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INTRODUCTION 

Sepsis remains a pressing global healthcare concern [1,2]. Moreover, sepsis and septic com-

plications following infection continue to grow worldwide [3,4]. Sepsis and septic shock lead 

to death in 20%–50% of cases [5,6]. Until the 1990s, the most frequent primary source of sepsis 

was the abdominal cavity, but in subsequent years, lung infections have become the main 

reason for the emergence of sepsis [7,8]. Currently, sepsis is most commonly caused by pneu-

monia; the less frequent causes of sepsis are intra-abdominal infection, primary bacteremia, 

catheter-inserted infections, urinary tract infections, etc. [9,10]. Moreover, sepsis in pneumo-

nia causes the highest mortality [11]. The bacterial strains that cause sepsis vary over time. 

Gram-negative organisms have become less common, and gram-positive infections have 

begun to cause sepsis more frequently [12,13]. 

Treatment for sepsis includes antibiotics, elimination of infection foci, and maintenance of 

vital functions and homeostasis [14,15]. Appropriate guidelines, protocols, and clinical rec-

ommendations are used for the diagnosis and treatment of sepsis [16-18]. However, they do 

not contain clear criteria for oxygen therapy [19,20]. At the same time, respiratory disorders 

in patients with sepsis are overt and have a complex character. The lack of oxygen therapy 

recommendations seems particularly intriguing given the relatively long history surrounding 

oxygen in medicine. More than 220 years ago, Thomas Beddoes started to use oxygen for 

the treatment of asthma, heart disease, and various other illnesses [21], and in 1885, George 

Patients with sepsis have a wide range of respiratory disorders that can be treated with oxygen 
therapy. Experimental data in animal sepsis models show that oxygen therapy significantly in-
creases survival, while clinical data on the use of different oxygen therapy protocols are ambigu-
ous. Oxygen therapy, especially hyperbaric oxygenation, in patients with sepsis can aggravate ex-
isting oxidative stress and contribute to the development of disseminated intravascular coagula-
tion. The purpose of this article is to compare experimental and clinical data on oxygen therapy in 
animals and humans, to discuss factors that can influence the results of oxygen therapy for sepsis 
treatment in humans, and to provide some recommendations for reducing oxidative stress and 
preventing disseminated intravascular coagulation during oxygen therapy. 

Key Words: anticoagulants; antioxidants; oxygen therapy; platelets; sepsis; thrombosis
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Holtzapple published the results of using oxygen to treat pneu-

monia and established its role in the treatment of critical con-

ditions [22]. 

In sepsis, acute pulmonary injury develops in more than 

40% of cases, and acute respiratory distress syndrome de-

velops in 35% of patients [23]. Mortality rate due to the latter 

complication (approximately 45%) has remained relatively 

unchanged over the past 40 years [23,24]. Respiratory failure 

is the main cause of multiple organ dysfunction and failure. In 

critical conditions, there is a correlation between changes in 

central venous oxygen saturation (ScvO2; the percentage of ox-

ygen bound to hemoglobin [Hb] in blood returning to the right 

side of the heart) and the level of tissue hypoxia due to reduced 

oxygen delivery [23,24]. It is necessary to correct several pa-

rameters at once, such as cardiac output, blood Hb count, and 

arterial blood oxygen saturation, to improve oxygen delivery to 

tissues. In this case, it is necessary to achieve the target level of 

70% ScvO2 [25]. The complexity of correcting many interrelat-

ed parameters of gas metabolism in sepsis leads to ambiguous 

criteria for sepsis oxygen therapy. The purpose of this article 

is to compare and contrast experimental and clinical data on 

oxygen therapy in animals and humans, to discuss factors that 

can influence the success or failure of oxygen therapy for sep-

sis (OTS) in humans, and to provide some recommendations 

to reducing oxidative stress and preventing disseminated in-

travascular coagulation (DIC) in septic patients during oxygen 

therapy.  

HYPERBARIC OTS IN ANIMALS 

Experiments in rats and mice provide most of the experimen-

tal evidence regarding the efficacy of OTS in animal models. 

