratory failure. Furthermore, few studies on the effect 

of intubation timing on clinical outcomes in patients with IPF 

have been attempted. Therefore, this study aimed to analyze 

the association between timing of intubation and clinical out-

comes in patients with IPF who require invasive mechanical 

ventilation after starting high-concentration oxygen therapy. 

MATERIALS AND METHODS 

Study Design and Population 
Our retrospective observational study included adult patients 

(>19 years) diagnosed with IPF who were admitted to the 

intensive care unit (ICU) and received mechanical ventila-

tion from January 2011 to July 2021. Patients diagnosed with 

IPF according to the ATS guidelines [11] and who received 

high-concentration oxygen therapy before intubation were 

enrolled and followed up until hospital discharge or death. Pa-

tients aged <19 years, admitted to the ICU but not undergoing 

intubation, admitted to the ICU for surgery such as lung TPL, 

transferred after oxygen therapy or tracheal intubation at an-

other hospital, and who underwent tracheal intubation upon 

arrival at the hospital were excluded from the study. The Insti-

tutional Review Board of Seoul National University Hospital 

waived the requirement for written informed consent due to 

the retrospective nature of the study and approved this study 

(No. IRB-H-2106-185-1230).

Definitions and Data Collection 
High-concentration oxygen therapy was defined as delivery 

of a greater than 40% fraction of inspired oxygen (FiO2) or 5 

L/min or more via a nasal prong. When oxygen is delivered 

through a nasal prong, FiO2 increases by approximately 4% for 

every additional liter of oxygen administered per minute [12]. 

According to a previous study on HFNC [9], early intubation 

was defined as tracheal intubation within 48 hours of initiating 

high-concentration oxygen therapy, and delayed intubation 

was defined as tracheal intubation 48 hours after initiation of 

high-concentration oxygen therapy. 

Data collected on the index date (i.e., date of tracheal intu-

bation) were age, sex, body mass index (BMI), comorbidities, 

and etiologies of respiratory failure. Pulmonary function data 

were collected on the day nearest to intubation. The GAP score 

that considers gender [G], age [A], and two pulmonary phys-

iological parameters [P] (forced vital capacity [FVC, %] and 

diffusing capacity for carbon monoxide) was calculated using 

the method suggested by Ley et al. [13]; and the GAP stage 

was classified according to the GAP score (stage I, score 0–3; 

■ Although delayed intubation is associated with poor 
prognosis in patients with respiratory failure, the effect 
of delayed intubation in patients with idiopathic pulmo-
nary fibrosis (IPF) remains unknown.

■ Delayed intubation, defined as use of high-concentra-
tion oxygen therapy for at least 48 hours before tracheal 
intubation, was significantly associated with increased 
risk of intensive care unit mortality compared to early 
intubation in patients with IPF that required mechanical 
ventilation.

■ As with other causes of respiratory failure, tracheal intu-
bation should not be delayed if needed in IPF patients 
who have failed high-concentration oxygen therapy, es-
pecially when lung transplantation is being considered.

KEY MESSAGES
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stage II, 4–5; stage III, score 6–8). We reviewed the initial vital 

signs, laboratory findings within 24 hours before and after in-

tubation, and duration of high-concentration oxygen therapy. 

Hypercapnic respiratory failure was characterized by a partial 

pressure of carbon dioxide in alveolar gas (PaCO2) higher than 

50 mm Hg. The ratio of oxygen saturation (ROX) index was de-

fined as the ratio of pulse oximetry/FiO2 to respiratory rate [14]. 

The parameters of mechanical ventilation within 24 hours of 

intubation were reviewed, and the median values of ventilator 

parameters were used for statistical analysis. Additional data 

collected during the ICU stay included use of adjunctive ther-

apies such as vasoactive agents, inotropic agents, analgesics, 

sedatives, and neuromuscular blockers within 48 hours of 

tracheal intubation. Medical treatments in the ICU, includ-

ing antifibrotic agents and systemic steroids, were reviewed. 

Steroid pulse therapy is defined as a short-term intravenous 

injection (usually 3 days) of high-dose (5–20 mg/kg) methyl-

prednisolone or an equivalent dose of another steroid. Lung-

transplant-free survival was defined as survival free of death or 

lung transplantation during hospitalization. 

Study Outcomes 
The primary outcome was the comparison of ICU mortality 

between early and delayed intubation groups in patients with 

IPF. The secondary outcomes were in-hospital mortality, 28-

day mortality, and lung-transplant-free survival in the ICU and 

in-hospital. Data on ICU length of stay (LOS), hospital LOS, 

and discharge location to home or to other hospital were also 

collected. 

Statistical Analysis 
To minimize selection bias and control variables that might 

affect the results, we used the propensity score as a balancing 

score to adjust for confounding variables. This allowed accu-

rate determination of the presence or absence of an associ-

ation between timing of intubation and clinical outcome in 

patients with IPF [14,15]. The propensity score for timing of 

intubation was estimated using a multivariable logistic regres-

sion model with baseline covariates of age, gender, BMI, co-

morbidities, GAP stage, cause of respiratory failure, treatment 

for IPF, previous home oxygenation therapy, and Sequential 

Organ Failure Assessment (SOFA) score after intubation 

[14]. The early and delayed intubation groups were matched 

according to propensity score using a 1:1 nearest neighbor 

strategy without replacement and an optimal caliper of 0.1 

standard deviation of the propensity score [15,16]. The quality 

of matching was assessed using the standardized mean differ-

ence, and matched patients were considered in the analysis of 

study results. 

Baseline and clinical characteristics of patients with IPF 

according to timing of intubation were compared using the 

Wilcoxon rank-sum test for continuous variables. Categorical 

variables were compared using the chi-square test or Fisher's 

exact test. Clinical characteristics, laboratory findings before 

and after intubation, and parameters of mechanical ventila-

tion after intubation were analyzed in the same way. 

After propensity score matching, the Wilcoxon signed-

rank sum test for continuous variables and McNemar's test 

for categorical variables were performed. Conditional logistic 

regression was used to evaluate the association between intu-

bation timing and clinical outcomes with adjustment for key 

prognostic factors (age, SOFA score, and FVC). The propensity 

score model and the outcome regression model were com-

bined to construct a doubly robust estimator that provides an 

estimation of the treatment effect for the primary outcome 

protected against possible model misspecification [17-19]. Sta-

tistical significance was set at P<0.05. Statistical analyses were 

performed using the R 4.0.2 software (R Foundation for Statis-

tical Computing, Vienna, Austria; http://www.r-project.org) 

and Stata 13.1 software (StataCorp., College Station, TX, USA).  

RESULTS  

Baseline Demographics and Clinical Characteristics 
During the study period, 173 patients with IPF were admitted 

to the ICU. After excluding 77 patients who were not intubated 

(n=15), intubated upon arrival (n=4), transferred after oxygen 

supplied or intubation performed at another hospital (n=11), 

admitted for lung transplant (n=21) or other surgeries (n=23), 

and younger than 19 years (n=3), 96 patients were included 

in this study (Figure 1). Before propensity score matching, 60 

(62.5%) patients were in the early intubation group and 36 

patients (37.5%) in the delayed intubation group. The baseline 

and clinical characteristics of the two groups before propensity 

score matching are shown in Table 1. 

After propensity score estimation and matching in a 1:1 ra-

tio, 33 matched pairs of patients were identified. The matched 

patients had a median age of 69 (interquartile range [IQR], 

64–75), and most were male (n=48, 72.3%). Eight (12.1%) pa-

tients with IPF had a history of other respiratory diseases such 

as chronic obstructive lung disease, nontuberculous myco-

bacterial lung disease, or asthma. Acute exacerbation of IPF 

http://www.r-project.org
http://www.r-project.org
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or pneumonia was the most common cause of hospitalization 

(n=59, 89.4%). 

Oxygenation Therapy before and after Intubation 
In the entire cohort, the median duration of high-concentra-

tion oxygen therapy before intubation was 0.5 days (IQR, 0.0– 

1.0) in the early intubation group and 5.1 days (IQR, 3.1–16.4) 

in the delayed intubation group. Total duration of oxygen 

therapy before intubation was longer in the delayed intubation 

group (13.1 days; IQR, 4.5–28.5) than in the early intubation 

group (1.1 days; IQR, 0.3–2.2) (P<0.001) (Table 2). Prevalence 

of home oxygen therapy maintenance before admission was 

36.7% in the early intubation group and 41.7% in the delayed 

intubation group; the difference was not statistically significant 

(P=0.787). However, the median home oxygen flow was sig-

nificantly higher in the delayed intubation group (3.0 L/min; 

IQR, 2.5–5.0) than in the early intubation group (2.0 L/min; 

IQR, 2.0–4.0) (P=0.040) (Table 2). After hospitalization, HFNC 

use was significantly greater in the delayed intubation group 

(80.6%) than the early intubation group (48.3%) (P=0.004) (Ta-

ble 2). 

Before intubation, PaCO2 was significantly higher in the 

delayed intubation group (41.0 mm Hg; IQR, 36.8–50.2) than 

in the early intubation group (37.0 mm Hg; IQR, 32.3–42.5) 

(P=0.009) (Supplementary Table 1). Moreover, after propensity 

score matching, the proportion of hypercapnic respiratory fail-

ures before intubation was significantly higher in the delayed 

intubation group (28.1%) than in the early intubation group 

(10.3%) (P=0.025) (Supplementary Table 1). However, PaO2/

FiO2 ratio and the ROX index were not significantly different 

between the two groups (P=0.442 and P=0.594, respectively) 

(Supplementary Table 1). 

After tracheal intubation, there were no significant differenc-

es between the two groups in the initial mode of mechanical 

ventilation within 24 hours after intubation. However, after 

propensity score matching, the median positive end-expira-

tory pressure (PEEP) was significantly lower in the delayed 

intubation group, 5.0 cm H2O (IQR, 5.0–7.0), than in the early 

intubation group, 8.0 cm H2O (IQR, 7.0–10.0) (P=0.005) (Table 

3). Minute ventilation was not significantly different, 11.2 L/

min (IQR, 9.2–13.2) in the early intubation group and 12.8 L/

min (IQR, 10.0–14.4) in the delayed intubation group (P=0.260). 

Saturation within 24 hours after intubation was 95% (IQR, 

93%–97%) in the early intubation group and 95% (IQR, 92%–

Figure 1. Flowchart of study patients. IPF: idiopathic pulmonary fibrosis; ICU: intensive care unit.

77 Patients excluded:
15 Did not intubated
  4 Intubation upon arrival
11 Transferred after O2 supply or intubation  

at other hospital
21 Admitted for lung transplant operation
23 Admitted to the ICU for other surgeries
  3 Patients under 19 yr

173 Patients with IPF admitted to the ICU
during hospitalization

96 Patients included

60 Early intubation group

33 Propensity-score matched
Early intubation group

36 Delayed intubation group

33 Propensity-score matched
Delayed intubation group

Propensity-score matching
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Table 1. Baseline and clinical characteristics of patients with IPF according to the timing of intubation

Variable
Before matching After matching

Early intubation 
group (n=60)

Delayed intubation 
group (n=36) P-value Early intubation 

group (n=33)
Delayed intubation 

group (n=33) P-value

Demographics
 Male 42 (70.0) 28 (77.8) 0.553 23 (69.7) 25 (75.8) 0.593
 Age (yr) 73 (68–77) 66 (60–75) 0.006 71 (68–75) 66 (61–75) 0.048
 BMI (kg/m2) 23.0 (19.5–25.1) 21.4 (19.3–24.1) 0.329 23.0 (20.7–25.4) 21.4 (19.3–24.1) 0.491
Cause of respiratory failure
 Acute exacerbation of IPF or pneumonia 54 (90.0) 33 (91.7) 0.999 29 (87.9) 30 (90.9) 0.655
 Other diseases 6 (10.0) 3 (8.3) 4 (12.1) 3 (9.1)
Comorbidity
 Cardiovascular disease 34 (56.7) 18 (50.0) 0.672 17 (51.5) 16 (48.5) 0.827
 Other respiratory diseases 8 (13.3) 5 (13.9) 0.999 4 (12.1) 4 (12.1) 0.999
 Diabetes mellitus 22 (36.7) 9 (25.0) 0.338 9 (27.3) 8 (24.2) 0.782
 Chronic liver disease 3 (5.0) 0 (0.0) 0.289 0 0 -
 Chronic kidney disease 10 (16.7) 3 (8.3) 0.359 3 (9.1) 2 (6.1) 0.655
 Solid cancer 15 (25.0) 8 (22.2) 0.951 9 (27.3) 8 (24.2) 0.763
 Hematologic cancer 2 (3.3) 0 0.526 1 (3.0) 0 0.999
Spirometry
 FEV1/FVC 85.1 (79.7–88.1) 85.7 (81.9–90.7) 0.563 83.8 (79.7–87.2) 85.7 (81.9–90.7) 0.264
 FEV1 (% predicted) 68.0 (59.0–81.0) 67.5 (59.0–77.0) 0.834 67.0 (56.0–79.0) 67.0 (59.0–77.0) 0.525
 FVC (% predicted) 57.0 (46.0–66.0) 55.0 (46.0–66.0) 0.902 55.0 (44.0–66.0) 53.0 (46.0–66.0) 0.427
 DLco (% predicted) 40.5 (33.0–56.0) 41.0 (32.0–49.0) 0.730 43.0 (29.0–57.0) 40.5 (32.0–50.0) 0.370
 GAP stage 0.147 0.422
  Stage I 4 (7.0) 7 (20.6) 3 (9.1) 7 (21.2)
  Stage II 27 (47.4) 15 (44.1) 19 (57.6) 14 (42.4)
  Stage III 26 (45.6) 12 (35.3) 11 (33.3) 12 (36.4)
Use of medication
 Anti-fibrotic agent 17 (28.3) 16 (44.4) 0.165 15 (45.5) 16 (48.5) 0.819
 Glucocorticoid 13 (21.7) 13 (36.1) 0.192 9 (27.3) 11 (33.3) 0.564
Initial SOFA score 6.0 (4.5–7.0) 7.0 (5.0–8.5) 0.165 6.0 (5.0–7.0) 7.0 (5.0–8.0) 0.834

Values are presented as number (%) or median (interquartile range).
IPF: idiopathic pulmonary fibrosis; BMI: body mass index; FEV1: forced expiratory volume in one second; FVC: forced vital capacity; DLCO: diffusing capacity of the 
lung for carbon monoxide; GAP: gender, age, pulmonary physiological parameters; SOFA: Sequential Organ Failure Assessment.

98%) in the delayed intubation group (P=0.695) (Supplemen-

tary Table 2). 

Clinical Outcomes in the Propensity-Matched Patient 
Groups 
Before propensity score matching, ICU mortality was 56.7% 

(n=34) in the early intubation group and 75% (n=27) in the de-

layed intubation group, without significant difference (P=0.075) 

(Supplementary Table 3). However, after propensity score 

matching with adjustment for various confounding variables 

that may affect clinical results, ICU mortality was significantly 

higher in the delayed intubation group than in the early intu-

bation group (adjusted odds ratio [OR], 3.99; 95% confidence 

interval [CI], 1.02–15.63; P=0.046) (Table 4). However, in-hos-

pital mortality did not show a significant difference between 

the two groups, 75.8% in 25 patients in each group (adjusted 

OR, 1.08; 95% CI, 0.34–3.46). Additionally, there was no signifi-

cant difference in 28-day mortality (adjusted OR, 1.39; 95% CI, 

0.43–4.44) (P>0.05 for each). 

More patients in the delayed intubation group (21.2%) re-

ceived lung TPL than in the early group (12.1%); however, the 

difference was not significant (P=0.257) (Supplementary Table 

4). The lung–transplant–free survival rate in the ICU was high-

er in the early intubation group (36.4%) than in the delayed 

intubation group (6.1%) (P=0.003). Furthermore, the lung– 

transplant–free in-hospital survival rate tended to be higher in 



566 https://www.accjournal.org Acute and Critical Care 2022 Novemebr 37(4):561-570

Bae E, et al. Intubation timing and mortality in IPF

Table 2. Oxygen therapy before intubation, before and after propensity score matching

Variable
Before matching After matching

Early intubation 
group (n=60)

Delayed intubation 
group (n=36) P-value Early intubation 

group (n=33)
Delayed intubation 

group (n=33) P-value

Previous home oxygenation therapy
 By nasal cannula 22 (36.7) 15 (41.7) 0.787 15 (45.5) 15 (45.5) 0.999
  Home O2 flow (L/min) 2.0 (2.0–4.0) 3.0 (2.5–5.0) 0.040 2.0 (2.0–4.0) 3.0 (2.0–5.0) 0.457
 By noninvasive ventilator 1 (1.7) 0 0.999 0 0
O2 delivery system before intubation
 Nasal prong 58 (96.7) 36 (100.0) 0.526 32 (97.0) 33 (100.0) 0.999
 High-flow nasal cannula 29 (48.3) 29 (80.6) 0.004 20 (60.6) 26 (78.8) 0.133
 Noninvasive ventilator 3 (5.0) 1 (2.8) 0.999 1 (3.0) 1 (3.0) 0.999
Duration of oxygen therapy before 

intubation
 Duration of low-concentration oxygen 

therapy (day)
0.0 (0.0–1.9) 0.0 (0.0–8.2) 0.158 0.0 (0.0–1.4) 0.0 (0.0–6.0) 0.074

 Duration of high-concentration oxygen 
therapy (day)

0.5 (0.0–1.0) 5.1 (3.1–16.4) <0.001 0.6 (0.2–1.0) 5.1 (3.5–16.9) <0.001

 Total duration of oxygen therapy (day) 1.1 (0.3–2.2) 13.1 (4.5–28.5) <0.001 1.3 (0.3–2.2) 14.3 (4.8–29.4) <0.001

Values are presented as number (%) or median (interquartile range).

Table 3. Comparison of oxygenation status and parameters of mechanical ventilation after intubation before and after propensity score matching

Variable
Before matching After matching

Early intubation 
group (n=60)

Delayed intubation 
group (n=36) P-value Early intubation 

group (n=33)
Delayed intubation 

group (n=33) P-value

ABGA within 24 hours of intubation
 Arterial pH 7.33 (7.24–7.37) 7.32 (7.26–7.35) 0.815 7.30 (7.21–7.37) 7.32 (7.26–7.36) 0.362
 PaCO2 (mm Hg) 47.5 (39.0–56.8) 48.8 (40.5–67.8) 0.427 51.0 (42.0–57.6) 49.0 (40.6–71.2) 0.538
 PaO2 (mm Hg) 82.9 (70.9–111.5) 86.5 (65.7–103.0) 0.771 79.0 (69.7–115.0) 86.0 (65.2–101.0) 0.879
 FiO2 (%) 80 (60–95) 90 (66–100) 0.194 80 (65–90) 80 (65–100) 0.566
 PaO2/FiO2 ratio 115.5 (90.1–158.0) 98.3 (75.8–157.6) 0.300 116.2 (91.1–146.0) 99.7 (77.2–162.5) 0.846
Parameter of mechanical ventilator
 Initial ventilator mode 0.999 0.999
  PCV 55 (91.7) 33 (91.7) 30 (90.9) 30 (90.9)
  VCV 1 (1.7) 1 (2.8) 1 (3.0) 1 (3.0)
  PSV 4 (6.7) 2 (5.6) 2 (6.1) 2 (6.1)
 Pressure support (cm H2O) 20.0 (15.0–23.0) 22.0 (15.0–26.0) 0.047 20.0 (15.5–22.5) 22.5 (15.0–26.0) 0.171
 PEEP (cm H2O) 7.5 (5.0–9.0) 5.0 (5.0–7.0) 0.005 8.0 (7.0–10.0) 5.0 (5.0–7.0) 0.005
 PIP (cm H2O) 28.2 (24.0–31.0) 30.0 (25.5–31.5) 0.320 29.0 (26.0–32.0) 30.0 (26.0–31.0) 0.779
 FiO2 (%) 80 (60–100) 90 (66–100) 0.246 80 (65–90) 81 (65–100) 0.632
 Tidal volume (ml) 407 (328–552) 432 (356–532) 0.639 400 (328–528) 432 (352–528) 0.865
 Minute ventilation (L/min) 11.2 (8.4–14.1) 12.8 (9.6–14.4) 0.126 11.2 (9.2–13.2) 12.8 (10.0–14.4) 0.260

Values are presented as median (interquartile range) or number (%).
ABGA: arterial blood gas analysis; PaCO2: partial pressure of carbon dioxide in alveolar gas; PaO2: partial pressure of dioxide in alveolar gas; FiO2: fraction of 
inspired oxygen; PCV: pressure-controlled ventilation; VCV: volume-controlled ventilation; PSV: pressure-supported ventilation; PEEP: positive end-expiratory 
pressure; PIP: peak inspiratory pressure.

the early intubation group (15.2%) than in the delayed intuba-

tion group (6.1%) (P=0.299) (Table 4). 

When ICU LOS was analyzed for 24 ICU survivors, there 

were no significant differences between the two groups, with 

a median of 12.0 days (IQR, 8.2–24.2) and 11.7 days (IQR, 9.9–

17.9) in the early intubation and delayed intubation groups, 
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respectively (P=0.951). Additionally, there was no significant 

difference between the two groups when the hospital LOS of 

16 in-hospital survivors was analyzed (early vs. delayed intu-

bation group: 84.9 days [IQR, 41.4–107.4] vs. 57.5 days [IQR, 

40.5–89.2], respectively, P=0.401) (Table 4). 

DISCUSSION 

In this retrospective propensity score-matched cohort study 

of patients with IPF, ICU mortality was significantly higher in 

the delayed intubation group, defined as tracheal intubation 

48 hours after initiation of high-concentration oxygen therapy, 

than the early intubation group. However, there were no signif-

icant differences in in-hospital or 28-day mortality. 

In recent studies, the in-hospital mortality rate of patients 

with IPF receiving mechanical ventilation was high, 50%–75% 

[20,21], but was lower than the previous report of 80%–90% 

[3,4,22]. In our study, in-hospital mortality of patients who 

received mechanical ventilation was 76%, similar to that of 

the recent results. For this reason, mechanical ventilation 

is not recommended in patients with IPF [1]. The potential 

extension of life offered by mechanical ventilation should be 

carefully weighed, particularly in IPF patients with worse prog-

nostic factors, such as older age, decreased lung function, and 

pre-existing clinical frailty, and those with no further curative 

treatment options [20,23,24]. However, intubation may be 

considered in some patients with IPF when lung TPL is being 

considered. Nevertheless, the appropriate timing of intubation 

in patients with respiratory failure remains controversial. 

Few studies have been conducted on the use of intubation 

in patients with IPF with respiratory failure. In a previous 

study, ICU mortality was significantly higher in critically ill pa-

tients who received delayed intubation more than 2 days after 

admission to the ICU (early vs. delayed intubation: 18.2 vs. 

27.6%, P=0.007). Hospital mortality was also higher in patients 

with delayed intubation (23.4 vs. 33.3%, respectively, P=0.008) 

than in those with early intubation [25]. Furthermore, when 

HFNC was applied for respiratory failure and intubation was 

performed after HFNC failure, ICU mortality was significantly 

lower in early intubation (intubation within 48 hours of HFNC) 

than in delayed intubation (intubation after 48 hours of HFNC) 

(propensity-matched OR, 0.369; 95% CI, 0.139–0.984; P=0.046) 

[9]. In this present study, as in a previous study on patients 

with ARDS or respiratory failure, ICU mortality was significant-

ly higher in patients with IPF who underwent delayed intuba-

tion at least 48 hours after high-oxygen concentration therapy. 

Table 4. Primary and secondary outcomes in the propensity-matched cohort

Variable Early intubation group 
(n=33)

Delayed intubation group 
(n=33) P-value Adjusted ORa) (95% CI)

Primary outcome
 ICU mortality 17 (51.5) 25 (75.8) 0.046 3.99 (1.02–15.63)
Secondary outcome
 In-hospital mortality 25 (75.8) 25 (75.8) 0.888 1.08 (0.34–3.46)
 28-Day mortality from intubation 22 (66.7) 23 (69.7) 0.583 1.39 (0.43–4.44)
 Lung transplant-free survivalb)

  In ICU 12 (36.4) 2 (6.1) 0.003
  In hospital 5 (15.2) 2 (6.1) 0.299
 Length of ICU stay (day)
  ICU survivor (n=24) 12.0 (8.2–24.2) 11.7 (9.9–17.9) 0.951
  ICU nonsurvivor (n=42) 7.1 (3.0–13.9) 7.6 (3.0–15.4) 0.868
 Length of hospital stay (day)
  In-hospital survivors (n=16) 84.9 (41.4–107.4) 57.5 (40.5–89.2) 0.401
  In–hospital nonsurvivor (n=50) 12.0 (3.5–21.4) 7.6 (3.0–15.4) 0.491
 Discharge (number/total)c) 0.282
  To home 4 (50.0) 7 (87.5)
  To other hospitals 4 (50.0) 1 (12.5)

Values are presented as number (%) or median (interquartile range).
OR: odds ratio; CI: confidence interval; ICU: intensive care unit.
a) Adjusted for age, Sequential Organ Failure Assessment (SOFA) score and forced vital capacity; b) Lung transplant-free survival was defined as survival free of 
death or lung transplantation during hospitalization; c) Analysis of surviving patients at discharge.
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HFNC is comfortable to use with humidified, warm air and 

provides a low PEEP effect. Some studies revealed that HFNC 

could reduce the intubation rate with acute hypoxemic respi-

ratory failure [26,27]. Furthermore, high-concentration oxygen 

therapy is also maintained with nasal prongs or facial masks in 

clinical practice. However, considering the results of our and 

previous studies, delaying tracheal intubation after failure of 

high-concentration oxygen therapy in patients with IPF is not 

advised. This is particularly true for cases in which lung TPL is 

being considered. Spontaneous breathing before intubation 

in patients with acute respiratory failure may involve a high 

respiratory drive and large tidal volumes that lead to transpul-

monary pressure swings [28,29]. Delayed intubation may 

exacerbate lung damage caused by spontaneous breathing in 

patients with IPF, which may lead to hypercapnic respiratory 

failure and increased ICU mortality. 

Our data showed no statistical differences in in-hospital and 

28-day mortality, which is consistent with a previous study in 

patients with HFNC failure [9]. However, although not statisti-

cally significant, in-hospital survival rate without lung TPL was 

higher in the early intubation group. The study may not have 

had sufficient power to detect a clinically important difference. 

Therefore, further studies with larger numbers of patients are 

needed. 

Our study has several strengths. Lung function in patients 

with IPF significantly influences clinical prognosis [6]. In 

this study, actual data from pulmonary function tests was 

collected, and propensity score matching was performed 

considering the patient’s lung function. Furthermore, this 

study included patients who received high-concentration 

oxygen therapy with nasal prongs, facial masks, and HFNC. 

HFNC has been widely used as an efficient oxygen supply in 

patients with respiratory failure. However, in actual clinical 

practice, nasal prongs and facial masks are also widely used 

due to lack of equipment, patient discomfort, and differences 

in in-hospital systems. Therefore, this study well reflects the 

actual clinical situation. However, there are study limitations 

to consider to properly evaluate the results. First, the number 

of patients was small because the prevalence of IPF was low, 

and the study was conducted in a single institution. Second, 

as this was conducted in a single tertiary university-affiliated 

hospital, selection bias may have been introduced. Third, the 

patients had multiple comorbidities, such as malignancy, 

which increased the severity of clinical outcomes. Fourth, 

since the oxygen concentration was calculated as FiO2 4% per 

1 L of O2 in patients using a nasal prong or facial mask, the 

actual oxygen concentration may not be accurately reflected. 

Furthermore, due to the retrospective nature of the study, not 

all dependent variables were controlled. However, propensity 

score matching was used to control variables that may affect 

patient prognosis. Finally, the reason for tracheal intubation 

in IPF patients was not collected in our study. Further study 

on the indications for tracheal intubation as well as timing of 

tracheal intubation is needed. 

In conclusion, in this study of patients with IPF that required 

mechanical ventilation, delayed intubation after 48 hours of 

high-concentration oxygen therapy was significantly associ-

ated with increased risk of ICU mortality compared with early 

intubation. Therefore, as with other causes of respiratory fail-

ure, tracheal intubation should not be delayed if needed in IPF 

patients who have failed high-concentration oxygen therapy, 

especially when lung TPL is being considered. 
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Background: There is a lack of data on extravascular lung water index (EVLWi), pulmonary vascu-
lar permeability index (PVPi), and global end-diastolic volume index (GEDVi) during prone position 
ventilation (PPV) in coronavirus disease 2019 (COVID-19) patients. The objectives of this study 
were to analyze trends in EVLWi, PVPi, and GEDVi during PPV and the relationships between these 
parameters and PaO2/FiO2. 
Methods: In this preliminary retrospective observational study, we performed transpulmonary 
thermodilution (TPTD) in seven mechanically ventilated COVID-19 patients without cardiac and 
pulmonary comorbidities requiring PPV for 18 hours, at specific times (30 minutes pre-PPV, 18 
hours after PPV, and 3 hours after supination). EVLWi, PVPi and GEDVi were measured. The rela-
tionships between PaO2/FiO2 and EVLWi, and PVPi and GEDVi values, in the supine position were 
analyzed by linear regression. Correlation and determination coefficients were calculated. 
Results: EVLWi was significantly different between three time points (analysis of variance, P=0.004). 
After 18 hours in PPV, EVLWi was lower compared with values before PPV (12.7±0.9 ml/kg vs. 
15.3±1.5 ml/kg, P=0.002). Linear regression showed that only EVLWi was correlated with PaO2/FiO2 
(β =–5.757; 95% confidence interval, –10.835 to –0.679; r=–0.58; R2=0.34; F-test P=0.029). 
Conclusions: EVLWi was significantly reduced after 18 hours in PPV and values measured in su-
pine positions were correlated with PaO2/FiO2. This relationship can help clinicians discriminate 
whether deterioration in gas exchange is related to fluid overload or disease progression. Further 
clinical research should evaluate the role of TPTD parameters as markers to stratify disease severity 
and guide clinical management. 

Key Words: acute respiratory distress syndrome; COVID-19; prone position; thermodilution  
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INTRODUCTION 

Among patients hospitalized for coronavirus disease 2019 

(COVID-19), from 5 to 20% meet Berlin’s acute respiratory dis-

tress syndrome (ARDS) definition criteria with hypoxemia and 

bilateral infiltrates on chest X-ray [1-3]. Atelectasis, consoli-

dation, impaired pulmonary blood flow, pulmonary vascular 

obstruction, and shunting/increased ventilation-perfusion 

mismatch result in hypoxemia and/or impaired decarboxyl-

ation [4]. Prone position ventilation (PPV) and appropriate flu-

id management represent the cornerstones for the treatment 

of patients with COVID-19-associated ARDS (CARDS) [5,6] 

and have been widely adopted as standard clinical practice for 

patients with severe CARDS [7]. 

PPV reduces mortality in patients with ARDS and is recom-

mended in patients with moderate to severe CARDS [6]. How-

ever, fluid overload, causing pulmonary edema, can reduce the 

positive effects of PPV on gas exchange, leading clinicians to 

consider the patient to be poorly responsive to PPV [8]. Fluid 

restriction in patients with ARDS results in improved pulmo-

nary function and fewer ventilator days [9,10]. In contrast, un-

controlled and inadequate fluid administration are associated 

with poor outcomes [5]. 

In patients requiring multiple cycles of PPV, the quantifica-

tion of pulmonary edema related to fluid overload can help 

clinicians understand whether deterioration in gas exchange 

is related to inappropriate fluid management or represents the 

evolution of disease severity. Hemodynamic monitoring based 

on transpulmonary thermodilution (TPTD) provides useful 

indexes to help clinical management in CARDS patients. In 

detail, TPTD allows clinicians to calculate the (1) extravascular 

lung water index (EVLWi), which is the volume contained in 

the interstitium and alveoli [11], and (2) the pulmonary vascu-

lar permeability index (PVPi), a marker of lung vascular injury 

[12,13]. At the same time, TPTD allows clinicians to estimate 

volumetric preload index, the global end-diastolic volume 

index (GEDVi) that represents the volume of blood in cardiac 

chambers at the end of the diastolic phase. 

There is a lack of data in the literature about trends in EVL-

Wi, PVPi and GEDVi during PPV in patients with CARDS. The 

primary purpose of the present preliminary retrospective 

study was to analyze the effects of PPV on EVLWi, PVPi and 

GEDVi trends. The secondary purpose was to study the re-

lationships between these parameters and PaO2/FiO2 in the 

supine position.  

MATERIALS AND METHODS 

The local Ethics Committee of University of Naples Luigi Van-

vitelli approved this analysis (No. AOC-0016235-2020) and 

waived the need for informed consent due to the observation-

al nature of the study.

Study Design and Patients 
We followed the Strengthening the Reporting of Observational 

Studies in Epidemiology (STROBE) recommendations. The 

present study was a preliminary retrospective observational 

study based on seven patients, without severe cardiac and 

pulmonary comorbidities, with confirmed Severe acute respi-

ratory syndrome coronavirus 2 (SARS-CoV-2) infection (pos-

itive reverse-transcriptase polymerase chain reaction testing 

on nasopharyngeal swab) requiring mechanical ventilation in 

intensive care unit (ICU) for CARDS, from May to September 

2021. 

On admission, all patients underwent arterial blood gas 

(ABG) analysis and blood chemistry tests, cell-blood count, 

coagulation (activated partial thromboplastin time, prothrom-

bin time, international normalized ratio, D-dimer, fibrinogen), 

kidney (urea, creatinine), heart (troponin I, creatine phos-

phokinase-MB), and inflammation and infectious (C reactive 

protein, interleukin 6, ferritin, procalcitonin) marker mea-

surements. Laboratory tests were daily performed or repeated 

based on clinical changes and therapeutic adjustments. A 

12-lead electrocardiogram was performed and reviewed by 

an intensivist. Furthermore, an experienced and certified 

intensivist performed transthoracic echocardiography to pro-

vide information about right and left ventricular functions on 

admission and during the length of ICU stay. Chest computed 

tomography (CT) was performed to report lung disease severi-

ty, signs of pulmonary thromboembolism, pneumothorax and 

■ During prone position ventilation, extravascular lung 
water index (EVLWi) values decrease, while pulmonary 
vascular permeability index and global end-diastolic 
volume index variations were not statistically significant.

■ EVLWi values showed a statistically significant relation-
ship with PaO2/FiO2 values in the supine position.

■ EVLWi evaluation can help clinicians determine whether 
deterioration of gas exchange is related to fluid overload 
or worsening disease.

KEY MESSAGES
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pneumomediastinum [14]. Heart rate (HR), invasive blood 

pressure, SpO2, body temperature, and diuresis were moni-

tored continuously. 

Sedation, Ventilation and Therapy Protocol 
We used continuous infusion of propofol (2–4 mg/kg/hr) or 

dexmedetomidine (0.8–1.5 μg/kg/hr) and/or remifentanil 

(0.1–0.5 μg/kg/min) to sedate patients connected to mechani-

cal ventilators (model SV 600; Mindray, Huntingdon, UK). Ac-

cording to the bispectral index (BIS; Medtronic, Minneapolis, 

MN, USA) monitoring value, the infusion rates were adjusted 

stepwise to provide adequate sedation (BIS range, 40%–60%). 

In case of mismatch to the ventilator, PPV, or high plateau 

pressures (Pplat), we used deep sedation plus neuromuscular 

blockade (bolus 0.7 mg/kg iv, followed by continuous infu-

sion of rocuronium, 0.4–0.7 mg/kg/hr). Furthermore, when 

neuromuscular blockade was required, we adjusted infusions 

according to the nociception level index (Medasense, Ramat 

Gan, Israel; target value <25), with BIS or alone (prone ventila-

tion) to obtain an optimal level of analgosedation. 

We adopted a protective ventilation strategy [15] using pres-

sure-controlled ventilation. Inspiratory pressure (Pinsp) was 

set to reach the targeted tidal volume (6 ml/kg of predicted 

body weight, estimated by Devine formula), keeping Pplat ≤30 

cm H2O and positive end-expiratory pressure (PEEP) values 

titrated to maintain low driving pressures (estimated as the 

difference between Pplat and PEEP, target value <15 cm H2O). 

We calculated static respiratory system compliance (Crs) as the 

tidal volume and driving pressure ratio. 

In patients with PaO2/FiO2 <100 mm Hg, and in the absence 

of contraindications (i.e., hemodynamic instability), we per-

formed PPV for 18 hours continuously and repeated PPV in 

case of necessity. Pronation maneuvers were performed ap-

plying face, chest, and leg protective systems (cap for the head: 

Nizell Medical, Schwyz; Z-Flo Fluidized Positioners Molnlycke 

for chest and legs). 

We adopted a conservative fluid strategy to reach daily nega-

tive/near-zero fluid balance, avoiding increase in “lung water.” 

However, slight positive fluid balance may be allowed to pro-

tect renal function. Drugs such as inotropes, vasoconstrictors, 

and vasodilators were used only when fluids alone were not 

sufficient to optimize hemodynamics. For specific SARS-CoV-2 

infection treatment, our protocol provided the administration 

of antiviral drugs (remdesivir: first dose 200 mg, then 100 mg, 

iv, once a day for 5 days), immunoglobulins (Pentaglobin:  

5 ml/kg for 12 hours, iv, once a day for 3 days) and glucocorti-

coids (methylprednisolone: 0.5 mg/kg, iv, twice a day). Due to 

the high risk of thromboembolic events, all patients received 

low weight molecular heparin (enoxaparin), subcutaneous, 

following this protocol. Patient’s weight <60 kg: 4,000 IU, twice 

a day; 60–80 kg: 6,000 IU, twice a day; >80 kg: 8,000 IU, twice a 

day. In addition, antiplatelet agents were administered. 

TPTD Timing and Variables of Interest 
We monitored all patients using the hemodynamic platform 

EV 1000 (Edwards Lifesciences, Irvine, CA, USA) with the 

VolumeView system. This monitor computes all parameters 

derived by the TPTD and arterial pressure waveform analysis. 

To perform TPTD, we injected a cold saline bolus (20 ml) by 

a central venous catheter placed in the internal jugular vein. 

With time, the blood temperature changed and was registered 

on the arterial side by a thermistor tipped arterial catheter (5 

Fr) placed in the femoral artery [16]. TPTD was performed in 

triplicate according to the manufacturer’s recommendations, 

discarding measurements where cardiac output differed more 

than 10% from the two other measurements. The mean values 

of each variable were used for analysis. 

Adjusted body surface area volumetric parameters were the 

cardiac index, the stroke volume index (SVI), GEDVi, the intra-

thoracic blood volume index (ITBVi, representing the whole 

blood volume in the chest), and EVLWi. TPTD was performed 

under stable hemodynamic conditions and the following 

measurements were taken: (1) hemodynamic parameters: 

HR, mean systemic arterial pressure, central venous pressure 

(CVP), cardiac index and SVI; (2) volumetric preload index: 

ITBVi and GEDVi; and (3) lung water volumetric index: EVL-

Wi and PVPi. At the same time, ABG was performed and pH, 

PaO2, PaCO2, lactate concentration, and PaO2/FiO2 were noted. 

Moreover, clinicians noted ventilation settings at the time of 

TPTD and reported Pinsp, PEEP, respiratory rate, driving pres-

sure, Crs, and FiO2.  

Study Objectives and Statistical Analysis 
The primary objective was to analyze how PPV modified pa-

rameters obtained by TPTD at specific times: (1) pre-prona-

tion: 30 minutes before pronation; (2) pronation: 18 hours after 

pronation; and (3) post-pronation: 3 hours after supination. 

The secondary objective was to analyze the relationships be-

tween EWLVi, PVPi, and GEDVi, and PaO2/FiO2 in the supine 

position. Age, sex, weight, height, body mass index, comor-

bidities, laboratory, and blood gas analysis data were noted on 

admission. 



574 https://www.accjournal.org Acute and Critical Care 2022 Novemebr 37(4):571-579

De Rosa RC, et al. Transpulmonary thermodilution in severe COVID-19

We used Microsoft Excel 2016 (Microsoft Corp., Redmond, 

WA, USA) and MedCalc Statistical Software version 19.6 (Med-

Calc Software, Ostend, Belgium; https://www.medcalc.org; 

2020) for analyses. Categorical variables and frequencies are 

reported as absolute numbers and percentages (%). Contin-

uous variables were tested for normal distributions with the 

Shapiro-Wilk test. Normally distributed data are presented as 

mean±standard deviation. In contrary cases, we reported data 

as median and first and third quartile (q1–q3). 

To analyze the effects of PPV on parameters obtained by 

TPTD, we performed analysis of variance (ANOVA) for re-

peated measures or the Friedman test according to data dis-

tribution. For ANOVA, to verify the equality of variances of the 

differences between measurements, sphericity (ε) was esti-

mated by the Greenhouse-Geisser method. When the estimat-

ed ε>0.75, then the Huynh-Feldt correction was used, while 

in contrary cases, the more conservative Greenhouse-Geisser 

correction was preferred. We performed post hoc analysis to 

compare inter-group differences with Bonferroni correction 

for ANOVA or Conover for Friedman. 

We performed a single variable linear regression analysis to 

analyze the relationships between PaO2/FiO2 (dependent vari-

able) and EVLWi, PVPi, and GEDVi (independent variables). 

To avoid bias related to patient position, we considered only 

TPTD values noted in the supine position. Intercepts, beta co-

efficients (β), 95% confidence intervals (CIs), Pearson correla-

tions (r), and determination coefficients (R2) were computed. 

The F-test was performed to test for the presence of a linear 

relationship between variables and the regression equation 

was reported for significant results. Residuals were tested for 

normal distribution with the Shapiro-Wilk test. All tests were 

performed with an α=0.05 and P-values <0.05 were considered 

statistically significant. 

RESULTS 

Our sample consisted of six male patients and one female 

patient with severe CARDS (mean PaO2/FiO2 on admission 

63.1±17.8 mm Hg) requiring endotracheal intubation and ICU 

admission. Chest CT on admission showed severe CARDS pat-

terns, without signs of pulmonary thromboembolism, pneu-

mothorax, or pneumomediastinum. Table 1 shows the main 

characteristics of the sample. 

Before pronation, transthoracic echocardiography showed 

no signs of right or left ventricular impairment, and pronation 

maneuvers were performed without adverse or traumatic 

events. All patients received neuromuscular blockade during 

the PPV. No critical events such as hemodynamic instability or 

sudden desaturation occurred during the observational time. 

All patients followed our fluid management protocol, keeping 

a negative/near-zero fluid balance without the development 

of oligoanuria or increase in creatinine level. No patients re-

quired catecholamines infusion.  

TPTD was performed at mentioned times for all patients, and 

Table 2 reports values for all parameters noted. During TPTD, 

all patients were properly sedated according to our protocol. Re-

garding TPTD parameters, ANOVA for repeated measurements 

showed a significant trend only for EVLWi (P=0.004) (Figure 1). 

After 18 hours in PPV, EVLWi was lower compared with values 

before proning (12.7±0.9 ml/kg vs. 15.3 ±1.5 ml/kg; mean differ-

ence, –2.54±0.15 ml/kg; 95% CI, –3.83 to –1.26 ml/kg; Bonferroni 

corrected P=0.002). EVLWi increased after 3 hours in supine 

position, although the change was not statistically significant 

(13.5±0.6 ml/kg; mean difference, +0.79±0.20 ml/kg; 95% CI, 

–0.67 to 2.24 ml/kg; Bonferroni corrected P=0.381). No other 

significant trends were noted for CVP, SVI, cardiac index, GED-

Vi, or PVPi, except for HR (Friedman P=0.038). Inter-group 

analysis showed that HR was higher only 3 hours after supine 

positioning (corrected P<0.05). 

Table 1. Population characteristics
Variable Value (n=7)
Female 1 (14.3)
Age (yr) 63.7±11.3
Body mass index (kg/m2) 27.4±2.7
Hypertension 6 (85.7)
Arrythmiaa) 1 (14.3)
Obesity 1 (14.3)
eGFR (ml/min) 115.1±24.1
Troponin I (ng/L) 99.1 (39.2–263.1)
Ferritin (ng/ml) 2,408±826
Interleukin-6 (pg/ml) 40.6 (27.7–74.1)
C-reactive protein (mg/dl) 12.2±7.0
Procalcitonin (ng/ml) 0.26 (0.17–0.49)
Fibrinogen (mg/dl) 541.7±176.4
D-dimer (ng/ml) 2,046 (847–2,550)
AST (U/L) 23.3±7.1
ALT (U/L) 22.0 (19.5–66.5)
PaO2/FiO2 on admission (mm Hg) 63.1±17.8

Values are presented as number (%), mean±standard deviation, or median 
(interquartile range).
eGFR: estimated glomerular filtration rate; AST: aspartate transaminase; ALT: 
alanine aminotransferase. 
a) Atrial fibrillation.

https://www.medcalc.org
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PaO2/FiO2 showed increased values after 18 hours in PPV, 

passing from 64.8±11.8 mm Hg before pronation to 142.6±76.1 

mm Hg, and decreased to 77.8±15.9 mm Hg at three hours 

after supination. ANOVA showed a statistically significant 

p-value (0.038), but the inter-group analysis did not. No other 

differences in the ABG analysis or ventilatory parameters, such 

as Crs, were noted. 