These experiments use different techniques for provoking 

sepsis, such as cecum ligation and puncture (CLP) and in-

tra-abdominal pathogen injections [26]. Animal experiments 

are necessary for many reasons, but the extrapolation of ex-

perimental data into clinical practice can be improper [27]. 

Dissimilarities in interactions between pathogen and host, 

anatomical and physiological differences, variable human 

translatability of causative pathogenic sepsis agents, and many 

other factors are obstacles to the application of animal data in 

the clinic [28,29]. In most experiments, OTC increases animal 

survival. In rat models with a mortality rate of 100% without 

treatment, intermittent hyperbaric oxygen therapy (HBOT; 

breathing oxygen in a pressurized chamber or tube) reduced 

the mortality rate to 8% (P<0.005); in a model with a mortality 

rate of 79% without treatment, intermittent HBOT reduced 

the rate to 23% (P<0.005) [30]. It is easier to experimentally 

demonstrate the effectiveness of HBOT in different experimen-

tal models than to establish the optimal HBOT time [31]. Early 

HBOT (98% oxygen under pressure up to 2.4 atmospheres 

within 1 hour after CLP) reduces the systemic inflammatory 

response [32]. The protective role of HBOT in CLP-induced 

sepsis may be related to the expression of interleukin (IL)-10 

by peritoneal macrophages [33]. Other mechanisms describ-

ing the positive action of HBOT are also possible [34]. 

These mechanisms include the “superinduction” of heme 

oxygenase-1, inhibition of nitric oxide (NO) production and 

prevention of lung damage caused by lipopolysaccharides, re-

duction of inflammatory mediators due to HBOT, modulation 

of nuclear factor-kappa B activity and inhibition of excessive 

myeloperoxidase production, suppression of bacterial growth 

in the small intestine, preservation of erythrocyte deformabil-

ity, and acceleration of free radical acceptor synthesis to miti-

gate the effects of reactive oxygen species (ROS). Routine use 

of HBOT in addition to antibiotic therapy may increase surviv-

al in sepsis [35]. In addition, ozone therapy is highly effective 

in increasing animal survival after intraperitoneal pathogen 

inoculation [36]. HBOT and ozone therapy reduce oxidative 

stress and myeloperoxidase synthesis, decrease the concentra-

tion of tumor necrosis factor (TNF)-α and IL-1β, and prevent 

lung damage [36]. In CLP-induced sepsis, the use of 98% O2 (2.4 

atmospheres) provides a 52% survival rate compared to 13% 

in the control group [32]. The positive effect is represented by 

a decrease in the expression of TNF-α, IL-6, and IL-10 [32,37]. 

Thus, most experimental data demonstrates the beneficial ef-

fects of oxygen therapy in the treatment of sepsis. 

OTS IN HUMANS 

Analysis of the data available from Medline, the Cochrane 

Database of Systematic Reviews, and other sources indicated 

that different aspects of HBOT optimal use for sepsis treatment 

need further research [38]. More research is also needed re-

garding the use of normobaric oxygen (adjuvant oxygenation 

by nasal cannula or facemask at one atmosphere of pressure), 

which has the potential to be as effective as the use of antibi-

otics [39]. Normobaric oxygen should be used immediately 

after the development of sepsis; otherwise, it will not increase 

patient survival [40]. At the same time, other aspects of OTS 

are also important and should also be studied [41]. Data on 

the partial pressure of oxygen (PaO2) in arterial blood indicate 



139https://www.accjournal.orgAcute and Critical Care 2022 May 37(2):137-150

Minasyan H     Sepsis oxygen therapy

that both high and low PaO2 can increase sepsis mortality [42]. 

Even though hyperoxia stimulates the production of ROS, 

HBOT is used to treat sepsis in humans [43-45]. Oxygen ther-

apy reduces mortality by stimulating the anti-inflammatory 

response and suppressing the pro-inflammatory response 

[30,46]. Although early HBOT has a positive effect on anti-in-

flammatory parameters and mortality, it is not known whether 

delayed oxygen therapy prevents the development of septic 

shock [47,48]. Delayed HBOT promotes the oxidation of suc-

cinate to fumarate in the mitochondria and prevents the accu-

mulation of succinate, which leads to organ damage in sepsis 

[49]. Although theoretical explanations for the benefits of OTC 

are numerous, the adequate practical use of oxygen in sepsis 

does not have precise criteria An individualized approach is 

necessary to decrease the risk of oxygen injury to the lungs. 