A sample of 14 measurements was used for linear regres-

sion analysis (Table 3). EVLWi, PVPi, and GEDVi showed 

negative correlations with PaO2/FiO2 (r=–0.58, r=–0.19 and 

r=–0.37, respectively), but only EVLWi predicted PaO2/FiO2 

value (β=–5.757; 95% CI, –10.835 to –0.679; R2=0.34; F-test 

P=0.029). Residual analysis of the model showed a normal 

distribution. Figure 2 shows scatter and residual distribution 

plots for EVLWi. 

DISCUSSION 

In non-COVID-19 ARDS, PPV improves ventilation/perfusion 

by opening pulmonary-dependent lung areas and causing 

homogeneity in the lung tissue [17]. The same mechanisms 

seem responsible for oxygenation response in CARDS patients 

during PPV [18]. However, the lack of improvement in gas ex-

Table 2. Statistical analysis results: hemodynamic and respiratory parameters
Parameter 30-min Pre-pronation 18-hr Post-pronation 3-hr Post-supination ε P-value
HR (bpm) 77 (71–84) 80 (66–87) 100 (86–100) - 0.038
CVP (mm Hg) 7.7±1.4 8.1±0.7 8.0±0.8 0.612 0.655
cardiac index (L/min/m2) 3.6±0.4 3.6±0.8 3.7±0.5 0.996 0.895
SVI (ml/m2) 45.6±5.1 46.1±5.5 41.5±6.5 0.992 0.086
GEDVi (ml/m2) 730.8±61.2 683.8±87.8 699.2±62.1 0.575 0.359
EVLWi (ml/kg) 15.3±1.5 12.7±0.9 13.5±0.6 0.717 0.004
PVPi 3.5±0.3 3.4±0.4 3.6±0.3 0.620 0.507
pH 7.42±0.05 7.43±0.05 7.38±0.07 0.823 0.335
PaCO2 (mm Hg) 44.0 (41.0–46.5) 45.0 (43.0–46.5) 50.0 (49.0–50.5) - 0.165
Lactate (mmol/L) 2.3±0.4 2.5±0.5 2.3±0.5 0.675 0.279
PaO2/FiO2 (mm Hg) 68.4±11.8 142.6±76.1 77.8±15.9 0.564 0.038
PEEP (cm H2O) 10.0 (9.0–10.0) 10.0 (10.0–10.0) 10.0 (9.0–10.0) - 0.746
Pinsp (cm H2O) 24.7±4.8 25.3±4.4 25.7±4.5 0.718 0.341
Driving pressure (cm H2O) 15.3±4.8 15.6±4.7 16.3±4.5 0.723 0.084
Respiratory rate 19.0±3.5 19.8±3.0 20.2±3.1 0.544 0.503
Crs (ml/cm H2O) 28.5±9.9 24.4±10.0 22.8±7.4 0.631 0.137

Values are presented as median (interquartile range) or mean±standard deviation. Analysis of variance (ANOVA) for repeated measures or Friedman test 
according to data distribution were performed. For ANOVA, we reported sphericity (ε) estimation. In case of statistically significant trend, we performed post hoc 
analysis to compare inter-groups difference with Bonferroni correction for ANOVA or Conover correction for Friedman test. All tests were performed with an 
α=0.05 and a P<0.05 was considered as statistically significant.
HR: heart rate; CVP: central venous pressure; SVI: stroke volume index; GEDVi: global end diastolic volume index; EVLWi: extra vascular lung water index; PVPi: 
pulmonary vascular permeability index; PEEP: positive end expiratory pressure; Pinsp: inspiratory pressure; Crs: static respiratory system compliance.

Figure 1. Boxplot for extra vascular lung water index (EVLWi). The 
boxplot for EVLWi noted at 30 minutes before pronation (30-min 
pre-pronation), 18 hours after pronation (18-hr post-pronation), and 
at three hours post-supination (3-hr post-supination). EVLWi values 
decreased from 15.3±1.5 ml/kg (30 min pre-pronation) to 12.7±0.9 
ml/kg (18 hr after-pronation), returning to 13.5±0.6 ml/kg (3 hr post-
supination). Analysis of variance for repeated measurements showed a 
statistically significant trend (P=0.004). a) Subgroup analysis revealed 
that variation between EVLWi values noted at 30 minutes pre-
pronation and at 18 hours after-pronation was statistically significant, 
with a mean difference –2.54±0.15 ml/kg (95% confidence interval, 
–3.83 to –1.26 ml/kg; Bonferroni corrected P=0.002). No other 
differences were statistically significant. The outlier appears as the 
square box to the outside of the box plot.
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change during PPV can be related to increases in pulmonary 

edema. Pulmonary edema, whether cardiogenic or noncardio-

genic, is characterized by excessive accumulation in EVLWi, 

while increase in PVPi is the hallmark of ARDS. EVLWi greater 

than 10 ml/kg is a reasonable criterion for pulmonary edema, 

and EVLWi greater than 15 ml/kg for a high degree of severity. 

In addition to EVLWi greater than 10 ml/kg, PVPi greater than 

3 suggests increased vascular permeability (i.e., ARDS), and 

PVPi less than 2 represents normal vascular permeability (i.e., 

cardiogenic pulmonary edema) [19]. 

In our analysis, EVLWi decreased at 18 hours in PPV, while 

PVPi and GEDVi showed stable values. PaO2/FiO2 trends 

showed significant variation during observational time with 

rapid worsening 3 hours after supine positioning. However, 

our small sample size limited our ability to detect substantial 

differences between time points. 

Previous studies [20-22] demonstrated that EVLWi and PVPi 

values were higher in patients with CARDS when compared 

with “classical” ARDS. EVLWi values in CARDS patients were 

significantly higher than in non-COVID-19 ARDS patients and 

high EVLWi values were associated with increased mortality 

[20]. Shi et al. [21] found that compared with patients without 

COVID-19, patients with COVID-19 had significantly higher 

EVLWi and PVPi at baseline, suggesting higher severity of the 

disease in terms of gas exchange alteration, prone positioning, 

and ECMO use. 

Table 3. Linear regression analysis results: linear regression analysis of PaO2/FiO2 and TPTD parameters
Variable Mean±SD Range Intercept (95% CI) β (95% CI) r R2 P-value (F-test)
PaO2/FiO2 73.1±14.3 56.0–110.0 - - - - -
EVLWi (ml/kg) 14.4±1.4 12.6–18.0 156.08 (82.58 to 229.59) –5.76 (–10.86 to –0.68) –0.58 0.34 0.029
PVPi 3.5±0.1 2.9–4.0 50.86 (–2.86 to 218.75) –9.78 (–40.84 to 21.27) –0.19 0.04 0.506
GEDVi (ml/m2) 719.5±61.5 591.0–892.0 44.73 (37.98 to 232.90) –0.09 (–0.22 to 0.05) –0.37 0.14 0.188

The results of linear regression analysis are based on values obtained only in supine position (30 minutes before and 3 hours after prone position ventilation, 
n=14). PaO2/FiO2 was considered as the dependent variable. Intercept, beta coefficient (β), 95% confidence interval (95% CI), Pearson’s correlation (r) and 
determination (R2) coefficients were computed. F-test P<0.05 was considered as statistically significant, supporting linear relationship between dependent and 
independent variables.
TPTD: performed transpulmonary thermodilution; SD: standard deviation; EVLWi: extra vascular lung water index; PVPi: pulmonary vascular permeability index; 
GEDVi: global end diastolic volume index.

Figure 2. Scatter (A) and residual (B) plots. (A) The scatter plot, with regression line (black line), 95% confidence interval (CI) curves (black dotted 
curves) and 95% prediction lines (red lines). Linear regression analysis (n=14) showed that extravascular lung water index values noted in the 
supine position were able to predict PaO2/FiO2. The linear regression equation for the model was: PaO2/FiO2=156.08 (intercept 95% CI, 82.6–229.6; 
t-statistic=4.626; P<0.001) –5.76 (β 95% CI, –10.83 to –0.68; t-statistic=–2.470; P=0.029)×EVLWi. F-test showed that the linear relationship 
between EVLWi and PaO2/FiO2 was statistically significant (P=0.029), with R2=0.34. (B) Plot for residual analysis. Shapiro-Wilk test showed that 
residuals followed a normal distribution (W=0.924, P=0.249). EVLWi: extra vascular lung water index.
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Our data about the EVLWi trends during PPV were in line 

with those of McAuley et al. [23]. Their prospective observa-

tional study on ARDS patients showed a significant decrease 

in EVLWi values after 18 hours in PPV. Because we did not 

find significant changes in PVPi values during PPV, reduc-

tion in EVLWi seemed to be related to intrapulmonary fluid 

redistribution/reabsorption rather than real improvement in 

the severity of disease. Consequently, PPV can be considered 

“symptomatic treatment” to improve the PaO2/FiO2 ratio, al-

lowing “gentle” lung ventilation and reducing mechanical ven-

tilation-related lung injury. Moreover, PPV can allow clinicians 

to “gain time” to reduce intense lung inflammatory response. 

However, data are lacking to explain the pathophysiological 

mechanisms underlying these potential changes, and the as-

sociations between PPV, EVLWi values, and clinical outcomes 

are still poorly investigated. 

In our analysis, GEDVi values did not show statistically 

significant variations. These data were in contrast with those 

of Ruste et al. [24]. In their retrospective observational study 

of ARDS patients undergoing PPV for at least 16 hours, they 

found a slight yet sustained increase in GEDVi, reversible after 

return in the supine position, unrelated to fluid administra-

tion. It has been speculated that this slight increase in GEDVi 

might be related to an increase in pulmonary thermal volume 

in PPV. However, in that previous study, most PPV sessions 

with significant increases in GEDVi were associated with in-

creases in cardiac index. Since the beginning of the pandemic, 

evidence suggested an initial conservative approach to fluid 

resuscitation in patients with COVID-19 [5]. However, it should 

be considered that hypovolemia and dehydration are frequent 

causes of acute kidney injury among COVID-19 patients with 

a worse prognosis [25]. Fluid status prediction is particular-

ly challenging in these patients [26], and further studies are 

needed to clarify GEDVi modifications during PPV sessions 

and its value as preload index. 

We found a statistically significant negative linear relation-

ship between EVLWi and PaO2/FiO2 values noted in the supine 

position. In our sample, changes in EVLWi values could ex-

plain about 34% of the variation in PaO2/FiO2. Previous studies 

about the topic were performed on classical ARDS. Kushimoto 

et al. [27] found a negative and moderate correlation between 

EVLWi and PaO2/FiO2 (r=–0.355, P<0.0001), while Bhattacha-

rjee et al. [28] found a stronger negative correlation (r=–0.71, 

P<0.0001). 

Our study has several limitations. First, the small sample size 

limited our statistical analysis and generalization of results. 

Second, we limited our observations to one PPV cycle and 

collected data only until 3 hours after returning to the supine 

position. We did not study how EVLWi, PVPi, and GEDVi 

changed after 3 hours in the supine position or during consec-

utive PPV sessions. Third, we performed only a single linear 

regression analysis due to the small number of observations. 

Fourth, because pulmonary circulation thrombosis induced 

by endothelial injury was common in severe CARDS patients 

[29], this phenomenon could alter parameters obtained by 

TPTD [16]. However, we monitored right and left ventricular 

performances by echocardiography during the observational 

time, and we did not report any findings of acute right ventric-

ular failure due to pulmonary thromboembolism. However, 

we want to underline that our study reports trends for EVLWi, 

PVPi, and GEDVi during PPV in severe CARDS patients for the 

first time. 

In conclusion, our preliminary data suggest that TPTD can 

provide useful data for the clinical management of severe 

CARDS patients requiring PPV sessions, especially regarding 

pulmonary edema. EVLWi showed a statistically significant 

reduction after 18 hours in PPV and values noted in supine po-

sitions were correlated with PaO2/FiO2. This relationship can 

help clinicians discriminate whether gas exchange worsening 

is related to fluid overload or progression of disease. Further 

clinical research should evaluate the role of TPTD parameters 

as markers to stratify disease severity and guide clinical man-

agement. 

CONFLICT OF INTEREST 

No potential conflict of interest relevant to this article was re-

ported. 

FUNDING

None.

ACKNOWLEDGMENTS

None.

ORCID 

Rosanna Carmela De Rosa 

https://orcid.org/0000-0001-8684-0008 

Antonio Romanelli https://orcid.org/0000-0002-6895-6485 



578 https://www.accjournal.org Acute and Critical Care 2022 Novemebr 37(4):571-579

De Rosa RC, et al. Transpulmonary thermodilution in severe COVID-19

Michele Gallifuoco https://orcid.org/0000-0001-6461-996X 

Giovanni Messina https://orcid.org/0000-0002-6822-7119 

Marianne Di Costanzo https://orcid.org/0000-0002-7096-410X 

Antonio Corcione https://orcid.org/0000-0002-9847-8883 

AUTHOR CONTRIBUTIONS 

Conceptualization: RCDR. Data curation: RCDR, MG, GM, 

MDC. Formal analysis: RCDR, AR. Methodology: RCDR. Proj-

ect administration: RCDR, AC. Visualization: RCDR. Writing–

original draft: RCDR, AR, MG, GM, MDC. Writing–review & 

editing: RCDR, AR, AC. 

REFERENCES 

1. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical 

characteristics of coronavirus disease 2019 in China. N Engl J 

Med 2020;382:1708-20. 

2. Cummings MJ, Baldwin MR, Abrams D, Jacobson SD, Meyer BJ, 

Balough EM, et al. Epidemiology, clinical course, and outcomes 

of critically ill adults with COVID-19 in New York City: a pro-

spective cohort study. Lancet 2020;395:1763-70. 

3. ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, 

Thompson BT, Ferguson ND, Caldwell E, et al. Acute respiratory 

distress syndrome: the Berlin definition. JAMA 2012;307:2526-

33. 

4. Gattinoni L, Chiumello D, Caironi P, Busana M, Romitti F, Brazzi 

L, et al. COVID-19 pneumonia: different respiratory treatments 

for different phenotypes? Intensive Care Med 2020;46:1099-102. 

5. Alhazzani W, Møller MH, Arabi YM, Loeb M, Gong MN, Fan 

E, et al. Surviving Sepsis Campaign: guidelines on the man-

agement of critically ill adults with Coronavirus Disease 2019 

(COVID-19). Intensive Care Med 2020;46:854-87. 

6. Qadri SK, Ng P, Toh TS, Loh SW, Tan HL, Lin CB, et al. Critically 

ill patients with COVID-19: a narrative review on prone posi-

tion. Pulm Ther 2020;6:233-46. 

7. Venus K, Munshi L, Fralick M. Prone positioning for patients 

with hypoxic respiratory failure related to COVID-19. CMAJ 

2020;192:E1532-7. 

8. Vignon P, Evrard B, Asfar P, Busana M, Calfee CS, Coppola S, et 

al. Fluid administration and monitoring in ARDS: which man-

agement? Intensive Care Med 2020;46:2252-64. 

9. Grissom CK, Hirshberg EL, Dickerson JB, Brown SM, Lanspa 

MJ, Liu KD, et al. Fluid management with a simplified conser-

vative protocol for the acute respiratory distress syndrome. Crit 

Care Med 2015;43:288-95. 

10. National Heart, Lung, and Blood Institute Acute Respiratory Dis-

tress Syndrome (ARDS) Clinical Trials Network; Wiedemann 

HP, Wheeler AP, Bernard GR, Thompson BT, Hayden D, et al. 

Comparison of two fluid-management strategies in acute lung 

injury. N Engl J Med 2006;354:2564-75. 

11. Jozwiak M, Teboul JL, Monnet X. Extravascular lung water in 

critical care: recent advances and clinical applications. Ann In-

tensive Care 2015;5:38. 

12. Monnet X, Anguel N, Osman D, Hamzaoui O, Richard C, Te-

boul JL. Assessing pulmonary permeability by transpulmonary 

thermodilution allows differentiation of hydrostatic pulmonary 

edema from ALI/ARDS. Intensive Care Med 2007;33:448-53. 

13. Groeneveld AB, Verheij J. Extravascular lung water to blood vol-

ume ratios as measures of permeability in sepsis-induced ALI/

ARDS. Intensive Care Med 2006;32:1315-21. 

14. Chung M, Bernheim A, Mei X, Zhang N, Huang M, Zeng X, et al. 

CT imaging features of 2019 novel coronavirus (2019-nCoV). 

Radiology 2020;295:202-7. 

15. Fan E, Beitler JR, Brochard L, Calfee CS, Ferguson ND, Slutsky 

AS, et al. COVID-19-associated acute respiratory distress syn-

drome: is a different approach to management warranted? Lan-

cet Respir Med 2020;8:816-21. 

16. Monnet X, Teboul JL. Transpulmonary thermodilution: advan-

tages and limits. Crit Care 2017;21:147. 

17. Gattinoni L, Busana M, Giosa L, Macrì MM, Quintel M. Prone 

positioning in acute respiratory distress syndrome. Semin Re-

spir Crit Care Med 2019;40:94-100. 

18. Grieco DL, Bongiovanni F, Chen L, Menga LS, Cutuli SL, Pintau-

di G, et al. Respiratory physiology of COVID-19-induced respi-

ratory failure compared to ARDS of other etiologies. Crit Care 

2020;24:529. 

19. Boerma EC, Bethlehem C, Stellingwerf F, de Lange F, Streng KW, 

Koetsier PM, et al. Hemodynamic characteristics of mechani-

cally ventilated COVID-19 patients: a cohort analysis. Crit Care 

Res Pract 2021;2021:8882753.  

20. Rasch S, Schmidle P, Sancak S, Herner A, Huberle C, Schulz D, 

et al. Increased extravascular lung water index (EVLWI) reflects 

rapid non-cardiogenic oedema and mortality in COVID-19 as-

sociated ARDS. Sci Rep 2021;11:11524. 

21. Shi R, Lai C, Teboul JL, Dres M, Moretto F, De Vita N, et al. 

COVID-19 ARDS is characterized by higher extravascular lung 

water than non-COVID-19 ARDS: the PiCCOVID study. Crit 

Care 2021;25:186. 

22. Asar S, Acicbe Ö, Sabaz MS, Tontu F, Canan E, Cukurova Z, et 

al. Comparison of respiratory and hemodynamic parameters 

of COVID-19 and non-COVID-19 ARDS patients. Indian J Crit 

https://doi.org/10.1056/nejmoa2002032
https://doi.org/10.1056/nejmoa2002032
https://doi.org/10.1056/nejmoa2002032
https://doi.org/10.1016/s0140-6736(20)31189-2
https://doi.org/10.1016/s0140-6736(20)31189-2
https://doi.org/10.1016/s0140-6736(20)31189-2
https://doi.org/10.1016/s0140-6736(20)31189-2
https://www.ncbi.nlm.nih.gov/pubmed/22797452
https://www.ncbi.nlm.nih.gov/pubmed/22797452
https://www.ncbi.nlm.nih.gov/pubmed/22797452
https://www.ncbi.nlm.nih.gov/pubmed/22797452
https://doi.org/10.1007/s00134-020-06033-2
https://doi.org/10.1007/s00134-020-06033-2
https://doi.org/10.1007/s00134-020-06033-2
https://doi.org/10.1007/s00134-020-06022-5
https://doi.org/10.1007/s41030-020-00135-4
https://doi.org/10.1007/s41030-020-00135-4
https://doi.org/10.1007/s41030-020-00135-4
https://doi.org/10.1503/cmaj.201201
https://doi.org/10.1503/cmaj.201201
https://doi.org/10.1503/cmaj.201201
https://doi.org/10.1007/s00134-020-06310-0
https://doi.org/10.1007/s00134-020-06310-0
https://doi.org/10.1007/s00134-020-06310-0
https://doi.org/10.1097/ccm.0000000000000715
https://doi.org/10.1097/ccm.0000000000000715
https://doi.org/10.1097/ccm.0000000000000715
https://doi.org/10.1097/ccm.0000000000000715
https://doi.org/10.1056/nejmoa062200
https://doi.org/10.1056/nejmoa062200
https://doi.org/10.1056/nejmoa062200
https://doi.org/10.1056/nejmoa062200
https://doi.org/10.1186/s13613-015-0081-9
https://doi.org/10.1186/s13613-015-0081-9
https://doi.org/10.1186/s13613-015-0081-9
https://doi.org/10.1007/s00134-006-0498-6
https://doi.org/10.1007/s00134-006-0498-6
https://doi.org/10.1007/s00134-006-0498-6
https://doi.org/10.1007/s00134-006-0498-6
https://doi.org/10.1007/s00134-006-0212-8
https://doi.org/10.1007/s00134-006-0212-8
https://doi.org/10.1007/s00134-006-0212-8
https://doi.org/10.1148/radiol.2020200230
https://doi.org/10.1148/radiol.2020200230
https://doi.org/10.1148/radiol.2020200230
https://doi.org/10.1016/s2213-2600(20)30304-0
https://doi.org/10.1016/s2213-2600(20)30304-0
https://doi.org/10.1016/s2213-2600(20)30304-0
https://doi.org/10.1016/s2213-2600(20)30304-0
https://doi.org/10.1186/s13054-017-1739-5
https://doi.org/10.1186/s13054-017-1739-5
https://doi.org/10.1055/s-0039-1685180
https://doi.org/10.1186/s13054-020-03253-2
https://doi.org/10.1186/s13054-020-03253-2
https://doi.org/10.1186/s13054-020-03253-2
https://doi.org/10.1186/s13054-020-03253-2
https://doi.org/10.1155/2021/8882753
https://doi.org/10.1155/2021/8882753
https://doi.org/10.1155/2021/8882753
https://doi.org/10.1155/2021/8882753
https://doi.org/10.1038/s41598-021-91043-3
https://doi.org/10.1038/s41598-021-91043-3
https://doi.org/10.1038/s41598-021-91043-3
https://doi.org/10.1038/s41598-021-91043-3
https://doi.org/10.1186/s13054-021-03594-6
https://doi.org/10.1186/s13054-021-03594-6
https://doi.org/10.1186/s13054-021-03594-6
https://doi.org/10.1186/s13054-021-03594-6
https://doi.org/10.5005/jp-journals-10071-23856
https://doi.org/10.5005/jp-journals-10071-23856
https://doi.org/10.5005/jp-journals-10071-23856


579https://www.accjournal.orgAcute and Critical Care 2022 Novemebr 37(4):571-579

De Rosa RC, et al. Transpulmonary thermodilution in severe COVID-19

Care Med 2021;25:704-8. 

23. McAuley DF, Giles S, Fichter H, Perkins GD, Gao F. What is the 

optimal duration of ventilation in the prone position in acute 

lung injury and acute respiratory distress syndrome? Intensive 

Care Med 2002;28:414-8. 

24. Ruste M, Bitker L, Yonis H, Riad Z, Louf-Durier A, Lissonde F, et 

al. Hemodynamic effects of extended prone position sessions in 

ARDS. Ann Intensive Care 2018;8:120. 

25. Tarragón B, Valdenebro M, Serrano ML, Maroto A, Llópez-Car-

ratalá MR, Ramos A, et al. Acute kidney failure in patients ad-

mitted due to COVID-19. Nefrologia (Engl Ed) 2021;41:34-40. 

26. Sweeney DA, Malhotra A. Coronavirus disease 2019 respiratory 

failure: what is the best supportive care for patients who require 

ICU admission? Curr Opin Crit Care 2021;27:462-7. 

27. Kushimoto S, Endo T, Yamanouchi S, Sakamoto T, Ishikura H, 

Kitazawa Y, et al. Relationship between extravascular lung water 

and severity categories of acute respiratory distress syndrome 

by the Berlin definition. Crit Care 2013;17:R132. 

28. Bhattacharjee A, Pradhan D, Bhattacharyya P, Dey S, Ch-

hunthang D, Handique A, et al. How useful is extravascular lung 

water measurement in managing lung injury in intensive care 

unit? Indian J Crit Care Med 2017;21:494-9. 

29.Osuchowski MF, Winkler MS, Skirecki T, Cajander S, Shan-

kar-Hari M, Lachmann G, et al. The COVID-19 puzzle: deci-

phering pathophysiology and phenotypes of a new disease 

entity. Lancet Respir Med 2021;9:622-42. 

https://doi.org/10.5005/jp-journals-10071-23856
https://doi.org/10.1007/s00134-002-1248-z
https://doi.org/10.1007/s00134-002-1248-z
https://doi.org/10.1007/s00134-002-1248-z
https://doi.org/10.1007/s00134-002-1248-z
https://doi.org/10.1186/s13613-018-0464-9
https://doi.org/10.1186/s13613-018-0464-9
https://doi.org/10.1186/s13613-018-0464-9
https://doi.org/10.1016/j.nefroe.2021.02.006
https://doi.org/10.1016/j.nefroe.2021.02.006
https://doi.org/10.1097/mcc.0000000000000863
https://doi.org/10.1097/mcc.0000000000000863
https://doi.org/10.1097/mcc.0000000000000863
https://doi.org/10.1186/cc12811
https://doi.org/10.1186/cc12811
https://doi.org/10.1186/cc12811
https://doi.org/10.1186/cc12811
https://doi.org/10.4103/ijccm.ijccm_40_17
https://doi.org/10.4103/ijccm.ijccm_40_17
https://doi.org/10.4103/ijccm.ijccm_40_17
https://doi.org/10.4103/ijccm.ijccm_40_17
https://doi.org/10.1016/s2213-2600(21)00218-6
https://doi.org/10.1016/s2213-2600(21)00218-6
https://doi.org/10.1016/s2213-2600(21)00218-6
https://doi.org/10.1016/s2213-2600(21)00218-6


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.

580 https://www.accjournal.org

| pISSN 2586-6052 | eISSN 2586-6060

Background: We aimed to characterize patients hospitalized for coronavirus disease 2019 
(COVID-19) and identify predictors of invasive mechanical ventilation (IMV). 
Methods: We performed a retrospective cohort study in patients with COVID-19 admitted to a 
private network in Sao Paulo, Brazil from March to October 2020. Patients were compared in three 
subgroups: non-intensive care unit (ICU) admission (group A), ICU admission without receiving 
IMV (group B) and IMV requirement (group C). We developed logistic regression algorithm to iden-
tify predictors of IMV. 
Results: We analyzed 1,650 patients, the median age was 53 years (42–65) and 986 patients 
(59.8%) were male. The median duration from symptom onset to hospital admission was 7 days 
(5–9) and the main comorbidities were hypertension (42.4%), diabetes (24.2%) and obesity 
(15.8%). We found differences among subgroups in laboratory values obtained at hospital admis-
sion. The predictors of IMV (odds ratio and 95% confidence interval [CI]) were male (1.81 [1.11–
2.94], P=0.018), age (1.03 [1.02–1.05], P<0.001), obesity (2.56 [1.57–4.15], P<0.001), duration from 
symptom onset to admission (0.91 [0.85–0.98], P=0.011), arterial oxygen saturation (0.95 [0.92–
0.99], P=0.012), C-reactive protein (1.005 [1.002–1.008], P<0.001), neutrophil-to-lymphocyte ratio 
(1.046 [1.005–1.089], P=0.029) and lactate dehydrogenase (1.005 [1.003–1.007], P<0.001). The 
area under the curve values were 0.860 (95% CI, 0.829–0.892) in the development cohort and 
0.801 (95% CI, 0.733–0.870) in the validation cohort. 
Conclusions: Patients had distinct clinical and laboratory parameters early in hospital admission. 
Our prediction model may enable focused care in patients at high risk of IMV. 

Key Words: algorithm; coronavirus; COVID-19; intensive care units; mechanical ventilation; SARS-
CoV-2
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The ongoing pandemic has overwhelmed health systems 

across the country and urged a better allocation of human 

and technical resources. In this context, simple approaches 

to understand the disease pattern and identify predictors of 

worse outcomes are needed. Early investigations reported 

that laboratory abnormalities have been associated with a 

greater mortality, including elevated ferritin, C-reactive pro-

tein (CRP), D-dimer levels and low lymphocyte count [1-4]. A 

recent meta-analysis demonstrated the importance of alter-

ations in several biomarkers as a means of predicting mortali-

ty [5]. 

Despite the relevance of such derangements upon hospital 

admission as predictors of poor prognosis, there is scarce data 

addressing the impact of the trends of laboratory biomarkers 

on patient outcomes. Moreover, some of the predictive mod-

els available in the literature lack robustness, thereby limiting 

their clinical applicability [6]. Reliable information generated 

by such models would assist clinicians to stratify patient’s risk 

upon hospital admission and identify those most likely to re-

quire invasive therapies. Thus, we conducted a retrospective 

cohort to investigate patients hospitalized for COVID-19 in a 

private system in Sao Paulo, Brazil. Specifically, we described 

the population demographics and comorbidities, trends of 

laboratory tests and developed a model to predict the risk of 

mechanical ventilation. 

MATERIALS AND METHODS 

Study Design and Participants 
This retrospective cohort study was conducted in a private 

network in Sao Paulo, Brazil (Hospital Sao Camilo) comprising 

three tertiary care hospitals (Pompeia, Santana, and Ipiranga 

Units). The study was performed according to the Helsinki 

Declaration, was approved by the local Ethics Committee of 

São Camilo Hospital and written informed consent was waived 

due to the use of retrospective deidentified data. We identified 

consecutive adult patients (aged ≥18 years) admitted to one of 

the three hospitals from March 5, 2020, to October 26, 2020 who 

were diagnosed with laboratory-confirmed COVID-19. Labora-

tory testing for severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) infection was performed using reverse transcrip-

tion–polymerase chain reaction (RT-PCR) of nasopharyngeal 

or oropharyngeal swab sample. We excluded patients who did 

not have at least two sets of blood tests obtained during hospi-

tal stay, those whose symptom onset commenced more than 

14 days prior to hospital admission and patients admitted for 

reasons other than respiratory infection. 

Our institutional protocol underwent temporal modifica-

tions to incorporate evidence emerging from clinical trials. 

After the publication of Randomised Evaluation of COVID-19 

Therapy (RECOVERY) study [7], corticosteroid was prescribed 

for all hospitalized patients requiring oxygen therapy. Hy-

droxychloroquine was administered as a compassionate thera-

py early in the pandemic for hospitalized patients and stopped 

being used after the publication of the Coalition Covid-19 Bra-

zil I study [8]. Tocilizumab was administered for hypoxemic 

patients fulfilling the criteria for cytokine storm (elevated levels 

of CRP, ferritin, lactate dehydrogenase [LDH] and interleukin 6) 

in the absence of bacterial infection. Furthermore, oxygen was 

titrated to achieve an oxygen saturation between 88% and 92%. 

During the first month of the pandemic, neither non-invasive 

ventilation (NIV) nor high-flow nasal cannula (HFNC) was 

used due to guidelines reporting the risk of aerosol dispersion. 

Except for this period, the modalities of oxygen delivery com-

prised nasal cannula, non-rebreather mask, Venturi mask, NIV, 

HFNC, invasive mechanical ventilation (IMV) and venovenous 

extracorporeal membrane oxygenation.  

Data Collection 
For all patients, we collected data on baseline characteristics 

including demographics, comorbidities, peripheral oxygen 

saturation upon hospital admission, date of symptom onset, 

outcome (discharge, death or transfer) and dates of admission 

and discharge. In patients who required intensive care unit 

(ICU) admission, we also examined Simplified Acute Physiol-

■ In our cohort hospitalized for coronavirus disease 2019 
(COVID-19), we observed a good accuracy for mechanical 
ventilation prediction with some laboratory tests assessed 
at hospital admission including C-reactive protein and 
lactate dehydrogenase.

■ Our algorithm identified in the multivariate analysis eight 
variables as significant predictors for mechanical ven-
tilation: male sex, age, obesity, duration from symptom 
onset to hospital admission, oxygen saturation, C-reactive 
protein, neutrophil-to-lymphocyte ratio and lactate dehy-
drogenase all assessed at admission.

■ Despite the existence of many predictive models in 
COVID-19, our algorithm adds novelty to the literature by 
including a simple but often neglected variable: duration 
from symptom onset to hospital admission.

KEY MESSAGES
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ogy Score (SAPS) III, intubation requirement, and dates of ICU 

admission and discharge.  

Sequential Measurements of Laboratory Data 
Laboratory data was extracted from electronic medical re-

cords. To minimize the influence of other issues complicating 

the initial COVID-19 infection in patients with a prolonged 

hospital stay, we limited the laboratory tests data collection 

timeframe to the first 14 days within hospital admission. Se-

quential serum laboratory values of the following parameters 

were obtained: CRP, LDH, D-dimer and creatinine levels; 

lymphocyte, neutrophil and platelet counts. We calculated 

two parameters: the neutrophil-to-lymphocyte ratio (NLR) 

was obtained by dividing the absolute neutrophil count by the 

absolute lymphocyte count, and lymphocyte-to-C-reactive 

protein ratio (LCR) was calculated by dividing lymphocyte 

count by the CRP level. Blood samples were usually obtained 

once daily. In cases of more than one test on a single day, the 

worst value was considered. In patients who required renal re-

placement therapy, we collected serum creatinine levels until 

the last measurement before the therapy commenced. Also, in 

patients who received tocilizumab, we obtained CRP levels up 

to the day when this therapy was administered. 

To analyze patients across different severity groups, we split 

our study population into three subgroups: those who were 

not admitted to ICU (group A), those who were admitted to 

ICU but did not require IMV (group B), and those who re-

quired IMV (group C). 

Statistical Analysis 
Continuous variables were presented as means and standard 

deviations or median (interquartile range), as appropriate. 

Normal distribution of continuous variables was checked with 

the Kolmogorov-Smirnov test. Categorical variables were sum-

marized as counts and percentages. No imputation was made 

for missing data. Chi-square test or Fisher exact test was used 

to compare categorical variables as appropriate. Kruskal-Wal-

lis or Mann-Whitney rank sum test was used to compare 

non-parametric continuous variables and t-student test was 

used to compare parametric continuous variables. 

To evaluate the efficacy of each serum biomarker in the 

prediction of mechanical ventilation, we calculated the area 

under the receiver operator characteristics (ROC) curve (AUC) 

for measurements obtained at hospital admission. For D-di-

mer and LDH levels, we observed a high frequency of missing 

values on day 1 attributed to logistic issues upon hospital ad-

mission. Therefore, we considered the worst value obtained 

from either day 1 or day 2. 

A bidirectional stepwise logistic regression analysis was un-

dertaken to determine the predictive factors for mechanical 

ventilation. We used 80% of our study population to develop 

the model and applied it to the remaining 20% to validate its 

performance. Variables that were significantly associated with 

the outcome in the univariate analysis were included in the 

multivariate model according to the following criteria: clinical 

relevance, lack of colinearity and missing data <15% of cases. 

Overall goodness of fit was verified by Akaike information cri-

terion and discrimination of the model was evaluated by ROC 

curve of predicted probability. All statistical tests were two-

tailed, and a P-value <0.05 was considered statistically signif-

icant. Statistical tests were performed using R version 4.0.2 (R 

Foundation, Vienna, Austria).  

RESULTS 

A total of 1,650 patients with a SARS-CoV-2 RT-PCR assay 

confirmed COVID-19 diagnosis were included in our study 

(Figure 1). The distribution of the outcome status along the 

first 14 days of hospitalization is illustrated in Figure 2. Table 1 

demonstrates the demographic and clinical characteristics of 

the study patients. Overall, 986 patients (59.8%) were male and 

the median age was 53 years (range, 42–65). The median du-

ration from symptom onset to hospital admission was 7 days 

(5–9). The most predominant comorbidities were hyperten-

sion (42.4%), diabetes (24.2%), hyperlipidemia (16.2%), and 

obesity (15.8%). A greater proportion of patients undergoing 

ICU admission were male in comparison to the population not 

admitted to ICU. Also, patients who became critically ill were 

older and had a lower oxygen saturation at hospital admission 

(Table 1). Acute respiratory failure was the reason for ICU ad-

mission in the majority of patients. 

Measurements of laboratory biomarkers obtained at hos-

pital admission are presented in Table 2. We found that such 

values differed among all subgroups. Furthermore, a two-by-

two comparison between groups has also yielded statistically 

significant difference. Sequential measurements of the main 

laboratory biomarkers are represented in Figure 3. The medi-

an (interquartile range) hospital length of stay was 7 days (5–9) 

in group A, 10 days (8–15) in group B and 22 days (16– 31) in 

group C. The number of patients who died during hospitaliza-

tion was the following: 2 patients (<1%) in group A, 25 patients 

(4.9%) in group B and 102 patients (46.4%) in group C. 
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Figure 2. Daily distribution of study patients according to the outcome status. ICU: intensive care unit; IMV: invasive mechanical ventilation.

Figure 1. Flowchart of the study enrollment. COVID-19: coronavirus disease 2019; ICU: intensive care unit.

2,091 Adult patients with confirmed diagnosis of COVID-19 
were hospitalized from March 2020 to October 2020

1,650 Patients were included in the study

Group A
925 Not admitted to ICU

Group B
505 Admitted to ICU without requiring 

mechanical ventilation

Group C
220 Required mechanical ventilation

Excluded
182 Had less than 2 sets of blood tests
  88 Were admitted for a reason other than respiratory infection
171 Had more than 14 days duration from symptom onset to hospital admission

100

75

50

25

0

%

1 5 103 7 122 6

Day following hospital admission

■ Hospital discharge ■ Not admitted to ICU ■ Admitted to ICU without IMV ■ Required IMV ■ Death

114 98 13 14
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Table 1. Baseline clinical characteristics of study patients

Variable All patients 
(n=1,650)

Group A 
(n=925)

Group B 
(n=505)

Group C 
(n=220)

P-value
General A vs. B A vs. C B vs. C

Sex 0.002 0.029 0.001 0.152
 Female 664 (40.2) 404 (43.7) 190 (37.6) 70 (31.8)
 Male 986 (59.8) 521 (56.3) 315 (62.4) 150 (68.2)
Age (yr) 53 (42–65) 48 (39–60) 56 (44–69) 63 (51–74) <0.001 <0.001 <0.001 <0.001
Comorbidity
 Hypertension 699 (42.4) 304 (32.9) 256 (50.7) 139 (63.2) <0.001 <0.001 <0.001 0.002
 Diabetes 399 (24.2) 172 (18.6) 140 (27.7) 87 (39.5) <0.001 <0.001 <0.001 0.002
 COPD 46 (2.8) 8 (0.9) 23 (4.6) 15 (6.8) <0.001 <0.001 <0.001 0.209
 Smoking 27 (1.6) 14 (1.5) 10 (2.0) 3 (1.4) 0.788
 Heart failure 55 (3.3) 10 (1.1) 30 (5.9) 15 (6.8) <0.001 <0.001 <0.001 0.620
 Cirrhosis 5 (0.3) 2 (0.2) 2 (0.4) 1 (0.5) 0.850
 Previous stroke 35 (2.1) 9 (1.0) 20 (4.0) 6 (2.7) <0.001 <0.001 0.050 0.517
 Obesity 261 (15.8) 83 (9.0) 114 (22.6) 64 (29.1) <0.001 <0.001 <0.001 0.074
 Previous bariatric surgery 19 (1.2) 13 (1.4) 4 (0.8) 2 (0.9) 0.517
 Hyperlipidemia 267 (16.2) 115 (12.4) 105 (20.8) 47 (21.4) <0.001 <0.001 0.001 0.921
 Dementia 59 (3.6) 16 (1.7) 38 (7.5) 5 (2.3) <0.001 <0.001 0.578 0.006
 Autoimmune disorder 3 (0.2) 2 (0.2) 0 (0.0) 1 (0.5) 0.571
 HIV 13 (0.8) 8 (0.9) 1 (0.2) 4 (1.8) 0.066
 Solid neoplasm 15 (0.9) 4 (0.4) 6 (1.2) 5 (2.3) 0.028 0.180 0.016 0.323
 Hematologic neoplasm 8 (0.5) 4 (0.4) 1 (0.2) 3 (1.4) 0.085
 Asthma 75 (4.5) 39 (4.2) 24 (4.8) 12 (5.5) 0.705
 Non-dialysis CKD 51 (3.1) 13 (1.4) 24 (4.8) 14 (6.4) <0.001 <0.001 <0.001 0.369
 CKD on dialysis 10 (0.6) 1 (0.1) 3 (0.6) 6 (2.7) <0.001 0.129 <0.001 0.026
 Previous solid organ transplant 6 (0.4) 1 (0.1) 4 (0.8) 1 (0.5) 0.101
 Coronary artery disease 89 (5.4) 27 (2.9) 38 (7.5) 24 (10.9) <0.001 <0.001 <0.001 0.149
Duration from symptom onset to 

hospital admission
7 (5–9) 7 (5–9) 6 (4–8) 6 (4–8) 0.001 <0.001 <0.001 0.784

SpO2 at hospital presentation 96 (93–97) 96 (95–98) 95 (92–96) 91 (86–95) 0.001 <0.001 <0.001 <0.001
SAPS III 43 (39–50) 49 (44–55) <0.001

Values are presented as number (%) or median (interquartile range). Group A: patients who were not admitted to intensive care unit (ICU); Group B: patients who 
were admitted to ICU but did not require mechanical ventilation; Group C: patients who required mechanical ventilation.
COPD: chronic obstructive pulmonary disease; HIV: human immunodeficiency virus; CKD: chronic kidney disease; SpO2: arterial oxygen saturation; SAPS: 
Simplified Acute Physiology Score.

Table 2. Measurements of laboratory biomarkers at hospital admission

Variable All patients 
(n=1,650)

Group A 
(n=925)

Group B
(n=505)

Group C 
(n=220)

P-value
General A vs. B A vs. C B vs. C

CRP (mg/dl) 55 (24–107) 40 (18–78) 70 (31–127) 119 (55–203) <0.001 <0.001 <0.001 <0.001
LDH (U/L) 288 (234–360) 269 (221–328) 307 (253–375) 380 (284–512) <0.001 <0.001 <0.001 <0.001
Serum creatinine (mg/dl) 1.0 (0.8–1.1) 0.9 (0.8–1.1) 1.0 (0.8–1.2) 1.0 (0.9–1.4) <0.001 0.027 <0.001 0.001
Lymphocyte count (/mm3) 1,150 (819–1,541) 1,260 (936–1,649) 1,062 (758–1,421) 903 (657–1,265) <0.001 <0.001 <0.001 <0.001
Neutrophil count (/mm3) 4,152 (2,936–5,923) 3,866 (2,757–5,383) 4,438 (3,224–6,402) 5,046 (3,467–7,555) <0.001 <0.001 <0.001 0.007
Platelet count (x103/µL) 194 (158–237) 199 (164–238) 191 (155–237) 180 (136–232) 0.001 0.038 <0.001 0.047
D-dimer (μg/ml) 0.4 (0.3–0.7) 0.4 (0.3–0.6) 0.5 (0.3–0.8) 0.6 (0.4–1.0) <0.001 <0.001 <0.001 0.003
LCR 21 (9–56) 30 (14–79) 15 (7–39) 8 (4–18) <0.001 <0.001 <0.001 <0.001
NLR 4 (2–6) 3 (2–5) 4 (3–7) 6 (3–11) <0.001 <0.001 <0.001 <0.001

Values are presented as median (interquartile range).
CRP: C-reactive protein; LDH: lactate dehydrogenase; LCR: lymphocyte-to-C-reactive protein ratio; NLR: neutrophil-to-lymphocyte ratio.
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Figure 3. Sequential measurements of laboratory biomarkers over the course of hospital stay. (A-H) Boxplots of values of laboratory biomarkers 
obtained during hospital stay. (A) C-reactive protein (CRP), (B) lactate dehydrogenase (LDH), (C) lymphocyte count, (D) neutrophil count, (E) 
platelet count, (F) D-dimer, (G) neutrophil-to-lymphocyte ratio (NLR), (H) lymphocyte-to-C-reactive protein ratio (LCR). Group A: patients who 
were not admitted to intensive care unit (ICU); Group B: patients who were admitted to ICU but did not require mechanical ventilation; Group C: 
patients who required mechanical ventilation.
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Figure 4. Receiver operating characteristic (ROC) curves for 
laboratory biomarkers obtained at hospital admission to predict 
requirement of mechanical ventilation. (A) C-reactive protein (CRP), 
lactate dehydrogenase (LDH), and D-dimer levels. (B) Lymphocyte, 
neutrophil, and platelet counts. (C) Neutrophyl-to-lymphocyte ratio 
(NLR) and lymphocyte-to-C-reactive protein ratio (LCR) values. AUC: 
area under the ROC curve; CI: confidence interval.