Oxygenation of 90% and tolerable hypercapnia are considered 

acceptable [50]. 

In contrast, liberal oxygen therapy induces hyperoxemia in 

most patients and decreases their survival. Mild hyperoxe-

mia decreases oxygen delivery [51]. High oxygen levels in the 

central venous blood (ScvO2, 88%–100%) increase mortality 

in patients with sepsis [52]. High oxygen supplementation 

(FiO2>65%) and hypoxemia (PaO2<7 kPa) can increase in-hos-

pital mortality [53]. Short-term hyperoxia (<7–10 minutes) can 

cause atelectasis [54]. Providing normoxemia may reduce the 

negative effects of hyperoxemia in sepsis [55]. HBOT can pro-

voke a depletion of leukocytes and platelets and cause DIC [56]. 

Although liberal oxygen therapy has been a cornerstone of 

therapy for sepsis, alertness in hyperoxia necessitates titration 

of OTS to normoxia [57]. Hyperoxia also increases mortality 

in patients who achieve normoxia after hospitalization and 

therefore requires targeting for normoxia after the initiation of 

mechanical ventilation, which may improve patient outcomes 

[58]. Hyperoxia can cause damage to the alveoli, pulmonary 

edema, and a systemic inflammatory response; therefore, 

targets should be chosen to reduce oxygenation [59,60]. Hy-

peroxia also changes the composition of surfactant proteins; 

suppresses mucociliary clearance; causes vasoconstriction; 

and decreases coronary blood flow, cardiac output, and micro-

vascular perfusion [61]. On the other hand, until now, the idea 

of “acceptable hypoxemia” has not been tested [62]. But if not 

corrected, tissue hypoxia can cause multiple organ dysfunc-

tion and death. As a result, OTS is performed in many patients 

even without documented hypoxia. Hypoxia significantly in-

creases mortality, which increases in parallel with PO2 [63]. 

Thus, OTS may worsen some situations rather than improve 

survival [42,64]. Oxygen is a medicine: it has both the desired 

positive effects and dangerous side effects. The balance be-

tween the positive and negative effects of higher and lower 

doses of OTS is still unknown [65-67]. 

OXIDATIVE STRESS IN SEPSIS AND OXYGEN 
THERAPY 

Given that oxygen is a drug, its narrow range of therapeutic 

efficacy and safety in sepsis should be recognized. The toxic ef-

fects of hyperoxia are well known; particularly, high baromet-

ric pressure of oxygen (more than two atmospheres) “poisons” 

the brain, causing the Paul Ebert effect: nausea, blurred vision, 

coughing, trouble breathing, headache, dizziness, muscle 

twitching, irritability, disorientation, and convulsions among 

other effects [68-70]. Although oxygen therapy is recommend-

ed for many specific pathologies and clinical situations, for 

example, necrotizing fasciitis, chronic wounds, diabetic reti-

nopathy, and carbon monoxide poisoning [71-74], the use of 

oxygen for sepsis requires a cautious approach. Bacteremia is 

one of the reasons that increased caution should be taken sur-

rounding the use of oxygen in sepsis. Bacteremia complicates 

OTS because it increases oxidative stress in the blood plasma. 

The increase in oxidative stress is associated with a mecha-

nism for removing bacterial infection from the bloodstream in 

humans, the main mechanism for doing so being oxycytosis 

[75]. This occurs in arterial blood, where red blood cells kill 

bacteria through the oxygen released by oxyhemoglobin. Usu-

ally, the amount of oxygen released is limited by the amount 

required to kill bacteria, and oxycytosis does not lead to sig-

nificant oxidation of blood plasma or a decrease in its redox 

potential [76]. 

The situation changes with sepsis. The latter is primari-

ly caused by the so-called sepsis-causing bacteria that can 

survive oxidation. Being resistant to active oxygen and ROS, 

they provoke red blood cells to release the maximal possible 

amount of oxygen from oxyhemoglobin (Figure 1). The re-

leased oxygen dissolves in the blood plasma. Oxygen therapy, 

especially HBOT, raises the quantity of dissolved oxygen in 

the blood plasma [58-61]. The increased concentration of 

dissolved oxygen causes oxidation of plasma components 

(proteins, lipids, hormones, amino acids, peptides, vitamins, 

etc.),depletion of the antioxidant capacity of plasma, and 

platelet activation [56,76]. Oxidation of plasma components 

causes disruption of hormonal regulation and homeostasis 

[77]. Depletion of the antioxidant capacity of plasma causes 
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damage to cell membranes and DNA [78]. Oxygen dissolved 

in blood plasma activates platelets, which can cause DIC after 

activation by oxygen [79-82]. Activated platelets also generate 

ROS [83] following glycoprotein (GP) IIb/IIIa receptor stimu-

lation, arachidonic acid metabolism, glutathione (GSH) cycle, 

phosphoinositide metabolism, etc [84,85]. As a result, ROS 

generation continues as a chain reaction. Sepsis-causing bac-

teria penetrate the erythrocyte membranes and cause Hb leak-

age and hemolysis [77,79]. In turn, intravascular hemolysis ac-

tivates platelets due to direct activation by Hb, increased ROS, 

nitrogen oxide (NO) removed by liberated Hb, and the release 

of intra-erythrocyte adenosine diphosphate [86]. Platelets are 

also activated by extracellular neutrophil traps, histones, and 

aggregates of platelets and leukocytes [87-89]. Thrombin also 

activates platelets. With sepsis, an overproduction of thrombin 

occurs, which increases inflammation. Thrombin activates 

platelets via GPIbα and protease-activated receptors PAR1 and 

PAR4 [90]. Thrombin generation occurs through the fibrin net-

work, extracellular neutrophil traps, and histones [91]; expres-

sion of encoded tissue factor, cytokines, and microparticles 

by endothelial cells [92]; initiation of bacterial polyphosphate 

via the “contact” pathway [93]; and invasion into endothelium 

by bacteria and, as a result, platelet activation (via FcγRIIa, 

αIIbβ3, and platelet factor-4) [94]. During infection, thrombin 

generation can be stimulated by many other pathways as well 

[95,96]. 

Thus, the mechanism of bacteria-killing in the bloodstream 

by oxygen released from oxyhemoglobin (oxycytosis) demon-

strates one of the risks of using oxygen in the treatment of 

sepsis. Excessive release of oxygen from erythrocytes, together 

with the use of OTS, can significantly increase the amount of 

oxygen dissolved in blood plasma. Dissolved oxygen causes 

many harmful effects, and one of the most serious complica-

tions is platelet activation, which can initiate DIC. Although 

oxycytosis and OTS alone can cause DIC. Together, they do 

so more quickly and easily. HBOT for sepsis dissolves more 

oxygen in the blood than normobaric OTS. Therefore, the use 

of HBOT in sepsis is more dangerous than that of normobaric 

OTS. 

HENRY’S LAW AND OXYGEN THERAPY IN 
SEPSIS 

HBOT can have unexpected effects on oxygen transport. It is 

known that blood carries oxygen in two forms: dissolved in 

plasma and bound to Hb. Dissolved oxygen is not involved in 

oxygen transfer due to its low solubility. Arterial blood with 

100 mm Hg PO2 dissolves only 0.3 ml of O2 per 100 ml of blood, 

while 100 ml of Hb contains 20 ml of oxygen [97]. Dissolved 

oxygen takes part in oxygen transport when 100% oxygen is 

inhaled, which typically raises alveolar PO2 to over 600 mm Hg 

and increases the concentration of dissolved oxygen from 0.3 

to 2 ml in 100 ml of blood. This amount of dissolved oxygen is 

40% of the difference in arterial-venous oxygen concentrations 

of 5 ml O2/100 ml of blood [98]. Oxygen dissolves in blood 

according to Henry’s law [99,100]. The law says that the quan-

tity of O2 dissolved in blood is proportional to PO2:[O2]=k PO2, 

where k = (0.003 ml O2/100 ml of blood)–1 mm Hg–1 (Figure 2). 