To assess the performance of each laboratory biomarker 

in the prediction of mechanical ventilation, we plotted ROC 

curves of laboratory biomarkers obtained at hospital admis-

sion (Figure 4). We observed a better ability to predict the 

outcome with CRP, LDH and LCR levels. The following vari-

ables fulfilled the criteria in the univariate analysis in order 

to be included in the multivariate analysis (Table 3): age, sex, 

hypertension, diabetes, chronic obstructive pulmonary dis-

ease, heart failure, obesity, hyperlipidemia, solid neoplasm, 

duration from symptom onset to hospital admission, coronary 

artery disease, oxygen saturation, and laboratory biomarkers 

(CRP, NLR, platelet count, creatinine, D-dimer and LDH). Of 

these, a total of eight variables were selected as significant 

predictors for the requirement of mechanical ventilation: male 

sex, age, obesity, duration from symptom onset to hospital 

admission, oxygen saturation, CRP, NLR and LDH at hospital 

admission (Table 4). In the development cohort, the receiving 

operating characteristic curve was drawn with an AUC of 0.860 

(95% confidence interval, 0.829–0.892) (Figure 5A) The per-

formance of the model was internally validated and the AUC 

of the validation cohort was 0.801 (95% confidence interval, 

0.733–0.870) (Figure 5B) 

DISCUSSION 

We described the clinical characteristics of patients hospital-

ized for COVID-19 according to three subgroups (not admitted 

to ICU, admitted to ICU but not mechanically ventilated and 

admitted to ICU with requirement of mechanical ventila-

tion). Also, we found that the main serum biomarkers differed 
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among study subgroups. Furthermore, a good predictive 

performance was observed with CRP, LDH and LCR levels 

obtained at hospital admission. Finally, we built a logistic re-

gression algorithm to identify predictors for the requirement of 

mechanical ventilation. 

Our study supports the findings reported by other investiga-

tors with regards to the pattern of laboratory biomarkers de-

rangements. Elevated CRP levels were associated with greater 

disease severity in observational cohorts [9-12]. Lymphopenia 

was commonly present in an early pandemic report [13] and 

was found to be linked to worse outcomes [3,14-16]. Studies 

have also documented the prognostic importance of elevated 

LDH on disease severity [17-19]. Furthermore, other studies 

reported critically ill patients had higher neutrophil count 

and D-dimer concentrations in comparison with mild cases 

[2,13,15,19,20]. 

A few studies have documented the variation of laboratory 

biomarker measurements during the course of the disease. In 

Table 3. Univariate logistic regression analysis for predicting the requirement of mechanical ventilation in 1,650 patients hospitalized for COVID-19 
in Sao Paulo, Brazil

Variable Total 
(n=1,650)

Did not receive IMV 
(n=1,430)

Received IMV 
(n=220) P-value

Female 664 (40.2) 594 (41.5) 70 (31.8) 0.006
Age (yr) 52.5 (41.5–64.5) 51.1 (40.7–63.0) 62.9 (51.3–73.7) <0.001
Hypertension 699 (42.4) 560 (39.2) 139 (63.2) <0.001
Diabetes mellitus 399 (24.2) 312 (21.8) 87 (39.5) <0.001
COPD 46 (2.8) 31 (2.2) 15 (6.8) <0.001
Smoking 27 (1.6) 24 (1.7) 3 (1.4) 1.000
Heart failure 55 (3.3) 40 (2.8) 15 (6.8) 0.004
Cirrhosis 5 (0.3) 4 (0.3) 1 (0.5) 0.512
Stroke 35 (2.1) 29 (2.0) 6 (2.7) 0.454
Obesity 261 (15.8) 197 (13.8) 64 (29.1) <0.001
Bariatric surgery 19 (1.2) 17 (1.2) 2 (0.9) >0.990
Hyperlipidemia 267 (16.2) 220 (15.4) 47 (21.4) 0.030
Dementia 59 (3.6) 54 (3.8) 5 (2.3) 0.331
Autoimmune disease 3 (0.2) 2 (0.1) 1 (0.5) 0.349
HIV 13 (0.8) 9 (0.6) 4 (1.8) 0.083
Solid neoplasm 15 (0.9) 10 (0.7) 5 (2.3) 0.039
Hematological neoplasm 8 (0.5) 5 (0.3) 3 (1.4) 0.079
Asthma 75 (4.5) 63 (4.4) 12 (5.5) 0.486
ESKD not on dialysis 51 (3.1) 37 (2.6) 14 (6.4) 0.006
ESKD on dialysis 10 (0.6) 4 (0.3) 6 (2.7) <0.001
Solid organ transplant 6 (0.4) 5 (0.3) 1 (0.5) 0.577
Coronary artery disease 89 (5.4) 65 (4.5) 24 (10.9) <0.001
Duration from symptom onset to hospital admission 7.0 (5.0–9.0) 7.0 (5.0–9.0) 6.0 (4.0–8.0) 0.001
SpO2 (%) 96.0 (93.0–97.0) 96.0 (94.0–97.0) 91.0 (86.0–95.0) <0.001
C-reactive protein (mg/dl) 55 (24–107) 48 (21–94) 119 (55–203) <0.001
Serum creatinine (mg/dl) 1.0 (0.8–1.1) 0.9 (0.8–1.1) 1.0 (0.9–1.4) <0.001
Lymphocyte count (/mm3) 1,150 (819–1,541) 1,196 (853–1,590) 903 (657–1,265) <0.001
Neutrophil count (/mm3) 4,152 (2,936–5,923) 4,054 (2,879–5,712) 5,046 (3,467–7,555) <0.001
LCR 21 (9–56) 23 (11–62) 8 (4–18) <0.001
NLR 4 (2–6) 4 (2–6) 6 (3–11) <0.001
LDH (U/L) 300 (241–373) 292 (236–352) 404 (304–531) <0.001
D-dimer (µg/ml) 0.5 (0.3–0.7) 0.4 (0.3–0.7) 0.6 (0.4–1.3) 0.001

All laboratory data were assessed at hospital admission.
COVID-19: coronavirus disease 2019; IMV: invasive mechanical ventilation; COPD: chronic obstructive pulmonary disease; HIV: human immunodeficiency virus;  
ESKD: end-stage kidney disease; SpO2: arterial oxygen saturation; LCR: lymphocyte-to-C-reactive protein ratio; NLR: neutrophil-to-lymphocyte ratio; LDH: lactate 
dehydrogenase.
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Table 4. Multivariable logistic regression model for predicting the requirement of mechanical ventilation in 1,650 patients hospitalized for COVID-19 
in Sao Paulo, Brazil
Variable Odds ratio (95% CI) P-value
Sex (male vs. female) 1.810 (1.110–2.940) 0.018
Age (per year) 1.030 (1.020–1.050) <0.001
Obesity (yes vs. no) 2.560 (1.570–4.150) <0.001
Duration from symptom onset to hospital admission (per day) 0.910 (0.850–0.980) 0.011
SpO2 (%) 0.950 (0.920–0.990) 0.012
C-reactive protein (mg/dl) 1.005 (1.002–1.008) <0.001
NLR 1.046 (1.005–1.089) 0.029
LDH (U/L) 1.005 (1.003–1.007) <0.001

COVID-19: coronavirus disease 2019; CI: confidence interval; SpO2: arterial oxygen saturation; NLR: neutrophil-to-lymphocyte ratio; LDH: lactate dehydrogenase.

Figure 5. Receiver operating characteristic (ROC) curves for the multivariable logistic regression model to identify predictors of mechanical 
ventilation. (A) Development cohort. (B) Validation cohort. AUC: area under the ROC curve; CI: confidence interval.

a cohort of 75 patients, Li et al. [21] observed that survivors had 

lower neutrophil, d-dimer and CRP levels and higher lympho-

cyte count at day 5 to 8 as compared to baseline. Other investi-

gators found an early rise of CRP concentration during hospi-

tal stay, a finding that resembles the trajectory observed in our 

population [22,23]. In one study, patients who were critically 

ill, who died, or developed acute kidney injury had CRP levels 

significantly higher over time [23]. Furthermore, a retrospec-

tive cohort reported a similar trend towards greater levels of 

inflammatory biomarkers and lower lymphocyte count among 

patients who required a higher level of respiratory support or 

who died [24].  

There are some similarities between predictors found in 

our algorithm and studies addressing pneumonia from non-

COVID-19 cause [25,26]. Nevertheless, severity scoring sys-

tems validated for community acquired pneumonia, such as 

CURB-65 (6-point pneumonia severity score; 1 point for each 

of Confusion, Urea >7 mmol/L, respiratory rate >30/min, low 

systolic [<90 mm Hg] or diastolic [<60 mm Hg] blood pres-

sure, age <65 years) [27] or PSI [28], address the mortality risk 

instead of the risk for IMV. Furthermore, they involve clinical 

findings not included in our algorithm such as altered mental 

status, hypotension, tachycardia and tachypnea, along with 

low oxygen saturation values and comorbidities. Also impor-

tantly, significant predictors in our model are not present in 

pneumonia severity scoring systems such as obesity, duration 

from symptom onset to hospital admission and serum levels 

of CRP and NLR at admission. Additional factors are impli-

cated in the distinction between COVID-19 pneumonia from 

other causes of pneumonia. COVID-19 patients normally have 
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more prolonged duration of mechanical ventilation and use of 

sedation, more profound hypoxemia, extensive use of prone 

positioning and higher risk of pulmonary embolism [29-31]. 

Moreover, the pandemic-related overcrowding may have com-

promised the usual level of care due to resource shortage [32]. 

Different predictive models have been developed in patients 

with COVID-19 to assist medical decision making [6]. Overall, 

studies reported a good predictive performance assessed by 

ROC curves, nevertheless, a wide range of predictors were 

evaluated and the outcome definition was not consistent 

across algorithms. In the CALL (comorbidity, age, lymphocyte, 

and LDH) score model, a multivariate Cox regression assessed 

factors associated with disease progression and identified age 

and LDH as significant predictors, variables that were also 

relevant in our model [33]. In another study using machine 

learning algorithms to predict severe outcomes, one of which 

was requirement of IMV, it was found that age, serum creati-

nine and CPR were significant predictors [34]. Furthermore, in 

a retrospective multicenter study performed in Michigan, an 

XGBoost algorithm was built to predict mechanical ventilation 

and the most important predictors were age and oxygen satu-

ration [35]. In a multicenter investigation performed in Wuhan, 

a Machine Learning approach was implemented to predict se-

vere disease [36]. Age was the most important feature, but the 

model also included CRP and LDH measurements. Notably, 

age and male sex were relevant predictors in other large mul-

ticenter cohorts, two of them were performed in South Korea 

[37-40]. Moreover, a retrospective study also in South Korea 

showed greater risk of disease severity with increased age and 

higher likelihood for critically ill symptoms in male patients 

[41]. Finally, a multicenter Italian study aiming to predict se-

vere respiratory failure observed that age, obesity, creatinine 

and LDH were significant variables [42]. Importantly, we found 

that lower duration from symptom onset to hospital admission 

was a predictor of IMV requirement, a variable not commonly 

addressed by other investigators. Such inverse relationship be-

tween time from symptom onset and outcome was document-

ed in a retrospective study assessing mortality [43]. 

Our study adds to the literature by providing data on epide-

miological aspects, laboratory biomarker pattern and progno-

sis among patients hospitalized for COVID-19. Furthermore, 

Sao Paulo was one of the regions severely affected by the 

pandemic waves and faced an increased demand for ICU beds 

and shortage of medical equipment and healthcare staff. In 

addition, patients who require mechanical ventilation may not 

present with clinical signs of respiratory failure upon hospital 

admission, but frequently undergo rapid deterioration over 

the course of disease. Therefore, our findings may assist health 

systems to allocate resources and enable early intervention. 

On a patient level, those who are at high risk of receiving IMV 

may be considered to therapies demonstrated to shorten time 

to disease recovery. Moreover, our model seems to be feasible 

as the included parameters are widely available across differ-

ent settings. 

Our study has some limitations. Firstly, the retrospective na-

ture of the study design may pose a greater risk of information 

bias as relevant clinical data may not have been well docu-

mented during the pandemic surge. However, our study sub-

groups were divided by unequivocal events (ICU admission 

and mechanical ventilation) and the model outcome was well 

defined (requirement of mechanical ventilation). Secondly, the 

timeframe of our data collection comprised different phases 

of the pandemic. As a result, patients may have been treated 

differently as initially clinical evidence was being accumulated 

and protocols were still under review. Nevertheless, the sam-

ple size was representative as we included a large number of 

consecutive patients admitted to our hospital network. Third-

ly, we did not account for patients who had a do-not-intubate 

orders in place. As the evidence on disease prognosis were still 

being accrued in a such a complex and dynamic scenario, end 

of life decisions might have been affected and not consistently 

applied across the entire population. Finally, our model was 

developed and tested on patients from a single health system. 

Thus, future prospective studies implemented in different 

healthcare systems will provide external validity for our model. 

Our study demonstrated that COVID-19 patients who de-

veloped worse outcomes had different epidemiological and 

laboratory biomarker characteristics accessible as early as at 

hospital admission. Also, our multivariable regression model 

showed good ability to predict the requirement of mechanical 

ventilation by including parameters widely available in clinical 

practice. 
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Background: Respiratory muscle strength in patients with an artificial airway is commonly as-
sessed as the maximal inspiratory pressure (MIP) and is measured using analogue or digital ma-
nometers. Recently, new electronic loading devices have been proposed to measure respiratory 
muscle strength. This study evaluates the agreement between the MIPs measured by a digital ma-
nometer and those according to an electronic loading device in patients being weaned from me-
chanical ventilation. 
Methods: In this prospective study, the standard MIP was obtained using a protocol adapted from 
Marini, in which repetitive inspiratory efforts were performed against an occluded airway with a 
one-way valve and were recorded with a digital manometer for 40 seconds (MIPDM). The MIP mea-
sured using the electronic loading device (MIPELD) was obtained from repetitively tapered flow re-
sistive inspirations sustained for at least 2 seconds during a 40-second test. The agreement be-
tween the results was verified by a Bland-Altman analysis. 
Results: A total of 39 subjects (17 men, 55.4±17.7 years) was enrolled. Although a strong correla-
tion between MIPDM and MIPELD (R=0.73, P<0.001) was observed, the Bland-Altman analysis 
showed a high bias of –47.4 (standard deviation, 22.3 cm H2O; 95% confidence interval, –54.7 to 
–40.2 cm H2O). 
Conclusions: The protocol of repetitively tapering flow resistive inspirations to measure the MIP 
with the electronic loading device is not in agreement with the standard protocol using one-way 
valve inspiratory occlusion when applied in poorly cooperative patients being weaned from me-
chanical ventilation. 

Key Words: agreement; biomedical technology assessment; mechanical ventilation; respiratory 
muscles; respiratory system diagnostic technique  
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INTRODUCTION 

Respiratory muscle strength (RMS) is one of the parameters associated with successful 
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weaning from mechanical ventilation (MV) [1-3]. The diag-

nosis of respiratory muscle weakness in patients under MV is 

complex and involves several methods, such as manometry, 

ultrasound, and surface electromyography, which can mon-

itor diaphragm activity [4]. Analogue or digital manometry is 

the most common method for measuring RMS [5]. In patients 

with an artificial airway, the method proposed by Marini et al. 

[6,7] is widely used in clinical practice and has been certified 

by the American Thoracic Society (ATS) and European Respi-

ratory Society (ERS) [4-8]. This method measures the maximal 

inspiratory pressure (MIP) non-volitionally with an occluded, 

unidirectional valve for 20–25 seconds, so that patients per-

form successive inspiratory efforts starting from lung volumes 

closer to the residual volume. Manual valve occlusion allows 

exhalation while inspiration is blocked, which generates great-

er negative pressures than measurements without using the 

valve [6]. The method has good reliability, with a coefficient of 

variation of around 10% [6-9]. 

Subsequently, Truwit and Marini observed no significant 

differences between coached and non-coached MIP maneu-

vers when the airway pressure generated during first 100 ms 

of inspiratory effort (P0.1) was greater than 2 cm H2O during 

non-coached MIP maneuvers. Thus, those authors conclud-

ed that MIP can be reliably measured in critically ill patients 

independent of coaching using valve occlusion for 20–25 sec-

onds, supporting the use of the method in poorly cooperative 

or uncooperative patients [7]. Studies of occlusion times of 40 

to 60 seconds later demonstrated higher MIP values after 40 

seconds of valve occlusion in poorly cooperative subjects and 

showed a coefficient of variation of 10% in heterogeneous pop-

ulations [10-12]. 

Recently, a new electronic inspiratory muscle training de-

vice using automatically controlled valves is also capable of 

evaluating RMS as recommended by the ATS [13,14]. The 

device generates MIP measurements dynamically through a 

mathematical algorithm embedded in its software. It measures 

inspiratory pressure of breathing against resistance based on 

the volume and flow generated during every breath [15]. 

Faced with this new technology, idealized for training the re-

spiratory muscle, there is a tendency for its use to be extended 

to RMS evaluation in patients under weaning from MV [16]. 

After reflecting on the heterogeneous profiles of critically ill 

patients, including those poorly cooperative in performing vo-

litional maneuvers for inspiratory muscle strength assessment, 

we decided to evaluate the agreement between MIPs using 

a digital manometer (MIPDM) and those from the electronic 

loading device (MIPELD) in poorly cooperative patients being 

weaned from MV. 

MATERIALS AND METHODS 

Design and Location of Study 
This was a prospective study conducted in the intensive care 

unit (ICU) of a public hospital. It was performed according 

to the Helsinki Declaration and approved by the Research 

Human Research Ethics Committee of the Federal University 

of Pernambuco (protocol: 79233017.7.0000.5208). Written 

informed consent was given by the legal representatives of all 

participants. 

Sample Size 
The sample size required for a Bland-Altman analysis was 

calculated using MedCalc statistical software version 18.11.6 

(Ostend, Belgium). An expected mean difference of 5 cm H2O, 

standard deviation of differences of 5 cm H2O, and maximum 

allowed difference between methods of 20 cm H2O were ad-

opted between the MIPDM and MIPELD variables, and an alpha 

of 0.05 for the two-tailed test and a beta of 0.90 were set. The 

sample estimate calculated required 34 pairs of measure-

ments, so to account for losses, 39 volunteers were evaluated 

to test the study hypothesis.  

Eligibility Criteria  
Subjects of both sexes, aged 16–89 years, with an artificial air-

way by orotracheal tube or tracheostomy cannula, and fulfill-

ing the following MV weaning criteria were eligible: respiratory 

rate (RR) ≤35/min, heart rate (HR) ≤140/min, systolic blood 

pressure (SBP) ≥90 and ≤ 180 mm Hg without the use of or 

minimal need for vasoactive drugs, PaO2 ≥60 mm Hg with FiO2 

≤40%, PEEP ≤8 cm H2O, PaO2/FiO2 ≥150, SpO2 ≥90%, and no or 

minimal alterations in the acid–base balance (maintaining pH 

■ Maximal inspiratory pressures (MIPs) derived from one-
way valve inspiratory occlusion and a digital manometer 
and those from repetitively tapered flow resistive inspira-
tions and an electronic loading device are discordant.

■ MIP assessment using repetitively tapered flow resistive 
inspirations and an electronic loading device is not reli-
able in uncooperative patients being weaned from me-
chanical ventilation.

KEY MESSAGES
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≥7.32) in pressure support ventilation (PSV) mode [10,11]. The 

subjects were poorly cooperative, with a modified Glasgow 

coma scale (GCS) score ranging from 8 to 10 points, disregard-

ing the “verbal response” component of the scale because the 

artificial airway was a communication barrier. Subjects with 

cranial hypertension, chest wall instability, bronchial-pleural 

or tracheal-esophageal fistulae, alveolar hemorrhage, known 

coronary artery disease, or upper airway leakage even after 

cuff hyperinsufflation were excluded from the study popula-

tion [8]. 

Data Collection 
Clinical information (age, sex, GCS, Simplified Acute Physi-

ology Score 3, diagnosis upon ICU admission and duration 

of MV) were extracted from medical records. Subjects were 

classified into one of the following diagnostic categories as the 

primary cause for ICU admission: (1) respiratory disease, (2) 

sepsis, (3) post-operative abdominal surgery, (4) leptospirosis, 

(5) metabolic disease, (6) obstetrical or gynecological disease, 

and (7) others. Arterial blood gas values were also recorded. 

In addition to the patient demographics and diagnoses, level 

of consciousness was assessed using a modified GCS reported 

in other studies [16,17] to assess motor, eye, and verbal respon-

siveness. The previous studies reported that the verbal compo-

nent of the GCS can be omitted (because the participants were 

on MV) without compromising the reliability of the score. The 

presence of spontaneous breaths during PSV mode, along with 

the criteria given above for MV weaning, was considered a cru-

cial predictive factor of successful weaning that was required 

to begin the MIP measurement protocols. 

Protocols 
The subjects were screened daily in the ICU for eligibility. The 

assessment protocols were performed on a single day by a 

trained evaluator with a mean washout period of 10 minutes 

between the two MIP measurement protocols to prevent clin-

ical instability in the hemodynamic and respiratory variables 

(RR, HR, SpO2, and SBP). 

In a previous pilot experiment to test interference between 

the MIP assessment methods for randomization, using the dig-

ital manometer before using the electronic loading device pro-

duced signs of increased work while breathing and required a 

longer washout time (10–20 minutes). Therefore, we followed 

a fixed assessment sequence of (1) MIP by electronic loading 

device (MIPELD) and (2) MIP by digital manometer (MIPDM). 

Prior to the evaluation procedures, pulmonary bronchial 

hygiene was performed with tracheal suctioning and preoxy-

genation at FiO2 1.0. As soon as the post-aspiration vital signs 

stabilized, the minute volume during spontaneous breathing 

disconnected from the mechanical ventilator was measured 

for 60 seconds with a spirometer (Wright MK20; Ferraris Med-

ical Ltd., Hertford, England) connected to the artificial airway. 

Then that minute volume was divided by the RR to obtain the 

spontaneous tidal volume in liters to calculate the rapid shal-

low breathing index. 

Subsequently, a stabilization period of 10 minutes was pro-

vided before the start of the evaluation protocol. During that 

period, the subjects were connected to the ventilator. Both 

protocols were performed with 45º of bed head elevation, ox-

ygenation at FiO2 1.0 for 1 minute, and hyperinflation of the 

endotracheal tube cuff to prevent air leakage during forced 

efforts (maintaining the cuff pressure between 25 and 30 cm 

H2O). First, the assessment procedures were explained to the 

subjects, who were told that the strength of their respiratory 

muscles would be assessed. Therefore, they would be dis-

connected from the mechanical ventilator for 10 seconds and 

would breathe directly into the manometer. Each patient was 

warned that, during the test, it might feel '"difficult to breathe 

for a while'' [7], i.e., the non-coached MIP maneuver was per-

formed. For both tests, patients received the same explanation 

[7]. By the end of the 40-second period, two measurements 

were accepted with variation of up to 20% between them, and 

the highest peak value was used for the analysis [4,8,18].  

The MIPELD assessment was conducted using a POWER-

Breathe KH2 (POWERbreathe International, Warwickshire, 

UK), an electronic inspiratory muscle assessment and training 

device [13] that includes a stationary first valve plate with at 

least one opening for the passage of air and a second valve 

plate rotatable relative to the first plate with at least one open-

ing for the passage of air, which generates a tapered flow resis-

tance to inhalation. The MIPELD was performed using the “MIP 

test mode analysis” function of the device, which offers differ-

ent MIP values: the best maximum inspiratory pressure value 

(with 20% variation between measurements), the average MIP 

(average inspiratory pressure), and the peak pressure (peak 

pressure reached during the test) [14]. 

For this evaluation, the protocol described in the equipment 

user manual was adapted. All subjects were breathing through 

the system using a heat and moisture exchanger during the 

test. The device software (BreathLink, POWERbreathe Inter-

national) was initially set with patient data (name, height, age, 

weight, and sex), and MIP Test was selected. For the MIPELD 
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to be detected during the 40-second test period, inspiration 

should be sustained for at least 2 seconds and followed by 

complete expiration. We considered the highest pressure value 

recorded during each session to be the most representative 

MIPELD value because it was generated during the best maneu-

ver, and we allowed a 20% variation between measurements to 

minimize the operator effect (Figure 1A) [1]. 

MIPDM was assessed after disconnecting the patient from 

MV for 10 seconds. The orotracheal connection was attached 

to the manometer with an occluded one-way valve for 40 sec-

onds of unencouraged inspiratory efforts. The MVD 300 digital 

manometer (Microhard System; Globalmed, Porto Alegre, 

Brazil) measures respiratory pressures using a digital trans-

ducer with a resolution of 1 cm H2O and has a valid calibration 

certificate. The equipment uses specific software to provide 

instantaneous pressure, graphical presentation, and predict-

ed values for each patient according to sex, age, weight, and 

height norms for the Brazilian population [11]. According to 

the operating system, pressure with a minimum duration of 1 

second was recorded. The equipment emits a beep indicating 

that a peak pressure has been obtained, and a new alarm is 

sounded only if a pressure higher than one of the three previ-

ous recorded peaks is obtained (Figure 1B). 

For both the MIPDM and MIPELD, instructions were given be-

fore the test started, and no verbal encouragement was given 

to the patient during the test. During all the tests, subjects were 

monitored through a multiparametric monitor (echocardio-

gram, RR, HR, SpO2, and blood pressure). The test was inter-

rupted if two or more of the following occurred: SpO2 <90%, RR 

>40/min, HR >140/min, mean arterial pressure 120 mm Hg. 

Subjective symptoms (agitation, sweating, increased rate of 

breathing, signs of discomfort or intolerance) were also moni-

tored by the examiners for possible test interruption. 

Data collection involved three examiners simultaneously: 

examiner 1 responsible for the execution of the tests. Exam-

iner 2 in the role monitoring respiratory and hemodynamic 

variables during the tests and examiner 3 with function to read 

and register in real time the values measured by software of 

each instrument. So, the same trained examiner performed 

both tests for the same patient and was blind to the results of 

the test. 

Statistical Analysis 
The statistical analysis was performed using IBM SPSS soft-

ware version 23 (IBM Corp., Armonk, NY, USA). For the MIPDM 

and MIPELD variables, we applied the following analyses: 

Bland-Altman plot with description of the mean of measures, 

bias (difference between the measurements of the two meth-

ods and the limit values of clinically acceptable differences), 

standard deviation, and upper and lower limits of agreement. 

All the tests reported 95% confidence intervals [CIs], and P-val-

ues <0.05 were considered to be statistically significant. 

RESULTS 

We evaluated 254 subjects for eligibility, and 52 met the cri-

Figure 1. Recording of maximal inspiratory pressure by maximal inspiratory pressure by electronic loading device (MIPELD) and digital manometer 
(MIPDM). (A) Recording of MIPELD. This recording was performed using POWERBreathe Breathe-Link 1.0 software (POWERBreathe Holdings, 
Southam, UK). (B) Recording of MIPDM. The arrow indicates the peak MIP value at approximately 40 seconds. This recording was performed using 
MVD300 digital manometer software version 1.5 (Microhard System; Globalmed, Porto Alegre, Brazil). The numerical data are shown on the 
device's display and the equipment's software screen.

Time (sec)

M
IP

DM
 (c

m
 H

20
)

Time (sec)

4020 3010 3515 2550

65
60
55
50
45
40
35
30
25
10
15
10
5
0

M
IP

EL
D (

cm
 H

20
)

0.5 1.5 2.00 1.0

40

30

20

10

0

AA BB



596 https://www.accjournal.org Acute and Critical Care 2022 Novemebr 37(4):592-600

Ribeiro EOS, et al. Measuring inspiratory strength in ICU

teria. Figure 2 provides the flowchart for subject selection. 

Eight subjects were unable to perform the MIPELD test because 

their short inspirations were not sustained for 2 seconds. In 

addition, data from five patients were not analyzed due to a 

technical error in measuring the MIPELD value. The valve plates 

got stuck during the test, and the patients were unable to open 

the valve (similar to a "sustained occlusion method, with no 

opening to exhale"). When that occurred, the MIPELD values 

were much higher than the MIPDM values, so we excluded 

those cases due to uncertainty about their reliability. In the five 

excluded cases, clinical symptoms of desaturation, increased 

respiratory effort, restlessness, and appearance of distress were 

observed during the MIPELD test. The clinical characteristics of 

the 39 subjects whose data were analyzed are shown in Table 1. 

The median MIPDM was 75.0 cm H2O (interquartile range 

[IQR], 55.0–103.0 cm H2O), and the median MIPELD was 27.2 

cm H2O (IQR, 20.7–36.0 cm H2O), with a good correlation 

(Rho=0.73, P<0.001) between the measures (Figure 3A). The 

intraclass correlation coefficient using two-way mixed effects 

and the absolute agreement between MIPDM and MIPELD and 

Cronbach's alpha are shown in Table 2. The Bland-Altman plot 

(Figure 3B) shows a large disagreement between the MIPDM 

and MIPELD variables, with a bias of –47.4 cm H2O (standard de-

viation, 22.3; 95% CI, 54.7 to –40.2). It should be noted that the 

difference varied across the range of measurements, becoming 

larger for higher pressures. 

DISCUSSION 

The main findings of this study are that a digital manometer 

with a one-way valve generated the highest MIP values; there 

was a large disagreement between the pressures measured by 

the digital manometer and those from the electronic loading 

device; and that disagreement became larger at higher MIP 

values. The MIPDM protocol adopted in this study follows the 

methodological standardization suggested by Marini et al. and 

ATS/ERS [4,6,8] but with the valve occlusion time modified to 

40 seconds. This protocol is widely used in clinical practice and 

is considered the most appropriate method for assessing MIPs 

in MV patients [6,7]. Marini et al. [6] initially described the ma-

Table 1. Clinical characteristics of patients (n=39)
Variable Value
Age (yr) 55.4±17.7
 ≤60 20 (51.3)
 61–80 16 (41.0)
 >80 3 (7.7)
Women 22 (56.4)
Glasgow coma scale (point) 9.6±0.7
SAPS 3 (point) 63.1±13.5
ICU admission reason
 Respiratory disease 16 (41.0)
 Sepsis 9 (23.1)
 Postoperative abdominal surgery 4 (10.3)
 Leptospirosis 3 (7.7)
 Metabolic diseases 3 (7.7)
 Obstetrical & gynecological diseases 1 (2.6)
 Others 3 (7.7)
Time of MV (day) 8.7±6.0
 ≤3 4 (11.4)
 ≥4 to ≤6 9 (25.7)
 ≥7 22 (62.9)
pH 7.4±0.1
PaO2 (mm Hg) 80.1±19.2
PaCO2 (mm Hg) 37.9±8.1
PaO2/FiO2 303.9±91.2
RR/VT (bpm/L) 48±16.3
MIPDM (cm H2O) 75.0 (55.0–103.0)
MIPELD (cm H2O) 27.2 (20.7–36.6)

Values are presented as mean±standard deviation, number (%), or median 
(interquartile range).
SAPS: Simplified Acute Physiology Score; ICU: intensive care unit; MV: 
mechanical ventilation; PaO2: partial arterial oxygen pressure; PaCO2: partial 
arterial pressure of carbon dioxide; FiO2: inspired fraction of oxygen; RR: 
respiratory rate; VT: tidal volume; MIPDM: maximal inspiratory pressure by 
digital manometer; MIPELD: maximal inspiratory pressure by electronic loading 
device.

Figure 2. Flowchart of subjects. MIP: maximal inspiratory pressure; 
MIPELD: maximal inspiratory pressure by electronic loading device.

254 Assessed for eligibility

202 Excluded
73 Disease that caused unresolved artificial 

airway 
43 Unsatisfactory level of consciousness
58 Hemodynamic instability
20 Major acid-base changes
  8 MIP measurement contraindication

8 Unable to perform the test
5 Technical error in measuring MIPELD

52 Assessment of respiratory 
muscle performance  

39 Analyzed
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neuver for MV patients with a 25-second occlusion time, but 

subsequent studies indicated that that time was insufficient to 

reach peak pressure values [10-12]. Caruso et al. [19] observed 

that MIP values were increased by 30% with the use of a unidi-

rectional valve because the constant airway blockage boosted 

the respiratory center chemical stimulus and improved respi-

ratory muscle work efficiency. Therefore, the use of a unidirec-

tional valve is indicated to measure the MIP. Discussion about 

the best protocol has continued, and although some authors 

consider 20 seconds to be long enough, others argue that 40 to 

60 seconds of unidirectional valve occlusion are required for 

MIP measurement [9,17]. 

According to the Bland-Altman analysis, the MIPDM and 

MIPELD values for subjects with an artificial airway were not 

in agreement when no verbal encouragement was provided 

during the measurement of either method. The MIPDM values 

were significantly higher than the MIPELD values, and that dis-

crepancy increased with pressure. According to Giavarina [20], 

an ideal agreement model between two measures should have 

all differences equal to zero. However, degrees of error at any 

measurement should be considered as long as the gauge im-

precision or variability is within acceptable limits. 

Bland and Altman proposed an analysis of the limits of 

agreement to verify whether differences between methods are 

clinically acceptable [21]. In our study, the ranges of the upper 

and lower limits of agreement and their respective CIs indicate 

a significant difference between the pressure values obtained 

by the two protocols. Furthermore, the disagreement between 

the MIP values obtained by the two methods was not constant; 

we observed greater disagreement at higher MIP values. We 

found no previous studies with which to compare our findings 

about the validity of the electronic loading device for non-voli-

tional RMS measurement in MV patients.  

We attribute our results to the following methodological dif-

ferences between the tests (Figure 4), which result in clinically 

unacceptable limits of agreement in patients on MV. First, the 

unidirectional characteristic of the MIPDM valve results in in-

spiratory attempts from progressively lower lung volumes, and 

the MIPDM values were higher than those acquired with the 

electronic loading device protocol. The MIPELD measurement 

did not use a unidirectional valve, and lung volume did not de-

crease during repetitive attempts. Because lung volume affects 

the length–tension relationship between the inspiratory mus-

cles and chest wall and the lungs’ elastic properties [4,22,23], 

the peak pressure at the end of the 40-second occlusion period 

Figure 3. Main results of the study. (A) Linear correlation between maximal inspiratory pressure by digital manometer (MIPDM) and maximal 
inspiratory pressure by electronic loading device (MIPELD). (B) Bland-Altman diagram between MIPDM and MIPELD variables plotted for the whole 
sample and measured in cm H2O. SD: standard deviation.

Table 2. ICCs of MIPDM and MIPELD

Variable
ICC (95% CI)

P-value Cronbach’s 
alphaSingle measure Average measure

MIPDM 0.98 (0.61–0.99) 0.99 (0.76–0.99) <0.001 0.99
MIPELD 0.85 (0.37–0.95) 0.92 (0.54–0.97) <0.001 0.95

ICC: intraclass correlation coefficient; MIPDM: maximal inspiratory pressure 
by digital manometer; MIPELD: maximal inspiratory pressure by electronic 
loading device; CI: confidence interval.
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of the MIPDM test was generated at or close to the residual vol-

ume, but that was not the case with the MIPELD measurement. 

Second, the valve diameter of the tapered flow resistive load-

ing device implies a different mechanical load from that in the 

occluded valve. The occlusion method in the MIPDM evokes an 

isometric contraction, whereas the MIPELD method evokes a 

dynamic contraction. An isometric contraction induces higher 

muscle force than a dynamic contraction [12,13,23,24]. 

Third, the respiratory drive responds differently to the two 

MIP assessment methods. Occlusion with a one-way valve will 

not allow ventilation, which increases drive, whereas the MI-

PELD allows volume displacement during the inspiratory efforts. 

Although our subjects were disconnected from the ventilator 

for 10 seconds prior to the start of both assessment methods to 

stimulate an automatic response and increase their respiratory 

drive by interrupting the positive airway pressure [18], the sub-

ject level of cooperation was very low, which reduced the drive 

[8,12]. 

Respiratory drive regulates respiratory muscle activity and 

correlates with an increase in intrinsic factors (mechani-

cal properties and respiratory muscle function) or extrinsic 

factors, such as increased mechanical load. A respiratory 

response that changes during loading is known as a neural 

response, which seems to occur in the graph produced during 

MIPDM testing, in which the mechanical load is maximal. In 

contrast, the variable respiratory drive seen in the MIPELD re-

sults could be explained by the lower mechanical load, which 

was influenced by the patients’ poorly collaborative inspiration 

[5,22,23,25]. 

All the subjects in this study presented poor collaboration 

(GCS 8–10 points: at least eye opening to pain and normal flex-

ion as the best motor response), and we assessed them with no 

encouragement during the MIP testing. The procedures were 

explained before the assessment for both methods to ensure 

that the degree of collaboration or understanding did not bias 

the results. This choice did not affect the MIP values generated 

by the digital manometer protocol with a unidirectional valve 

because that method is not much influenced by verbal com-

mands or encouragement. Occluded successive inspiratory 

efforts generate peak pressures, and at the end of the occlusion 

period, the highest value is assumed to be the maximum inspi-

ratory pressure [26]. 

In contrast, verbal commands or encouragement are key 

points for measuring MIP with the electronic loading device. 

The device was originally designed for volitional measure-

ments in cooperative patients who are able to provide pressure 

generation in the early inspiratory phase, not for conditions in 

which such instructions cannot be followed [27]. In our poorly 

cooperative subjects, the inspiratory pressures measured with 

the electronic loading device were produced by non-encour-

aged breaths, which were measured dynamically with less 

resistance due to the automatic valve opening and closing and 

thus produced smaller pressure peaks. 

We argue that the bias was not constant because the patients 

who presented less deterioration in their respiratory muscle 

performance in a quasi-static evaluation were able to achieve 

residual volume and more greatly activate their respiratory 

muscle fibers, which produced higher values in the MIPDM test. 

However, because they were not encouraged to perform fast or 

deep inspirations and the resistance offered by the equipment 

in the MIPELD assessment was low, the MIPELD values remained 

below the value expected for patients with this profile.  

Our central idea for this study was to assess the agreement 

between methods for measuring MIP in poorly cooperative 

patients being weaned from MV, especially to determine 

whether the strength of the respiratory muscles can be mea-

sured by both static and dynamic inspiratory maneuvers [28]. 

We raised the question because the electronic loading device 

developed for collaborative patients is being used for inspira-

tory muscle training in intensive care [29] and has an MIP test 

mode integrated into the device. Healthcare professionals tend 

to incorporate new devices into their clinical practice without 

proper technology assessment. Thus, recognizing that MIPDM 

represents a quasi-static measure, and that MIPELD has a more 

dynamic character, we wondered whether these measures of 

inspiratory force would be interchangeable. Our data reveal 

that the MIPELD method has clinically unacceptable disagree-

ment with the MIPDM method for this population group. 

According to our findings, the MIPELD values might not rep-

resent the maximum inspiratory effort because the device uses 

a dynamic valve-opening mechanism and estimates RMS us-

Figure 4. Characteristics of the digital manometer and electronic 
loading device used to measure maximal inspiratory pressure in this 
study.

Digital manometer
model MVD 300

· One-way single valve
· Manual occlusion method
· Resistance/load:  

isometric/constant

Electronic loading device
POWERBreathe® KH2

· Orifice valve system with 2 plates, 
stationary and rotary

· Automatic occlusion method
· Resistance/load:  

dynamic/tapering off
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ing an algorithm derived from variables such as pressure, flow, 

and volume over time, which depend on patient cooperation 

to achieve optimal values. The methodological differences in-

herent to the equipment seem to have contributed strongly to 

the lower values obtained with the MIPELD method. Our results 

do not support application of the electronic loading device as a 

substitute for conventionally measured MIP in these patients. 

A limitation of this study stems from the levels of under-

standing and cooperation required from the patients because 

our objective was to assess the agreement between methods 

among poorly cooperative subjects. Ethically, the procedure 

was explained to the patients, but no encouragement was 

given to simulate a situation of low collaboration. If the ma-

neuvers were repeated randomly with and without encourage-

ment, we could more clearly understand the role of encour-

agement on the MIP in this population being weaned from 

MV. 

Future studies comparing dynamic RMS measurement 

protocols for standardized use of an electronic loading device 

should be conducted to meet the emerging need for reliable 

measurements within physiological and clinical tolerances. 

We also suggest that clinical trials and studies be conducted to 

accurately assess the role of dynamic RMS measured by elec-

tronic loading devices in estimating MV weaning success and 

making reliable decisions. 

In conclusion, the MIP values generated by the different pro-

tocols adopted in this study were not in agreement in patients 

with a poor level of cooperation being weaned from MV. The 

use of repetitively tapered flow resistive inspirations instead 

of inspiratory occlusions to measure respiratory pressures is 

unsuitable for poorly cooperative patients with an artificial air-

way because it underestimates their MIP. 
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INTRODUCTION 

Post-cardiac arrest syndrome (PCAS) is still often fatal due to complications such as multi-

organ failure or neurological damage [1,2]. This outcome is thought to be due to the damage 

caused by the systemic inflammation that occurs during the whole-body ischemic response 

that takes place in cardiac arrest. Tissue reperfusion injury, which is defined as an isch-

emia-reperfusion injury after the return of spontaneous circulation (ROSC), exacerbates the 

tissue damage [3]. 

The systemic inflammatory response can be evaluated using various laboratory markers. 

Several studies showing the statistical significance between laboratory markers and long-

Background: The inflammatory response that occurs following cardiac arrest can determine the 
long-term prognosis of patients who survive out-of-hospital cardiac arrest. We evaluated the cor-
relation between C-reactive protein-to-albumin ratio (CAR) following cardiac arrest and long-term 
mortality. 
Methods: The current retrospective observational study examined patients with post-cardiac ar-
rest syndrome (PCAS) treated with targeted temperature management at a single tertiary care 
hospital. We measured CAR at four time points (at admission and then 24 hours, 48 hours, and 72 
hours after) following cardiac arrest. The primary outcome was the patients’ 6-month mortality. 
We performed multivariable and area under the receiver operating characteristic curve (AUC) anal-
yses to investigate the relationship between CAR and 6-month mortality. 
Results: Among the 115 patients, 52 (44.1%) died within 6 months. In the multivariable analysis, 
CAR at 48 hours (odds ratio [OR], 1.130; 95% confidence interval [CI], 1.027–1.244) and 72 hours 
(OR, 1.241; 95% CI, 1.059–1.455) after cardiac arrest was independently associated with 6-month 
mortality. The AUCs of CAR at admission and 24, 48, and 72 hours after cardiac arrest for predict-
ing 6-month mortality were 0.583 (95% CI, 0.489–0.673), 0.622 (95% CI, 0.528–0.710), 0.706 
(95% CI, 0.615–0.786), and 0.762 (95% CI, 0.675–0.835), respectively. 
Conclusions: CAR at 72 hours after cardiac arrest was an independent predictor for long-term 
mortality in patients with PCAS. 
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term mortality after out-of-hospital cardiac arrest (OHCA) 

have been conducted [4-8]. The neutrophil-to-lymphocyte 

ratio is a representative laboratory marker that has fair perfor-

mance in predicting long-term mortality and neurological out-

comes after OHCA [4]. One previous study revealed that the 

peak procalcitonin level at 24–48 hours after cardiac arrest can 

help predict neurological outcomes. The usefulness of these 

inflammatory markers has primarily focused on values within 

48 hours [5]. In addition, C-reactive protein (CRP) levels, which 

are normally low, increase after ROSC, and many studies have 

examined their association with mortality and neurologic out-

comes [6-8]. Conversely, various recent studies have reported 

that the CRP-to-albumin ratio (CAR) aided in determining 

the prognosis in cases of Guillain-Barré syndrome, traumatic 

brain injury, myocardial infarction, and stroke [9-12]. The 

patient’s body temperature is lowered during targeted tem-

perature management (TTM), and the degree of inflammation 

decreases accordingly as reported by a study that maintained 

mild hypothermia for 72 hours [13]. The actual inflammatory 

response is considered to occur in the rewarming or post-re-

warming period after TTM. Thus, the factors that can cause 

an inflammatory response after cardiac arrest are considered 

related after 48 hours. 

We hypothesized that the mortality of patients with PCAS 

treated with TTM would be related to CAR beyond 48 hours 

after cardiac arrest. Therefore, we investigated the CAR at 72 

hours after cardiac arrest to determine 6-month mortality 

and compared it with CARs at admission and 24 hours and 48 

hours after cardiac arrest. 

MATERIALS AND METHODS 

Study Design and Population 
The present study was retrospective and observational in 

design and included patients with PCAS treated with TTM at 

Chonnam National University Hospital between January 2018 

and December 2020. We included patients with PCAS aged 

≥18 years who were comatose following TTM. The exclusion 

criteria were as follows: patients who discontinued TTM due 

to transfer to other hospitals or passing away, those who un-

derwent TTM with a temperature other than 33°C, those who 

needed support (such as continuous hemodialysis and/or 

percutaneous cardiopulmonary support during PCAS care), 

and those with missing data. This study was approved by the 

Institutional Review Board of Chonnam National University 

Hospital (No. CNUH-2021-141). The requirement of informed 

consent was waived due to the retrospective nature of the 

present study. 

Targeted Temperature Management 
We maintained the core body temperature of patients at 33°C 

for 24 hours. We continued to administer remifentanil and 

midazolam for sedation during TTM to enhance its efficiency 

and reduce the brain’s metabolism. We observed subclinical 

seizures in real time using amplitude-integrated electroen-

cephalography. 

Data Collection 
Data related to the following parameters were obtained from 

the patients’ hospital records: age, sex, underlying disease, first 

on-scene monitored rhythm, time from sudden cardiac arrest 

to ROSC, cardiac arrest etiology, witnessed collapse, bystand-

er cardiopulmonary resuscitation (CPR), and calculated the 

Sequential Organ Failure Assessment (SOFA) score within 24 

hours of admission. In addition, serum laboratory results, such 

as lactate and glucose levels, artery blood gas analysis results 

(e.g., partial pressure of oxygen [PaO2] and partial pressure of 

carbon dioxide [PaCO2] were obtained within 24 hours after 

admission. 

Blood samples for assessing albumin and CRP were taken 

at admission and again at 24, 48, and 72 hours after cardiac 

arrest. The high sensitivity nephelometric method (Dade 

Behring; Marburg, Germany) was used to measure CRP lev-

el, which was detected from 0.2 mg/L. CAR was obtained 

by dividing CRP level by albumin level. Albumin level was 

determined via enzymatic assay using an automatic analyzer 

(Hitachi-7600; Hitachi, Tokyo, Japan). We assessed 6-month 

mortality through telephone interviews with the patients or 

their caregivers. The primary outcome was 6-month mortality, 

whereas the secondary outcome was in-hospital mortality. 

■ C-reactive protein-to-albumin ratio (CAR) is an effective 
marker of a systemic inflammatory response, including 
post-cardiac arrest syndrome (PCAS).

■ Targeted temperature management can affect the sys-
temic inflammatory response in the body by lowering the 
temperature.

■ CAR more than 48 hours after cardiac arrest was an inde-
pendent predictor for 6-month mortality in patients with 
PCAS.

KEY MESSAGES
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Statistical Analysis 
We presented the categorical variables as frequencies and 

percentages, whereas continuous variables are shown as the 

mean±standard deviation or the median and interquartile 

range, depending on the Shapiro-Wilk test results. The cate-

gorical variables of the groups were comparatively analyzed 

using the chi-square test with a continuity correction in 2×2 

tables. Continuous variables were compared between the 

groups using independent t-tests or Mann-Whitney U-tests. 

Repeated-measures analysis of variance was used to compare 

CRP level, albumin level, and CAR between survivors and 

non-survivors within 72 hours after cardiac arrest. Post-hoc 

analysis was performed using pairwise Mann-Whitney U-tests 

with a Bonferroni correction between survivor and non-survi-

vor groups. 

We performed a multivariable logistic regression analysis to 

identify the predictive force of CAR on 6-month or in-hospital 

mortality. Variables with P-values <0.20 on univariable com-

parisons were included in the multivariable regression model. 

We used a backward stepwise approach that sequentially 

eliminated variables with a threshold of P >0.10 to build a final 

adjusted regression model. Lastly, the presence of a shockable 

rhythm and bystander CPR were selected as adjusted variables 

(Supplementary Tables 1 and 2). CAR values at each time 

point were included in the final model. The results of the logis-

tic regression analysis are presented as the odds ratio (OR) and 

95% confidence interval (CI). We assessed the predictive per-

formance of CAR to determine 6-month or in-hospital mortal-

ity using the area under the receiver operating characteristic 

(ROC) curve (AUC). The comparison of dependent ROC 

curves was performed using the method proposed by DeLong 

et al. [14]. All analyses were carried out using PASW version 

18.0 (SPSS Inc., Chicago, IL, USA) and MedCalc version 19.0 

(MedCalc Software, bvba, Ostend, Belgium). Statistical signifi-

cance was set at P<0.05 (two-sided). 

RESULTS 

Patient Characteristics 
Among 115 cardiac arrest patients, 52 died within 6 months 

(44.1%) (Figure 1). The median age of the patients with OHCA 

was 58.7 years, and 91 male patients (77.1%) were included. In 

total, 81 collapses (68.6%) were witnessed by bystanders; 52 

patients (44.1%) had a shockable rhythm, and the mean value 

of time from cardiac arrest to ROSC was 23.5 minutes (15.8– 

39.3 minutes). 

Six-month mortality results indicated that non-survivors had 

a lower incidence of witnessed collapse and bystander CPR, 

as well as a higher incidence of a non-shockable rhythm and a 

noncardiac etiology. They also exhibited a prolonged time to 

ROSC compared with survivors. Non-survivors exhibited in-

creased levels of lactate and PaCO2 after ROSC compared with 

survivors (Table 1). In-hospital mortality results indicated that 

non-survivors were older, had lower incidences of a shockable 

rhythm, and a more prolonged time to ROSC than survivors. 

Non-survivors exhibited an increased PaCO2 level following 

ROSC compared with survivors (Table 1). 

CRP Level, Albumin Level, and CAR According to 
6-Month or In-hospital Mortality 
Six-month mortality results revealed that albumin levels at 

admission and 24, 48, and 72 hours after cardiac arrest were 

lower in non-survivors than in survivors. CRP level and CAR of 

non-survivors at 24, 48, and 72 hours after cardiac arrest were 

higher than those of survivors (Table 2). In-hospital mortality 

results revealed that albumin levels at admission and at 48and 

72 hours after cardiac arrest were lower among non-survivors 

than among survivors. CRP level and CAR of non-survivors at 

48and 72 hours after cardiac arrest were higher than those of 

survivors (Table 2).  

CRP levels and CAR increased, and albumin levels decreased 

within 72 hours after cardiac arrest (Figure 2). Interactions be-

tween both 6-month mortality and in-hospital mortality and 

changes of CRP level and CAR over time were significant, but 

those for albumin level was not significant (Figure 2). Post-hoc 

Figure 1. Schematic diagram showing the number of patients in 
the present study. OHCA: out-of-hospital cardiac arrest; TTM: target 
temperature management; CRRT: continuous renal replacement 
therapy; ECMO: extracorporeal membrane oxygenation.

153 OHCA survivors receiving TTM

  3 Interrupted TTM owing to transfer or death
  7 Target temperature other than 33°C
20 Supported with CRRT and/or ECMO
  5 Missing data

66 Survivors 52 Non-survivors

118 Patients included for analysis
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Table 1. Baseline characteristics by 6-month prognosis

Variable Total
(n=118)

6-Month mortality In-hospital mortality
Survivor
(n=66)

Non-survivor 
(n=52) P-value Survivor

(n=78)
Non-survivor 

(n=40) P-value

Demographics
 Age (yr) 58.7±15.3 56.3±14.5 61.8±15.9 0.063 56.5±14.6 63.0±16.1 0.029
 Male 91 (77.1) 53 (80.3) 38 (73.1) 0.480 61 (78.2) 30 (75.0) 0.872
Pre-existing illness
 Coronary artery disease 18 (15.3) 8 (12.1) 10 (19.2) 0.419 10 (12.8) 8 (20.0) 0.449
 Hypertension 45 (38.1) 23 (34.8) 22 (42.3) 0.524 27 (34.6) 18 (45.0) 0.369
 Diabetes 33 (28.0) 14 (21.2) 19 (36.5) 0.102 18 (23.1) 15 (37.5) 0.151
 Renal impairment 2 (1.7) 1 (1.5) 1 (1.9) 1.000 2 (2.6) 0 0.789
 Cerebrovascular accident 7 (5.9) 2 (3.0) 5 (9.6) 0.267 4 (5.1) 3 (7.5) 0.917
Cardiac arrest characteristics
 Witnessed collapse 81 (68.6) 52 (78.8) 29 (55.8) 0.013 56 (71.8) 25 (62.5) 0.412
 Bystander CPR 79 (66.9) 51 (77.3) 28 (53.8) 0.013 57 (73.1) 22 (55.0) 0.077
 Shockable rhythm 52 (44.1) 43 (65.2) 9 (17.3) <0.001 46 (59.0) 6 (15.0) <0.001
 Cardiac etiology 81 (68.6) 52 (78.8) 29 (55.8) 0.013 58 (74.4) 23 (57.5) 0.097
 Time to ROSC (min) 23.5 (15.8–39.3) 20.0 (14.0–30.0) 29.0 (20.5–44.8) 0.002 20.0 (14.0–33.5) 29.0 (22.0–44.8) 0.002
Clinical characteristics after ROSC
 Lactate (mmol/L) 7.0 (4.7–10.3) 6.5 (4.1–9.3) 8.6 (5.8–11.7) 0.040 6.6 (4.2–9.4) 8.8 (5.8–11.5) 0.062
 Glucose (mg/dl) 262 (198–326) 254 (198–307) 277 (193–350) 0.367 254 (191–308) 288 (205–359) 0.196
 PaO2 (mm Hg) 128 (89–211) 116 (83–211) 152 (97–222) 0.102 116 (84–199) 162 (97–238) 0.099
 PaCO2 (mm Hg) 43 (33–60) 37 (32–46) 53 (35–68) 0.002 38 (33–50) 54 (35–68) 0.011
 SOFA score 11 (9–12) 10 (8–12) 11 (9–12) 0.104 10 (8–12) 11 (9–12) 0.063

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
CPR: cardiopulmonary resuscitation; ROSC: restoration of spontaneous circulation; PaO2: partial pressure of oxygen; PaCO2: partial pressure of carbon dioxide; 
SOFA: Sequential Organ Failure Assessment.

Table 2. CRP level, albumin level, and CAR according to 6-month mortality or in-hospital mortality

Variable Total
(n=118)

6-Month mortality In-hospital mortality
Survivor
(n=66)

Non-survivor
(n=52) P-value Survivor

(n=78)
Non-survivor

(n=40) P-value

At admission
 CRP (mg/dl) 0.2 (0.1–0.6) 0.2 (0.0–0.4) 0.2 (0.1–0.6) 0.264 0.2 (0.0–0.5) 0.2 (0.1–0.7) 0.370
 Albumin (g/dl) 3.6 (3.3–3.9) 3.7 (3.4–4.1) 3.5 (3.1–3.8) 0.002 3.7 (3.4–4.0) 3.4 (3.0–3.6) <0.001
 CAR 0.0 (0.0–0.1) 0.0 (0.0–0.1) 0.1 (0.0–0.2) 0.171 0.0 (0.0–0.1) 0.1 (0.0–0.3) 0.239
At 24 hours after CA
 CRP (mg/dl) 6.1 (3.1–9.1) 5.7 (2.3–7.8) 6.7 (4.5–11.4) 0.021 5.9 (2.8–8.4) 6.7 (4.7–12.2) 0.067
 Albumin (g/dl) 3.2 (2.9–3.5) 3.3 (3.0–3.6) 3.1 (2.8–3.5) 0.020 3.3 (3.0–3.5) 3.1 (2.8–3.5) 0.051
 CAR 1.9 (0.9–3.0) 1.7 (0.8–2.7) 2.2 (1.3–3.6) 0.024 1.8 (0.9–2.7) 2.1 (1.3–3.8) 0.094
At 48 hours after CA
 CRP (mg/dl) 13.1 (8.7–18.6) 10.8 (8.2–15.5) 16.3 (12.2–21.8) <0.001 11.4 (8.4–16.3) 16.8 (12.2–21.8) 0.004
 Albumin (g/dl) 3.0 (2.7–3.3) 3.2 (2.9–3.4) 2.8 (2.6–3.1) <0.001 3.1 (2.8–3.4) 2.8 (2.6–3.1) <0.001
 CAR 4.5 (2.9–6.5) 3.6 (2.6–5.4) 5.6 (3.7–8.1) <0.001 3.9 (2.6–5.6) 5.9 (3.6–8.6) <0.001
At 72 hours after CA
 CRP (mg/dl) 12.0 (8.2–17.5) 9.4 (7.1–14.0) 15.6 (11.3–25.0) <0.001 10.4 (7.3–15.3) 15.8 (11.4–26.4) <0.001
 Albumin (g/dl) 3.0 (2.7–3.2) 3.2 (2.9–3.3) 2.7 (2.6–3.0) <0.001 3.1 (2.8–3.3) 2.7 (2.5–3.1) <0.001
 CAR 4.1 (2.6–6.1) 3.1 (2.3–4.7) 5.6 (4.0–8.5) <0.001 3.4 (2.4–5.1) 5.9 (4.0–9.1) <0.001

Values are presented as median (interquartile range).
CRP: C-reactive protein; CAR: C-reactive protein-to-albumin ratio; CA: cardiac arrest.
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analysis showed that albumin level was different at admission 

and at 48 and 72 hours after cardiac arrest between survivors 

and non-survivors irrespective of in-hospital and 6-month 

mortality (Figure 2). Post-hoc analysis showed that CRP level 

and CAR were different at 48 and 72 hours after cardiac arrest 

between survivors and non-survivors irrespective of in-hospi-

tal and 6-month mortality (Figure 2). 

Figure 2. Repeated-measures analysis of variance of C-reactive protein (CRP), albumin, and C-reactive protein-to-albumin ratio (CAR) for 
6-month mortality and in-hospital mortality 72 hours after cardiac arrest. (A) CRP level and 6-month mortality, (B) CRP level and in-hospital 
mortality, (C) albumin level and 6-month mortality, (D) albumin level and in-hospital mortality, (E) CAR and 6-month mortality, and (F) CAR and 
in-hospital mortality. a) P<0.013.
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Prognostic Value of the CAR for 6-Month Mortality 
After confounders were adjusted for, the CARs at 48 hours (OR, 

1.291; 95% CI, 1.071–1.556) and 72 hours (OR, 1.515; 95% CI, 

1.211–1.894) after cardiac arrest were independently associ-

ated with 6-month mortality (Table 3). Moreover, the CARs at 

48 hours (OR, 1.181; 95% CI, 1.017–1.372) and 72 h (OR, 1.299; 

95% CI, 1.101–1.533) after cardiac arrest were independently 

associated with in-hospital mortality (Table 3).

The AUCs of CAR at admission and 24, 48, and 72 hours af-

ter cardiac arrest for predicting 6-month mortality were 0.583 

(95% CI, 0.489–0.673), 0.622 (95% CI, 0.528–0.710), 0.706 (95% 

CI, 0.615–0.786), and 0.762 (95% CI, 0.675–0.835), respectively 

(Table 4). Moreover, the AUCs of the CAR at admission and at 

24, 48, and 72 hours after cardiac arrest for predicting in-hos-

pital mortality were 0.576 (95% CI, 0.482–0.667), 0.595 (95% 

CI, 0.501–0.684), 0.687 (95% CI, 0.595–0.769), and 0.735 (95% 

CI, 0.645–0.812), respectively (Table 4). The AUC of the CAR 72 

hours after cardiac arrest differed significantly from that at ad-

mission and at 24 hours after cardiac arrest but not from that 

observed 48 hours after cardiac arrest for predicting 6-month 

mortality or in-hospital mortality. 

DISCUSSION 

The primary finding in this study was the association between 

the CAR at 48 and 72 hours after cardiac arrest and 6-month 

mortality in the PCAS patient group. The CAR at 72 hours after 

cardiac arrest showed the highest performance for predicting 

6-month mortality. Elevated levels of CRP were associated 

with 1-year mortality in acute cerebral infarction along with 

ischemic inflammatory response [15]. Systemic inflammation 

also occurs in patients with PCAS and ischemic injury. During 

cardiac arrest, the inflammatory response increases vascu-

lar permeability and destroys the blood-brain barrier (BBB), 

causing multiorgan ischemia, including in the brain [3,16]. 

CRP is an inflammatory biomarker that may be correlated with 

Table 3. Multivariable logistic regression analysis of the ability of the CAR to predict 6-month mortality or in-hospital mortality
Variable Adjusted OR (95% CI)a) P-value
6-Month mortality
 CAR at admission 1.112 (0.865–1.429) 0.408
 CAR at 24 hours after cardiac arrest 1.136 (0.918–1.405) 0.242
 CAR at 48 hours after cardiac arrest 1.291 (1.071–1.556) 0.007
 CAR at 72 hours after cardiac arrest 1.515 (1.211–1.894) <0.001
In-hospital mortality
 CAR at admission 1.079 (0.873–1.334) 0.482
 CAR at 24 hours after cardiac arrest 1.069 (0.896–1.276) 0.458
 CAR at 48 hours after cardiac arrest 1.181 (1.017–1.372) 0.029
 CAR at 72 hours after cardiac arrest 1.299 (1.101–1.533) 0.002

Each variable was individually entered into the final model and analyzed separately.
CAR: C-reactive protein-to-albumin ratio; OR: odds ratio; CI: confidence interval.
a) Adjusted for bystander C-reactive protein and shockable rhythm.

Table 4. ROC analysis results of the CAR to predict 6-month mortality and in-hospital mortality
Variable Cutoff Sensitivity Specificity AUC P-value
6-Month mortality
 CAR at admission >0.17 26.92 90.91 0.583 (0.489–0.673) 0.116
 CAR at 24 hours after cardiac arrest >1.79 65.38 57.58 0.622 (0.528–0.710) 0.020
 CAR at 48 hours after cardiac arrest >4.14 73.08 63.64 0.706 (0.615–0.786) <0.001
 CAR at 72 hours after cardiac arrest >4.73 69.23 77.27 0.762 (0.675–0.835) <0.001
In-hospital mortality
 CAR at admission >0.17 30.00 89.74 0.576 (0.482–0.667) 0.174
 CAR at 24 hours after cardiac arrest >3.66 30.00 92.31 0.595 (0.501–0.684) 0.097
 CAR at 48 hours after cardiac arrest >5.70 52.50 78.21 0.687 (0.595–0.769) <0.001
 CAR at 72 hours after cardiac arrest >5.90 50.00 87.18 0.735 (0.645–0.812) <0.001

ROC: receiver operating characteristic; CAR: C-reactive protein-to-albumin ratio; AUC: area under the ROC curve.
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the severity of hypoxic brain damage following cardiac arrest. 

Engel et al. [5] reported that increased CRP levels after cardiac 

arrest are correlated with the SOFA scores of day 1 and three-

month neurological outcomes. In another study, CRP at ad-

mission was associated with 30-day mortality in patients with 

PCAS [17]; however, CRP on admission was not associated 

with in-hospital or 6-month mortality in the present study. The 

reason for this difference may be the difference in the frequen-

cy of withdrawal of life-sustaining therapy (WLST). Unlike in 

Europe and the United States, WLST is rarely implemented 

for patients with PCAS in Korea. In a previous study [17], more 

patients had witnesses of their collapse (83.1% vs. 68.6%) and 

shockable rhythms (53.3% vs. 44.1%) compared with the pres-

ent study. Thirty-day mortality (41.5%) in the previous study 

was higher than in-hospital mortality (33.9%) and similar to 

6-month mortality (44.1%) in the present study. In one retro-

spective study, the increase in CRP levels in the TTM group 

was inhibited during cooling compared to the no-TTM group, 

and the difference gradually decreased after cooling [18]. In 

another retrospective study, the group with a poor neurolog-

ic outcome exhibited higher CRP levels at 48 and 72 hours 

than the group with a good neurologic outcome [19]. Thus, 

the inflammatory response is suppressed during TTM. After 

rewarming, the metabolism is restored, and the inflammatory 

response is activated, which results in increased CRP levels. 

Hypoxia due to cardiac arrest causes increased the vascular 

permeability and impaired the BBB [20]. In an experimental 

study, hypoxic brain injury after cardiac arrest provoked BBB 

disruption and edema 24 hours after ROSC [21]. Increased vas-

cular permeability leads to the loss of serum albumin, which 

results in reduced albumin levels following ischemic injury. 

In a previous study, albumin levels <3.5 g/dl were associated 

with in-hospital mortality and neurologic outcome [22]. In the 

present study, the albumin levels of non-survivors at each time 

point were usually <3.5 g/dl. Since high CRP levels and low al-

bumin levels were associated with a poor prognosis in patients 

with PCAS, the CAR as calculated using CRP and albumin lev-

els in the present study appears to reflect the severity of PCAS 

patients well. 

CAR at admission is associated with in-hospital mortality 

of patients resuscitated from OHCA [23]. In this study [23], 

in-hospital mortality was 57.8% (59/102), which was higher 

than that reported by other studies, including our study [24,25]. 

In addition, data on TTM in previous studies have been lacking 

[23]. We postulated that TTM would delay the inflammatory 

response. Bisschops et al. [13] reported that mild hypothermia 

for 72 hours after cardiac arrest was correlated with a lowered 

inflammatory response. Several mechanisms are likely in-

volved here. TTM contributes to a reduction in the white blood 

cell count and activity, which in turn prolongs the impairment 

of neutrophil function [13]. In an experimental study, inflam-

matory cytokines and gene expression were largely down-

regulated in the hypothermia-treated heart compared to the 

normothermic heart at 48 hours after TTM [26]. During in vivo 

experiments, neutrophil and monocyte chemotaxis, migra-

tion, phagocytosis, and oxidative metabolism were markedly 

decreased at 29°C compared with 37°C [27]. 

The present study has several limitations. First, it was ret-

rospective in design and was conducted at a single center. 

Therefore, its results cannot be generalized immediately to the 

overall population. Additional prospective multicenter studies 

are needed to complement our research results. Second, other 

inflammatory markers (such as cytokines and chemokines) 

were not investigated in this study. Further studies that include 

these inflammatory markers will be needed in the future. 

Third, drugs such as vasopressors are generally used to im-

prove cerebral perfusion after cardiac arrest and prevent sec-

ondary ischemic injury. In addition, norepinephrine increases 

the production of pro- and anti-inflammatory cytokines, but 

the effects of vasopressors (including norepinephrine) were 

not sufficiently considered in this study. Fourth, we did not 

investigate whether albumin was replaced according to albu-

min level or whether the replaced albumin affected the clinical 

outcomes of patients with PCAS. 

In conclusion, the CAR 72 hours after cardiac arrest was 

related to 6-month mortality in the PCAS patient group and 

exhibited the best performance for predicting 6-month mor-

tality. The CAR obtained 72 hours after cardiac arrest was an 

independent predictor of long-term mortality in the PCAS pa-

tient group. 
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INTRODUCTION 

Patients who recover spontaneous circulation after cardiac arrest are among the most com-

plex patients requiring intensive care [1]. Considering the various clinical situations that 

occur during the treatment of resuscitated patients after cardiac arrest, including shock con-

ditions, clinicians may use crystalloid fluid, vasopressors, antibiotics for infection control, 

targeted temperature management, renal replacement therapy, or extracorporeal membrane 

Background: A proper nutritional plan for resuscitated patients is important in intensive care; 
however, specific nutritional guidelines have not yet been established. This study aimed to deter-
mine the incidence of diet-related complications that were affected by the timing of enteral nutri-
tion in resuscitated patients after cardiac arrest. 
Methods: This retrospective and 1:1 propensity score matching study involved patients who re-
covered after nontraumatic, out-of-hospital cardiac arrest at a tertiary hospital. Patients were di-
vided into an early nutrition support (ENS) group and a delayed nutrition support (DNS) group ac-
cording to the nutritional support time within 48 hours after admission. The incidence of major 
clinical complications was compared between the groups. 
Results: A total of 46 patients (ENS: 23, DNS: 23) were enrolled in the study. There were no differ-
ences in body mass index, comorbidity, and time of cardiopulmonary resuscitation between the 
two groups. There were 9 patients (ENS: 4, DNS: 5) with aspiration pneumonia; 4 patients (ENS: 2, 
DNS: 2) with regurgitation; 1 patient (ENS: 0, DNS: 1) with ileus; 21 patients (ENS: 10, DNS: 11) 
with fever; 13 patients (ENS: 8, DNS: 5) with hypoglycemia; and 20 patients (ENS: 11, DNS: 9) with 
hyperglycemia. The relative risk of each complication during post-resuscitation care was no differ-
ent between groups. 
Conclusions: There was a similar incidence of diet-related complications during post cardiac arrest 
care according to the timing of enteral nutrition.  
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oxygenation [2-5]. Many patients take time to recover from 

shock, and if the target temperature management is provided 

or the patient's movement is controlled by administering a 

sedative or muscle relaxant, it can also affect bowel move-

ments [6-8].  

Patients admitted to the intensive care unit (ICU) are often 

in critical condition or in severely stressful situations, which 

can increase their metabolic rates and energy requirements 

[9]. Supporting nutrition can prevent metabolic degradation 

and reduction of body mass in critically ill patients, weaken 

the metabolic response and control the immune response fa-

vorably through proper nutrition, reduce the patient's hospital 

stay, and decrease morbidity [10]. 

For various types of critically ill patients, specific guidelines 

from the Society of Critical Care Medicine (SCCM) and the 

American Society for Parenteral and Enteral Nutrition (ASPEN) 

are recommended [11]. Nevertheless, for post-resuscitation 

patients after cardiac arrest, specific guidelines for nutrition-

al supplementation have not yet been properly established, 

other than the guidelines for maintaining blood sugar levels of 

144–180 mg/dl during targeted temperature management [12]. 

Enteral nutrition is often not considered a priority in clinical 

settings due to symptomatic issues such as vulnerable car-

diovascular conditions or the need for intensive mechanical 

ventilation [13]. Moreover, it can be clinically burdensome to 

apply enteral nutrition prematurely for post-resuscitated pa-

tients. In addition, since the benefits of nutritional support are 

not yet confirmed, clinicians are concerned about when to ad-

minister nutritional supplements during the treatment process 

and what type of nutritional supplements to choose [14]. Thus, 

it is essential to determine a proper time for supporting enteral 

nutrition and to identify clinical conditions including possible 

complications noted in each post-resuscitated patient. 

This study was performed to evaluate the incidence of di-

et-related complications according to the timing of enteral 

nutrition in patients who experienced return of spontaneous 

circulation after out-of-hospital cardiac arrest (OHCA). 

MATERIALS AND METHODS 

Ethics Statement 
The study design was approved by the Institutional Review 

Board of Wonju Severance Christian Hospital, Yonsei Univer-

sity (No. CR320098). The requirement for obtaining informed 

consent was waived by the Institutional Review Board because 

of the retrospective nature of the study. 

Study Design 
This retrospective observational study was conducted in pa-

tients with return of spontaneous circulation after non-trau-

matic OHCA and who were admitted to the ICU of Wonju 

Severance Christian Hospital between October 2019 and June 

2020. Inclusion criteria were age ≥19 years and admission 

to the ICU for post-cardiac arrest care. Patients who did not 

respond to verbal instructions after initial resuscitation con-

tinued to receive proper care in the ICU. Patients who had in-

testinal hemorrhage, were presumed to have ileus or intestinal 

obstruction on plain radiography, or had other reasons for an 

inability to tolerate enteral feeding were excluded. 

Definition of Early Nutrition Support 
The early nutrition support (ENS) group was defined as the 

group of patients who started enteral tube feeding within 48 

hours after admission. Other cases of enteral nutrition support 

after 48 hours were defined as the delayed nutrition support 

(DNS) group. 

Study Setting and Data Collection 
When the patients with OHCA recovered spontaneous circu-

lation after cardiopulmonary resuscitation in the emergency 

room, intensive care including targeted temperature manage-

ment was continued in the ICU. Clinicians tried to prevent fe-

ver by continuous temperature monitoring of the patients who 

could not apply target temperature management for other rea-

sons. A Levin tube was inserted as far as the stomach to pro-

vide early nutritional assistance to patients. For patient safety, 

enteral nutrition was given with the patient's head up and in 

a 45° angle. It was a continuous feeding method through the 

nasogastric pathway, and it was applied slowly at an injection 

rate of lower than 50 ml per hour using an infusion pump. The 

initial enteral feeding volume in the ICU was implemented 

within 100–150 ml per day. In addition, a slow infusion meth-

od was maintained for a few hours, rather than the bolus injec-

■ Supporting proper nutrition can reduce a patient’s hos-
pital stay and reduce patient morbidity. 

■ Early nutritional support for resuscitated patients 
demonstrated no significant difference in clinical com-
plications when compared to delayed nutritional sup-
port.

KEY MESSAGES
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tion method [15,16]. At the time of hospitalization, information 

about the age, sex, weight, and height of the patients was re-

corded in the electronic medical record, and body mass index 

(BMI) was calculated based on these data. Moreover, informa-

tion such as past medical history, first monitored rhythm, ba-

sic life support time, and advanced cardiovascular life support 

time was collected from relatives or paramedics. The length of 

hospital stay, type and frequency of complications, and neuro-

logic prognosis were also collected from the medical records. 

Study Outcomes 
The primary outcomes were diet-related complications during 

intensive care, including aspiration pneumonia, gastric regur-

gitation, ileus, fever, hypoglycemia, and hyperglycemia after 

feeding. Aspiration pneumonia was defined as when gastric or 

pharyngeal substances entered the lower respiratory tract and 

adversely affected the lungs after resuscitation. The detection 

of aspiration pneumonia was based on anteroposterior chest 

X-ray and clinical signs of infection. Ileus was defined as a tem-

porary pause or decrease of intestinal movement. The detec-

tion of ileus was based on anteroposterior abdominal radiog-

raphy. Gastric regurgitation was defined as the reflux of gastric 

acid contents into the esophagus. Hypoglycemia was defined 

as a blood sugar level lower than 70 mg/dl, and hyperglycemia 

was defined as a blood sugar level higher than 200 mg/dl. Such 

complications, including gastric regurgitation, fever, and hypo/

hyperglycemic events, were recorded by observation or opin-

ions of the medical staff during intensive care. The secondary 

outcomes were survival rate and favorable neurologic status 

after post-cardiac arrest care. A favorable neurologic state was 

defined as a cerebral performance category (CPC) score of one 

or two points. 

Statistical Analysis 
Continuous variables are described as mean±standard de-

viation and were compared using the Mann-Whitney U-test 

based on the normality assumptions from the Kolmogor-

ov-Smirnov test. Nominal data were calculated as a percentage 

of the frequency of occurrence and compared using the chi-

square or Fisher’s exact test, as appropriate. The confounding 

variable was corrected by propensity score matching. The 

propensity score was estimated using a logistic regression 

model. Confusing variables in propensity score matching 

included sex, age, advanced cardiovascular life support time, 

targeted temperature management, and use of inotropics. 

The ENS (n=23) patients were matched 1:1 with DNS patients 

using greedy matching in caliper 0.2. After the propensity 

score matching, there was no significant difference in sex, age, 

advanced cardiovascular life support time, targeted tempera-

ture management, and use of inotropics between the groups. 

To compare the clinical complications between the ENS and 

DNS groups, a Poisson regression model was applied, and the 

relative risk and 95% confidence interval of each complica-

tion, survival rate, and neurologic prognosis were quantified. 

A P-value <0.05 was considered to indicate statistical signifi-

cance. A certified statistician conducted all statistical analyses 

using SAS analytics software version 9.4 (SAS Institute, Cary, 

NC, USA). 

RESULTS 

Baseline Characteristics 
Between October 2019 and June 2020, 110 OHCA patients were 

treated in the emergency department. Sixteen patients aged 

<19 years or with non-medical etiologic cardiac arrest were 

excluded. In addition, seven patients were excluded because 

of inadequate information about enteral nutrition (Figure 1). 

Of the 87 patients, 39 were classified into the DNS group and 

48 into the ENS group. Propensity score matching was used to 

select subjects with similar major characteristics between the 

two groups, and a total of 46 patients were enrolled. 

The mean age of the patients was 67.4 years, and 33 (71.7%) 

Figure 1. Study enrollment chart. OHCA: out-of-hospital cardiac arrest; 
ED: emergency department; CPR: cardiopulmonary resuscitation.

110 Adult OHCA patients 
who presented to the ED 

16 Patients excluded:
  6 Age <19 yr
10 Non-medical etiologies

  7 Patients excluded: inadequate information 
about enteral nutrition

41 Patients excluded: 1:1 propensity score 
matching

94 Patients who received CPR

46 Finally enrolled patients
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were men. The mean BMI was 22.6 kg/m2 and the Acute Phys-

iology and Chronic Health Evaluation (APACHE) II score was 

19.2. Patients had the following pre-arrest comorbidities: hy-

pertension, 22 patients (47.8%); diabetes, 12 (26.1%); chronic 

kidney disease, 8 (17.4%); malignancy, 3 (6.5%); acute coro-

nary syndrome, 4 (8.7%); chronic obstructive pulmonary dis-

ease, 3 (6.5%); cerebrovascular disease, 3 (6.5%); pulmonary 

thromboembolism, 1 (2.2%); and hyperlipidemia, 7 (15.2%). 

There was no difference in prior comorbidities between the 

two groups. There was no significant difference between 

initial rhythm (P=0.491), basic life support time (P=0.060), 

advanced cardiovascular life support time (P=0.888), inotro-

pic use (P=1.000), and other laboratory findings. The mean 

feeding volume for the initial 5 days in the ENS group was sig-

nificantly higher than in the DNS group (1,363.0 ml vs. 100.9 

ml) (Table 1). 

Primary Outcomes 
The DNS and ENS groups had similar ICU hospitalization day 

stays (5.9 vs. 9.7, P=0.052). The APACHE II score was also sta-

tistically similar between the DNS and ENS groups (P=0.209). 

Regarding complications caused by nutrition support in the 

ENS group, aspiration pneumonia was present in four cases, 

gastric regurgitation in two, ileus in none, fever in 10, hypogly-

cemia in 8, and hyperglycemia in 11 cases. However, there was 

no significant difference in clinical complications between the 

ENS and DNS groups (Table 2). 

Secondary Outcomes 
The survival-to-discharge rate was higher in the ENS group 

than in the DNS group (86.9% vs. 39.1%, P<0.001). Among 

the CPC scores 1 and 2 between the ENS group and the DNS 

group, 13 patients (56.5%) were in the ENS group, and four pa-

tients (17.4%) were in the DNS group. There were significantly 

more patients with a good neurologic prognosis in the ENS 

group (Table 2). 

Relative Risk of the Clinical Complications According 
to Timing of Enteral Nutrition 
The researchers calculated relative risk by checking for the 

presence of complications according to the timing of enteral 

nutrition. Comparing the ENS group with the DNS group, the 

relative risk ratios for major complications were similar: as-

piration pneumonia 0.95-fold, gastric regurgitation 1.09-fold, 

ileus 0.96-fold, fever 0.92-fold, hypoglycemia 1.20-fold, and 

hyperglycemia 1.17-fold. The occurrence of secondary out-

come-related variables showed a higher relative ratio of 1.90 

for good neurologic recovery and 4.67 for survival in the ENS 

group (Table 3). In addition, a comparative subgroup anal-

ysis was performed for 35 patients without initial shockable 

rhythms; there was also no significant difference in diet-relat-

ed complications during post-resuscitation ICU care (Supple-

mentary Tables 1-3). 

DISCUSSION 

This study retrospectively compared the occurrence of compli-

cations and prognosis following the implementation of early 

oral nutrition for 48 hours in patients who received post-cardi-

ac arrest care. The main finding of the study is that ENS for re-

suscitated patients after propensity score matching had no sig-

nificant difference in clinical complications compared to DNS. 

Considering the difference in the severity of patient condition 

and the short interval in enteral nutrition, it would be unrea-

sonable to concede the higher survival rate or good neurologic 

outcome of the ENS group. However, it is a remarkable finding 

that the incidence of diet-related complications between the 

two groups was similar. In general, patients who were able to 

receive early enteral nutrition would be expected to have a rel-

atively less severe condition. Nevertheless, it could be inferred 

that a similar incidence of diet-related complications in each 

group might occur at any time during the post-resuscitation 

period, regardless of the timing of enteral nutrition support. 

Early application of enteral feeding within 24–48 hours in 

intensive care has been associated with a decrease in ICU stay 

and mortality among critically ill patients [17,18]. However, 

many critically ill patients are often exposed to malnutrition, 

which increases their mortality and morbidity [19-22]. Ac-

cording to the recent American Heart Association, European 

Cardiopulmonary Resuscitation Association, and the Korean 

Association of Cardiopulmonary Resuscitation guidelines for 

post-resuscitation cardiac arrest patients, there are some rec-

ommendations for specific nutritional supplement guidelines 

for these patients [2,23,24]. 

A literature review reveal opinions among experts based 

on the results of a few studies. Gutierrez et al. reported that in 

resuscitated patients after OHCA treated with extracorporeal 

cardiopulmonary resuscitation and targeted temperature 

management, delayed enteral nutrition was associated with 

improved neurologically favorable survival. They also found 

that adverse events related to enteral nutrition were not cor-

related with the timing of feeding initiation. However, the study 
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Table 1. Baseline characteristics of the enrolled patients before and after 1:1 propensity score matching

Variable

Before matching (n=87) After matching (n=46)
Delayed nutrition 

support 
(n=39)

Early nutrition 
support 
(n=48)

Total 
(n=87) P-value

Delayed nutrition 
support 
(n=23)

Early nutrition 
support 
(n=23)

Total 
(n=46) P-value

Age (yr) 66.3±14.2 63.1±15.8 64.5±15.1 0.332 67.3±13.9 67.4±14.4 67.4±14.0 0.984
Male 28 (71.8) 32 (66.7) 60 (69.0) 0.648 16 (69.6) 17 (73.9) 33 (71.7) 0.743
Body mass index (kg/m2) 22.1±3.2 23.3±4.2 22.8±3.8 0.167 22.7±3.2 22.4±4.5 22.6±3.9 0.839
Weight (kg) 62.0±10.8 63.3±14.4 62.7±12.9 0.845 62.7±10.3 60.2±12.0 61.4±11.2 0.455
Height (cm) 167.0±8.1 164.2±9.6 165.4±9.1 0.233 166.1±8.3 163.3±6.9 164.7±7.7 0.227
Comorbidity
 Hypertension 14 (35.9) 20 (41.7) 34 (39.1) 0.661 11 (47.8) 11 (47.8) 22 (47.8) 1.000
 Diabetes 8 (20.5) 11 (22.9) 19 (21.8) 1.000 4 (17.4) 8 (34.8) 12 (26.1) 0.179
 CKD 3 (7.7) 10 (20.8) 13 (14.9) 0.131 2 (8.7) 6 (26.1) 8 (17.4) 0.243
 Malignancy 2 (5.1) 2 (4.2) 4 (4.6) 1.000 1 (4.4) 2 (8.7) 3 (6.5) 1.000
 ACS 6 (15.4) 3 (6.3) 9 (10.3) 0.288 3 (13.0) 1 (4.4) 4 (8.7) 0.608
 COPD 1 (2.6) 3 (6.3) 4 (4.6) 0.624 0 3 (13.0) 3 (6.5) 0.233
 CVAD 4 (10.3) 3 (6.3) 7 (8.0) 0.696 2 (8.7) 1 (4.4) 3 (6.5) 1.000
 PTE 0 1 (2.1) 1 (1.1) 1.000 0 1 (4.4) 1 (2.2) 1.000
 Hyperlipidemia 8 (20.5) 5 (10.4) 13 (14.9) 0.234 4 (17.4) 3 (13.0) 7 (15.2) 1.000
Witnessed cardiac arrest 31 (79.5) 41 (85.4) 72 (82.8) 0.572 17 (73.9) 20 (87.0) 37 (80.4) 0.459
First monitored rhythm
 VF/pulseless VT 12 (30.8) 21 (44.7) 33 (38.4) 0.265 4 (17.4) 6 (27.3) 10 (22.2) 0.491
 PEA/asystole 27 (69.2) 26 (55.3) 53 (61.6) 19 (82.6) 16 (72.7) 35 (77.8)
BLS (min) 12.6±13.9 10.3±12.0 11.3±12.9 0.404 15.2±13.9 8.2±10.1 11.7±12.5 0.060
ACLS (min) 10.5±10.2 5.3±7.3 7.6±9.0 0.009 7.4±7.8 7.1±8.8 7.3±8.2 0.888
Targeted temperature 

management
13 (14.9) 26 (29.9) 39 (44.8) 0.082 9 (19.6) 8 (17.4) 17 (37.0) 1.000

 Hypothermia (33°C) 5 (5.7) 24 (27.6) 29 (33.3) 0.038 4 (8.7) 6 (13.0) 10 (21.7) 0.722
 Normothermia (36°C) 8 (9.2) 2 (2.3) 10 (11.5) <0.001 5 (10.9) 2 (4.3) 7 (15.2) 0.414
Continuous renal 

replacement therapy
10 (25.6) 5 (10.4) 15 (17.2) 0.087 5 (21.7) 2 (8.7) 7 (15.2) 0.414

Extracorporeal membrane 
oxygenation

3 (7.7) 0 3 (3.4) 0.086 2 (8.7) 0 2 (4.4) 0.489

Coronary angiography 6 (15.4) 13 (27.1) 19 (21.8) 0.206 3 (13.0) 6 (26.1) 9 (19.6) 0.459
Inotropic use 35 (89.7) 23 (47.9) 58 (66.7) <0.001 19 (82.6) 20 (87.0) 39 (84.8) 1.000
Muscle relaxant use 13 (33.3) 27 (56.3) 40 (46.0) 0.051 9 (39.1) 9 (39.1) 18 (39.1) 1.000
Initial laboratory value
 Hemoglobin (g/dl) 11.3±3.6 12.6±3.0 12.0±3.3 0.071 11.4±2.9 11.9±3.2 11.6±3.0 0.582
 White blood cell (×109/L) 13.7±7.2 14.0±4.7 13.9±6.6 0.660 12.5±7.2 13.1±5.4 12.8±6.3 0.750
 AST (U/L) 489±1,126 188±322 324±803 0.114 478.3±1251.3 184.3±425.3 331.3±935.9 0.295
 ALT (U/L) 261±528 139±200 193±385 0.185 165.8±370.8 114.3±226.2 139.5±303.1 0.580
 BUN (mg/dl) 32.9±28.6 32.4±27.7 32.6±27.9 0.944 27.8±16.9 36.1±29.4 31.9±24.1 0.250
 Creatinine (mg/dl) 2.1±2.2 2.6±3.5 2.40±3.0 0.430 2.0±1.5 2.3±2.2 2.1±1.9 0.639
 C-reactive protein (mg/dl) 3.51±8.61 1.89±4.69 2.61±6.74 0.499 5.2±10.9 3.1±6.5 4.1±9.0 0.436
 Troponin I (pg/ml) 83.08±156.53 177.31±547.03 135.07±420.22 0.286 70.9±160.6 41.1±113.6 56.0±138.4 0.471
Feeding volume within initial 

5 days (ml)
115±362 1,243±1,192 737±1,074 <0.001 100.9±340.1 1,363.0±1,277.4 732.0±1123.1 <0.001

Values are presented as mean±standard deviation or number (%).
CKD: chronic kidney disease; ACS: acute coronary syndrome; COPD: chronic obstructive pulmonary disease; CVAD: cerebrovascular disease; PTE: pulmonary 
thromboembolism; VF: ventricular fibrillation; VT: ventricular tachycardia; PEA: pulseless electrical activity; BLS: basic life support; ACLS: advanced cardiovascular 
life support; AST: aspartate aminotransferase; ALT: alanine aminotransferase; BUN: blood urea nitrogen.
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involved obese patients with an average BMI ≥30 kg/m2, and 

the results may differ from those of patients with a normal BMI 

[25]. Martin et al. [24] reported a low incidence of respiratory 

complications and mortality rate despite prolonged morbidity 

and hospitalization after early enteral nutrition in patients with 

an average BMI of 28.5 kg/m2. Although there are differences 

in BMI between the patient groups, their results are similar to 

those of the present study regarding clinical complications and 

neurologic outcomes after intensive care . 

Based on expert consensus, the 2016 SCCM and ASPEN 

guidelines recommend enteral nutrition should be withheld 

until patients are fully resuscitated or in a stable hemody-

namic state [11]. Moreover, the European Society of Intensive 

Care Medicine recommended that during the initial target 

body temperature maintenance treatment, low-dose early 

enteral nutrition should be used, and then the feeding dose 

should be increased after rewarming [26]. In addition, they 

also recommended not delaying enteral nutrition even when 

neuromuscular blocking agents were used [26]. Therefore, al-

though nutritional support has been planned for patients with 

spontaneous circulation recovery after cardiopulmonary re-

suscitation in the same way as for other intensive care patients, 

it seems necessary in the future to establish basic nutritional 

supplementation guidelines specifically for resuscitated pa-

tients based on related studies. 