The oxygen concentration in arterial blood correlates with the 

partial pressure of inhaled O2, the intensity of ventilation and 

gas exchange, the level of Hb, and the affinity of Hb for O2 [101]. 

At a high partial pressure of inhaled O2, the role of dissolved 

oxygen in O2 transfer increases, and the role of Hb decreases 

[102]. At a PaO2 of more than 2.2 atmospheres, Hb ceases to 

Figure 1. Oxidation of plasma components, platelet activation and depletion of the antioxidant capacity of blood plasma by oxycytosis. ROS: 
reactive oxygen species; DIC: disseminated intravascular coagulation.
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transport oxygen to the tissues, and as a result, tissue respi-

ration is provided by oxygen dissolved in the blood plasma 

[103]. If the PaO2 for breathing is three atmospheres, the blood 

dissolves about 6 vol% oxygen (6 ml of O2 in 100 ml of plasma), 

and this amount of oxygen corresponds to the normal oxygen 

consumption of the human body (arteriovenous oxygen differ-

ence) when erythrocytes pass through the capillaries without 

emitting oxygen and not binding carbon dioxide [102-104]. As 

a result, a paradoxical situation may develop: the more oxygen 

the patient breathes under pressure, the less oxygen is deliv-

ered to the tissues and the less carbon dioxide is removed from 

the tissues (Figure 3). 

Many publications show that hyperoxia increases sepsis 

mortality [52-67]. It is difficult to recommend a specific oxygen 

therapy policy covering all clinical situations, so OTS should 

be used with caution. In patients with sepsis, along with clini-

cal, instrumental, and laboratory parameters, plasma oxidative 

stress and blood clotting should also be monitored.  

MARKERS OF OXIDATIVE STRESS AND 
PLATELET ACTIVATION 

In sepsis, the markers of oxidative stress indirectly show the 

intensity of oxygen release by erythrocytes during oxycytosis 

and the amount of dissolved oxygen in the blood plasma. 

Oxidative stress can be detected by finding oxidants, such as 

free radicals; testing the level of antioxidants; measuring oxi-

dation products, including protein carbonyl, F2-isoprostanes, 

malondialdehyde, and 8-oxo-20-deoxyguanosine (8-OHdG); 

and measuring the redox balance check (ratio of reduced 

GSH/oxidized GSH). It is reasonable to test different oxidative 

markers simultaneously [105]. 

In clinical practice, oxidative stress is often detected by sep-

arate testing of human serum albumin, plasma proteins, vita-

min C, etc. Serum albumin is the main antioxidant against ROS 

[106]. It contains a cysteine residue (Cys34) that is oxidized 

by the formation of a disulfide bond with free cysteine amino 

acids [107]. Oxidative damage to proteins increases the level 

of carbonylation [108]. This biomarker is formed early and is 

stable [109]. Carbonyl groups are formed in various ways, for 

example, by cleavage of the main protein chain, in particular at 

proline, lysine, and arginine side chains, , and by lysine deam-

ination [110]. The most commonly used methods for testing 

carbonyl groups are enzyme-linked immunosorbent assay 

and high-performance liquid chromatography HPLC. They 

are popular due to their high throughput and standardization 

[111]. 

The antioxidant system includes superoxide dismutase, 

GSH peroxidase, catalase, and non-enzymatic antioxidants 

(ascorbic acid, tocopherols, bilirubin, GSH, etc.). Ascorbic acid 

(vitamin C) is useful for the evaluation of oxidative stress. It 

scavenges free radicals, hydroxyl radicals, hydrogen peroxide 

(H2O2), singlet oxygen, and others [112,113]. For the assess-

ment of oxidative stress in vivo, new reliable and simple tests 

have been proposed and adapted for automatic analyzers. 

These tests allow for fast processing of many samples and 

avoid manual handling of samples and reagents. 

Given that oxidative stress activates platelets and, thus, can 

Figure 2. Henry’s law and the dissolution of oxygen in blood plasma.

Figure 3. Gas transport by erythrocytes in normal physiology (A) and 
hyperbaric oxygen therapy (B).

AA

BB
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trigger DIC [56,76], antiplatelet therapy for sepsis is imperative. 