This study has several limitations. First, it was a retrospec-

tive, single-institution, and small-population study. Moreover, 

the difference was reduced by performing propensity score 

Table 2. Clinical outcomes according to timing of enteral nutrition before and after 1:1 propensity score matching

Variable

Before matching (n=87) After matching (n=46)
Delayed nutrition 

support 
(n=39)

Early nutrition 
support 
(n=48)

Total 
(n=87) P-value

Delayed nutrition 
support 
(n=23)

Early nutrition 
support 
(n=23)

Total 
(n=46) P-value

Intensive care (day) 5.8±5.7 8.0±7.5 7.0±6.8 0.116 5.9±5.2 9.7±7.7 7.8±6.8 0.052
Total hospital stay (day)a) 7.2±7.4 17.9±30.3 13.1±23.6 0.022 5.0±5.5 13.0±40.3 9.0±29.5 0.078
APACHE II score 21.4±8.6 15.8±7.5 18.3±8.4 0.002 20.8±9.8 17.5±7.9 19.2±9.0 0.209
Survival to discharge 16 (41.0) 43 (89.6) 59 (67.8) <0.001 9 (39.1) 20 (86.9) 29 (63.0) <0.001
Good neurologic outcomeb) 8 (20.5) 34 (70.8) 42 (48.3) <0.001 4 (17.4) 13 (56.5) 17 (36.9) 0.006
Complication
 Aspiration pneumonia 6 (15.4) 8 (16.7) 14 (16.1) 1.000 5 (21.7) 4 (17.4) 9 (19.6) 1.000
 Regurgitation 3 (7.7) 4 (8.3) 7 (8.0) 1.000 2 (8.7) 2 (8.7) 4 (8.7) 1.000
 Ileus 3 (7.7) 1 (2.1) 4 (4.6) 0.321 1 (4.4) 0 1 (2.2) 1.000
 Fever 17 (43.6) 22 (45.8) 39 (44.8) 1.000 11 (47.8) 10 (43.5) 21 (45.7) 0.767
 Hypoglycemia 10 (25.6) 15 (31.3) 25 (28.7) 0.638 5 (21.7) 8 (34.8) 13 (28.3) 0.326
 Hyperglycemia 16 (41.0) 14 (29.2) 30 (34.5) 0.266 9 (39.1) 11 (47.8) 20 (43.5) 0.552

Values are presented as mean±standard deviation or number (%) unless otherwise indicated.
APACHE: Acute Physiology and Chronic Health Evaluation.
a) Median±standard deviation; b) Cerebral performance category ≤2.

Table 3. Relative risk analysis of the patients with early enteral nutrition compared to those of delayed enteral nutrition

Variable
Before matching (n=87) After matching (n=46)

Relative risk 95% CI Relative risk 95% CI
Aspiration pneumonia 1.05 0.55–2.03 0.95 0.19–1.26
Regurgitation 1.05 0.43–2.55 1.09 0.84–1.20
Ileus 0.58 0.31–1.07 0.96 0.88–1.04
Fever 1.01 0.63–1.61 0.92 0.54–1.57
Hypoglycemia 1.08 0.64–1.83 1.20 0.83–1.73
Hyperglycemia 0.76 0.48–1.20 1.17 0.70–1.94
Good neurologic outcome 3.62 1.88–6.95 1.90 1.15–3.14
Survival to discharge 3.03 1.93–4.76 4.67 1.55–14.09

CI: confidence interval.
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matching to ensure equivalence between two groups. How-

ever, in this process, the sample size is significantly reduced, 

which can be considered a weak point of this analysis. There-

fore, it is difficult to generalize study results to other resuscitat-

ed patients after OHCA. Second, since this study was limited to 

enteral nutrition, the effect of parenteral nutrition on patients 

could not be found. Third, there is a possibility of changing the 

nutritional support method or feeding volume after the initial 

enteral support during intensive care. Thus, an exact quan-

titative causal relationship between nutritional support and 

clinical complications could not be determined. Fourth, the 

difference in mortality and neurologic prognosis confirmed 

by the difference in the timing of enteral nutrition may be the 

cause rather than the result; therefore, cautious interpretation 

is required. Fifth, the DNS group included some cases of early 

mortality and inability to provide enteral feeding during inten-

sive care. Thus, the amount of enteral nutrition for the initial 5 

days was much lower in the DNS group than in the ENS group. 

In conclusion, there was a similar incidence of diet-related 

complications during post-cardiac arrest care between the 

ENS and DNS groups. 
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INTRODUCTION 

Patients with malnutrition are at a high risk of poor clinical outcomes, including increased 

morbidity, mortality, and prolonged intensive care unit (ICU) stay [1-5]. Furthermore, rapid 

protein loss in ICU patients is most likely to be associated with proinflammatory conditions 

and severe catabolism due to increased stress-related cytokines and hormones [6]. Therefore, 

it is important to evaluate the nutritional status of and provide appropriate nutritional sup-

port for ICU patients [7]. 

Heyland et al. [8] developed the Nutrition Risk in the Critically Ill (NUTRIC) score, which 

Background: Nutritional status is associated with mortality. The modified Nutrition Risk in the Crit-
ically Ill (mNUTRIC) score is one of the most commonly used nutritional risk assessment tools in in-
tensive care units (ICUs). The purpose of this study was to compare the mortality predictive ability of 
the mNUTRIC score to that of the mNUTRIC-S2 score, which uses the Simplified Acute Physiology 
Score (SAPS) II instead of the Acute Physiology and Chronic Health Evaluation (APACHE) II. 
Methods: This retrospective cohort analysis included patients admitted to the ICU between Janu-
ary and September 2020. Each patient’s electronic medical records were reviewed. The model dis-
crimination for predicting ICU mortality was assessed by the area under the receiver operating 
characteristic (ROC) curve, and a Cox regression model was performed to confirm the relationship 
between the groups and mortality. 
Results: In total, 220 patients were enrolled. The ROC curve for predicting ICU mortality was 0.64 
for the mNUTRIC score versus 0.67 for the mNUTRIC-S2 score. The difference between the areas 
was 0.03 (95% confidence interval [CI], –0.01 to 0.06; P=0.09). Patients with mNUTRIC-S2 score 
≥5 had a greater risk of ICU mortality (hazard ratio [HR], 3.64; 95% CI, 1.85–7.14; P<0.001); how-
ever, no such relationship was observed with mNUTRIC score (HR, 1.69; 95% CI, 0.62–4.62; 
P=0.31). 
Conclusions: The mNUTRIC-S2 score was significantly associated with ICU mortality. A cutoff 
score of 5 was selected as most appropriate. 
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is the first nutritional risk assessment tool for ICU patients 

and incorporates age, number of comorbidities, days from 

hospital admission to ICU admission, Acute Physiology and 

Chronic Health Evaluation (APACHE) II score, Sequential 

Organ Failure Assessment (SOFA) score, and serum interleu-

kin (IL)-6 level. Because IL-6 level is not routinely measured, 

Rahman et al. [9] validated the modified NUTRIC (mNUTRIC) 

score, which includes all variables except IL-6 level. 

The APACHE II score, a prognostic index used in ICUs, was 

published in 1985 using clinical, physiological, and laboratory 

data shown during the first 24 hours after admission to the 

ICU [10]. The calibration of a prognostic model typically wors-

ens over time owing to changes in ICU admission and dis-

charge criteria, the advances in support, and changes in the 

availability and effectiveness of various treatments for specific 

situations. Therefore, technological and scientific advances in 

critical care medicine have led physicians to search for better 

tools than APACHE II to predict outcomes [11]. APACHE II 

requires clinical, physiological, and laboratory data acqui-

sition during the first 24 hours after admission to the ICU 

[12]. Moreover, several studies using modern databases have 

shown the inadequacy of APACHE II in performance evalua-

tion and benchmarking. [13,14]. 

In this context, several studies have reported that the 

Simplified Acute Physiology Score (SAPS) II is superior to 

APACHE II in predicting mortality [15-18]. Therefore, the pur-

pose of this study was to propose a new mNUTRIC-S2 (S2 as 

a reference to SAPS II) scoring system to replace the outdated 

APACHE II with SAPS II and to compare the ICU mortality 

prediction ability of the mNUTRIC and mNUTRIC-S2 scores. 

The hypothesis is that the mNUTRIC-S2 score will work as 

well as the mNUTRIC score in discriminating ICU mortality in 

critically ill patients. 

MATERIALS AND METHODS 

This study was approved (No. 1607-138-777) and the require-

ment for written informed consent was waived by the Insti-

tutional Review Board of Seoul National University Hospital. 

This study was conducted in accordance with the tenets of the 

Declaration of Helsinki. 

Study Design and Participants 
This retrospective cohort analysis included adult patients 

admitted to the medical ICU of a tertiary hospital between Jan-

uary 2020 and September 2020. Patients who remained in the 

ICU for less than 24 hours, those readmitted during the study 

period, and those who did not have data on the Seoul National 

University Hospital-Nutrition Screening Index (SNUH-NSI) 

evaluation items due to lack of cooperation were excluded. 

We investigated the following data from the patients' elec-

tronic medical records: age; sex; body mass index (BMI); 

comorbidity; hospital length of stay; ICU length of stay; pre-

admission conditions; ICU admission diagnosis; APACHE II, 

SOFA, and SAPS II scores at ICU admission; and treatment 

received in the ICU (mechanical ventilation, ventilation days, 

prone position, tracheostomy, extracorporeal membrane oxy-

genation, and renal replacement therapy). Comorbidities were 

identified based on International Classification of Diseases, 

10th revision codes, registered prior to the ICU admission date. 

ICU fellows recorded ICU admission and discharge records. 

IL-6 was not routinely measured in our ICU; therefore, we cal-

culated the mNUTRIC score (0–9) from the available data. In-

formation regarding each patient’s lab data was obtained from 

the patient’s SNUH-NSI sheet. 

The nutritional status of each patient was evaluated using 

the SNUH-NSI, a nutritional search tool developed and used 

by Seoul National University Hospital, and classified into 

high-risk, moderate-risk, and low-risk groups for malnutri-

tion. The nutritional evaluation index of the SNUH-NSI con-

sists of 11 items. Indicators included weight change at hospi-

talization, appetite status, the patient's subjective statement 

of gastrointestinal disorders, and the most recent (at or within 

2 weeks of admission) blood albumin, total blood cholester-

ol, total lymphocyte count, hemoglobin, C-reactive protein 

(CRP), diet type, age, and BMI [19]. SNUH-NSI evaluation 

items and risk stratification are presented in Supplementary 

Table 1. If the patient was unable to give information regard-

ing his or her state of appetite, weight change, and subjective 

■ The modified Nutrition Risk in the Critically Ill (mNU-
TRIC)-S2 score, which uses the Simplified Acute Physiol-
ogy Score (SAPS) II instead of the Acute Physiology and 
Chronic Health Evaluation (APACHE) II, was significantly 
associated with intensive care unit (ICU) mortality.

■ The suggested cutoff score of 5 was appropriate to screen 
Korean critically ill patients.

■ Patients with mNUTRIC-S2 score ≥5 had a higher risk of 
ICU mortality, which was not observed with mNUTRIC 
score.

KEY MESSAGES
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symptoms, the appointed nutritionist contacted family mem-

bers for information.  

Statistical Analysis 
The sample size was based on the similar accuracy of the 

mNUTRIC and mNUTRIC-S2 scores. Therefore, considering 

a difference of 0.1 in the area under the curve between the 

mNUTRIC and mNUTRIC-S2 scores, a correlation of 0.7 posi-

tive and 0.5 negative between scores, a type I error of 5%, and 

a sample power of 80%, approximately 218 patients should 

be included at a 1/1 sample size ratio. Student t-test and 

Mann-Whitney U-test were used for continuous variables. 

Chi-square or Fisher’s exact test was used for categorical 

variables. A linear regression model was used to detect the 

SAPS II cutoff point, representing a similar APACHE II cutoff 

point to that used for the mNUTRIC score (SAPS II equa-

tion=14.98+1.58×APACHE II, P<0.001, R2=0.554). 

The model’s discrimination for predicting ICU mortality 

was assessed by the area under the receiver operating charac-

teristic (ROC) curve for both the mNUTRIC and mNUTRIC-S2 

scores. Delong’s method was used to calculate the differences 

between the score areas under the curves. The cutoff value 

corresponding with the Youden’s index J was demarcated as 

the optimal value according to the Youden’s index method. 

Then, using the optimal stratification approach, the value pre-

senting the greater sensitivity and specificity to discriminate 

mortality was used as the cutoff point of the scores. 

Cox progressive and conditional regression models ad-

justed for covariates were performed by applying stepwise 

selection with backward elimination to determine ICU mor-

tality between the mNUTRIC and mNUTRIC-S2 scores. The 

mortality risk estimates were presented as adjusted hazard ra-

tios (aHRs) and their 95% confidence intervals (CIs), and the 

estimated ICU mortality rates were calculated for the groups 

using the Kaplan-Meier curve adjusted by Cox regression. Sta-

tistical significance was set at P<0.05. The ROC curves of the 

two scores were compared using MedCalc software (version 

20.110; MedCalc Software, Ostend, Belgium). All other statis-

tical analysis was conducted using IBM SPSS version 26.0 (IBM 

Corp., Armonk, NY, USA). 

RESULTS 

A total of 220 patients was enrolled in the study (Figure 1). 

Patient characteristics are shown in Table 1. Among the 220 

patients, 162 (72.8%) were ICU survivors, who had significantly 

lower APACHE II, SOFA, and SAPS II scores than non-ICU sur-

vivors. The nutritional statuses of the patients are compared in 

Table 2. The majority of the patients admitted to the ICU were 

classified as high-risk according to the mNUTRIC (62.3%) and 

mNUTRIC-S2 (60.0%) scores. Non-survivors also had signifi-

cantly higher median mNUTRIC and mNUTRIC-S2 scores. 

SNUH-NSI evaluation parameters were not different between 

the two groups. Although the SNUH-NSI is not a nutritional 

screening tool specifically for ICU patients, most patients 

admitted to the ICU were also at high risk for malnutrition 

according to the SNUH-NSI (64.5%). However, no statistical 

difference was observed between survivors and non-survivors. 

The linear regression model between APACHE II and SAPS II 

yielded the SAPS II equation=14.98+1.58×AP ACHE II, P<0.001. 

Therefore, the points used in the mNUTRIC score for APACHE 

II were replaced according to the formula used to establish 

the mNUTRIC-S2 score (Table 3). The correlation between 

mNUTRIC and mNUTRIC-S2 scores was R2=0.83, P<0.001, 

95% CI=0.86–0.97 (equation: mNUTRIC-S2 score=0.099+0.961 

mNUTRIC score).  

The areas under the ROC curve were similar in terms of the 

discriminatory power of the scores. The ROC curve for pre-

dicting ICU mortality was 0.64 for the mNUTRIC score versus 

0.67 for the mNUTRIC-S2 score. The difference between the 

areas was 0.03 (95% CI, –0.01 to 0.06; P=0.09). A cutoff point of 

mNUTRIC-S2 score ≥5 resulted in a sensitivity of 81.0% and a 

specificity of 47.5%; on the other hand, a cutoff point of mNU-

TRIC score ≥5 resulted in a sensitivity of 81.0% and a specificity 

Figure 1. Flowchart of patient group selection. ICU: intensive care 
unit; SNUH-NSI: Seoul National University Hospital-Nutrition 
Screening Index.

305 Adults patients admitted to the medical 
ICU of a tertiary hospital between January 

2020 and September 2020

220 Patients

162 Survivors 58 Non-survivors

Exclusion
35 Remained less than 24 hr in the ICU
10 Readmitted during the study period
40 No data of SNUH-NSI
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of 44.4%. The area under the ROC curve was 0.67 for APACHE 

II, 0.72 for SAPS II, and 0.65 for SOFA (Figure 2).  

In the Cox regression model for predicting ICU mortality, 

patients with mNUTRIC-S2 score ≥5 had a greater risk of ICU 

mortality (HR, 3.64; 95% CI, 1.85–7.14; P<0.001) (Figure 3), 

whereas no such relationship was observed with the mNU-

TRIC score (HR, 1.69; 95% CI, 0.62–4.62; P=0.31). Our analysis 

showed that ICU mortality increased with higher mNUTRIC 

(Figure 4A) and mNUTRIC-S2 scores (Figure 4B). The ICU 

mortality for the maximum mNUTRIC score was 86.0% (Figure 

4A), and that of the maximum mNUTRIC-S2 score was 81.2% 

(Figure 4B). 

DISCUSSION 

This study found that the mNUTRIC-S2 score, which uses 

SAPS II instead of APACHE II, was significantly associated with 

ICU mortality. A Cox logistic model recognized this proposed 

Table 1. Characteristics of the study population

Variable
ICU mortality

P-value
All patients (n=220) Survivor (n=162) Non-survivor (n=58)

Age (yr) 65.7±14.8 67.0±14.6 61.9±14.9 0.024
Male 136 (61.8) 99 (61.1) 37 (63.8) 0.839
BMI (kg/m2) 23.2±4.4 22.8±4.2 24.2±4.6 0.032
APACHE II score 20.8±9.1 19.5±8.4 24.5±9.8 <0.001
SOFA score 9.1±7.4 8.7±8.2 10.3±4.5 <0.001
SAPS II 48.0±19.7 43.9±17.5 59.4±20.9 <0.001
Hospital to ICU admission day 4.0 (0.0–13.0) 2.0 (0.0–9.0) 9.5 (1.0–21.0) 0.001
Hospital day 29.0 (16.0–62.5) 37.0 (19.0–70.0) 20.0 (7.0–29.0) <0.001
ICU day 5.0 (2.0–11.0) 5.0 (2.0–10.0) 5.0 (2.0–14.0) 0.829
ICU admission diagnosis
 Respiratory disease 134 (60.9) 97 (59.9) 37 (63.8) 0.713
 Cardiovascular disease 49 (22.3) 36 (22.2) 13 (22.4) 1.000
 Neurological disease 3 (1.4) 1 (0.6) 2 (3.4) 0.171
 Sepsis 41 (18.6) 27 (16.7) 14 (24.1) 0.290
 Renal disease 42 (19.1) 27 (16.7) 15 (25.9) 0.182
 Other 42 (19.1) 32 (19.8) 10 (17.2) 0.824
Comorbidity
 Hypertension 75 (34.1) 57 (35.2) 18 (31.0) 0.681
 Diabetes 78 (35.5) 57 (35.2) 21 (36.2) 1.000
 Chronic lung disease 56 (25.5) 48 (29.6) 8 (13.8) 0.028
 Chronic kidney disease 53 (24.1) 40 (24.7) 13 (22.4) 0.866
 Chronic liver disease 24 (10.9) 17 (10.5) 7 (12.1) 0.932
 Solid tumor 71 (32.3) 49 (30.2) 22 (37.9) 0.363
 Hematologic malignancy 38 (17.3) 19 (11.7) 19 (32.8) 0.001
 Immunodeficiency 102 (46.4) 61 (37.7) 41 (70.7) <0.001
 Chronic neurological disease 18 (8.2) 17 (10.5) 1 (1.7) 0.047
Mechanical ventilation 167 (75.9) 110 (67.9) 57 (98.3) <0.001
Ventilation day 3.0 (1.0–7.5) 3.0 (0.0–6.0) 4.0 (2.0–14.0) 0.001
Prone 27 (12.3) 14 (8.6) 13 (22.4) 0.012
Tracheostomy 44 (20.0) 34 (21.0) 10 (17.2) 0.674
ECMO 18 (8.2) 12 (7.4) 6 (10.3) 0.577
RRT 81 (36.8) 46 (28.4) 35 (60.3) <0.001

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
ICU: intensive care unit; BMI: body mass index; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; SAPS: 
Simplified Acute Physiology Score; ECMO: extracorporeal membrane oxygenation; RRT: renal replacement therapy.
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mNUTRIC-S2 score as an independent variable, predicting 

ICU mortality with a hazard rate multiplied 3.64 (95% CI, 1.85–

7.14; P<0.001) in patients who presented with an mNUTRIC-S2 

score ≥5. In comparison, an mNUTRIC score ≥ 5 did not show 

the same performance (HR, 1.69; 95% CI, 0.62–4.62; P=0.31). 

Using the mNUTRIC-S2 score, we can easily identify patients 

more likely to benefit from aggressive nutritional therapy. 

Prognostic estimates of predictive models are gradually less 

accurate as the time between their advancement, update, and 

application increases. Therefore, predictive models require pe-

riodic retesting, which requires re-estimation if accuracy is de-

graded, and variables with a significant prognosis are checked 

for inclusion. In this context, we have considered using the 

more recently updated APACHE IV or SAPS III for the mNU-

TRIC score. However, APACHE IV is much more complex, 

making its rapid application in clinical settings difficult. In 

addition, a previous study comparing the mortality predictive 

power of SAPS II and SAPS III found that both scores provided 

unreliable predictions, but unexpectedly, the newer SAPS III 

overpredicted mortality over the older SAPS II [20]. Conse-

quently, SAPS II was considered appropriate for this study. 

Several studies have assessed the nutritional risk in critically 

ill Korean patients using the NUTRIC and mNUTRIC scores. 

The mortality prediction of the NUTRIC and mNUTRIC scores 

was not different in Korean patients with sepsis [21]. Moreover, 

inadequate caloric supplementation in high mNUTRIC scores 

Table 2. The mNUTRIC, mNUTRIC-S2 scores, and SNUH-NSI evaluation items of the study population

Variable
ICU mortality

P-value
All patients (n=220) Survivor (n=162) Non-survivor (n=58)

mNUTRIC score 5.0 (4.0–7.0) 5.0 (3.0–7.0) 6.0 (5.0–7.0) 0.001
 High risk 137 (62.3) 90 (55.6) 47 (81.0) 0.001
mNUTRIC-S2 score 5.0 (3.0–7.0) 5.0 (3.0–7.0) 6.0 (5.0–8.0) <0.001
 High risk 132 (60.0) 85 (52.5) 47 (81.0) <0.001
Appetite 0.098
 Bad 63 (28.6) 41 (25.3) 22 (37.9)
 Normal/good 157 (71.4) 121 (74.7) 36 (62.1)
Change of weight, yes 43 (19.5) 33 (20.4) 10 (17.2) 0.747
Difficulty in digesting, yes 49 (22.3) 31 (19.1) 18 (31.0) 0.092
Diet type 0.806
 Fluid diet 2 (0.9) 2 (1.2) 0
 Soft blended diet or NPO 130 (59.1) 97 (59.9) 33 (56.9)
 Normal regular diet 88 (40.0) 63 (38.9) 25 (43.1)
Albumin (g/dl) 3.0±0.6 3.1±0.6 2.9±0.7 0.171
Cholesterol (mg/dl) 111.0±50.5 111.4±46.8 109.6±60.1 0.828
Total lymphocyte count (cells/mm3) 736.0 (381.0–1,346.0) 708.0 (412.0–1,307.0) 792.0 (276.5–1,551.5) 0.823
Hemoglobin (g/dl) 10.1 (8.7–12.1) 10.5 (8.8–12.3) 9.8 (8.6–11.1) 0.170
C-reactive protein (mg/dl) 6.5 (2.6–17.0) 7.3 (2.6–16.5) 5.6 (2.7–17.6) 0.937
Status of malnutrition by SNUH-NSI 0.387
 High 142 (64.5) 100 (61.7) 42 (72.4)
 Medium 64 (29.1) 51 (31.5) 13 (22.4)
 Low 14 (6.4) 11 (6.8) 3 (5.2)

Values are presented as median (interquartile range), number (%), or mean±standard deviation.
mNUTRIC: modified Nutrition Risk in the Critically Ill; mNUTRIC-S2: mNUTRIC score by using Simplified Acute Physiology Score II as one of the variables instead 
of the Acute Physiology and Chronic Health Evaluation II Score; SNUH-NSI: Seoul National University Hospital-Nutrition Screening Index; ICU: intensive care unit; 
NPO: nothing by mouth.

Table 3. Correlating the APACHE II cutoff point to the SAPS II cutoff 
points
NUTRIC scoring APACHE II SAPS II
0 <15 <38.68
1 15–19 38.68–46.58
2 20–27 46.58–59.22
3 ≥28 ≥59.22

SAPS II equation=14.98+1.58×APACHE II, P<0.001 (R2=0.554).
APACHE: Acute Physiology and Chronic Health Evaluation; SAPS: Simplified 
Acute Physiology Score; NUTRIC: Nutrition Risk in the Critically Ill.
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has been associated with higher mortality in Korean postop-

erative [22,23] and septic patients [24]. This study is one of the 

first to use mNUTRIC and mNUTRIC-S2 scores for nutritional 

risk assessment in general, non-surgical, and critically ill Kore-

an patients. 

In a previous study comparing mortality rates during hos-

pitalization using SNUH-NSI at the time of admission, the 

mortality rate of patients in the low-risk group for malnutrition 

was 0.14%, whereas that of patients in the high-risk group was 

5.9% [19]. Unlike the mNUTRIC score, the high-risk group for 

SNUH-NSI in this study showed a higher ICU mortality rate 

than the moderate- or low-risk groups. This is probably be-

cause the SNUH-NSI is a validated nutritional search tool for 

all inpatients, rather than critically ill patients [19,25,26]. 

Similar to the proposed mNUTRIC-S2 score of this study, 

the NUTRIC-SF score (which combines the modified NUTRIC 

score with a measure of sarcopenia and frailty) [27], the NU-

TRIC-S score (which uses SAPS III instead of APACHE II) [28], 

the NUTRIC score, and CRP [29] are other versions of critical 

nutritional risk assessment tools, in addition to the NUTRIC 

and mNUTRIC scores. First, the NUTRIC-SF score is better 

than the mNUTRIC score, the SARC-CALF (a measure of sar-

copenia risk combined with calf circumference), and the Clin-

ical Frailty Scale alone in predicting and discriminating 60-day 

outcomes [27]. Second, the NUTRIC-S score (S as a reference 

to SAPS III) was recently proposed. This study suggested that 

the NUTRIC-S score may be superior to the NUTRIC score in 

predicting mortality [28]. Third, there was a higher agreement 

between the mNUTRIC and NUTRIC scores with CRP, and 

combining the NUTRIC score with a subjective global assess-

ment could predict mortality more accurately [29]. More infor-

mation usually leads to better predictability. However, nutri-

tional risk screening of critically ill patients should be possible 

even in patients with decreased mentality and hemodynamic 

instability. Questionnaires regarding previous strength and 

physical performance and measurement of calf circumference 

may not be feasible in all patients. Inevitably, the NUTRIC-SF 

score was only applied to patients without lower limb injury 

and neuromuscular diseases [27]. In addition, with respect to 

the NUTRIC-CRP score, there is a limitation regarding the use 

of CRP. This is because CRP, an acute-phase reactant that is 

made by the liver and secreted into the bloodstream within a 

few hours of infection or inflammation, may be low or normal 

for the first 12 hours [30]. The original study of the NUTRIC 

score development did not show any benefit of adding CRP 

instead of IL-6 to the NUTRIC score [8]. Proposal of various 

Figure 2. Comparison of receiver operating characteristic curves among 
the mNUTRIC, mNUTRIC-S2, SAPS II, APACHE II, and SOFA scores.  The 
area under the ROC curve was 0.67 for APACHE II, 0.72 for SAPS II, 
and 0.65 for SOFA. mNUTRIC: modified Nutrition Risk in the Critically 
Ill; mNUTRIC-S2: mNUTRIC score by using Simplified Acute Physiology 
Score II as one of the variables instead of the Acute Physiology and 
Chronic Health Evaluation II Score; SAPS: Simplified Acute Physiology 
Score; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: 
Sequential Organ Failure Assessment.

Figure 3. Intensive care unit (ICU) mortality curve when comparing 
mNUTRIC-S2 score ≥5 and mNUTRIC-S2 score <5. mNUTRIC-S2: 
modified Nutrition Risk in the Critically Ill score by using Simplified 
Acute Physiology Score II as one of the variables instead of the Acute 
Physiology and Chronic Health Evaluation II Score; HR: hazard ratio; 
CI: confidence interval.
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versions of the NUTRIC score shows that identifying nutrition-

al risk in ICU patients is not a simple and straightforward prac-

tice. In a previous systematic review, the prevalence of nutri-

tional risk in ICU patients was very diverse, probably explained 

by the different tools used and the heterogeneity of patients 

assessed [31]. 

Our study had several limitations. First, it included critical-

ly ill patients from a single tertiary hospital, which may limit 

Figure 4. Intensive care unit (ICU) mortality according to mNUTRIC score (A) and mNUTRIC-S2 score (B). mNUTRIC: modified Nutrition Risk in the 
Critically Ill; mNUTRIC-S2: mNUTRIC score by using Simplified Acute Physiology Score II as one of the variables instead of the Acute Physiology 
and Chronic Health Evaluation II Score.

the generalizability of the results. Second, although it was in-

vented more recently, SAPS II still requires the acquisition of 

many variables. A less complicated scoring system with higher 

efficacy and accuracy is required in the clinical field. More-

over, SAPS II does not include traditional nutrition-related 

variables and does not compensate for the existing limitations 

of the mNUTRIC score. Third, the measurement of IL-6 was 

not available in our study population, and we were unable to 
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calculate the NUTRIC score. Fortunately, many studies have 

shown that the mNUTRIC score is non-inferior to the NUTRIC 

score [21,32,33]. As this is one of the first studies suggesting the 

substitution of APACHE II with SAPS II, more multinational 

studies are required to validate these results and incorporate 

them into clinical practice. Last, the SNUH-NSI assessment 

was performed at hospital admission and may not adequately 

represent the patient’s status at the time of ICU admission. 

However, SNUH-NSI was not specifically designed for critical-

ly ill patients, and it was not our intent to compare it with the 

mNUTRIC or mNUTRIC-S2 scores. 

This study found that the mNUTRIC-S2 score, which uses 

SAPS II instead of APACHE II, was significantly associated 

with ICU mortality. Patients with mNUTRIC-S2 score ≥5 had 

a higher risk of ICU mortality, while no such relationship was 

observed with the mNUTRIC score. A cutoff point of 5 is sug-

gested with the mNUTRIC-S2 score which is similar to that of 

the mNUTRIC score. Further studies are needed to assess the 

mNUTRIC-S2 score in detail and to find an optimal nutritional 

screening tool for critically ill patients. 
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INTRODUCTION 

Millions of children around the globe suffer from critical illnesses that necessitate pediatric 

intensive care unit (PICU) admission. These critically ill children require lifesaving interven-

tions to prevent mortality. With advancements in medicine, mortality has been significantly 

reduced over the years, although morbidity remains a concern. Substantial numbers of pa-

tients developed post-intensive care syndrome (PICS) after PICU discharge [1,2]. PICS was 

defined as new or worsening health problems arising after critical illness. These problems can 

involve physical, cognitive, mental, and emotional well-being and can affect the family caring 

for these critically ill children. The effects of such problems can persist beyond hospitaliza-

Background: The VSCAREMD model is used for evaluating vaccination, sleep, and parental care 
burden, which includes daily activity and social interaction, rehabilitation requirements, hearing, 
mood, and development. It has been proposed to detect post-intensive care syndrome (PICS) in 
children. This study aimed to outline the incidence of PICS in children using the VSCAREMD model 
and to describe the associated factors. 
Methods: All children ages 1 month to 15 years and admitted to the intensive care unit for at 
least 48 hours were evaluated using the VSCAREMD model within 1 week of intensive care dis-
charge. Abnormal findings were assorted into four domains: physical, cognitive, mental, and social. 
Descriptive statistics were performed using chi-square, univariate, and multivariate analyses. 
Results: A total of 78 of 95 children (82.1%) had at least one abnormal domain. Physical, cogni-
tive, mental, and social morbidity were found in 64.2%, 26.3%, 13.7%, and 38.9% of the children, 
respectively. Prolonged intensive care unit stay greater than 7 days was associated with dysfunc-
tion in physical (adjusted odds ratio [aOR], 3.80; 95% confidence interval [CI], 1.31–11.00), cogni-
tive (aOR, 10.11; 95% CI, 3.01–33.89), and social domains (aOR, 5.01; 95% CI, 2.01–12.73). Under-
lying medical conditions were associated with cognitive (aOR, 13.63; 95% CI, 2.64– 70.26) and so-
cial morbidity (aOR, 2.81; 95% CI, 1.06–7.47). 
Conclusions: The incidence of PICS using the VSCAREMD model was substantially high and asso-
ciated with prolonged intensive care. This model could help evaluate PICS in children. 

Key Words: children; intensive care; morbidity  
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tion [1-3]. Several previous prospective and descriptive studies 

were conducted to illustrate the burden of physical, cognitive, 

and mental problems in PICU survivors [4-12]. 

Despite numerous studies conducted to illustrate the impact 

of PICS in pediatric patients (PICS-p), there are several prob-

lems with the research. First, it is difficult to establish an ac-

curate preadmission baseline in each child. Second, children 

have heterogeneous results compared to the adult population 

due to diverse functional statuses related to age and develop-

mental stage. Moreover, with vast differences in measurement 

tools and follow-up timing among studies, no simple compre-

hensive model encompassing every domain of PICS-p can be 

used for evaluation of children across age groups. 

The novel comprehensive VSCAREMD model was pro-

posed by the pediatric intensivists and critical care nurses of 

the participating center. This model was utilized to conduct 

surveillance and detect the burden of PICS in children after 

PICU discharge beginning in February 2019. VSCAREMD is an 

acronym of seven validated tools to evaluate vaccination status 

(V), sleep problem (S), parental care burden (C), daily activity, 

social interaction (A), rehabilitation requirements (R), hearing 

problems (E), mood and behavior (M), and developmental 

problems (D) (Table 1) [13-22]. Abnormal findings are sorted 

into four domains: physical, cognitive, mental, and social. 

Each parameter of each domain within the model is generated 

in an attempt to cover all the aspects of post-intensive care 

problems mentioned in previous studies [3,4,23]. Vaccination 

surveillance was added to the model due to possible incom-

plete vaccination after prolonged hospitalization, which is 

highly probable in children admitted to the PICU. Neverthe-

less, data regarding the incidence of PICS after surveillance 

are lacking. Thus, this study aimed to outline the incidence of 

PICS in children using the VSCAREMD model and to describe 

the associated factors. 

MATERIALS AND METHODS 

Study Design 
This study was a retrospective chart review cohort study. The 

Ethics Committee of the Faculty of Medicine, Thammasat 

University approved the study. Due to the study’s retrospec-

tive nature, informed consent was waived. 

Participants 
All patients ages 1 month to 15 years who were admitted 

to the PICU for at least 48 hours from February 2019 to De-

cember 2019 were included in the analysis. The study was 

conducted in a large tertiary-care, university hospital with 

approximately 30–40 PICU admissions per month. The PICU 

at the center is a six-bed mixed surgical and medical intensive 

care unit. Patients with incomplete data on chart review were 

excluded. 

VSCAREMD Model 
As previously mentioned, there was no comprehensive mod-

el encompassed every domain of PICS-p. The VSCAREMD 

model was proposed based on discussion between pediatric 

intensivists and pediatric intensive care nurses at the center 

■ Physical, cognitive, mental, and social morbidity were 
found in 64.2%, 26.3%, 13.7%, and 38.9% of the children, 
respectively.

■ Prolonged intensive care stay greater than 7 days was 
associated with post-intensive care syndrome.

■ The incidence of post-intensive care syndrome in chil-
dren using the VSCAREMD model was high and associ-
ated with prolonged intensive care stays.

KEY MESSAGES

Table 1. VSCAREMD model for evaluation of post-intensive care syndrome in children
Parameter Domain Evaluating tool
V: vaccination - Thailand national expanded program on immunization [13]
S: sleep Physical BEARS questionnaire [14]
C: parental care Social Zarit caregiver burden interview [15]
A: daily activity and social interaction Social Strengths and Difficulties Questionnaire (children >5 years) [16]
R: rehabilitation requirement Physical Functional scale score–motor domain [17]
E: ear and hearing Physical Transitory-evoked otoacoustic emission screening [18-20]
M: mood Mental Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-V) for posttraumatic 

stress disorder [21]
D: developmental problems Cognitive Red flags for developmental delays according to the American Academy of Pediatrics [22]
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to identify the incidence of PICS in critically ill children after 

PICU discharge. The model was implemented in February 

2019 as a part of the quality improvement service and was 

used as a service screening for every child discharged from 

the PICU. Pediatric residents were trained by the attending 

pediatric intensivist in terms of the assessment tools within 

the model before implementation. Four morbidity domains 

were graded based on featured parameters, as in Table 1. 

All evaluations were conducted by pediatric residents and 

attending pediatric intensivists within 1 week of PICU dis-

charge. All abnormalities identified by the residents were con-

firmed by the attending intensivist.  

Physical Domain  
This domain included sleep problems (S), rehabilitation re-

quirements (R), and hearing dysfunction (E). Sleep problems 

were assessed using the BEARS questionnaire [14]. Distur-

bances in sleep reported by either parents or children were 

considered. Rehabilitation requirements were evaluated 

using the functional scale score (FSS) in the motor domain 

[15]. Patients were then classified into one of five categories: 

normal function, mild dysfunction (one limb is function-

ally impaired), moderate dysfunction (two or more limbs 

are functionally impaired), severe dysfunction (poor head 

control), and very severe dysfunction (diffuse spasticity and 

paralysis). Any dysfunction noted by the FSS was considered. 

A transitory evoked otoacoustic emission (TEOAE) was used 

in the screening of abnormal hearing responses [18-20] and 

was measured by certified audiologists using Sentiero TEOAE 

(Screening/Diagnostic) (Path Medical, Germering, Germa-

ny). The nonlinear protocol was used at the stimulus level of 

85 dB peak equivalent sound pressure. Absence of cochlear 

response was reported as “Refer” and was recorded as abnor-

mal. Patients with abnormal results in any of the parameters 

were recorded as having abnormal physical domain. 

Cognitive Domain 
The cognitive domain was assessed using red flags for de-

velopmental delays (D) according to the American Academy 

of Pediatrics (AAP) [22]. Children who showed any red flag 

for developmental delay were considered to have cognitive 

problems. School-aged children and adolescents who had 

appropriate behavior and development for their age were 

considered to have normal cognition. 

Mental Domain 
The mental domain was mainly focused on the symptoms of 

post-traumatic stress disorder (PTSD) (M). All children surviv-

ing PICU were assessed for PTSD in the Diagnostic and Statis-

tical Manual of Mental Disorders, fifth edition (DSM-V) [21]. 

Any child who exhibited symptoms of PTSD such as intrusion, 

avoidance, or negative alterations in cognition and moods 

was considered abnormal, even if they had not yet fulfilled the 

1-month criteria for diagnosis of PTSD. 

Social Domain 
The Zarit Caregiver Burden Interview was used to assess pa-

rental care burden in children surviving intensive care (C). A 

score exceeding 20 was considered significant [15]. In children 

older than 5 years, the Strengths and Difficulties Questionnaire 

(SDQ) was used to evaluate daily activity and social interac-

tion (A) [16]. In younger children, activity was assessed by 

interviewing the parents as to whether the child could perform 

appropriately for their age in the activities of daily living and 

social interaction. 

Vaccination 
Vaccination problems (V) were also an important issue in pe-

diatric patients and were assessed in this study. Missing vacci-

nations according to the Thailand National Expanded Program 

on Immunization based on age was considered incomplete 

[13]. 

Data Collection 
As a quality improvement service, the results of the VS-

CAREMD model were recorded in each patient’s medical re-

cord. All demographic data, underlying conditions, admission 

diagnosis, ventilator support days, sedation and neuromus-

cular blocking agent used, PICU length of stay, and hospital 

length of stay were collected for analysis.  

Statistical Analyses  
Demographic data, incidence of abnormalities detected within 

each parameter and domain, and other quantitative data were 

described using median and percentage. Categorical data 

were analyzed using chi-square tests. Univariate and multivar-

iate logistic regressions were used to determine the associated 

factors for each PICS domain. Crude and adjusted odds ratios 

(aORs) were reported along with the 95% confidence interval 

(CI). A P-value <0.05 was considered statistically significant. 
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All statistical analyses were performed using IBM SPSS version 

24.0 (IBM Corp., Armonk, NY, USA). 

RESULTS 

Demographic Data 
A total of 278 children was admitted to the PICU during the 

study period. Of these, 180 were excluded for PICU stay less 

than 48 hours, and another three children were excluded due 

to incomplete data. Thus, 95 children were included in the 

final analysis. The demographic data are summarized in Table 

2. A total of 55 children (57.9%) in the cohort was male. The 

median age of the cohort was 2.0 years old (interquartile range 

[IQR], 0.2–5.0). The majority of children (61.1%) had under-

lying comorbidities, most with underlying cardiac conditions 

(30.5%). The most common admission diagnoses were cardiac 

disease (mainly postoperative cardiac surgery and congestive 

heart failure, 41%) and respiratory disease (mainly pneumonia 

and respiratory failure, 28.4%). The median Pediatric Risk for 

Mortality (PRISM) III was 2.0 (IQR, 0.0–6.0) [24]. Sixty-two chil-

dren (62.3%) were mechanically ventilated with median venti-

lator days of 4.5 (IQR, 2.0–10.0). Twenty-two children (23.2%) 

were mechanically ventilated for more than 7 days. Sedation 

and neuromuscular blocking agents were used in 40 children 

(40.2%) and 18 children (18.9%), respectively. The median 

PICU stay was 5.0 days (IQR, 3.0–11.0). Prolonged PICU stays 

greater than 7 days were documented in 37 children (38.9%). 

The median day of evaluation after PICU discharge was 3.0 

days (IQR, 2.0–4.0). A total of 78 children (82.1%) had at least 

one abnormal domain. The problems in each parameter and 

domain are described in Table 2. 

Physical Domain 
A total of 61 children (64.2%) had at least one abnormality 

within the physical domain parameters. Thirty-nine children 

(41.1%) reported having sleep problems using the BEARS 

questionnaire. FSS detected motor dysfunction in 33 children 

(34.7%) and abnormal TEOAE responses were reported in 

19 children (20.0%). Among 33 children with motor dysfunc-

tion, seven showed mild dysfunction (21.2%), 11 moderate 

(33.3%), five severe (15.2%), and 10 very severe dysfunction 

(30.3%). Using univariate analysis, underlying comorbidities, 

prolonged PICU stays greater than 7 days, and mechanical 

ventilator support were associated with abnormalities in the 

physical domain, with the crude OR of 2.49 (95% CI, 1.05–5.90; 

P=0.037), 4.82 (95% CI, 1.75–13.30; P=0.001), and 3.45 (95% 

Table 2. Demographic data
Variable Value (n=95)
Age (yr) 2.0 (0.2–5.0)
Sex
 Male 55 (57.9)
 Female 40 (42.1)
Underlying disease
 None 37 (38.9)
 Cardiovascular 29 (30.5)
 Genetics 12 (12.6)
 Rheumatology 3 (3.2)
 Nephrology 2 (2.1)
 Gastrointestinal 4 (4.2)
 Neurologic 3 (3.2)
 Allergy 3 (3.2)
 Respiratory system 2 (2.1)
Admission diagnosis
 Cardiovascular 39 (41.0)
 Respiratory 27 (28.4)
 Neurologic 10 (10.5)
 Infectious 8 (8.4)
 Gastrointestinal 7 (7.4)
 Endocrine 3 (3.2)
 Nephrology 1 (1.1)
Mechanically ventilated 62 (62.3)
Mechanical ventilation >7 days 22 (23.2)
PRISM III score [24] 2.0 (0.0–6.0)
Continuous sedative infusion 40 (40.2)
NMB use 18 (18.9)
PICU stay (day) 5.0 (3.0–11.0)
Prolonged PICU stay >7 days 37 (38.9)
Hospital stay (day) 16.5 (9.0–30.0)
Physical dysfunction 61 (64.2)
 Sleep problem 39 (41.1)
 Motor dysfunction 33 (34.7)
  Mild dysfunction 7/33 (21.2)
  Moderate dysfunction 11/33 (33.3)
  Severe dysfunction 5/33 (15.2)
  Very severe dysfunction 10/33 (30.3)
Abnormal TEOAE response 19 (20.0)
Cognitive dysfunction 25 (26.3)
Mental dysfunction 13 (13.7)
Social dysfunction 37 (38.9)
 Caregiver burden 6 (6.3)
 Abnormal daily activity and social function 34 (35.8)

Values are presented as median (interquartile range) or number (%).
PRISM: Pediatric Risk of Mortality; NMB: neuromuscular blocker; PICU: 
pediatric intensive care unit; TEOAE: transitory evoked otoacoustic emission.
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CI, 1.42–8.41; P=0.005), respectively. Sex, use of sedation, and 

neuromuscular blocking agents were not associated with 

physical domain dysfunction. After adjustment for statistically 

significant factors, prolonged PICU stay greater than 7 days 

was significantly associated with physical domain dysfunction 

with an aOR of 3.80 (95% CI, 1.31–11.00; P=0.014). Univariate 

and multivariate logistic regression analyses for the physical 

domain are summarized in Table 3. 

Cognitive Domain 
Cognitive dysfunction was reported in 25 children (26.3%). 

Children with underlying disease revealed a significantly 

higher proportion of cognitive dysfunction (92.0% vs. 50.0%, 

P<0.001) with a crude odds ratio of 11.5 (95% CI, 2.52–52.53). 

Prolonged PICU stays of greater than 7 days and mechanical 

ventilation again demonstrated a significant association with 

cognitive problems with a crude OR of 9.15 (95% CI, 3.16–26.48; 

P<0.001) and 3.71 (95% CI, 1.15–11.97; P=0.022), respectively. 

Sex and the utilization of sedatives and neuromuscular block-

ing agents were not significantly related to cognitive dysfunc-

tion. From multivariate analysis, children with underlying 

conditions and children who were admitted to the PICU for 

longer than 7 days were significantly associated with cognitive 

problems (Table 4). Among 25 children with cognitive impair-

ment, 12 (48.0%) were diagnosed with genetic comorbidities. 

Thus, a post hoc analysis was conducted after exclusion of 

patients with underlying genetic conditions that might have 

developmental delays; underlying diseases and prolonged 

PICU stay were still significantly correlated with cognitive dys-

function after PICU discharge, with a crude OR of 5.50 (95% CI, 

1.13–26.64; P=0.020) and 9.63 (95% CI, 2.38–38.94; P≤0.001), 

respectively. A multivariate post hoc analysis revealed similar 

results that underlying comorbidities and prolonged PICU stay 

were associated with cognitive dysfunction, with an aOR of 6.84 

(95% CI, 1.27–36.94; P=0.025) and 11.26 (95% CI, 2.59–48.87; 

P≤0.001), respectively. 

Mental and Social Domains 
A total of 13 children (13.7%) exhibited PTSD symptoms 

during the study period based on the DSM-V criteria. Unlike 

the other domains, mechanical ventilation was shown to have 

a negative association with mental domain dysfunction with 

an OR of 0.27 (95% CI, 0.08–0.92; P=0.029) (Table 5). No multi-

variate analysis was performed in this domain due to only one 

statistically significant factor. 

In the social domain, 37 children (38.9%) were reported to 

have at least one parameter of dysfunction (Table 6). In terms 

of screening for parental burden, the Zarit Caregiver Burden 

Table 3. Associating factors for physical domain dysfunction after PICU discharge

Parameter Problem (n=61) Without problems 
(n=34)

Crude odds ratio 
(95% CI) P-value Adjusted odds ratio 

(95% CI) P-value

Male 33 (54.1) 22 (64.7) 0.64 (0.27–1.53) 0.315
Underlying disease 42 (68.8) 16 (47.0) 2.49 (1.05–5.90) 0.037 2.03 (0.79–5.20) 0.139
Prolonged PICU stay >7 days 31 (50.8) 6 (17.6) 4.82 (1.75–13.30) 0.001 3.80 (1.31–11.00) 0.014
Mechanical ventilation 46 (75.4) 16 (47.0) 3.45 (1.42–8.41) 0.005 2.17 (0.83–5.71) 0.116
Sedation 29 (47.5) 11 (32.3) 1.89 (0.79–4.55) 0.151
Neuromuscular blocker 12 (19.7) 6 (17.6) 1.14 (0.39–3.38) 0.809

Values are presented as number (%) unless otherwise indicated.
PICU: pediatric intensive care unit; CI: confidence interval.

Table 4. Associating factors for cognitive domain dysfunction after PICU discharge

Parameter Problem (n=25) Without problems 
(n=70)

Crude odds ratio 
(95% CI) P-value Adjusted odds ratio 

(95% CI) P-value

Male 12 (48.0) 43 (61.4) 1.49 (0.76–2.91) 0.243
Underlying disease 23 (92.0) 35 (50.0) 11.50 (2.52–52.53) <0.001 13.63 (2.64–70.26) 0.002
Prolonged PICU stay >7 days 19 (76.0) 18 (25.7) 9.15 (3.16–26.48) <0.001 10.11 (3.01–33.89) <0.001
Mechanical ventilation 21 (84.0) 41 (58.6) 3.71 (1.15–11.97) 0.022 1.47 (0.36–6.05) 0.592
Sedation 12 (48.0) 28 (40.0) 1.38 (0.55–3.47) 0.487
Neuromuscular blocker 7 (28.0) 11 (15.7) 2.09 (0.71–6.17) 0.178

Values are presented as number (%) unless otherwise indicated.
PICU: pediatric intensive care unit; CI: confidence interval.
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Interview detected six children (6.3%) whose parents reported 

a significant burden. Thirty-four children (35.8%) had abnor-

mal screening results for daily activity and social interaction 

using the SDQ questionnaire. Underlying comorbidities and 

prolonged PICU stay greater than 7 days were significantly 

associated with the development of social dysfunction after 

PICU discharge. Using multivariate analysis, both factors still 

demonstrated a statistically significant correlation with social 

domain dysfunction (Table 6). 

Vaccination 
Incomplete vaccination was found in 26 children (27.4%). Pro-

longed PICU stay was associated with incomplete vaccination 

with a crude OR of 2.91 (95% CI, 1.51–7.37; P=0.021) (Table 7). 

Since there was only one statistically significant risk factor, no 

multivariate analysis was performed. 

DISCUSSION 

To the authors’ knowledge, this study was the first epidemio-

logical study of PICS in children in Thailand. The study found 

a substantially high prevalence of PICS-p development after 

PICU discharge. A total of 78 of 95 children (82.1%) had dys-

function in at least one domain. Sixty-one children (64.2%) 

had physical morbidity. After intensive care discharge, cogni-

tive morbidity, mental morbidity, and social morbidity were 

found in 26.3%, 13.7%, and 38.9%, respectively. 

The incidence of physical domain dysfunction after PICU 

Table 5. Associating factors for mental domain dysfunction after PICU discharge
Parameter Problem (n=13) Without problems (n=82) Crude odds ratio (95% CI) P-value
Male 6 (46.1) 33 (40.2) 1.60 (0.58–4.41) 0.356
Underlying disease 6 (46.1) 52 (63.4) 0.49 (0.15–1.61) 0.236
Prolonged PICU stay >7 days 3 (23.0) 34 (41.5) 0.42 (0.11–1.66) 0.207
Mechanical ventilation 5 (38.4) 57 (69.5) 0.27 (0.08–0.92) 0.029
Sedation 3 (23.1) 37 (45.1) 0.36 (0.09–1.42) 0.135
Neuromuscular blocker 1 (7.7) 17 (20.7) 0.32 (0.04–2.63) 0.265

Values are presented as number (%) unless otherwise indicated.
PICU: pediatric intensive care unit; CI: confidence interval.

Table 7. Associating factors for incomplete vaccination after PICU discharge
Parameter Problem (n= 26) Without problems (n=9) Crude odds ratio (95% CI) P-value
Male 18 (69.2) 37 (53.6) 1.95 (0.75–5.07) 0.170
Underlying disease 17 (65.3) 41 (59.4) 1.29 (0.50–3.30) 0.595
Prolonged PICU stay >7 days 15 (57.7) 34 (31.9) 2.91 (1.15–7.37) 0.021
Mechanical ventilation 19 (73.1) 43 (62.3) 1.64 (0.61–4.43) 0.326
Sedation 13 (50.0) 27 (39.1) 1.56 (0.63–3.86) 0.339
Neuromuscular blocker 8 (30.8) 10 (14.5) 2.62 (0.90–7.64) 0.071

Values are presented as number (%) unless otherwise indicated.
PICU: pediatric intensive care unit; CI: confidence interval.

Table 6. Associating factors for social domain dysfunction after PICU discharge

Parameter Problem (n=37) Without problems 
(n=58)

Crude odds ratio 
(95% CI) P-value Adjusted odds ratio 

(95% CI) P-value

Male 18 (48.6) 37 (63.8) 1.45 (0.88–2.39) 0.145
Underlying disease 28 (75.6) 30 (51.7) 2.90 (1.17–7.22) 0.020 2.81 (1.06–7.47) 0.038
Prolonged PICU stay >7 days 23 (62.2) 14 (24.1) 5.16 (2.11–12.65) <0.001 5.01 (2.01–12.73) 0.001
Mechanical ventilation 27 (72.8) 35 (60.3) 1.77 (0.72–4.35) 0.207
Sedation 14 (37.8) 26 (44.8) 0.75 (0.32–1.74) 0.501
Neuromuscular blocker 9 (24.3) 9 (15.5) 1.75 (0.62–4.92) 0.285

Values are presented as number (%) unless otherwise indicated.
PICU: pediatric intensive care unit; CI: confidence interval.
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discharge was similar to that found in previous studies, with 

a rate of 64% in this study compared to 8%–73% in the other 

studies [5-8]. A total of 34.7% of the children in this cohort 

demonstrated signs of motor impairment, comparable to the 

previous studies mentioned. Like the study by Inoue et al. [4], 

prolonged mechanical ventilation was associated with the 

development of physical dysfunction. This was due to exci-

tation-contraction uncoupling and muscle biogenetic failure 

during critical illness [23]. Immobilization during mechanical 

ventilation could also play a role in the development of physi-

cal dysfunction [4]. 

This study revealed an incidence of 26.3% for cognitive 

dysfunction. Previous studies by Als et al. [8,9] revealed that 

children surviving critical illness scored lower on neuropsy-

chologic and school performance measures that persisted 

until 12 months post-intensive care discharge. Another study 

by Ong et al. [2] demonstrated new cognitive problems in 

3%–73% of PICU survivors using the Pediatric Cerebral Perfor-

mance Category. The reason for the differences in incidence 

among the studies may be the various evaluation tools uti-

lized. The Children Memory Scale implemented in the studies 

by Als et al. [8,9] was limited to children and adolescents ages 

five to 16 years and is not suitable for young children. Fur-

thermore, the test consists of four batteries of subtests, which 

were time-consuming and required a high level of expertise 

[25]. This might not be suitable as a screening tool in young 

children, especially in the acute setting within 1 week of PICU 

discharge. In this cohort, the median age of the participants 

was relatively young at 2 years, and most of the children in 

the PICU were younger than 5 years; thus, red flags for de-

velopmental delays using the AAP guidelines were chosen 

as a screening tool. This can be conducted by the pediatric 

residents with the confirmation of attending general pediatri-

cians or pediatric intensivists. Since the main objective was to 

screen patients with abnormal cognition within 1-week post 

ICU discharge, school-aged children and adolescents with ap-

propriate for age developmental milestones were considered 

to have normal cognition in this study. 

This study revealed that underlying comorbidities and pro-

longed PICU stay were significantly associated with the devel-

opment of cognitive problems. After excluding children with 

genetic disease in the post hoc analysis, underlying diseases 

and prolonged PICU stay were still significantly correlated 

with cognitive dysfunction after PICU discharge. This study’s 

results coincided with a study by Peterson-Carmichael and 

Cheifetz [26] that found children with prolonged intensive 

care stays were at increased risk for developmental impair-

ment compared to the general pediatric population. 

In the mental domain, the incidence of children exhibit-

ing PTSD symptoms in this study was comparable to other 

previous studies (13.7% vs. 13.8–34.5%) [10-12]. Interestingly, 

the use of mechanical ventilation seemed to be a protective 

factor against PTSD symptoms, with an OR of 0.27 (95% CI, 

0.08–0.92; P=0.029). The authors hypothesize that it might be 

due to the sedation and pain control administered during me-

chanical ventilation. This is unlike a previous study by Herrup 

et al. [3], which demonstrated that septic illness, increased 

numbers of invasive procedures and interventions, and high 

dose narcotics and benzodiazepines were risk factors for 

mental dysfunction. However, with appropriate dosing of pain 

control during mechanical ventilation, patients might experi-

ence less pain during invasive procedures. Furthermore, sed-

atives could also have an amnestic effect, leading to less recall 

of the painful experience in the PICU. Despite the established 

risk of high-dose opioids and benzodiazepines on the mental 

problems of children surviving intensive care, adequate pain 

control and sedation were still imperative in caring for criti-

cally ill children. Since this study assessed patients within 1 

week after ICU discharge, this might not fulfill the criteria for 

diagnosis of PTSD, which requires persistence of symptoms 

for more than 1 month [21]. Long-term follow-up of these pa-

tients is warranted to determine the true incidence of PTSD. 

The incidence of reported social dysfunction in this cohort 

was relatively high at 38.9%. Approximately one-third of the 

children reported having abnormalities in daily activity and 

social interaction within 1 week of PICU discharge. A review 

by Inoue et al. [4] revealed that 36% of critically ill children’s 

family members experienced burden or overload. This was 

higher than the 6% revealed in the present cohort. The expla-

nation for this difference might be the timing of evaluation. 

In this study, the parents were evaluated at 1 week after PICU 

discharge compared to 2 months in the review by Inoue et al. 

[4]. At 1 week after PICU discharge, parents might not be able 

to grasp the full impact of the burden of the critical illness. 

Long-term follow-up of critically ill parents might be warrant-

ed for evaluation of parental burden. 

This study revealed that the VSCAREMD model could serve 

as a comprehensive tool to help detect the PICS-p after PICU 

discharge. Despite this usefulness, several limitations must 

be noted. This study was conducted as a single-center study 

in a tertiary care, university hospital, and the results might 

not represent the extensive impact of PICS-p in critically ill 
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pediatric patients in generalized settings. Furthermore, the 

study aimed to explore the incidence of PIC-p within 1 week 

of PICU discharge and might not reflect the long-term impact 

of critical illness in these children. A longitudinal study is 

necessary to elucidate the long-term impact of critical illness 

in all aspects of PICS-p. Due to the relatively young age of the 

children included in this study, the results might not fully re-

flect the incidence of PICS in the PICU, which includes older 

patients. This study also did not explore other risk factors 

such as delirium and withdrawal, which might also impact 

cognitive and mental health [21]. Furthermore, delirium 

could also affect the test results of cognitive dysfunction such 

as SDQ and AAP red flags, which might also serve as another 

limitation of this study. 

In conclusion, the incidence of PICS-p in each domain us-

ing the VSCAREMD model was substantially high and mostly 

highly associated with prolonged PICU stay of greater than 7 

days. The VSCAREMD model could be utilized for detecting 

post-intensive care problems during follow-up after being 

discharged from the PICU.  
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Background: The aim of this study was to evaluate the hemodynamic protective effects of periop-
erative ventilation in pressure-controlled ventilation (PCV) and adaptive support ventilation (ASV) 
modes based on non-invasive hemodynamic monitoring indicators. 
Methods: The study included 32 patients who were scheduled for planned open abdominal sur-
gery. Depending on the chosen ventilation strategy, patients were included in two groups of PCV 
mode ventilation (n=14) and ASV mode ventilation (n=18). The hemodynamic effects of the venti-
lation strategies were assessed by estimated continuous cardiac output (esCCO) and cardiac index 
(esCCI). 
Results: Preoperative cardiac output (CO) was 6.1±1.3 L/min in group 1 patients and 6.3±0.8 L/min 
in group 2 patients, and preoperative cardiac index (CI) was 3.9±0.4 L/min/m2 in group 1 patients 
and 3.8±0.8 L/min/m2 in group 2 patients. The ejection fraction (EF) in group 1 subjects was 
55.4%±0.3%; this rate was 56.5%±0.5% in group 2 subjects. Group 1 patients experienced a 
14.7% CO decrease to 5.2±0.7 L/min, a 17.9% CI decrease to 3.2±0.6 L/min/m2, and a 12.8% 
mean arterial pressure decrease to 82.3±9.4 mm Hg 30 minutes after the start of surgery. One 
hour after the start of surgery, the CO mean values of group 2 patients were lower than baseline 
by 7.9% and differed from the dynamics of patients in group 1, in whom CO was lower than 
baseline by 13.1%. At the end of the operation, the CO values were lower than baseline by 11.5% 
and 6.3% in patients of groups 1 and 2, respectively. Our data showed that the changes in EF 
during and after surgery correlated with CO indicators determined by the esCCO. 
Conclusions: In our study, perioperative ventilation in ASV mode was more protective than PCV 
mode and was characterized by lower tidal volume (16.2%) and driving pressure (12.1%). Hemo-
dynamically-controlled mechanical ventilation reduces the negative impact of cardiopulmonary 
interactions. 

Key Words: adaptive support ventilation; estimated continuous cardiac output; hemodynamic; 
perioperative period; pressure-controlled ventilation; ventilation  
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INTRODUCTION 

Most patients require mechanical ventilation (MV) during 

surgery, and optimization of intraoperative MV can reduce 

the incidence of postoperative pulmonary complications and 

improve treatment outcomes. Lung ventilators are becoming 

more technical and difficult to use, and low tidal volume (VT) 

and low positive end-expiratory pressure (PEEP) are needed 

when adjusting the ventilation mode. The VT needs to be 

calculated based on ideal, not actual, body weight. There is 

currently no clear evidence of the benefits of any ventilation 

mode. 

Age, American Society of Anesthesiology (ASA) grade, func-

tional status, type and duration of surgery, and perioperative 

ventilation tactics affect treatment outcome. Therefore, it is 

important to study protective respiratory strategies to reduce 

morbidity, mortality, and length of hospital stay [1]. Volume 

and pressure regimens are widely used in perioperative ven-

tilation, but the superior regimen regarding patient outcomes 

has not been determined. With volume-controlled ventila-

tion, a predetermined VT is supplied during inspiration via a 

steady flow that stops when the target volume is reached. In 

volume-controlled ventilation, airway pressure is a depen-

dent variable that is affected by dynamic airway resistance 

and lung flexibility. Increasing resistance or decreasing flexi-

bility can increase airway pressure, increasing the risk of baro-

trauma and lung damage caused by the ventilator. Abrupt 

changes in respiratory system compliance may occur during 

surgical patient positioning, leading to pneumoperitoneum 

during laparoscopic intervention. 

With pressure-controlled ventilation (PCV), the physician 

selects the target peak inspiratory pressure, and the device de-

livers a flow that stops when the set pressure level is reached. 

VT is a dependent variable, and VT abnormalities can lead to 

dangerous hypo- or hyperventilation. Adaptive support ven-

tilation (ASV) mode has a closed control cycle based on the 

mechanics of the respiratory system. Resistance and compli-

ance are measured continuously with each breath to control 

the pressure and deliver the target volume. The physician 

enters data such as patient sex and height, and the system 

automatically calculates the body weight index and the ap-

propriate volume of minute ventilation. The system then sets 

the target VT and respiration rate (RR) based on the feedback 

signal. However, VT and RR are not constant but change ac-

cording to changes in resistance, compliance, and expiration 

constant to ensure the target volume. 

With MV, there are changes in intrapleural and intratho-

racic pressure and lung volume, and these changes affect the 

cardiovascular system. Atrial filling (preload), resistance to 

ventricular emptying (postload), heart rate, and myocardial 

contractility are all affected. Changes in intrathoracic pressure 

affect intrathoracic structures including the heart and pericar-

dium and large arteries and veins. As the volume increases, 

the lungs exert increasing force on the heart, chest wall, and 

diaphragm. At the same time, the chest wall expands outward; 

the diaphragm lowers; and the heart, pericardium, and coro-

nary arteries are compressed by the lungs [2]. Excessive VTs 

cause pulmonary bloating, which leads to impaired ventricu-

lar filling with clinical manifestations of cardiac tamponade. 

An acute decline in systemic venous return after starting MV 

is one of the most common cardiopulmonary interactions en-

countered in the ICU and the cause of "acute cardiovascular 

collapse" after intubation, a dangerous condition especially in 

patients with hypovolemia and septic vasodilation. 

The effect of MV on the heart and hemodynamics depends 

on the chosen mode of ventilation and on changes in intra-

thoracic pressure and lung volume [3]. Different ventilatory 

regimens may have the same effect on hemodynamics if the 

intrathoracic pressure and lung volume are equal. Cardiac 

output (CO) is unchanged at equal VT and increases with 

decreasing volume [4,5]. Studies show that, when the lungs 

swell, the CO decreases [6]. The aim of this study was to eval-

uate the hemodynamic protective effects of PCV and ASV 

mode perioperative ventilation based on non-invasive hemo-

dynamic monitoring indicators and ultrasound examination 

data.  

■ Most patients require mechanical ventilation during 
surgery, and there is currently no clear evidence of the 
benefits of any ventilation mode.

■ The aim of our study was to evaluate the hemodynam-
ic protective effects of pressure-controlled ventilation 
(PCV) and adaptive support ventilation (ASV) mode 
perioperative ventilation based on indicators of non-in-
vasive hemodynamic monitoring.

■ In our study, ASV mode perioperative ventilation was 
more protective than PCV mode.

KEY MESSAGES
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MATERIALS AND METHODS 

Following approval by the Ethics Committee of National Pi-

rogov Memorial Medical University, Vinnytsya, Vinnytsia, 

Ukraine (Protocol No. 3/111), 32 patients who were scheduled 

for planned open abdominal surgery for tumors of the gastro-

intestinal tract with total intravenous anesthesia and MV were 

recruited. This study was conducted with written consent of 

all patients. Moral and ethical standards of the Helsinki Dec-

laration of Human Rights, the Council of Europe Convention 

on Human Rights and Biomedicine, and relevant laws and 

orders of the Ukraine Ministry of Health were maintained. A 

brief summary of patient selection is given in Figure 1. 

All patients received a standard regimen of preoperative 

preparation and infusion therapy during surgery. The main 

criteria for inclusion in the study were duration of surgery 

longer than 2 hours, need for postoperative ventilation for 

more than 12 hours, ASA patient physical status of I–III, and 

provision of informed consent to participate. Exclusion crite-

ria were severe peripheral microcirculation disorder, clinically 

significant cardiac arrhythmia, significant damage to periph-

eral arteries, severe heart valve dysfunction, duration of sur-

gery less than 2 hours, ASA physical status of IV–V, or patient 

refusal to participate. 

The hemodynamic effects of the ventilation strategies were 

assessed by continuous non-invasive measurement of esti-

mated continuous cardiac output (esCCO) and cardiac index 

(esCCI) by a Nihon Kohden monitor (Nihon Kohden Corp., 

Tokyo, Japan) and were calculated based on pulse oximetry 

data, ECG signals, and pulse wave transit time [7]. Addition-

ally, the hemodynamic effects of the ventilation strategies 

were assessed by echocardiographic measurements with the 

Esaote MyLab Alpha (Esaote, Italy) using a 3-7 MHz cardiac 

sensor. The evaluated parameters were the linear dimensions 

of the right and left ventricles, end-systolic and end-diastolic 

volumes, and ejection fraction (EF). Diameter and degree of 

inferior vena cava collapse and pulmonary artery pressure as 

determined by estimation of maximum tricuspid regurgita-

tion were measured. 

Depending on the chosen ventilation strategy, patients 

were included in one of two study groups, assignment to 

which occurred through a random and blind selection meth-

od. The first group (n=14) included patients who underwent 

PCV ventilation during surgery, and the second group (n=18) 

included patients who underwent ASV ventilation during 

surgery. In both groups, a Hamilton C1 ventilator was used 

for MV; an intravenous anesthetic, Propofol 1%; a narcotic an-

algesic, Fentanyl 0.005%; and a muscle relaxant, Atracurium, 

were used for anesthesia. 

Stages of research is as follows: before the operation, 30 

minutes after the start of the operation, 1 hour after the start 

of the operation, at the end of the operation, and 12 hours 

after the end of the operation. A mathematical analysis of the 

results of the study was performed using computer programs 

Microsoft Excel 2016 (Redmond, WA, USA) and Statistica 5.5 

(TIBCO Software Inc, Palo Alto, CA, USA). Comparison of 

statistical characteristics of groups and of dynamics of obser-

vation was performed using parametric and nonparametric 

criteria (considering the law of distribution). Results at P <0.05 

were considered statistically significant. In addition, multi-

variate analysis of variance (MANOVA) with a probability less 

than 5% was used to determine the effect of the selected ven-

tilation mode on ventilation and hemodynamic parameters 

and to establish relationships between ventilation and hemo-

dynamic parameters. 

RESULTS 

A total of 32 patients was examined. Demographic indicators 

did not differ significantly and are presented in Table 1. The 

initial settings of the ventilator were as follows: (1) group 1: 

PCV mode; inspiratory pressure–VT=6–8 ml/kg, RR=10–14/

min, inspiratory-to-expiratory ratio=1:3, PEEP=3 cm H20, and 

FiO2=0.4 and (2) group 2: ASV mode; MinVol=100%, PEEP=3 

cm H20, and FiO2=0.4. 

Intraoperative monitoring data are presented in Table 2. 
Figure 1. Flowchart of patient selection. PCV: pressure-controlled 
ventilation; ASV: adaptive support ventilation.

6 Refusal to participate

14 Patients allocated to 
PCV group

9 Exclusion
(did not meet inclusion 

criteria)

18 Patients allocated to 
ASV group

32 Patients enrolled and randomly assigned

47 Patients eligible for study
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Data from hemodynamic monitoring by the esCCO method 

and ventilation status of patients are shown in Table 3 at the 

start of the operation, 30 minutes after the start of the oper-

ation, 60 minutes after the start of the operation, at the end 

of the operation, and after 12 hours of MV postoperation. 

Driving pressure (ΔP), depending on peak airway pressure 

(Ppeak), was significantly lower in patients under the ASV 

regimen than in those under the PCV regimen (P<0.05). Re-

spiratory volume was 7.4±1.2 ml/kg in group 1 and 6.2±0.8 

ml/kg in group 2.  

In order to enhance hemodynamic monitoring and to es-

tablish the relationships between the data of non-invasive 

monitoring by esCCO on ultrasound, the following indicators 

were determined. Before the operation, group 1 individuals 

had a CO of 6.1±1.3 L/min; the CO of the patients in group 

2 was 6.3±0.8 L/min. The cardiac index (CI) of group 1 and 

Table 1. Demographic indicators of both research groups
Indicator Group 1 (n=14) Group 2 (n=18)
Sex
 Boy 9 11
 Girl 5 7
Age (yr) 15.6±5.3 15.9±4.7
Weight (kg) 68.3±8.9 71.8±10.3
Height (cm) 165.2±8.6 163.9±8.9
Body mass index (kg/m2) 25.4±4.1 26.5±6.4

Values are presented as mean±standard deviation. Group 1: patients who 
received pressure-controlled ventilation ventilation; Group 2: patients who 
received adaptive support ventilation ventilation.

Table 2. Duration of surgery and anesthesia, indicators of respiratory 
mechanics, infusion volume, and ventilation parameters
Variable Group 1 Group 2
Tidal volume (ml/kg) 7.4±1.2a) 6.2±0.8a)

Ppeak (cm H2O) 17.3±4.4a) 15.2±3.8a)

Respiratory mechanics
 Cstat (ml/cm H2O) 48.2±12.8 52.4±13.5
 RCexp (sec) 0.68±0.14 0.76±0.12
Intraoperative data
 Duration of anesthesia (min) 154.6±34.6a) 146.0±24.1a)

 Duration of surgery (min) 139.0±27.2 135.4±34.3
 Fluid administration (L) 1.9±0.7 1.8±0.4

Values are presented as mean±standard deviation. Group 1: patients who 
received pressure-controlled ventilation ventilation; Group 2: patients who 
received adaptive support ventilation ventilation.
Ppeak: peak airway pressure; Cstat: static lung compliance; RCexp: expiratory 
time constant.
a) P-value <0.05 when comparing groups.
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group 2 patients was 3.9±0.4 L/min/m2 and 3.8±0.8 L/min/m2, 

respectively. The mean arterial pressure (MAP) values were 

94.4±9.4 mm Hg and 95.3±9.8 mm Hg for group 1 and group 

2 patients, respectively; the heart rate was 86.6±9.4 beats/min 

and 89.5±9.2 beats/min. The EF in group 1 was 55.4%±0.3%, 

and the value was 56.5%±0.5% in the second group. All indi-

cators in both groups corresponded to the hyperdynamic type 

of blood circulation, likely due to the psycho-emotional expe-

rience of patients before surgery. 

After 30 minutes from the start of surgery, group 1 patients 

experienced a decrease in hemodynamic parameters: CO de-

creased by 14.7% to 5.2±0.7 L/min, CI decreased by 17.9% to 

3.2±0.6 L/min/m2, and MAP decreased by 12.8% to 82.3±9.4 

mm Hg. Heart rate decreased by 12.6% to 75.7±9.8 beats/min. 

Echocardiography indicated that EF in patients of the first 

group decreased by 7.6%. Patients in the second group also 

recorded a slight decrease in the measured values relative to 

baseline at 30 minutes after the start of the surgery. CO de-

creased by 12.7% to 5.5±1.1 L/min., CI decreased by 18.4% to 

3.1±0.4 L/min/m2, and EF decreased by 5.4% from baseline. 

MAP fluctuated within 14.8%, and its mean value was 81.2±9.2 

mm Hg with a decrease in heart rate of 18.9% from baseline 

(72.6±8.8 beats/min). 

One hour after the start of surgery, the mean CO values of 

patients in the second group were lower than baseline by 7.9% 

and differed from the dynamics of patients in the first group, 

in whom CO increased compared to the previous period but 

remained lower than baseline by 13.1%. At the end of the op-

eration, the CO values were lower than baseline in patients of 

groups 1 and 2 by 11.5% and 6.3%, respectively. Twelve hours 

after surgery, the CO was lower than baseline by 6.6% and 3.1% 

in patients of the first and second groups, respectively; how-

ever, compared to the previous period, CO growth was 5.6% 

and 3.4%,. According to echocardiography, EF decreased in 

patients of the first group by 5.3% and patients of the second 

group by 1.6%. 

The CO dynamics determined by the esCCO method during 

and after surgery in relation to the initial level of 100% are 

shown in Figure 2. The changes in EF during and after surgery 

in relation to the initial level of 100% are shown in Figure 3. 

The dynamics of CI in patients with surgical pathology were 

the same between groups at all stages of surgical treatment. 

This indicated an adequate level of fluid resuscitation of all 

patients. Evaluation of ultrasound data on the diameter of the 

inferior vena cava and the degree of its collapse confirmed 

these data (Table 4). 

The volume of infusion during the operation using bal-

anced crystalloid solutions in group 1 patients was 1.9±0.6 L, 

and that in patients of group 2 was 1.8±0.4 L. Body weight was 

27.8±1.3 kg for patients in group 1 and 25.1±1.6 kg for patients 

in group 2. SpO2 level was within normal limits throughout 

the observation period. The level of diuresis was adequate 

and exceeded 0.5 ml/hr. In continuous measurement of CO 

during surgery of group 2 patients, stable hemodynamic 

parameters were achieved, with a 9.7% decrease in infusion 

therapy compared with group 1. 

The MANOVA results show that the chosen ventilation 

mode significantly affected both the ventilation parameters 

Figure 2. Cardiac output dynamics by estimated continuous cardiac 
output (esCCO) during surgery compared to baseline by non-invasive 
monitoring. Group 1: patients who received pressure-controlled 
ventilation ventilation; Group 2: patients who received adaptive support 
ventilation ventilation. a) P-value <0.05 compared with baseline level.

Figure 3. Dynamics of change of ejection fraction at all stages of 
research in comparison with the initial 100% level. Group 1: patients 
who received Ppressure-controlled ventilation ventilation; Group 
2: patients who received adaptive support ventilation ventilation.  
a) P-value <0.05 compared with baseline level.
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[VT, Ppeak, ΔP–F (3, 28)=20,507; P<0.0001; Wilk's Λ=0.313] and 

the hemodynamic parameters [esCCO, EF–F (2, 29)=853,996; 

P<0.0001; Wilk's Λ=0.017]. In addition, the parameters of he-

modynamics (esCCO, EF) were significantly influenced by the 

ventilation parameters VT [F (50, 10)=6,830; P<0.001; Wilk's 

Λ=0.313], Ppeak [F (2, 9)=241,898; P<0.0001; Wilk's Λ=0.057], 

and ΔP [F (48, 12)=4.597; P<0.01; Wilk's Λ=0.003]. 

DISCUSSION 

We conducted this study to research the features of intraop-

erative ventilation and to compare PCV and ASV regimens in 

surgical patients. We found that traditional PCV ventilation 

VT and hemodynamic monitoring results were different from 

the results using the ASV regimen. Ventilation should involve 

low VTs based on body weight index, moderately low PEEP, 

and the minimum possible FiO2 [1]. This ventilation tactic 

prevents postoperative pulmonary complications [8-11]. 

There is evidence that this approach improves postoperative 

respiratory function [11] and clinical results [8,10]. 

In our study, the SpO2 rate did not differ statistically be-

tween the two groups; however, PaO2 during surgery was 

higher in patients receiving the PCV regimen (Table 3). Hy-

peroxia causes systemic vasoconstriction and reduces micro-

circulation [12,13]. Those reduce CO and organ perfusion; as 

heart rate decreases, systemic vascular resistance increases 

and capillary permeability decreases [14]. Therefore, higher 

PaO2 level is not always associated with better oxygenation of 

tissues and organs. 

According to the ARDSnet protocol, ventilation is consid-

ered protective if the VT is 4–8 ml/kg of ideal body weight, 

plateau pressure is <30 cm H2O, and ΔP is <15 cm H2O. In our 

study, VT was 16.2% lower and ΔP was 12.1% lower in the ASV 

group, depending on Ppeak level (P<0.05). 

Based on patient data and respiratory mechanics (resis-

tance, compliance, and autoPEEP), the safest ventilation 

parameters are automatically selected with the aim of target 

minute ventilation. Therefore, ASV can be used in patients 

with normal lungs and with restrictive or obstructive pulmo-

nary pathology [15-18]. 

One of the additional benefits of ASV is early recognition 

of spontaneous breathing [19]. Studies show faster weaning 

times, fewer ASV manipulations, and fewer alarms than con-

ventional ventilation modes [20]. In our study, with the same 

duration of surgery, the duration of anesthesia was shorter 

in patients of the second group, which may have been due to 
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better synchronization of the device with the patient. At 60 

minutes after the beginning and at the end of the operation, a 

more pronounced decrease in CO was observed in patients of 

the first group compared to baseline (Table 3). Analyzing the 

CO values at the end of the operation and 12 hours after the 

operation, the CO almost doubled in patients of the first group 

compared to the group in which the ASV mode was used. 

As in Figures 2 and 3, the same dynamics of change and 

correlation of CO indicators determined by the esCCO meth-

od and ultrasonic EF parameters were observed between 

groups. Heart rate and CI did not differ significantly between 

the two groups, which indicates a more pronounced negative 

hemodynamic effect of PCV during perioperative ventilation. 

Perioperative ventilation should be protective and hemody-

namically safe. In our study, perioperative ASV mode venti-

lation was characterized by lower VT (16.2%) and ΔP (12.1%) 

than PCV. 

Modern technologies for determining cardiac output (esC-

CO) allow non-invasive continuous perioperative monitoring 

and optimize hemodynamic parameters, helping in clinical 

decision-making. In the group of patients in whom the ASV 

regimen was used, fewer hemodynamic effects were observed 

during MV compared to patients in whom PCV ventilation 

was used. Hemodynamic esCCO monitoring data correlated 

with ultrasound parameters, indicating high informativeness 

and reliability of non-invasive monitoring. Hemodynamical-

ly-controlled MV avoids over-administration of vasoactive 

drugs and excessive infusion therapy, reducing the negative 

impact of cardiopulmonary interactions during MV. 
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INTRODUCTION 

Pediatric intensive care units (PICUs) are units that have the manpower and technological 

infrastructure to care for critically ill children. The survival rates of patients admitted to the 

PICU have increased over the years [1]. The reasons for critically ill children to stay in the ICU 

Background: Pediatric intensive care units (PICUs), where children with critical illnesses are treat-
ed, require considerable manpower and technological infrastructure in order to keep children alive 
and free from sequelae. 
Methods: In this retrospective comparative cohort study, hospital records of patients aged 1 
month to 18 years who died in the study PICU between January 2015 and December 2019 were 
reviewed. 
Results: A total of 2,781 critically ill children were admitted to the PICU. The mean±standard devi-
ation age of 254 nonsurvivors was 64.34±69.48 months. The mean PICU length of stay was 17 
days (range, 1–205 days), with 40 children dying early (<1 day of PICU admission). The majority of 
nonsurvivors (83.9%) had comorbid illnesses. Children with early mortality were more likely to 
have neurological findings (62.5%), hypotension (82.5%), oliguria (47.5%), acidosis (92.5%), coag-
ulopathy (30.0%), and cardiac arrest (45.0%) and less likely to have terminal illnesses (52.5%) and 
chronic illnesses (75.6%). Children who died early had a higher mean age (81.8 months) and Pedi-
atric Risk of Mortality (PRISM) III score (37). In children who died early, the first three signs during 
ICU admission were hypoglycemia in 68.5%, neurological symptoms in 43.5%, and acidosis in 
78.3%. Sixty-seven patients needed continuous renal replacement therapy, 51 required extracor-
poreal membrane oxygenation support, and 10 underwent extracorporeal cardiopulmonary resus-
citation. 
Conclusions: We found that rates of neurological findings, hypotension, oliguria, acidosis, coagu-
lation disorder, and cardiac arrest and PRISM III scores were higher in children who died early 
compared to those who died later. 
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include the use of inotropes, vasopressors, multiple antiepi-

leptics, respiratory and circulatory monitoring, invasive me-

chanical ventilation (IMV) and non-invasive mechanical ven-

tilation (NIV), extracorporeal membrane oxygenation (ECMO), 

continuous renal replacement therapy (CRRT), and plasma 

exchange (PEX). In addition, patients are followed up via liver, 

heart, and lung transplantation as well as heart surgery, neu-

rosurgery, and other major surgical procedures. Mortality rates 

have decreased over the years with all this monitoring, knowl-

edge, and application of advanced treatment methods [2]. 

Valli et al. [3] reported that the more common cause of death 

was cardiovascular syndrome (30%) in the early deaths group 

and sepsis (27%) and acute respiratory failure (27%) in the 

late deaths group. It is particularly important to uncover the 

characteristics of early deaths because these patients are often 

withdrawn from studies, often due to insufficient time for ap-

proval and treatment [4]. In this study, we aimed to evaluate 

the primary diseases, clinical characteristics, and other factors 

affecting mortality, comparing patients who experienced early 

and late mortality in the PICU during the study period. 

MATERIALS AND METHODS 

The study was approved by the Ethics Committee of the Anka-

ra University School of Medicine. Consent for study and publi-

cation was obtained from the families of participants. 

Hospital records of patients aged 1 month to 18 years who 

died in PICU between January 2015 and December 2019 were 

reviewed. Information on patients' demographic features, 

primary diagnoses, and comorbid illnesses was recorded. In 

addition, we recorded all of the following: the service where 

the patients came from, the indication for PICU admission, 

the PICU length of stay (LOS), vital signs on admission to the 

PICU (arterial pressure, heart rate, and body temperature), hy-

poglycemia, neurological findings, acidosis, liver dysfunction, 

coagulation disorder, cardiac arrest, and inotrope require-

ments; nosocomial infections (NIs) and nutritional status; the 

findings of laboratory investigations obtained within the first 

30 minutes of admission (blood count, biochemistry, coagu-

lation profile, blood gas analysis, and imaging); the durations 

of (MV and NIV; the use of vasoactive drugs, catheters, and 

drains; the occurrence of acute kidney injury; the use of CRRT, 

PEX, and ECMO; the presence of proven infections on admis-

sion, duration of antibiotics, and history of previous surgery; 

and neurological findings, such as changes in consciousness, 

seizures, and intracranial hemorrhage. The mortality score 

(Pediatric Risk of Mortality [PRISM] III) and vasoactive-ino-

tropic score (VIS)=dopamine dose (µg/kg/min)+dobutamine 

dose (µg/kg/min)+100×adrenaline dose (µg/kg/min)+10×mil-

rinone dose (µg/kg/min)+10,000×vasopressin dose (unit/kg/ 

min)+100×noradrenaline dose (µg/kg/min) were calculated 

at 24 hours after first admission to the ICU. A death within 

the first 24 hours of PICU admission was considered an “early 

death”; any death after the first day was considered a “late 

death.” 

The "timing" of death was recorded as the patient's LOS. The 

time of death was divided into three categories according to 

the time of PICU admission as 1 (a), 2–6 (b), or ≥7 (c) days after 

admission (Figure 1). 

Statistical Analysis 
The SPSS 11.0 statistics package program (SPSS Inc., Chicago, 

IL, USA) was used to evaluate the data. Data were checked for 

normality using the Shapiro-Wilk test. Normally distributed 

■ Invasive infections, chronic diseases, and the spectrum of 
septic shock are important causes of mortality in pediatric 
intensive care unit.

■ Understanding early death trends and characteristics of 
children who die early is crucial to obtaining a rapid and 
targeted clinical trial record before death.

■ We found that rates of neurological findings, hypotension, 
oliguria, acidosis, coagulation disorder, and cardiac arrest 
and Pediatric Risk of Mortality III scores were higher in 
children who died early compared to those who died later.

KEY MESSAGES

Figure 1. Flowchart of patients who died in pediatric intensive care.

Patients who died 
within 2–6 days (b)

Patients who died in
7 or more days (c)

Patients who died in the 
first 24 hours 

(early death) (a)

Patients who died after
24 hours (late death)

Timing of patient death in the pediatric 
intensive care unit
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variables were expressed as mean±standard deviation (SD) 

values, and variables not normally distributed were expressed 

as median (25th–75th) values. The Mann-Whitney U-test was 

used for two-point comparison of non-normally distributed 

data. The P<0.05 was considered to be statistically significant. 

RESULTS 

There were 254 deaths during the 5-year study period, and the 

mean mortality rate was 9.13%. Mortality numbers and rates 

by year are shown in Figure 2. There were 138 boys (54.3%) 

and 116 girls (45.7%) enrolled in the study with a mean±SD 

age of 64.34±69.48 months and mean±SD PRISM III score of 

24±17.04 points. Most patients (83%) had underlying illness-

es, and the remaining 17% were previously healthy. Sepsis 

(n=12, 4.7%), respiratory disease (n=7, 2.5%), and neurological 

disease (n=11, 4.3%) were the leading causes of death in previ-

ously healthy children, while malignancy (n=59, 23.2%), heart 

disease (n=64, 25.1%), and neurological disease (n=28, 11.0%) 

were the leading causes of death in patients with underlying 

illnesses. Fifty-eight patients (22.8%) were referred from other 

hospitals through the national emergency transfer system, 55 

patients (21.7%) were admitted from the emergency room, 38 

patients (14.9%) were admitted after surgery, 11 (4.1%) were 

transferred from the neonatal ICU, and 94 patients (37.0%) 

were admitted from pediatric wards (Table 1). 

The early death rates of patients admitted from the emer-

gency department (30%) and wards (50%) were higher than 

those of patients who were referred from other centers (10%), 

the operating room (10%), and the neonatal ICU (0%) (Table 

2, Figure 3A). Forty patients died early (15.7%). Children who 

died early had a higher median age (81.8 months; range, 2–248 

months) and PRISM III score (37 points; range, 8–78 points) 

(Table 2). 

Figure 2. (A) Numbers of admissions and nonsurvivors annually from 2015 to 2019. (B) Annual mortality rates.
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Patients were classified according to the Society of Critical 

Care Medicine ICU admission prioritization model [5]. Ac-

cording to this, the common indications of hospitalization 

were respiratory failure (n=77, 30.3%; priority 1), sepsis (n=36, 

14.1%; priority 1), cardiac and/or respiratory arrest (n=29, 

11.4%; priority 1), cardiogenic shock and heart failure (n=25, 

9.8%; priority 1), neurological diseases such as seizures (prior-

ity 1), demyelinating diseases and stroke (n=15, 5.9%; priority 

1), trauma (n=10, 3.9%; priority 1), postoperative state (n=18, 

7%; priority 1), and renal failure (n=9, 3.5%; priority 1) and 

were admitted for miscellaneous reasons (n=33, 12.9%; priori-

ty 1) (Table 3). Rates of neurological findings (62.5%), hypoten-

sion (82.5%), oliguria (47.5%), acidosis (92.5%), coagulopathy 

(30%), and cardiac arrest (45%) in children with early mortal-

ity were higher, while the probability of having fatal disease 

(52.5%) and chronic illness (75.6%) was lower (Table 2). 

The median PICU LOS was 17 days (range, 1–205 days). 

The median duration of NIV was 1.55 days (range, 0–56 days), 

and the median duration of IMV was 15.85 days (range, 1–205 

days). The most frequently used inotropes were adrenaline 

only (9.8%) and adrenaline, noradrenaline, and dopamine 

(26%). The median VIS was 14 points, (range, 10–24 points) 

and 67 patients (26.3%) needed CRRT, 14 patients (5.5%) need-

ed PEX, 51 patients (20%) needed ECMO (45 veno-arterial [VA] 

ECMO, 6 veno-venous [VV] ECMO), and 10 patients needed 

extracorporeal cardiopulmonary resuscitation. A central line 

was placed in 94.1% of patients and a chest tube was inserted 

in 9.4%. While 38.6% of cases needed surgery, 21.7% had pul-

monary bleeding; additionally, after admission to intensive 

care, 47.2% had NIs and 14.9% had intracranial bleeding. Inva-

sive procedures performed on patients and the complications 

that occurred are reported in Table 4. 

While the need for PEX (0%) and CRRT (7.5%) in patients 

who died early was lower than in children who died later, the 

need for VV-ECMO and VA-ECMO was similar (2.5%, 2.5%, 

and 2.2% vs. 17.5%, 15.1%, and 19.2%) (Table 2, Figure 3B). 

Blood and/or urine cultures were obtained from all patients. 

Infection was detected in 141 patients (55.5%), with 120 (47.2%) 

being hospital-associated and 26 (10.2%) being communi-

ty-acquired. Heart disease (25.1%), malignancy (23.2%), mul-

tiple illnesses (11%), and neurological disease (11%) were the 

leading causes of death (Table 4). Surgical complications (10%), 

multi-organ failure (27.5%), neurological disease (22.5%), and 

heart disease (72.5%) were prominent in patients who died 

early in comparison to those that died late (Figure 3C). 