It is necessary to constantly check the condition of blood coag-

ulation, with particular attention to tests for platelet function, 

for adequate antiplatelet therapy. Numerous tests show plate-

let function. Monitoring of antiplatelet therapy and diagnosis 

of platelet dysfunction are necessary to assess the risk of DIC 

and bleeding [114]. Moreover, markers of platelet activation 

can help predict sepsis [115]. 

Born’s test, developed in the 1960s, was the first test to diag-

nose platelet function. Aggregometry of light transmission in 

platelet-rich plasma reveals platelet aggregation in response to 

various agents causing aggregation in vitro [116]. In the 1980s, 

other tests of platelet function entered clinical practice, such 

as ex vivo flow cytometry, measurement of nucleotides and 

platelet-specific compounds, aggregometry of whole blood 

platelets, etc. [117]. Platelets are also easily activated during 

blood sampling and blood manipulation [118]. New, simpler, 

and more reliable platelet function tests are currently being 

developed. They provide testing of platelet function directly 

at the point of care or at the patient’s bedside and are also 

becoming available in general laboratories, hospitals, and in 

everyday practice [119]. Currently, various assays are used to 

monitor antiplatelet therapy, including the VerifyNow P2Y12 

assay, Multiplate analyzer, VASP-P (vasodilator-stimulated 

phosphoprotein-phosphorylation), PFA-100/200 (platelet 

function analyzer), and others. They overcame the problems 

of previous tests, such as Born’s aggregometry. Monitoring an-

tiplatelet therapy in OST is necessary to make adequate thera-

peutic decisions and control the treatment of sepsis [119]. 

It is important to be aware of the risks of OTS and to predict 

possible complications before they begin. Some preventive 

measures to reduce the risk of DIC may be prudent. Before and 

during oxygen therapy, certain medications may be required 

to increase the antioxidant potential of blood plasma and to 

prevent platelet activation and aggregation. 

NEUTRALIZATION OF ROS IN PLASMA AND 
INCREASING THE ANTIOXIDANT POTENTIAL 
OF PLASMA 

Innate immune mechanisms for clearing the bloodstream of 

bacterial infection include oxycytosis - the destruction of bac-

teria by oxygen released from erythrocytes [75-77]. The bac-

teria that cause sepsis are resistant to oxygen, and red blood 

cells release the maximum amount of oxygen. Excess oxygen 

depletes the antioxidant capacity of plasma and causes redox 

imbalances, in particular, a decrease in GSH levels. GSH pro-

vides protection against oxidative stress. It is synthesized from 

cysteine, glycine, and glutamate [105]. A decrease in plasma 

GSH activity increases sepsis mortality [106,107]. In plasma, 

GSH not only traps ROS but also removes toxins and drugs 

[108]. GSH is also depleted as sepsis progresses to septic shock 

[109]. To prevent DIC, septic shock, and multiple organ failure 

(MOF), GSH should be included in sepsis therapy as soon as 

infection enters the bloodstream and oxycytosis begins. There 

are currently no tests to detect the early stages of bacteremia 

and oxycytosis, and GSH therapy should be started in conjunc-

tion with antibiotic therapy as soon as sepsis is suspected [105-

107]. The chemical structure of synthetic GSH is similar to that 

of natural GSH produced in the human body, so overdose is 

rare. GSH is non-toxic; it has very few side effects and interacts 

weakly with some drugs, such as tetracycline, sulfanilamide, 

and vitamin B12. Intramuscular injections of GSH (600 mg in 

4 ml of 0.9% NaCl) are possible, but intravenous infusions of 

GSH are preferred. The total dose of GSH depends on the de-

gree of plasma redox potential depletion [106-108]. GSH can 

be used with several antioxidant vitamins, such as vitamins C, 

E, and A. 

Vitamin C (ascorbic acid) can be used to increase the redox 

potential of plasma alone or together with GSH and vitamins 

A and E. As an antioxidant vitamin, ascorbic acid is preferred 

over vitamin E and vitamin A due to its water solubility and 

low toxicity. Humans cannot synthesize vitamin C, while other 

animals rapidly increase their production during oxidative 

stress [120]. Vitamin C is a neuroprotector, immunomodulator, 

and cofactor for the synthesis of vasopressors [121]. High doses 

of vitamin C have been used for many years in complementa-

ry and alternative medicine [122]. Vitamin C has a protective 

effect against oxidative stress in sepsis and septic shock [123]. 