DISCUSSION 

Acute critically ill cases may experience respiratory failure 

necessitating MV, shock, extensive coagulopathy, and other 

Table 1. Demographic features of nonsurvivors
Variable Value
Sex
 Male 138 (54.3)
 Female 116 (45.7)
Age 64.34±69.48
 1 mo–1 yr 89 (34.9)
 1–2 yr 35 (13.7)
 2–5 yr 46 (18)
 5–10 yr 50 (19.4)
 10–18 yr 34 (13.4)
PRISM III score (point) 24±17.04
Vasoactive-inotropic score (point) 14 (10–24)
Comorbidity in non-surviving patients 211 (83.9)
 Heart disease 64 (25.1)
 Malignancy 59 (23.2)
 Neurological disease 28 (11.0)
 Immunodeficiency 15 (5.9)
 Metabolic disease 12 (4.7)
 Gastrointestinal and hepatobiliary disease 8 (3.1)
 Prematurity 5 (1.9)
 Neurological disease+heart disease 2 (0.7)
 Lung disease 6 (2.4)
 Obesity 1 (0.3)
 Kidney disease 7 (2.8)
 Syndromic patient 4 (1.6)
Cause of mortality in previously healthy patients 43 (17)
 Sepsis+DIC 12 (4.7)
 Acute neurological disease 11 (4.3)
 Acute respiratory distress syndrome 7 (2.7)
 Cardiogenic shock 6 (2.3)
 Unsuccessful intubation 7 (2.7)
Origin of the patient
 Other hospital 58 (22.4)
 Emergency room 56 (22.0)
Postoperative 45 (17.7)
 Cardiovascular surgery 15 (5.9)
 Pediatric surgery 15 (5.9)
 Neurosurgery 4 (1.6)
Neonatal intensive care unit 11 (4.3)
Pediatric ward 95 (37.4)

Values are presented as number (%), mean±standard deviation, or median 
(range).
PRISM: Pediatric Risk of Mortality; DIC: disseminated intravascular coagulation.
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organ failures, thus requiring ICU admission. [6]. Mortality in 

the PICU depends on a variety of factors, such as underlying 

chronic illnesses, NIs, the primary reasons for admission to 

the PICU, LOS in the PICU, and surgical complications. Under-

standing early death trends and the characteristics of children 

who die early is crucial to obtaining a rapid and targeted clin-

Figure 3. (A) Procedures based on timing of death, including extracorporeal membrane oxygenation (ECMO; veno-venous [VV] or veno-arterial 
[VA]), plasma exchange (PEX), and continuous renal replacement therapy (CRRT) (≤1 or ≥2 day). (B) Location prior to pediatric intensive care unit 
(PICU) admission based on timing of death, including from the institution’s own emergency department or operating room and transfer from other 
hospitals. Patients transported from the neonatal ICU and pediatric wards of the hospital. (C) Diagnosis based on timing of death in the PICU.
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Table 2. Clinical characteristics of patients according to the day of death
Variable ≤1 Day (n=40) 2–6 Days (n=79) ≥7 Days (n=135)
Age (mo) 81.8 (2–248) 56.2 (1–215) 63.3 (1–248)
PRISM III score (point) 37 (8–78) 28.3 (1–74) 22.9 (1–78)
Chronic illness 31 (75.6) 57 (72.1) 123 (91.1)
Terminal illness 21 (52.5) 37 (46.8) 77 (57.0)
Neurological sign 25 (62.5) 42 (53.1) 43 (31.8)
Other
 Hypotension 33 (82.5) 58 (73.4) 83 (61.4)
 Hypoglycemia 8 (20.0) 16 (20.2) 9 (6.6)
 Oliguria 19 (47.5) 31 (39.2) 35 (25.9)
 Acidosis 37 (92.5) 66 (83.5) 43 (31.8)
 Coagulation disorder 12 (30.0) 15 (18.9) 23 (17.2)
 Cardiac arrest 18 (45.0) 17 (42.5) 15 (11.1)
Location prior to PICU admission
 Outer center 4 (10.0) 22 (27.8) 32 (23.7)
 ED transfer 12 (30.0) 15 (18.9) 28 (20.7)
 Operating room transfer 4 (10.0) 8 (10.1) 22 (16.2)
Inpatient unit transfer 20 (50.0) 27 (34.1) 48 (35.5)
NICU transfer 0 2 (2.5) 9 (6.6)
Invasive procedure
 VV ECMO 1 (2.5) 2 (2.5) 3 (2.2)
 VA ECMO 7 (17.5) 12 (15.1) 26 (19.2)
 CRRT 3 (7.5) 19 (47.5) 45 (33.3)
 PEX 0 4 (5.0) 10 (7.4)

Values are presented as median (interquartile range) or number (%).
PRISM: Pediatric Risk of Mortality; PICU: pediatric intensive care unit; ED: emergency department; NICU: neonatal intensive care unit; VV: veno-venous; ECMO: 
extracorporeal membrane oxygenation; VA: veno-arterial; CRRT: continuous renal replacement therapy; PEX: plasma exchange.

Table 3. Hospitalization indications in total study group
Cause for admission No. (%)
Respiratory failure 77 (30.3)
Sepsis+septic shock 36 (14.1)
Arrest (respiratory/cardiac) 29 (11.4)
Heart disease (cardiogenic shock/circulatory failure) 25 (9.8)
Postoperative 18 (7.0)
Neurological (seizure/demyelinating disease) 15 (5.9)
Trauma 10 (3.9)
Acute renal failure+chronic renal failure 9 (3.5)
Metabolic crisis 1 (0.3)
Meningococcemia 1 (0.3)
Other
 Infectious disease 4 (1.6)
 Gastroenterology and hepatobiliary diseases 6 (2.4)
 Poisoning 1 (0.3)
 Electrolyte disturbance 2 (0.7)
 Unclear diagnosis 20 (7.9)

ical trial record before death. Since our hospital does not have 

a palliative care unit in pediatric services, terminal patients are 

followed in the ICU.  

The mean age of patients was 64.3 months in this study, 

whereas, in the 6-year report by Ayar et al. [7], the mean age 

was 93.1 months. Existing literature suggests that most PICU 

nonsurvivors are 1–5 years of age. Forty patients (15.7%) died 

early in this study. The median age of children who died early 

was higher at 81.8 months (range, 2–248 months). In a previ-

ous study, it was reported that the rate of patients who died 

early was 15% and the mean age of early death patients was 

43.1 months (range, 10.3–119.3 months) [8]. The early death 

rate in this study was found to be comparable to other reports 

in the literature. 

Most of the 254 nonsurvivors (83.9%) had underlying chron-

ic illnesses, whereas, in a similar report by Poyrazoğlu et al. 

[9], 47.2% of nonsurvivors had chronic illnesses. In the report 

by Edwards et al. [10], 74% of the nonsurvivors had complex 
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chronic conditions. The hospital is a tertiary care center, which 

explains the prevalence of chronic illness in nonsurvivors. The 

organization of palliative care centers for such patients may 

facilitate more efficient use of PICU resources. 

The most common comorbidity in our patients was heart 

disease (25.1%). Studies report malignancy and neurologic 

and metabolic disorders as the most common underlying ill-

nesses in patients that died in the PICU [11,12]. Our hospital 

is a referral hospital for pediatric cardiac patients where heart 

transplantation, ECMO, and other mechanical circulatory 

support can be offered, which accounts for the fact that most 

deaths occur in cardiac patients. Other common underlying 

illnesses in our PICU nonsurvivors were malignancy (23.2%) 

and neurologic disorders (11%). Most nonsurvivors presented 

to the emergency room (21.6%) or were admitted through the 

emergency medical transfer system (22.4%). In a 2-year ret-

rospective study of mortality in the PICU, 49% of patients pre-

sented to the emergency room and 51% of the patients were 

transferred by ambulance during the first year, whereas, in the 

second year, 52% of patients presented to the emergency room 

and 48% were transferred by ambulance [13]. 

The most common causes of admission to the PICU in our 

study were respiratory failure (29.9%), sepsis (14.1%), and car-

diac arrest (11.4%). Kiliç et al. [14] reported that 24.2% of their 

nonsurvivors were admitted due to respiratory failure, Ayar 

et al. [7] found that 24.5% of nonsurvivors were admitted due 

to respiratory failure, 15.5% were admitted for infections, and 

13% were admitted for hematologic disease. Similar to existing 

literature that states respiratory failure and sepsis are the most 

common reasons for PICU admission in nonsurvivors, the 

most common causes for PICU admission of nonsurvivors in 

our study were respiratory failure and sepsis, which ultimately 

have effects on mortality. 

Nonsurvivors commonly had hypoglycemia (68.5%), neu-

rologic symptoms (43.5%), and acidosis (78.3%) at admission. 

Hematologic changes, rhythm disorders, renal failure, and NIs 

have been linked with mortality in a number of studies [15,16]. 

However, a correlation between mortality and findings on 

admission has not been adequately studied in the literature, 

which is why we consider our study to be an important piece of 

work in this regard. In addition, while multi-organ failure and 

cardiac diseases are common causes in patients who die early, 

sepsis and septic shock as causes have been reported in an-

other study [8]. The reason our study differs from the literature 

may be that cardiac patients are followed up with frequently at 

our center. 

The median LOS of PICU for nonsurvivors was 17 days 

(range, 1–205 days), which was longer in comparison to other 

studies. Moynihan et al. [13] reported that the median number 

of ICU stays of 2,672 patients who died was 3.4 days (range, 

1.2–10 days), and 860 (32.2%) of these patients were admitted 

to the ICU for ≥7 days [12]. Most nonsurvivors (83.8%) with 

a long LOS in the PICU in our center had chronic cardiac 

and neurologic illnesses. Heart and liver transplants are also 

performed in our center, which may have contributed to the 

seemingly excessive LOS of PICU in the study. 

NIV was the initial mode of support in 23.2% of patients, 

while 76.8% received IMV on admission. Patients who wors-

ened on NIV were ventilated invasively. The median duration 

of NIV support was 1.55 days (range, 0–56 days) and the medi-

an duration of IMV was 15.85 days (range, 1–205 days). Com-

Table 4. Invasive procedures applied to patients who died, complications 
during hospitalization, and causes of death
Variable No. (%)
Procedure performed
 Continuous renal replacement therapy 67 (26.4)
 Plasma exchange 14 (5.5)
 Catheter insertion 239 (94.1)
 Chest tube insertion 24 (9.4)
 VA ECMO 45 (17.7)
 VV ECMO 6 (2.3)
 Operation 98 (38.6)
Complication 55 (21.7)
 Pulmonary bleeding 120 (47.2)
 Hospital-acquired infection 13 (5.1)
 Intracranial bleeding 38 (14.9)
Cause of death
 Heart disease 64 (25.1)
 Malignancy 59 (23.2)
 Multiple disease 28 (11.0)
 Neurological disease 28 (11.0)
 Lung disease 13 (5.1)
 Metabolic disease 13 (5.1)
 Trauma 11 (4.3)
 Nephrological disease 9 (3.5)
 Gastroenterological disease 9 (3.5)
 Surgery with no history of previous illness 6 (2.3)
 Infectious disease 5 (1.9)
 Unknown cause 5 (1.9)
 Genetic disease 3 (1.1)
 Foreign body aspiration 1 (0.3)

VA: veno-arterial; ECMO: extracorporeal membrane oxygenation; VV: 
veno-venous.
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plications of MV occurred in 0.8% of patients. Complications of 

MV were previously reported to occur in 20%–64% of patients, 

with 25.6% having bilateral lung disease and 21.6% having 

cyanotic heart disease [17]. Poyrazoğlu et al. [ 9] reported a 

median duration of MV of 3.5 days (range, 0.1–145 days), while 

Moynihan et al. [13] reported a median duration of MV of 2.6 

days (range, 1–8.7 days) [18]. The longer duration of MV can 

be accounted for by the nature of the patients, who required 

advanced therapeutic interventions such as ECMO, high-fre-

quency ventilation, and left and right ventricular mechanical 

support. 

NIs, one of the most prevalent problems in ICUs, are asso-

ciated with increases in the LOS, morbidity, and mortality. 

Becerra et al. [18] reported a 20% incidence of NIs. Risk factors 

for NIs include underlying chronic ailments, the presence of 

indwelling central lines, surgery, transfusion, sedation, paren-

teral nutrition, long hospitalization, and long duration of MV. 

Most common infections are related to the use of central lines, 

ventilators, and urinary catheters [18]. A multi-center study in 

Europe has reported a 23.6% incidence of NIs, with pneumo-

nia being the most common type [19]. NIs occurred in 141 pa-

tients (55.5%) in our study, and 16 patients (10.2%) had com-

munity-acquired infections. These patients had underlying 

chronic illnesses and many had previous hospitalizations and 

lengthy periods of hospitalization, which account for the high 

rate of NIs in the study. Common causes of death in our study 

were cardiac disease (25.1%), hematologic/oncologic disease 

(23.2%), multiple illnesses (11%), and neurologic illness (11%). 

Moynihan et al. [13] report that 50% of their nonsurvivors had 

congenital anomalies, 14% had hemato-oncologic illness, and 

11% had cardiac disease, whereas, in the study by Naghib et 

al. [20], 28% of nonsurvivors had congenital anomalies and 

28% had cardiac disease. Sands et al. [21] reported that 19.6% 

of their patients died of infections or trauma, 17.2% died of 

congenital anomalies, and 16.2% succumbed to malignancy. 

Cardiac disease was very prevalent in this study because me-

chanical ventilatory support is routinely provided in our center 

both for cardiac disease and cardiorespiratory deterioration 

due to any cause. CRRT was prescribed to 26.4% of patients, 

while 5.5% needed PEX, 20% needed ECMO, and 10 patients 

needed extracorporeal cardiopulmonary resuscitation. Moyni-

han et al. [13] reported that 17.9% of their nonsurvivors need-

ed CRRT, while Pollack et al. [22] reported that 16.1% of their 

nonsurvivors needed ECMO support and 2.7% of nonsurvivors 

needed CRRT and PEX [13]. The prevalent need for extracor-

poreal organ support in this study is thus in keeping with exist-

ing reports. 

The median VIS was 14 points (range, 10–24 points) in this 

study. Haque et al. [23] reported that mortality for patients 

with a VIS <20 points was 38.9%, while that for patients with a 

VIS >20 points was 100%. Davidson et al. [24] suggest that VIS 

can be used to quantify the need for hemodynamic support 

during the first 48 hours of admission. In this study, the data 

also suggest that a high VIS is associated with mortality. In the 

ICU, the frequent use of extracorporeal treatments and infec-

tion control in recent years has led to a significant decrease in 

the mortality rate (Figure 1). In this study, the 5-year mortality 

rate was 9.1%. A study of PICU mortality in 2005 revealed a 

mortality rate of patients admitted to intensive care, while in 

the study by Kiliç et al. [14], the mortality rate was 15.6%. The 

literature suggests that the overall PICU mortality rate is 4% in 

the United States [8], 5.6% in Europe, and 4% in Australia [25], 

respectively. Our mortality rate was greater than in reports 

from developed countries but lower than in those from devel-

oping countries. If end-stage or irreversible cases were omitted 

from the data, the overall mortality rate would be lower. The 

retrospective single-center study design, lack of data on mor-

bidities, and lack of information on the time of day when death 

occurred are the main limitations of this study. 

PICUs provide continuous multidisciplinary care for a broad 

array of pediatric diseases. Invasive infections, chronic dis-

eases, and the spectrum of septic shock are important causes 

of mortality in the PICU. We found that rates of neurological 

findings, hypotension, oliguria, acidosis, coagulation disor-

ders, and cardiac arrest as well as PRISM III scores were higher 

in children who died early compared to those who died later. 

ECMO was commonly provided during the 5-year study pe-

riod in our center, which was immensely helpful in keeping 

certain patient populations alive. 
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Background: Early recognition of deterioration events is crucial to improve clinical outcomes. For 
this purpose, we developed a deep-learning-based pediatric early-warning system (pDEWS) and 
aimed to validate its clinical performance. 
Methods: This is a retrospective multicenter cohort study including five tertiary-care academic 
children’s hospitals. All pediatric patients younger than 19 years admitted to the general ward 
from January 2019 to December 2019 were included. Using patient electronic medical records, we 
evaluated the clinical performance of the pDEWS for identifying deterioration events defined as 
in-hospital cardiac arrest (IHCA) and unexpected general ward-to-pediatric intensive care unit 
transfer (UIT) within 24 hours before event occurrence. We also compared pDEWS performance to 
those of the modified pediatric early-warning score (PEWS) and prediction models using logistic 
regression (LR) and random forest (RF). 
Results: The study population consisted of 28,758 patients with 34 cases of IHCA and 291 cases of 
UIT. pDEWS showed better performance for predicting deterioration events with a larger area un-
der the receiver operating characteristic curve, fewer false alarms, a lower mean alarm count per 
day, and a smaller number of cases needed to examine than the modified PEWS, LR, or RF models 
regardless of site, event occurrence time, age group, or sex. 
Conclusions: The pDEWS outperformed modified PEWS, LR, and RF models for early and accurate 
prediction of deterioration events regardless of clinical situation. This study demonstrated the po-
tential of pDEWS as an efficient screening tool for efferent operation of rapid response teams. 
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INTRODUCTION 

Many healthcare centers worldwide continue to develop and introduce various early-warn-

ing scoring systems to identify patients in critical condition in advance of onset to perform 
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prompt intervention to improve patient safety and clinical out-

come [1-5]. For afferent limbs, such systems widely range from 

simple and easy bedside calculations to more sophisticated 

complex scoring systems that include laboratory test results, a 

combination of patient clinical characteristics and medical his-

tories, and therapeutic interventions [6-9]. Furthermore, due 

to recent revolutionary progress in artificial intelligence (AI) 

and machine learning, these algorithms can be implemented 

for more precise and earlier prediction of critical events [10-13]. 

However, most research has focused on adult populations and 

has rarely been externally validated or widely implemented in 

real clinical practice. 

Previously, we developed a deep-learning-based ear-

ly-warning system (DEWS) for predicting in-hospital cardiac 

arrest (IHCA) in an adult population [14] and demonstrated its 

excellent clinical performance. After fine-tuning and setting up 

the DEWS, we implemented electronic medical records (EMR) 

to monitor the risk of deterioration among adult patients in 

general wards, presenting better performance that conven-

tional methods. The DEWS was successfully implemented 

in rapid response systems (RRTs) [15] and was validated by a 

multicenter study including adult patients [16]. Subsequently, 

further upgrades for learning and additional training using 

pediatric data led to development of a deep-learning-based 

pediatric early-warning system (pDEWS) that can predict pe-

diatric IHCA and unexpected general ward-to-pediatric inten-

sive care unit (PICU) transfer (UIT), which were validated in a 

single-center study [17]. In this study, we aimed to validate the 

clinical performance of pDEWS externally for predicting dete-

rioration events in a larger multicenter cohort and compared it 

to several conventional predicting models.   

MATERIALS AND METHODS 

Study Design 
This was a retrospective multicenter observational cohort 

study of five tertiary-care academic children’s hospitals. The 

requirement for informed consent was waived due to the ret-

rospective nature of the study. External validation of the clini-

cal performance of previously developed pDEWS for identify-

ing deterioration events defined as either UIT or IHCA within 

24 hours before event occurrence was performed [17]. This 

study was approved by the Institutional Review Board of each 

participating hospital (Seoul National University Children’s 

Hospital: 2003-229-1115; Severance Hospital: 4-2019-1304; 

Kyungpook National University Children’s Hospital: 2020-02-

002; Pusan National University Yangsan Hospital: 05-2020-005; 

Samsung Medical Center: 2020-03-148-0020, respectively).

Deep-Earning-Based Pediatric Early-Warning System 
The pDEWS architecture includes an embedding layer, three 

bi-directional long short-term memory (LSTM) layers for mod-

eling the sequential characteristics of EMR data as an encoder, 

and three fully connected (FC) layers as a classifier. Before the 

LSTM encoder, we embedded the input data, consisting of 

respiratory rate (RR), heart rate (HR), systolic blood pressure 

(SBP), diastolic blood pressure (DBP), body temperature (BT), 

age, and a time feature through the FC embedding layer. To 

reflect the vital sign trend for each patient, 20 consecutive se-

ries of vital signs were used as inputs to the LSTM layer [18]. 

We used the last time step LSTM output to pass to the FC layer. 

Batch normalization and dropout were used on each FC layer 

in the classifier to regularize and stabilize the pDEWS model 

[19]. By adding a softmax layer at the end, the pDEWS model 

output a score between 0 and 1. We optimized the parameters 

of the pDEWS model by minimizing the cross-entropy loss 

function with the Adam optimizer [20]. The hyperparame-

ters were tuned with the best performance from 10% of the 

derivation data. To resolve the class imbalance problem, we 

over-sampled the event data allowing duplication during the 

training process. We trained our model for 1000 epochs and 

selected the model with the highest area under the receiver 

operating characteristic curve (AUROC) score in the valida-

tion data. We also applied a transfer learning technique [21] to 

encourage our pDEWS model to obtain additional knowledge 

from other data by initializing the pDEWS model’s connection 

weights from the DEWS model, which was developed to pre-

dict adult patient IHCA. 

Materials 
Pediatric patients (<19 years old) admitted to the general 

wards of five university affiliate tertiary care medical centers in 

the Republic of Korea over a 12-month period between Janu-

ary 2019 and December 2019 were included. From EMRs and 

■ We developed a deep-learning-based pediatric ear-
ly-warning system (pDEWS) and performed a multicenter 
validation.

■ pDEWS showed excellent performance in predicting clin-
ical deterioration events regardless of clinical setting.

KEY MESSAGES
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the medical database, we collected patient data including age, 

sex, event occurrence, exact time and location of event occur-

rences, and length of hospital stay and extracted five basic vital 

signs—RR, HR, SBP, DBP, and BT—during hospitalization for 

pDEWS and other early-warning system calculation. 

We excluded patients with data recorded <30 minutes after 

admission, no vital signs at 24 hours prior to the deterioration 

event, incorrect demographics, and do-not-resuscitate orders. 

Patient information was anonymized and de-identified prior to 

analysis. Outlier values outside the normal range of each vital 

sign or non-numeric values were excluded from the initially 

collected data and treated as missing values (Supplementary 

Table 1). Missing values were replaced with the most recent 

previous values. Based on these data, we also calculated the 

modified pediatric early-warning score (PEWS) to include only 

vital sign parameters (HR, RR, SBP, oxygen saturation, and tem-

perature). 

Outcome Measures 
The primary outcome of interest was deterioration event, 

defined as a composite of IHCA and UIT. UIT was defined as 

“PICU admission due to acutely deteriorating clinical condi-

tions,” excluding routine scheduled post-surgical treatment 

or PICU admission for scheduled procedures. Secondary 

outcomes were numbers of each type of deterioration event, 

IHCA and UIT. We also performed subgroup analyses by hos-

pital, age groups, event occurrence time, and sex. 

Statistical Analysis 
For validation, we performed extensive statistical analysis us-

ing scikit-learn (Scikit-learn 0.23.1; community-driven project 

sponsored by BCG GAMMA) and pandas (Pandas 1.0.5; com-

munity-driven project sponsored by NumFOCUS). We evalu-

ated deterioration prediction performance by calculating the 

AUROC and the area under the precision-recall curve (AUPRC) 

[22,23]. AUROC is one of the most generally used metrics and 

shows the area of sensitivity versus the false-positive rate. 

Compared with AUROC, AUPRC describes class imbalance 

data by measuring the area under the plot of precision versus 

sensitivity. Additionally, we calculated F-1 score [2x(preci-

sionxrecall)/(precision+recall)], the net reclassification index 

(NRI), positive predictive value [PPV=true positive/(true 

positive+false positive)], negative predictive value [NPV=true 

negative/(true negative+false negative)], mean alarm count 

per day (MACPD) per 1,000 beds, and patient number needed 

to examine (NNE) [23,24]. The NRI is used to compare im-

provement in prediction performance. To compare the clinical 

prediction of deterioration events within 24 hours prior to 

occurrence, we trained random forest (RF) models with vari-

ous hyperparameter sets and logistic regression (LR) models 

with an L2 regularization penalty and 1e-4 tolerance for stop-

ping criteria to obtain comparable performance to that of our 

pDEWS model. Then, we evaluated the clinical performance 

of pDEWS by comparing to modified PEWS, RF, and LR. In ad-

dition to predictive performance, we evaluated the alarm rate 

with comparison to MACPD at a set sensitivity level and the 

cumulative prediction percentage of deterioration events at 

the same time point within 24 hours of the event. 

Additionally, we calibrated pDEWS to reflect the real prob-

ability of deterioration events because a predictive model 

should infer proper output probabilities without being ex-

treme. We visualized pDEWS model calibration performance 

by comparing it with the ideal calibration line. We also per-

formed feature importance analysis to interpret which char-

acteristics of vital signs influence pDEWS model decision and 

calculated the importance of each feature and time-step by 

applying Shapley Additive Explanations (SHAP) values [25]. 

RESULTS 

Study Population 
Among the 29,035 patients admitted to five hospitals over a 

12-month duration, 277 were excluded (Figure 1). Among 

the remaining 28,758 patients, 16,167 were male (56.2%). The 

median hospital stay was 3.35 days (2.25–6.13 days) (Table 1). 

A total of 996,874 vital sign sets was evaluated to validate the 

pDEWS. There were 34 cases of IHCA, 291 cases of UIT, and 

325 related vital sign sets. 

Figure 1. A flowchart for patient inclusion and exclusion.

29,035 Patients admitted to
5 included hospitals

from January 2019 to December 2019

28,758 Patients enrolled
for multicenter validation cohort

277 Patients excluded
190 Vital records <30 min 
  53 Missing demographics
  21 No vital signs recorded 24 hr before event
  13 Do-not-resuscitate orders
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Table 1. Baseline characteristics of the study population
Characteristics Value
Total admissions 28,758
 Vital sign data set 996,874
Admission with unexpected PICU transfer 291
 Vital sign data set 6,050
Admission with in-hospital cardiac arrest 34
 Vital sign data set 371
Male 16,167 (56.2)
Age (yr) 6.28±5.24
Length of stay (day) 3.35 (2.25–6.13)
Initial vital sign
 Systolic blood pressure (mm Hg) 104.51±5.24
 Diastolic blood pressure (mm Hg) 62.18±10.38
 Heart rate (/min) 109.66±25.66
 Respiratory rate (/min) 24.97±6.87
 Body temperature (°C) 36.81±0.60
 SpO2 98.42±2.20
Vital sign within 24 hr before outcome
 Systolic blood pressure (mm Hg) 103.51±5.24
 Diastolic blood pressure (mm Hg) 61.75±13.38
 Heart rate (/min) 129.00±30.74
 Respiratory rate (/min) 32.21±14.42
 Body temperature (°C) 37.12±0.75
 SpO2 96.36±5.68
Total vital sign
 Systolic blood pressure (mm Hg) 105.00±5.24
 Diastolic blood pressure (mm Hg) 62.54±11.26
 Heart rate (/min) 109.05±25.39
 Respiratory rate (/min) 25.41±7.33
 Body temperature (°C) 36.82±0.59
 SpO2 98.28±2.72

Values are presented as number (%), mean±standard deviation, or median 
(interquartile range).
PICU: pediatric intensive care unit.

Primary Outcome 
The pDEWS yielded an AUROC of 0.892 (95% confidence inter-

val [CI], 0.888–0.895) for predicting deterioration events, which 

was larger than those of modified PEWS, LR, and RF models 

(Figure 2). The pDEWS AUPRC for predicting critical events 

was 0.093 (95% CI, 0.089–0.098), which was larger than the 

modified PEWS (0.029; 95% CI, 0.028–0.031), LR (0.045; 95% 

CI, 0.042–0.049), and RF (0.042; 95% CI, 0.040–0.044) models. 

We evaluated sensitivity, specificity, positive likelihood ratio 

(PLR), negative likelihood ratio (NLR), PPV, NPV, F-score, NNE, 

and MACPD for each cutoff value for predicting critical events 

(Table 2). Given that the cutoff value of the pDEWS was 90, it 

showed an acceptable F-1 score, corresponding to the most 

acceptable PPV and NPV for clinical integration, MACPD, and 

NNE. 

In a paired comparison to the modified PEWS, the LR, and 

RF models at the same specificity, pDEWS showed superior 

performance with the highest sensitivity, PLR, PPV, and F-1 

score and the lowest NLR and NNE (Supplementary Table 2). 

The pDEWS provided much lower MACPD and NNE for these 

deterioration events under the same sensitivity than did the 

modified PEWS, LR, and RF models (Figure 3). It markedly 

reduced false alarms in detecting these deterioration events 

by 56%, 37%, and 66%, respectively, at the cutoff value of the 

modified PEWS≥5 compared with modified PEWS, LR, and RF 

models (Figure 3). The cumulative percentage of deteriorating 

patients for these deterioration events was larger in the pDEWS 

than the modified PEWS or the LR or RF prediction models at 

the same cutoff level (Figure 4). The pDEWS showed markedly 

larger values than other methods for the true alarm count at 12 

hours before the occurrence and for the total period. 

Secondary Outcome 
For prediction of each type of deterioration event by pDEWS, 

the AUROC for IHCA was 0.865 (95% CI, 0.847–0.883) and for 

UIT was 0.897 (95% CI, 0.893–0.901) (Figure 5). For AUPRC, 

Figure 2. Areas under the receiver operating characteristic curves 
(AUROC) for predicting deterioration events. CI: confidence interval; 
pDEWS: deep-learning-based pediatric early-warning system; PEWS: 
pediatric early-warning score.
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Table 2. Performance of the pDEWS for prediction of deterioration events at difference cutoff levels
Cutoff Sensitivity Specificity PLR NLR PPV NPV F-1 score MACPD NNE
5 0.980 0.293 1.386 0.068 0.009 1.000 0.018 1,936 112.310
10 0.951 0.498 1.893 0.099 0.012 0.999 0.024 1,379 82.483
15 0.917 0.638 2.536 0.130 0.016 0.999 0.032 997 61.834
20 0.879 0.730 3.260 0.165 0.021 0.999 0.040 747 48.319
25 0.839 0.794 4.066 0.203 0.026 0.999 0.050 574 38.940
30 0.795 0.838 4.919 0.245 0.031 0.998 0.059 452 32.361
35 0.751 0.871 5.827 0.286 0.036 0.998 0.069 362 27.473
40 0.712 0.895 6.804 0.322 0.042 0.998 0.080 296 23.672
45 0.673 0.914 7.859 0.357 0.048 0.998 0.090 244 20.627
50 0.639 0.930 9.115 0.388 0.056 0.997 0.103 201 17.922
55 0.598 0.943 10.534 0.426 0.064 0.997 0.116 164 15.643
60 0.558 0.954 12.224 0.463 0.073 0.997 0.130 133 13.619
65 0.510 0.964 14.205 0.508 0.084 0.997 0.145 106 11.859
70 0.452 0.973 16.544 0.563 0.097 0.996 0.160 82 10.324
75 0.387 0.981 20.120 0.625 0.115 0.996 0.178 58 8.667
80 0.306 0.988 25.382 0.702 0.141 0.995 0.193 38 7.077
85 0.196 0.994 30.909 0.809 0.167 0.995 0.180 20 5.990
90 0.105 0.997 40.856 0.897 0.209 0.994 0.140 8 4.775
95 0.031 1.000 66.013 0.969 0.300 0.994 0.056 1 3.337

pDEWS: deep-machine-learning-based pediatric early warning system; PLR: positive likelihood ratio; NLR: negative likelihood ratio; PPV: positive predictive value; 
NPV: negative predictive value; MACPD: mean alarm count per day; NNE: number needed to examine.

Figure 3. Comparison of (A) mean alarm count per day (MACPD) at the same sensitivity and (B) sensitivity at the same number needed to examine 
(NNE) for deterioration events. pDEWS: deep-learning-based pediatric early-warning system; PEWS: pediatric early-warning score.
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Figure 4. Cumulative percentages of deteriorating patients. The cutoffs of the models for each figure were set at threshold points with the same 
specificity as (A) pediatric early-warning score (PEWS) ≥4, (B) PEWS ≥5, and (C) PEWS ≥6. pDEWS: deep-learning-based pediatric early-warning 
system.

Figure 5. Areas under the receiver operating characteristic curves (AUROC) for the prediction of (A) in-hospital cardiac arrest (IHCA) and (B) 
unexpected ward-to-pediatric intensive care unit transfer (UIT). CI: confidence interval; pDEWS: deep-learning-based pediatric early-warning 
system; PEWS: pediatric early-warning score.

IHCA was 0.006 (95% CI, 0.005–0.008), and UIT was 0.100 (95% 

CI, 0.096–0.106). 

Subgroup Analysis
The five participating hospitals had different characteristics in 

that hospital B had a higher proportion of UIT (1.8%), and hos-

pital A had a higher proportion of IHCA than the other hospi-

tals. In a comparison of AUROCs for predicting deterioration 

events by individual hospital, the pDEWS yielded a larger AU-

ROC than other prediction models (Figure 6). For comparing 

patients by age (<3 months, 3 months to <1 year, 1 to <4 years, 

4 to <12 years, and 12 to <19 years), the pDEWS AUROC for 

predicting deterioration events increased with increasing age 

group (Figure 7A). It also outperformed other models regard-

less of age group. pDEWS AUROCs were similar between day 

and night, weekday and weekend, and male and female com-
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Figure 6. Areas under the receiver operating characteristic curves (AUROC) for prediction of deterioration events by hospital: (A) hospital A, (B) 
hospital B, (C) hospital C, (D) hospital D, and (E) hospital E. CI: confidence interval; pDEWS: deep-learning-based pediatric early-warning system; 
PEWS: pediatric early-warning score.

parisons. It also consistently showed the best performance for 

any occurrence time among the compared prediction models 

(Figure 7B). There was also no difference in predicting power 

between male and female patients (Figure 7C).  

pDEWS Calibration and Feature Importance Analysis  
Model calibration identified acceptable results by showing that 

the fraction of positive examples increased proportionally to 

pDEWS prediction score (Figure 8). Feature analysis demon-

strated the importance of individual factors to the pDEWS at 

each time-step (Figure 9). We calculated the mean absolute 

SHAP values using data from validation cohorts. The SHAP 

values indirectly showed the contribution of each feature, 

which improved pDEWS reliability. 

DISCUSSION 

In this study, the pDEWS showed excellent performance for 

predicting deterioration events in a multicenter validation 

cohort. It showed earlier identification of deterioration events 

with fewer false alarms, MACPD, and NNE than other ear-

ly-warning prediction models including pDEWS, RF, and LR 

models. Previously, the pDEWS was validated in a single-cen-

ter retrospective study [17]. However, it was performed in a 

different cohort from the same hospital from which patient 

data were collected for its development. Even though it was 

composed of different patients split into development and 

validation cohorts by admission period, its performance for 

different groups could not be guaranteed and, thus, had limit-

ed generalizability. Consistent with this, as many PEWS have 
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Figure 7. Areas under the receiver operating characteristic curves (AUROC) for prediction of deterioration events by subgroup analysis: (A) age 
group, (B) event occurring time, and (C) sex. CI: confidence interval; pDEWS: deep-learning-based pediatric early-warning system; PEWS: pediatric 
early-warning score (Continued to the next page).
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been developed and introduced, there have been problems 

associated with considerable variation in the performance in 

different settings [5,6,26-28]. Therefore, external validation is 

required to widely implement this method in clinical practice. 

Similar to previous single-center validation studies in pedi-

atric populations, pDEWS also showed good performance in 

the multicenter cohort. Although the five included hospitals 

had different settings and characteristics, the pDEWS demon-

strated excellent and consistent clinical performance in each 

hospital, suggesting strong advantages of this method using 

deep learning methods based on only five basic vital signs. 

One of the significant obstacles for a multicenter study is 

disparity in EMR quality, which could vary widely across hos-

pitals. However, vital-sign data are essential for all admitted 

patients and are usually systematically checked and recorded 

using the same measurement units regardless of institution, 

which enables the pDEWS model to be applied without spe-

cialized staged modifications across hospitals. Consistent with 

previous reports, this study showed that complex systems that 

include many parameters are not necessary for improving per-

formance quality. 

The pDEWS also showed consistent performance in several 

subgroup analyses categorized by sex, age, and event-occur-

rence time. pDEWS success could be due partially to the ad-

vantages of AI, which reduce human error. The performance of 

prediction deterioration events improved with increasing age 

group, though this might also be related to the characteristics 

of AI and deep learning methods, where few event numbers in 

the younger age group could pose a difficulty for deep learn-

ing and model training. Nevertheless, the pDEWS yielded the 

largest AUROC for predicting deterioration events among the 

prediction models, highlighting its excellent performance. 
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Figure 7. Areas under the receiver operating characteristic curves (AUROC) for prediction of deterioration events by subgroup analysis: (A) age 
group, (B) event occurring time, and (C) sex. CI: confidence interval; pDEWS: deep-learning-based pediatric early-warning system; PEWS: pediatric 
early-warning score.
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Figure 9. Deep-learning-based pediatric early-warning system (pDEWS) model feature importance analysis. (A) Sequence-wise feature importance 
and (B) average feature importance. RR: respiratory rate; HR: heart rate; DBP: diastolic blood pressure; SBP: systolic blood pressure; BT: body 
temperature.

The primary goal of the early-warning system (EWS) is to re-

duce critical events by timely recognition and intervention for 

deteriorating patients. As EWS are increasingly introduced and 

used in clinical practice, clinical outcomes have improved and 

in-hospital critical events have decreased significantly [3,29-

31]. These results could be related to the timeliness of EWS 

recognition [32,33]. As compared with the cumulative predic-

tion percentage of deterioration events at the same time point 

within 24 hours of the event, pDEWS yielded a larger area than 

those of other prediction models. 

On the other hand, regarding RRT implementation, alarm 

count is a key point of interest for validating EWS. As previ-

ously reported, there is the challenge of increased alarm rates, 

which is related to not only accuracy and efficacy, but also 

practicality. A false alarm results in unnecessary activation of 

RRT, which could lead to RRT exhaustion with alarm fatigue 

and additional workload [34,35]. Consequently, excessive false 

alarms and alarm fatigue might result in inappropriate re-

sponses and desensitization and reduced or missing responses 

to clinically significant events, putting the patient at substantial 

risk of decreased safety and poor quality of care [36,37]. How-

ever, the pDEWS has an outstanding feature for controlling the 

alarm count with smaller MACPD and NNE at the same speci-

ficity as other prediction models. Thus, in real clinical practice, 

implementation of the pDEWS to an EMR system could be 

automatic by manipulating the input vital sign data. From this 

information, the pDEWS could predict and detect deteriora-

tion events early and accurately, generating alarms for RRT 

activation. As the pDEWS showed acceptable levels of MACPD 

and NNE, it could be helpful for more efficient RRT operations 
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with few false alarms, which could reduce physician workload, 

enable prompt and effective intervention, and consequent-

ly decrease critical event occurrence and improve clinical 

outcomes. Furthermore, pDEWS has the advantage of being 

adjustable according to site characteristics by controlling the 

alarm threshold. Collectively speaking, pDEWS has a promis-

ing role for improving clinical practice. 

In addition to other supporting outcome data for clinical 

performance of pDEWS, we evaluated and performed cali-

bration of this prediction model, which showed acceptable 

findings. The previous deep-learning-based model has been 

criticized for being a “black box” in terms of decision making 

with nontransparent, unknown, and non-traceable algorithms 

[38,39]. However, in this study, we performed feature impor-

tance analysis, which showed the importance of each factor by 

time-step. This could partially explain the underlying process 

of pDEWS. 

This study has several advantages. To our knowledge, this is 

the first evaluation of the clinical performance of an EWS for 

predicting deterioration events composed of IHCA and UIT 

in a pediatric multicenter validation cohort. It demonstrated 

excellent performance using various statistical approaches. 

This study also included subgroup analysis to consider vari-

ous clinical situations, which could be helpful for application 

in real clinical practice. We performed model calibration and 

feature importance analysis, which were rarely performed in 

previous studies, and which demonstrated the high quality of 

this prediction model and partially explained the deep-learn-

ing-based algorithm. 

Additionally, this study has several limitations. Because 

the primary outcome was deterioration events composed of 

IHCA and UIT, all included institutions were tertiary academic 

children’s hospitals because of the need for a PICU. Therefore, 

this study could have a selection bias and its generalizability 

is limited. Because it is a multicenter study, EMR quality, data 

collection, and the related missing rate could be different 

across all hospitals, which could affect the results. There was 

a smaller number of events in the younger age group, which 

could affect pDEWS performance. 

The pDEWS showed excellent clinical performance for 

predicting deterioration events, including IHCA and UIT, 

compared with modified PEWS and other prediction models, 

like RF or LR. The pDEWS offered earlier prediction with fewer 

false alarms and higher accuracy, which could be promising 

if implemented in real clinical practice. It may provide more 

precise and timely identification of deterioration events, which 

could be helpful for more efficient operation of RRT with de-

creased workload and improved clinical outcomes. 
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Traditionally, changes in a symptom or sign in a hospitalized patient are reported from the 

patient or caregiver to the nurse and then to the physician. In other words, when a patient or a 

caregiver informs a nurse of a problem, the nurse checks the patient’s status, then informs the 

doctor, and the doctor then checks the patient and takes necessary action. However, since pa-

tients or caregivers without medical expertise cannot give sufficient reports, periodic visits by 

nurses to check symptoms and objective signs and, perhaps less frequently, periodic visits by 

physicians are routinely performed. For patients at a high risk of deterioration, the frequency 

of these visits and checks should be increased, which is best achieved through monitoring in 

the intensive care unit. For patients outside the intensive care unit, the frequency of checking 

symptoms or signs and the interpretation of those data play a very important role in enabling 

appropriate and timely interventions [1].  

Situations in which rapid interventions for possible in-hospital cardiac arrests through a 

rapid warning system can be helpful mostly involve conditions related to disease progression. 

In other words, these situations include the functional deterioration or a major organ or cir-

culatory failure as a disease progresses, rather than being an accident that is difficult to pre-

dict, such as a sudden obstruction of the upper respiratory tract, or a critical medical mistake. 

Because children do not describe their symptoms well and have a low compensatory ability, 

they may require more frequent assessments and application of a lower threshold than adults 

during the course of disease progression [2].  

Shin et al. [3] reported the excellent performance of a deep-learning-based pediatric ear-

ly-warning system (pDEWS) in a retrospective multicenter cohort study. The findings of this 

study suggest that the pDEWS can be introduced to other institutions without substantial 

difficulty because it only uses basic vital signs (respiratory rate, heart rate, systolic blood 

pressure, diastolic blood pressure, and body temperature) and showed similarly good perfor-

mance regardless of the institution.  

For an early warning system to show real effects, it must be connected to proper actions by 

the rapid response team [4]. One of the biggest hurdles to introducing early warning systems 

to many healthcare institutions is the lack of personnel. Nevertheless, medical staff should 

remember that proper and timely responses by the rapid response team through an early 

warning system can not only improve patient outcomes and prevent medical-legal disputes, 

but also significantly reduce the medical burden itself. Automated systems are useful for ob-

jective detection and display sufficient sensitivity, but the risk of false alarms is relatively high. 

An advanced pediatric early warning system: a reliable 
sentinel, not annoying extra work
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The repetition of false alarms causes considerable exhaustion 

among medical personnel and can easily lead to intentional 

ignoring of alarms. After all, if an alarm is ignored under an 

automated system, the patient’s risk is actually increased com-

pared to not applying the system. Therefore, the frequency of 

false alarms that trigger unnecessary reactions from the rapid 

response team must be kept low [5].

In order to improve the quality of critical care, early de-

tection and response must now be viewed as essential, and 

these systems also increase access to critical care through an 

effective distribution of critical care opportunities. Ideally, 

an early warning system and rapid response team should be 

introduced at all medical institutions that may treat critically 

ill pediatric patients. The participation of more medical insti-

tutions should be preceded by the accumulation of experience 

centered on major tertiary medical institutions and advances 

in minimizing false alarms, and it is expected that Shin's re-

search [3] will be a useful reference in that regard. 
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Mortality from organophosphate poisoning is high, despite recent advancements in critical 

care strategies [1,2]. Extracorporeal removal of organophosphate from blood has been sug-

gested, but the efficacy of hemodialysis and hemoperfusion is not well established [3,4]. The 

major concern is a large distribution and volume of organophosphate compounds due to 

their high lipid solubility [5]. If its ability to remove organophosphate is confirmed, continu-

ous renal replacement therapy (CRRT) may have a theoretical advantage over hemodialysis 

or hemoperfusion sessions because CRRT continuously eliminates substances. We report a 

case of organophosphate poisoning in which CRRT was applied with conventional indica-

tions and was found to increase plasma cholinesterase levels by hemodiafiltration. 

CASE REPORT 

The patient never had a chance to provide consent because of his critical condition. Ap-

proval from the Institutional Review Board of Dong-A University Hospital have been ob-

Extracorporeal removal of organophosphate from blood has been proposed, but the efficacy of he-
modialysis and hemoperfusion has not been established. We report a case of organophosphate 
poisoning in which continuous renal replacement therapy (CRRT) was applied with conventional 
indications and was found to increase plasma cholinesterase levels by hemodiafiltration. A 
73-year-old male was found unconscious at home and was brought to the emergency department 
by ambulance. An empty bottle of Supracide insecticide, of which the active ingredient is methida-
thion, was found beside him. CRRT was initiated because he showed signs of oliguria and acidosis 
with an unstable hemodynamic condition. Although his condition improved temporarily after CRRT 
initiation, it subsequently deteriorated, and he died despite maximal supportive effort. His prefilter 
plasma cholinesterase levels remained at <200 U/L for 3 days, while his postfilter levels were 358 
U/L 1 hour after CRRT initiation and they were 689 U/L 18 hours later. Our case suggests that CRRT 
might play a role in treating organophosphate poisoning by possibly eliminating organophosphate. 

Key Words: cholinesterase; continuous renal replacement therapy; decontamination; organophos-
phate poisoning
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tained for publication without an informed consent (No. 

DAUHIRB-21-054).

A 73-year-old male was found unconscious at home and 

was brought to the emergency department by ambulance. 

An empty bottle of Supracide insecticide, of which the active 

ingredient is methidathion, and a suicide note were found 

beside him. His past medical history was unremarkable and 

he had no history of hypertension or diabetes according to his 

family. His body weight was approximately 45 kg. At presen-

tation, the patient was comatose, with a Glasgow coma scale 

score of 3. 

Both his pupils were pinpoints. His vital signs were as fol-

lows: blood pressure, 120/100 mm Hg; pulse rate, 108 per min-

ute; respiration rate, 24 per minute; and body temperature, 

36°C. Salivation and rales increased in both lung fields. The 

patient was intubated and placed on mechanical ventilation. 

Activated charcoal was given via a nasogastric tube. Repeated 

boluses of atropine were given in 2-mg aliquots until clear lung 

sounds could be heard, and then continuous infusion was 

started at 1 mg/hr and titrated until clear breathing sounds 

were heard. An infusion of pralidoxime was started at a rate 

of 500 mg/hr. The initial laboratory results were as follows: 

arterial pH, 7.220; partial pressure of carbon dioxide (PCO2), 

36.7 mm Hg; PO2, 59.9 mm Hg; and bicarbonate, 14.7 mmol/L. 

Serum lactate was 7.8 mmol/L, blood urea nitrogen was 18 

mg/dl, and serum creatinine was 1.2 mg/dl. The initial plasma 

cholinesterase level was <200 units/L, which is the laboratory’s 

lowest detectable level. 

Approximately 6 hours after presentation, the patient’s 

blood pressure dropped to 70/40 mm Hg, and norepineph-

rine infusion was started and titrated to blood pressure. The 

norepinephrine dose required to maintain his systolic blood 

pressure above 90 mm Hg was 0.44 µg/ml/min. The urine 

output decreased to 25 ml/hr. Blood gas analysis revealed pH 

7.154, PCO2 20.8 mm Hg, PO2 323 mm Hg, and bicarbonate 7.1 

mmol/L. Although the serum creatinine was 1.46 mg/dl, CRRT 

was initiated because the patient had oliguria, acidosis, and an 

unstable hemodynamic condition. The prescription for renal 

replacement therapy is continuous venovenous hemodiafil-

tration (CVVHDF) via a jugular venous catheter, blood flow of 

120 ml/min, dialysate flow of 500 ml/hr, substitute flow of 1,000 

ml/hr, and fluid removal of 200 ml/hr. 

Therefore, the total effluent flow rate was 37.7 ml/kg/hr. The 

norepinephrine requirement decreased and remained be-

tween 0.09–0.13 µg/kg/min for 20 hours after CRRT initiation. 

However, the patient’s condition progressively deteriorated 

and despite maximal ventilatory, hemodynamic, and renal 

support and antidote therapy he died on the fourth day. On the 

second and third days, his plasma cholinesterase levels were 

measured with prefilter and postfilter blood drawn at the same 

time. The prefilter plasma cholinesterase levels remained at 

<200 U/L, while postfilter levels were reported as 358 U/L 1 

hour after CRRT initiation and 689 U/L 18 hours after. 

DISCUSSION 

We presented a case in which CRRT was found to increase 

postfilter plasma cholinesterase levels. Although plasma cho-

linesterase levels, i.e., butyrylcholinesterase, do not correlate 

with symptom severity; it is known to inversely correlate with 

plasma organophosphate levels and is used as a surrogate 

marker of organophosphate concentrations because organo-

phosphate concentrations are not widely available in clinical 

settings [3]. Additionally, plasma cholinesterase is thought to 

have a therapeutic effect by binding to organophosphate com-

pounds [5,6]. 

Although extracorporeal removal is not a standard treat-

ment for organophosphate poisoning, there are some reports 

of its application. Güven et al. [6] applied plasmapheresis on 

the fifth day after organophosphate poisoning to a patient with 

sepsis and noted that plasma cholinesterase levels increased 

from 2,101 U/L to 6,144 U/L and remained high. Bo [7] re-

ported that 3–4 sessions of repeated hemoperfusion within 

48 hours after poisoning resulted in faster normalization of 

cholinesterase levels and improved survival. However, hemo-

perfusion is not as widely available for CRRT for emergency 

management of poisoned patients, especially in high-income 

countries where the incidence of pesticide poisoning is de-

creasing [8]. 

In our case, CRRT was initiated because oliguric acute kid-

ney injury was indicated, and the patient’s condition was at 

least temporarily stabilized, although the multiorgan damage 

from the organophosphate eventually caused his death. Al-

though previous reports indicated that plasma cholinesterase 

levels were elevated after initiation of extracorporeal thera-

pies, plasmapheresis and hemoperfusion are not as readily 

available as CVVHDF, which was used in this case. Also, it is 

possible that the increase in cholinesterase level in a previous 

report was due to other conventional therapies, such as oxim-

es. Our case showed that CVVHDF could possibly eliminate 

organophosphate in the filter, resulting in increased postfilter 

plasma cholinesterase. This suggests that CRRT might have a 
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role in treating organophosphate poisoning. 
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Real-time distinct visualization of barotrauma risk 
monitored by electrical impedance tomography in a 
COVID-19 and latent tuberculosis case
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Figure 1. (A) Chest X-ray shows the cavitation sign at the anterior-right region. (B) Electrical impedance 
tomography (EIT) functional image shows the ventilation distribution in four regions (right [R], left [L], 
anterior [A], and posterior [P]). (C) Waveforms plot of lung volume for anterior-left (red) and anterior-right 
(blue) regions and airway pressure (inspiratory pressure 15 cm H2O plus positive end-expiratory pressure 
of 10 cm H2O, 15 cm H2O, and 20 cm H2O).
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A 50-year-old man tested positive for coronavirus disease 2019 

(COVID-19) with a medical history of a 3-year-old untreated 

pulmonary tuberculosis required mechanical ventilation (in-

spiratory pressure of 15 cm H2O) and electrical impedance 

tomography (EIT) monitoring. His chest radiograph shows 

cavitation present in the upper right lobe, which is one of 

the features of post-primary tuberculosis infection, and a 

COVID-19 coinfection may facilitate the risk for barotrauma 

due to its inhomogeneous parenchyma the additional mald-

istribution of mechanical-ventilator stress (Figure 1) [1-3]. EIT 

showed a heterogeneous lung volume between anterior-right 

(cavitation side) and anterior-left (control side) lobes among 

three positive end-expiratory pressure (PEEP) levels (Figure 1). 

The EIT functional image shows (1) a progressive lung volume 

reduction as end-expiratory lung volume increases leading to 

a greater compression of gas and a resulting potential overd-

istension, and (2) an ascending volume difference between 

both half lobes (the blue and red waveforms are overlapped at 

the lowest PEEP level, and their gap widens as the end-expi-

ratory lung volume increases). There is a lower recruitment/

overdistension ratio for the anterior-right at the last PEEP 

level and this ratio difference increases by PEEP change. The 

elastic component may be limited by the cavitation and a local 

stretch exacerbated by the PEEP change presenting a high risk 

of barotrauma. 
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Dear Editor: 

Sepsis continues to be leading cause of mortality among patients admitted to intensive care 

unit (ICU), with about 48.9 million cases of sepsis diagnosed and 11 million deaths world-

wide in 2017 [1]. Despite significant advances in the understanding of the pathophysiology of 

sepsis, the mainstay management still relies on active fluid resuscitation for hemodynamic 

support, early administration of antibiotics, and identification of source and infection control 

[2]. Vitamin C has been suggested as a possible therapy that attenuates the pathophysiology 

of sepsis [2]. Multiple randomized controlled trials (RCTs) addressing effectiveness and safety 

of vitamin C have reported varied conclusions [3]. Previously, published meta-analysis were 

limited by the sample size and highlighted the need of further studies with a larger number of 

patients to provide further evidence [3]. The recent publication of results from LOVIT (Less-

ening Organ Dysfunction with Vitamin C), the largest trial to date addressing this question, 

justifies re-examination of the evidence [4]. 

PubMed and Scopus databases were searched for relevant studies by two investigators 

(MAT, UA) using the following keywords: “ascorbic,” “Vitamin C,” “ascorbic acid,” “sepsis,” 

“septic shock.” Studies were included if they were: (1) RCT (2) comprised of adult patients 

with Sepsis or septic shock (3) treatment arm: high-dose intravenous (IV) vitamin C (≥1.5 g 

every 6 hours or 25 mg/kg every 6 hours) either as monotherapy or combination therapy with 

thiamine and hydrocortisone, (4) control arm: placebo or standard regiment. Outcomes of 

interest were ICU mortality, 30-day and 90-day mortality, change in Sequential Organ Failure 

Assessment score (delta SOFA) within 72 hours. Subgroup analyses were conducted for vita-

min C as monotherapy versus combination therapy. Review articles, non-randomized stud-

ies, conference abstracts and studies published prior to 2010 were excluded. Odds ratios (ORs) 

or weighted mean difference (WMD) with 95% confidence intervals (CI) were calculated 

using random effects model. Statistical heterogeneity in studies was assessed by I2 statistics. A 

P<0.05 was considered significant.  

The initial literature search identified 854 unique studies, 14 trials with 2,793 patients met 

the eligibility criteria [3-5]. The preferred reporting items for systematic reviews and me-

ta-analyses (PRISMA) flowchart of the study selection is shown in Supplementary Figure 1. 

Baseline study characteristics are shown in Supplementary Table 1. IV vitamin C in combi-

nation with thiamine and hydrocortisone significantly reduced SOFA score at 72 hours (7 

RCTs, 1,318 patients; WMD: –0.52, 95% CI: –1.01 to –0.03, P=0.037, I2=53%) (Figure 1D). For 

Meta-analysis assessing the effectiveness of intravenous 
vitamin C in patients with sepsis and septic shock
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Figure 1. Forest plot showing the effect of intravenous vitamin C compared with control on (A) intensive care unit (ICU) mortality, (B) 30-day 
mortality, (C) 90-day mortality, and (D) change in Sequential Organ Failure Assessment (SOFA) score at 72 hours. Vit: vitamin; MH: Mantel-
Haenszel; CI: confidence interval; HAT: hydrocortisone, ascorbic acid, and thiamine. A list of articles indicated in Figure 1 can be found in the 
online Supplementary Table 1. (Continued to the next page)

AA

BB

ICU mortality

30-Day mortality



676 https://www.accjournal.org Acute and Critical Care [Epub ahead of print]

Tariq MA, et al. High dose IV vitamin C in patients with sepsis

Figure 1. Forest plot showing the effect of intravenous vitamin C compared with control on (A) intensive care unit (ICU) mortality, (B) 30-day 
mortality, (C) 90-day mortality, and (D) change in Sequential Organ Failure Assessment (SOFA) score at 72 hours. Vit: vitamin; MH: Mantel-
Haenszel; CI: confidence interval; HAT: hydrocortisone, ascorbic acid, and thiamine. A list of articles indicated in Figure 1 can be found in the 
online Supplementary Table 1.

CC

DD

90-Day mortality

Change in SOFA score at 72 hours



677https://www.accjournal.orgAcute and Critical Care [Epub ahead of print]

Tariq MA, et al. High dose IV vitamin C in patients with sepsis

other outcomes, IV vitamin C was not statistically significant 

in reducing the ICU mortality (6 RCTs, 1,284 patients; OR: 

0.98, 95% CI: 0.74 to 1.30, P=0.91, I2=0.0%) (Figure 1A), 30-day 

mortality (14 RCTs, 2,783 patients; OR: 0.87, 95% CI: 0.69 to 

1.09, P=0.22, I2=32.0%) (Figure 1B), 90-day mortality (5 RCTs, 

1,740 patients; OR: 1.10, 95% CI: 0.91 to 1.34, P=0.33, I2=0.0%) 

(Figure 1C). The results were consistent across the subgroups. 

In this meta-analysis we analyzed IV vitamin C therapy in 

sepsis summarizing the most recent available clinical data. 

Overall meta-analysis results indicate use of IV high dose vi-

tamin C in combination with thiamine and hydrocortisone is 

associated with significantly improved SOFA score at 72 hours 

but has no effect on ICU stay and mortality. However, the 

clinical significance of reduction in SOFA score is still unclear 

and caution should be exercised when utilizing surrogate 

outcomes instead of patient centered outcomes such as mor-

tality. In conclusion, this systematic review and meta-analysis 

provide conclusive evidence into the effects of IV vitamin C in 

sepsis. With marginal improvement in delta SOFA among sep-

tic patients there no mortality benefit. Little evidence exists to 

support the routine use of vitamin C in sepsis patients. 

CONFLICT OF INTEREST 

No potential conflict of interest relevant to this article was re-

ported. 

FUNDING

None.

ACKNOWLEDGMENTS

None.

ORCID 

Muhammad Ali Tariq https://orcid.org/0000-0003-1108-0731 

Hamza Amin https://orcid.org/0000-0001-8564-4195 

Uzair Ali https://orcid.org/0000-0003-0993-0901

AUTHOR CONTRIBUTIONS 

Conceptualization: MAT. Formal analysis: all authors. Meth-

odology: all authors. Writing–original draft: HA, UA. Writing– 

review & editing: all authors. 

SUPPLEMENTARY MATERIALS 

Supplementary materials can be found via https://doi.org/ 

10.4266/acc.2021.01088. 

REFERENCES 

1. Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Ki-

evlan DR, et al. Global, regional, and national sepsis incidence 

and mortality, 1990-2017: analysis for the Global Burden of Dis-

ease Study. Lancet 2020;395:200-11. 

2. Thompson K, Venkatesh B, Finfer S. Sepsis and septic shock: 

current approaches to management. Intern Med J 2019;49:160-

70. 

3. Sato R, Hasegawa D, Prasitlumkum N, Ueoka M, Nishida K, 

Takahashi K, et al. Effect of IV high-dose vitamin C on mortality 

in patients with sepsis: a systematic review and meta-analysis of 

randomized controlled trials. Crit Care Med 2021;49:2121-30. 

4. Lamontagne F, Masse MH, Menard J, Sprague S, Pinto R, Hey-

land DK, et al. Intravenous vitamin C in adults with sepsis in the 

intensive care unit. N Engl J Med 2022;386:2387-98. 

5. Agarwal A, Basmaji J, Fernando SM, Ge FG, Xiao Y, Faisal H, et 

al. Parenteral vitamin C in patients with severe infection: a sys-

tematic review. NEJM Evid 2022;1. 

https://doi.org/10.4266/acc.2021.01088.
https://doi.org/10.4266/acc.2021.01088.
https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.1111/imj.14199
https://doi.org/10.1111/imj.14199
https://doi.org/10.1111/imj.14199
https://doi.org/10.1097/CCM.0000000000005263
https://doi.org/10.1097/CCM.0000000000005263
https://doi.org/10.1097/CCM.0000000000005263
https://doi.org/10.1097/CCM.0000000000005263
https://doi.org/10.1056/nejmoa2200644
https://doi.org/10.1056/nejmoa2200644
https://doi.org/10.1056/nejmoa2200644
https://doi.org/10.1056/EVIDoa2200105
https://doi.org/10.1056/EVIDoa2200105
https://doi.org/10.1056/EVIDoa2200105


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.

678 https://www.accjournal.org

| pISSN 2586-6052 | eISSN 2586-6060

Dear Editor: 

Coronavirus disease 2019 (COVID-19) can cause severe acute respiratory failure requiring 

admission to the intensive care unit (ICU). Over time, it has become clear that the severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) not only affects the respiratory sys-

tem, but also has an impact, directly or indirectly, on many organs in the body, including the 

liver. Here we present three patients diagnosed with severe COVID-19 who developed acute 

acalculous cholecystitis (AAC) after a prolonged ICU stay. 

AAC is a rare form of cholecystitis not associated with the presence of gallstones. In this 

case, inflammation of the gallbladder is due to hypomotility, which induces accumulation of 

bile with a secondary increase in intraluminal pressure that leads to inflammation, ischemia, 

and necrosis of the gallbladder wall [1,2]. The accumulation of bile can also promote bacterial 

colonization and sepsis. Numerous factors can contribute to the hypomotility that is the main 

stimulus that drives contraction and emptying of the gallbladder, including hemodynamic in-

stability, dehydration, positive end-expiratory pressure in mechanically ventilated patients (by 

reducing hepatosplanchnic blood flow), opioid analgesics, sedation, and prolonged periods 

without enteral nutrition. 

Between March 2020 and March 2021, 126 patients with COVID-19 were admitted to our 

ICU; of these, 96 required invasive mechanical ventilation (IMV). Three patients developed 

AAC. All these critically ill patients were included in a Spanish registry of COVID-19 patients, 

which was approved and exempted from the requirement for patient informed consent by 

Ethics Committee of our Hospital (123/2020). 

The first case, a 73-year-old man, was admitted to the ICU for acute respiratory distress syn-

drome (ARDS) secondary to COVID-19. The patient required IMV for 34 days and enteral nu-

trition during the entire ICU stay. After 41 days in the ICU, the patient was discharged to the 

inpatient ward. Two days later, he developed abdominal pain and fever along with elevated 

C-reactive protein (CRP) levels. Abdominal ultrasound showed a hydropic gallbladder with 

thickened walls and incipient necrosis (Figure 1). Due to the patient’s frail condition, percu-

taneous drainage was performed, and antibiotics were administered. The patient responded 

well, and there was no need for cholecystectomy. 

The second patient, a 42-year-old man, was similarly admitted to the ICU for ARDS sec-

ondary to COVID-19. The patient required IMV for 35 days and received enteral nutrition 
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throughout the ICU stay. After 36 days, he was discharged 

from the ICU to a rehabilitation center. Ten days later, the 

patient developed intermittent abdominal pain and was re-

ferred to the emergency department (ED) of our hospital. He 

presented with a slight but nonspecific increase in CRP levels 

and was transferred back to the rehabilitation center for con-

tinued care. Twelve days later, the patient reported persistent 

abdominal pain and was again referred to the ED. Abdominal 

computed tomography showed a distended gallbladder with 

poorly defined walls suggestive of edema (Figure 2). Laparo-

scopic cholecystectomy was performed, and antibiotics were 

administered. Staphylococcus warneri was isolated in the bile. 

The subsequent clinical course was good. 

The third and final case, a 67-year-old man, was also admit-

ted to the ICU for ARDS secondary to COVID-19. He required 

IMV for 63 days and received enteral nutrition throughout his 

ICU stay. After 70 days, he was discharged from the ICU to a re-

habilitation center. Twenty days later, he developed abdominal 

pain, vomiting, and leukocytosis. An abdominal ultrasound 

revealed a distended gallbladder with an edematous wall. 

Laparoscopic cholecystectomy was performed, and antibiotics 

were administered. The patient required an emergency reop-

eration for hemorrhagic shock secondary to bleeding from the 

cystic artery. The subsequent clinical course was good. 

During the COVID-19 pandemic, our strategy has been to 

provide protective ventilation with sedation, muscle relax-

ation, and pronation for at least the first 10 days after admis-

sion. Although this approach has led to good results regarding 

mortality (20% in patients on IMV), it also requires prolonged 

ICU stays (mean stay: 29±15 days, and 36, 41, and 70 day stays 

in these three cases) with high morbidity rates that are mainly 

attributable to myopathy and other “occult” conditions, such 

as AAC. 

In critically ill patients, the incidence of AAC is low (<1%), 

although it can be as high as 5% in at-risk populations, such 

as those suffering from burns or trauma, and in patients un-

dergoing major surgery [1,2]. The three cases described in this 

report represent approximately 3% of the COVID-19 patients 

who received IMV in our center (n=96) during this period, a 

proportion that is in line with the aforementioned incidence 

rate in at-risk populations. The diagnosis of AAC is difficult, 

more insidious and less severe than calculous cholecystitis, 

and requires substantial clinical expertise. It is important to 

emphasize that all three patients were diagnosed with AAC af-

ter discharge from the ICU (at 2, 12, and 20 days, respectively), 

which implies that at least one of these cases could have been 

diagnosed prior to ICU discharge. 

There is little recently published literature on AAC in general 

critically ill patients, particularly in the context of COVID-19. 

Several case reports were published near the start of the pan-

demic that suggested a potential association between SARS-

CoV-2 infection and cholecystitis, perhaps due to the cytokine 

storm or to the action of the virus itself on the angiotensin con-

verting enzyme receptors in the gallbladder [3-5]. In our series 

however, the extended time interval from hospital admission 

to diagnosis (43, 48, and 90 days) leads us to believe that the 

Figure 1. An ultrasound image suggestive of gangrenous cholecystitis. 
A hydropic gallbladder. Arrow: wall thickening (>5 mm) and necrosis.

Figure 2. A computed tomography image suggestive of gangrenous 
cholecystitis. A hydropic gallbladder. Arrow: gallbladder wall showing 
decreased uptake that is poorly defined, which is suggestive of 
mural edema; Arrowhead: perivesicular inflammatory changes with 
trabeculation of the adjacent fat.
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association between the virus and AAC is more likely attribut-

able to risk factors related to the extended ICU stay rather than 

to the virus itself. 

We believe that the main value of the present scientific 

report is to highlight the presence of this “classic” but often 

overlooked condition in ICU patients. The low incidence and 

insidious clinical presentation of this disorder, coupled with 

the accumulated fatigue of hospital staff in the context of a 

long and exhausting pandemic, requires a high index of suspi-

cion. To our knowledge, this is the first case series to report the 

incidence of AAC in this patient population.  
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Dear Editor: 

We have read with great interest the article by Alam et al. [1] that analyzes the utility of dia-

phragm ultrasound (DU) to predict the success of extubation after a spontaneous breathing 

trial (SBT). We think that the results, which are consistent with similar studies [2], demon-

strate a useful and accurate tool to detect diaphragmatic dysfunction in critically ill patients. 

However, there are some important data that should be further analyzed for a proper extrap-

olation. 

From a methodological point of view, we noticed that there were three observation points 

for DU: at the start of 30 minutes of T-piece trial (II) after 10 minutes from beginning of 

T-piece trial (III) before extubation. However, in clinical practice, in a high-risk population 

with a longer period of mechanical ventilation, more than one SBT is usually performed [2]. It 

is unknown whether patients participating in this study were in their first SBT or if the obser-

vation period was prolonged for a subsequent SBT. 

The results provide limited details about causes of extubation failure. We know from 

previous studies that the mechanisms that lead to reintubation can differ among patients 

(circulatory, respiratory, and neurological) [3]. However, Alam et al. [1] do not well define 

the involved mechanisms, and it is not clear if they were different in patients who required 

reintubation at 6–12 or 24 hours. Also, it would be interesting to evaluate DU findings before 

or after endotracheal tube re-positioning in order to establish if there is any relationship be-

tween the observed causes and results of diaphragm excursion (DE) or diaphragm thickening 

fraction (DTF). 

Moreover, we noticed that the initial causes of respiratory failure leading to mechanical 

ventilation are not specified, but chronic obstructive pulmonary disease (COPD) is described 

as a comorbidity in 10 patients (32%). It would be useful to know if there was a correlation 

between this comorbidity and extubation failure [4] since patients with COPD usually have 

pulmonary hyperinflation that impairs diaphragmatic function; this could be a determining 

factor for the results observed [5]. 

We agree with the authors that the results are not generalizable. Lung ultrasound and 

particularly DU is an operator-dependent technique that requires experience and a learn-

ing curve. In this study, even if the technique is described, the authors did not clarify if they 

assessed the intra-observer and inter-observer reproducibility of DU measurements using 

statistical analysis. Also, as specified in the discussion, standard cut offs for DE and DTF were 

not identified, and different cut offs showed different sensitivity and specificity values in pre-
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vious papers. Moreover, different studies provided conflicting 

results in identifying the best approach between DE and DT. 

In conclusion, we think that the authors emphasized the 

importance of DU as a useful tool for respiratory muscle mon-

itoring in critically ill patients, but further clinical trials are 

needed to confirm its efficacy in predicting extubation success 

compared to traditional parameters or to create a combined 

score (both clinical and ultrasonographic) to identify an ideal 

predictive index that could reflect pathophysiological path-

ways leading to extubation failure. 
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Dear Editor: 

We have read with interest the review “Awakening in extracorporeal membrane oxygenation 

as a bridge to lung transplantation” by Lee [1] published in your journal, explaining how the 

application of awake venovenous extracorporeal membrane oxygenation (VV-ECMO) per-

formed by an appropriately trained ECMO multi-disciplinary team, can be useful as a bridg-

ing strategy, in patients waiting for lung transplantation. 

We fully agree with the awake ECMO management proposed by Lee [1]. However, the sec-

tion “Problems during Awake ECMO” discusses the problem of hypoxemia due to excessive 

patient cardiac output (CO). The proposed solution is to use beta-blockers to resolve hypox-

emia in patients with high CO, as a result of increased heart rate. We would like to point out 

the possible inaccuracy of this recommendation for managing refractory hypoxemia in pa-

tients with VV-ECMO. 

Since the work of Guarracino et al. [2], there have been numerous publications recommend-

ing the use of beta-blockers to increase oxygen saturation (SaO2) in situations of high CO [3]. 

The blood propelled by the heart is a mixture of the flow coming from the VV-ECMO, with an 

SaO2 in the blood exiting the oxygenator (membrane) (SmO2) of approximately 100%, and the 

desaturated venous flow, with a central venous oxygen saturation (ScvO2) of approximately 

40%–70%, which returns to the heart through the vena cava. By using beta-blockers and slow-

ing the heart rate, the total CO will be lowered. Whereas the ECMO flow will remain constant, 

the desaturated venous flow will decrease. Less venous flow will be needed to complete the to-

tal CO, and therefore the blood mixture will have a higher SaO2, as derived from the following 

formula described by by Messaï et al. [4]: 

SaO2 ≈ SpaO2 = ( 
EF
CO ) SmO2 + (1 – 

EF
CO ) ScvO2+ΔSaO2, 

in which SpaO2 is SaO2 in the pulmonary artery, EF is the effective flow rate (EF=(1−recir-

culation)×pump flow) and ∆SaO2 is the increase in SaO2 due to dissolved oxygen (%). The 

increase in oxygen consumption stimulates the general visceral afferent fibers (by mechano-

receptors, nociceptors, and chemoreceptors) that activate the autonomic nervous system, 

generating a response (in this case, tachycardia) to increase the supply of oxygen according to 

the formula: 

DO2=CO × CaO2, where CaO2 is the arterial oxygen content according to the formula 

CaO2=1.34×SaO2×Hb+pO2×0.0031

, where pO2 is the partial pressure of oxygen and Hb is the hemoglobin content. SaO2 is only 

part of the equation in oxygen supply.  
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Following the mathematical model of Zanella et al. [5], we 

can confirm that increasing the CO while keeping the rest of 

the variables constant will lead to an increase in oxygen deliv-

ery (DO2) despite a decrease in SaO2. As the heart rate increas-

es, the CO will increase. If CO is increased by a value of k, SaO2 

can be calculated using the following formula: 
EF (SmO2 – ScvO2) + kCO (ScvO2 + ∆SaO2)

kCO  obtaining a decrease in 
SaO2 for any value k increase in CO. Substituting SaO2 in the 

DO2 equation results in the following formula: 

DO2=EF×1.34×Hb(SmO2–ScvO2)+kCO×1.34×Hb(ScvO2+ 

∆SaO2 )+(kCO×pO2×0.0031) 

, where for any value k increase in CO, there will be an in-

crease in DO2. These formulas show that by increasing the CO 

by a proportion k, the SaO2 will decrease, while the total DO2 

will increase. 

The study by Guarracino et al. [2], on which numerous re-

view articles are based, corresponds only to a series of three 

patient cases that did not report their SaO2, did not indicate 

how CO was calculated, and observed that DO2 decreased 

when the heart rate decreased. The objective for patients with 

VV-ECMO assistance should be to prevent hypoxia rather than 

hypoxemia, and maintain adequate DO2. We believe that more 

studies are necessary along these lines to be able to make a 

strong recommendation against the use of beta-blockers in 

VV-ECMO patients with high CO. 
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Dear Editor: 

Statistical analysis is an important aspect of clinical research. It helps researchers to make ac-

curate inferences based on information gathered from various groups of participants. These 

inferences later help them to develop a better understanding of an association for a particular 

research question. Not many people are aware that there are two schools of thought regard-

ing the approach to statistical analysis. The two approaches, the frequentist method and the 

Bayesian method, have different philosophies. 

In the frequentist approach, the probability of a hypothesis is not computed. The Bayesian 

approach requires computation of the probabilities of both the data and the hypothesis. For 

frequentist methods, the probabilities of both observed and unobserved data are required. 

On the contrary, Bayesian methods require a prior probability and the probability of the ob-

served data. The Bayesian approach is based on Bayes' theorem that the posterior probability 

is in proportion to the product of the likelihood and the prior probability. In other words, the 

probability of an event occurrence is derived from previous information related to the event. 

The characteristic feature of a frequentist approach is a fixed population value of unvarying 

quantity without a probability distribution. Then, either a confidence interval (CI) is calcu-

lated for this quantity or significance tests of hypotheses are performed. In the Bayesian ap-

proach, the population means and proportions are unknown quantities that have probability 

distributions. As the ideology of the Bayesian approach differs from that of the frequentist 

method, the derived conclusions are different, especially when the observed effect sizes are 

relatively large but the statistical power is relatively small [1]. 

Unlike the frequentist approach, which uses null and alternate hypotheses, the Bayesian 

approach uses a prior probability also known as a prior and a posterior probability. The ter-

minology “prior” means the probability of an event occurring before collection of any new 

information or data. The term “posterior probability” is the revised probability of an event 

that occurs after gathering the new information. The problem with a prior is that there is no 

uniform or standard method for choosing. With different priors, there will be different pos-

terior probabilities and, thus, different conclusions. In frequentist statistics, the p-value or 

probability is the likelihood of rejecting the null hypothesis that an intervention or modality 

has no effect. An isolated P-value should be interpreted with caution as it is very prone to false 

positives. Many researchers have shown that the P-value provides limited information about 

the data and can result in misinterpretation. A CI provides a range of values within which the 

true value is certain with a given level of confidence. A narrow CI is significant, and a wide CI 

suggests that the P-value should be interpreted with extreme caution. 
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Many researchers have recently challenged the results of 

multicentric trials and questioned the conclusions of the fre-

quentist approach. Zampieri et al. [2] reanalyzed the results 

from the study by Hernández et al. [3], also known as the 

ANDROMEDA-SHOCK trial. The initial study compared pe-

ripheral perfusion-targeted resuscitation during early septic 

shock in adults with a lactate level-targeted resuscitation for 

reducing mortality using the frequentist approach. The au-

thors concluded that the resuscitation approach leading to 

normalization of capillary refill time did not reduce the 28-

day mortality compared to that improving serum lactate level. 

However, when the Bayesian approach was utilized to analyze 

the data, the authors concluded that capillary refill-targeted re-

suscitation could result in lower mortality and early resolution 

of organ dysfunction compared to the results of lactate-guided 

resuscitation. 

Combes et al. [4] investigated mortality at 60 days with 

the use of extra-corporeal membrane oxygenation (ECMO) 

compared to that of the conventional mechanical ventilation 

strategy (ECMO to Rescue Lung Injury in Severe ARDS trial) in 

patients with very severe acute respiratory distress syndrome 

(ARDS). Upon analysis, the authors concluded that the 60-

day mortality was not significantly reduced when ECMO was 

used in ARDS compared to when using traditional mechanical 

ventilation that included ECMO as a salvage therapy. Combes 

et al.’s study [4] used the frequentist approach. Later, Goligher 

et al. [5] performed post hoc Bayesian analysis of data from the 

EOLIA trial by Combes et al. [4]. The analysis based on mor-

tality data revealed that ECMO might have some benefits over 

conventional ventilation. This uncertain conclusion was due 

to heterogeneous patient recruitment from different centers, 

and the fact that the Bayesian analysis was conducted post hoc 

and was not planned initially. 

In conclusion, the Bayesian approach should be considered 

for larger and multicentric clinical trials instead of the fre-

quentist approach due to its flexibility and allowance for better 

interpretation of the results due to probabilities being assigned 

to the events. Researchers should involve statisticians in the 

decisions regarding the best approach for a particular study 

from the planning stages of the research. 
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Dear Editor: 

Predicting clinical deterioration in inpatients is a challenging but essential problem for 

clinicians. The rapid response system (RRS) has been introduced to identify such patients 

before deterioration and provide early intervention to prevent fatal outcomes [1]. Although 

the beneficial impact of RRS on clinical outcomes may be controversial, some studies have 

demonstrated that RRS can reduce the rates of unexpected hospital deaths and cardiac arrest. 

Although the RRS can reduce the risk of unexpected deterioration, this requires substantial 

manpower. Therefore, to improve the efficiency of the RRS, an early warning score (EWS) is 

commonly used, which is a scoring system to help recognize inpatients with a potential for 

acute deterioration [2,3]. An ideal EWS with high sensitivity and specificity can reduce the 

workload of the physician in detecting clinical deterioration. To understand the relationship 

between the RRS and EWS, we used a questionnaire survey to investigate the subjective ef-

ficacy and shortcomings of the RRS and EWS based on the perception of critical care physi-

cians (Supplementary Material 1). 

Our study included board certified critical care physicians registered as members of the 

Korean Society of Critical Care Medicine, working at 45 tertiary general hospitals or central 

public community hospitals. A link to the online self- questionnaire was distributed to poten-

tial participants via e-mail from July 13, 2021, to July 28, 2021. In total, 116 of 407 respondents 

(28.5%) completed the survey and were included in the analysis. Among the total respon-

dents, 62 (53.4%) were specialists in internal medicine, 91 (78.4%) were critical care subspe-

cialists, and 69 (59.5%) were employed at tertiary general hospitals. Fifty-six respondents 

(48.3%) worked at RRS operating centers, defined as institutions with a pilot assessment 

project of RRS operated by the Ministry of Health and Welfare, and 50 respondents (43.1%) 

utilized an EWS. These respondents estimated a mortality reduction of 23.9% and a reduction 

in severe deterioration of 32.9% by operating RRS. Although the perceived increase in work-

load was 20.0%, the respondents believed that the reward for operating RRS was 41.8% less 

than their expectations as a result of the increased workload (Table 1). Moreover, although an 

adequate number of well-trained clinicians and reasonable rewards are required to operate 

a qualified RRS, respondents considered both to be insufficient compared to personal expec-

tations. Adequate manpower replenishment and additional financial support are essential 

to promote the use of the RRS nationally according to these results. Regarding the important 
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requirements needed to operate an ideal RRS, respondents 

thought (1) multidisciplinary cooperation with other depart-

Table 1. Change of clinical outcomes and workload and reward of 
medical staff after starting RRS
Variable RRS (n=56)
Mortality (mean, %) –23.9
Severe deterioration (mean, %) –32.9
Workload of medical staff (mean, %) 20.0
Reward of medical staff (mean, %) –41.8

RRS: rapid response system.

Figure 1. Developing better early warning score (EWS). (A) The biggest problem with EWS currently in use. (B) Items that must be added other 
than vital sign. LAB: laboratory findings including ABGA; ABGA: arterial blood gas analysis.
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ments (33.0%), (2) appropriate reward (27.7%), (3) efficient 

management of human resource (15.2%), and (4) introduction 

of a better EWS (12.5%) were needed. It is interesting that mul-

tidisciplinary cooperation was the most-needed factor, imply-

ing that RRS requires a systematic support of various medical 

backgrounds. 

The mean value for the perceived accuracy in detecting 

deterioration in patients was 65.6% for physicians using the 

current generation of the EWS, which was similar to the mean 

value in those who did not use the EWS (65.9%, P=0.97). It is 

interesting that there was no difference between the perceived 
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accuracy of EWS and that based on individual vital signs. This 

implies respondents recognized that the clinical judgement by 

on-duty clinicians with individual vital signs are similar to an 

automatically calculated EWS. Therefore, using the EWS could 

reduce the workload of clinicians. 

The perceived shortcomings of the current EWS were (1) 

unnecessary efforts due to inaccurate alarms (false positives, 

44%), (2) neglecting acute deterioration due to inaccurate 

alarms (false negatives, 18%), (3) patient characteristics and 

disease entities not suitable for applying the EWS (18%), and 

(4) difficulty in incorporating various variables into the EWS 

(14%) (Figure 1A). These values showed that the false-positive 

rate was perceived as the largest hurdle in successfully adapt-

ing EWS. The median acceptable value of the false-positive/

true-positive ratio by the respondents was 2.5 (interquartile 

range, 1.5–3.0). Regardless of how well the EWS detects early 

exacerbation, if the false-positive rate is high, the RRS team 

will be worn out. 

We asked respondents how effective an ideal EWS would be, 

and they estimated that a more accurate EWS could reduce ad-

verse events by 43.2%. Considering these results, there would 

be sufficient demand for a better EWS if the abovementioned 

shortcomings were improved. Since the false-positive rate was 

selected as the largest weakness, this should be considered 

when developing a new-generation EWS. In addition, to devel-

op a better EWS, respondents thought that the top three items 

that must be added other than vital signs were mental status 

(34.2%), oxygen demand (25.4%), and arterial blood gas find-

ings (24.6%) (Figure 1B); the top three events that require early 

detection were respiratory failure (38.5%), sepsis (29.9%), and 

cardiac arrest (22.9%). 

This study had several limitations. First, because of the na-

ture of the questionnaire survey study, we could not determine 

how much the RRS and EWS improved patient outcomes. 

However, we intended to investigate the perception of the RRS 

and EWS of critical care physicians, which could not be ob-

tained in studies such as randomized controlled trials. Second, 

although differences may exist in the perceived benefits for the 

RRS and EWS depending on the size of the hospitals where re-

spondents work, our study enrolled multiple participants from 

the same hospitals. In the current survey analysis, physicians 

thought that the RRS and EWS could prevent adverse events in 

hospitals, and that there was room to develop a more accurate 

EWS, which they believed would effectively improve patient 

outcomes. 
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Dear Editor: 

In a recent Editorial published in this journal, the author rightfully emphasized the need 

for a comprehensive intensive care unit (ICU) management strategy for older patients not 

only in Korea but globally. This is in reference to the fact that the number of older persons is 

projected to reach 1.5 billion in 2050 and with this, their socioeconomic burden will also in-

crease [1]. I fully support this claim as the need is evident, especially in developing countries 

where resources are limited. With this, I want to focus on the “preventive” nature of the situ-

ation which is the everyday condition of this population that could prevent or at least delay 

them from being admitted to ICUs. In addition, I will highlight proposals on what a “future 

ICU” for elderly patients should be consisting of to address their needs in terms of special 

intensive care, physiological changes of aging, nutritional aspects of the elderly, frailty, etc. 

Based on the recently released 2020 Census of Population and Housing, the Philippines 

had a total population of 109,035,343 persons. People aged 60 years old and over are regard-

ed as senior citizens. They made up 8.5% (9.22 million) of the household population, higher 

than the 7.5% (7.53 million) recorded in 2015 [2]. Senior citizens tend to have a higher preva-

lence of various medical conditions and comorbidities. The general life expectancy of Filipi-

nos is shorter for males (67.2 years) than for females (75.5 years). The overall mortality rate 

of Filipinos is higher for males (233.697 per 1,000 males) than for females (129.01 per 1000 

females). Last year, the World Health Organization was alarmed by the country’s sluggish 

coronavirus disease 2019 (COVID-19) vaccination program among senior citizens which re-

sulted in an overwhelming number of severe cases among the elderly. 

The issues mentioned are a prelude to admission to ICUs if they will not be addressed ap-

propriately. While it is true that there were already existing laws and policies that protect the 

rights and benefits of senior citizens like discounted medicines, exemption from value-add-

ed tax, free medical and dental services in government facilities, monthly social pension of 

PhP500, etc. Still, some of them are not strictly and systematically implemented and if prac-

ticed, they are of lesser value. First, to address the low vaccination rate among elders, the 

government must focus on addressing the root cause of vaccine hesitancy. One necessary 

practice is a massive house-to-house vaccination campaign with incentives like the giving 

of cash or bags of groceries. It should be noted that some of our elders are finding it hard to 

transport themselves to various vaccination sites. Many are also under the poverty line since 

some of them were jobless during the health crisis and so they prefer to have something to 

feed their families. Secondly, their source of income should be prioritized not only by the 
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government but also through shared efforts from private and 

non-governmental organizations.  

Many seniors can still work and have the physical capacity 

to be productive. They simply need capacity-building activ-

ities or other training to get the job done. If no opportunities 

will be presented to them, then they will remain on the streets 

begging for alms as what happened during the first year of the 

pandemic. To ensure that they will have access to basic needs, 

the government should not only raise the PhP500 monthly 

pension to a more decent amount but also establish regular 

food and medicine pantries that can be partnered with private 

corporations. These pantries became popular at the onset of 

the pandemic but were gradually closed one by one since the 

government and the private sectors' financial support were 

gone already. There should be an allocated budget from the 

government to sustain these pantries throughout. Lastly, the 

effectiveness of the public health system would be affected by 

a society's sensitivity to corruption. Regular and transparent 

monitoring of all the financial transactions that are entered 

into by the government must be practiced. Political transpar-

ency and social justice impact health problems including the 

use of intensive care resources for senior citizens. 

Concerning what a “future ICU” must be consisted of, I will 

highlight three proposals. First, there must be an improved 

quality of care through the availability of highly trained and 

qualified human resources. Nurses, physicians, intensivists, 

and other medical personnel must be skilled enough in han-

dling critical cases with their expertise in handling modern 

medical equipment and treatment procedures. Human 

resources must focus on an increased adherence to evi-

dence-based guidelines, monitoring processes, and measur-

ing outcomes. Intensivists have a broad knowledge of hospital 

organizations and need to be leaders in quality improvement 

efforts [3]. Second, since some elderly patients in the ICUs 

can hardly communicate, the availability of improved pain 

detection devices is essential in this cause. Healthcare pro-

fessionals’ knowledge and skills related to pain assessment in 

older adults must be improved and aggressive approaches to 

comprehensive pain assessment are adopted to ensure and 

improve the quality of life of our elderly patients [4]. Lastly, 

future ICUs must also look into the psychosocial and spiri-

tual needs of the patients due to their low morale caused by 

their condition. According to a study, the overwhelming need 

of ICU patients was to feel safe, and this was influenced by 

family and friends, ICU staff, religious beliefs, and feelings of 

knowing, regaining control, hoping and trusting [5]. With this, 

the service of not only trained ICU staff but also the availabil-

ity and regular visitation of counselors, religious personnel, 

and other qualified people can motivate and revitalize the 

spirits of our patients. 

As older patients remain vulnerable to various medical con-

ditions because of their aging bodies, giving them adequate 

support regularly is a big boost to motivate them in living a 

healthy lifestyle. As ICUs are just around the corner, waiting 

for our critically ill elders, it is better to sustain and help them 

receive their basic needs. This may not totally prevent them 

from experiencing critical illness in due time but at least, they 

have felt a sense of fulfillment and joy with the love and care 

of people around them. In the same manner, future ICUs must 

be fully equipped with highly trained personnel and modern 

medical equipment to address the holistic needs of our elder-

ly patients. 
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In the article entitled “Contrast media mimicking subarachnoid hemorrhage after intrathecal 

injection in a patient with Creutzfeldt-Jakob disease”, the figure legend was incorrectly pre-

sented. The correct figure is as follows.

Figure 1. Brain diffusion-weighted imaging at 
b1000 at the levels of (A) midbrain, (B) thalamus, 
and (C) frontal and parietal lobes. Multifocal dif-
fusion restriction can be seen along the bilateral 
cerebral cortex, especially prominent on the right 
parietal area.
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2. Registration of Clinical Trial Research
Any research that deals with a clinical trial should be registered 
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3. Conflicts of Interest
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personal relationships, academic competition, and intellectual 
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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 
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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: 
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and documenting agencies that the paper has been published 
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footnote might read: “This article is based on a study first re-
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7. Management of Research and Publication Misconduct
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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
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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 
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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://



iv https://www.accjournal.org

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).



ixhttps://www.accjournal.org

| pISSN 2586-6052 | eISSN 2586-6060

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
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