High doses of vitamin C reduce the degree of multiple organ 

failure [124]. In a double-blind, randomized clinical trial, 28-

day mortality was decreased following vitamin C administra-

tion [125,126]. Vitamin C in combination with thiamine and 

hydrocortisone also significantly reduces sepsis mortality [122]. 

Some clinicians began using ascorbic acid in their daily prac-

tice for the treatment of sepsis before testing for ascorbic acid 

in clinical trials [127]. Early studies used 1 to 2 g intravenous 

doses of ascorbic acid every 8 hours. The high dose of ascor-

bic acid (1,584 mg/kg/day) was also well tolerated [126]. The 

antioxidant effect of ascorbic acid is dose-dependent and is 

maximal at plasma concentrations >175 mg/L [128]. Optimal 

doses for intravenous infusion are approximately 10 g per day 
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but may be higher [126-128]. High plasma concentrations of 

ascorbic acid can only be achieved by intravenous infusion, 

not oral administration [127]. 

High doses of vitamin C can cause mild renal impairment 

and glucose-6-phosphate dehydrogenase deficiency. Calcium 

oxalate nephropathy is a rare, potentially toxic effect of vitamin 

C. Side effects are dose-dependent, but no adverse clinical 

reactions have been reported in most patients and healthy 

volunteers [121-123]. It is possible for ascorbic acid to become 

a standard component of sepsis therapy as more data are un-

covered [128]. 

There are conflicting publications regarding the use of ret-

inol (vitamin A), tocopherols (vitamin E), and vitamin D in 

the treatment of sepsis and septic shock [129-138]. The use 

of these vitamins for sepsis requires further study. Again, it 

should be noted that antioxidant therapy for the prevention of 

DIC should be carried out before platelet activation by oxygen 

and ROS; otherwise, therapy may be less effective or even inef-

fective. 

PREVENTION OF PLATELET AGGREGATION 

Neutralizing oxygen and ROS in plasma and increasing plasma 

redox potential can prevent platelet activation that causes DIC. 

However, if antioxidant therapy fails and platelet activation 

occurs, early anticoagulant therapy is indispensable [139]. The 

state of coagulation must be quickly and repeatedly assessed to 

identify the initiation of DIC syndrome [140]. Particular atten-

tion should be paid to platelets [141,142]. Intensive anticoag-

ulant therapy reduces in-hospital mortality [143]. Antiplatelet 

medications prevent DIC and reduce mortality or complica-

tions in critically ill patients [144-146]. Antiplatelet therapy 

before hospitalization and early targeted therapy reduces the 

risk of DIC [147]. In experimental models of sepsis, aspirin or 

P2Y12 inhibitors prevent organ failure and mortality without 

increasing bleeding [148]. Platelet formation can be inhibit-

ed either by aspirin (acetylsalicylic acid), which suppresses 

COX-1activity and blocks the synthesis of thromboxane A2, 

or by clopidogrel and ticagrelor, which stop platelet activation 

induced by adenosine diphosphate [149]. Aspirin is a cheap 

and relatively safe drug at low doses for platelet inhibition that 

can effectively reduce mortality from sepsis [150,151]. Aspirin 

can also be used in low-grade DIC treatment [152]. Low-dose 

aspirin decreases the need for intensive care [153,154]. A large 

study of 7,945 intensive care unit (ICU) patients showed the 

effectiveness of aspirin for increasing sepsis patient survival 

[155]. Another study analyzed 886 patients with sepsis and 

found that aspirin significantly reduced mortality in ICUs and 

hospitals [156]. On the other hand, a recent study has shown 

that daily low-dose aspirin treatment did not reduce deaths as-

sociated with sepsis in community-dwelling older adults [157]. 

Clopidogrel and ticagrelor may be alternatives to aspirin 

to prevent DIC. These antiplatelet drugs may become a new 

approach to the prevention of DIC and multiple organ failure 

[158,159]. Ticagrelor inhibits platelet aggregation faster and 

more efficiently than clopidogrel [160]. The mortality risk is 

lower with ticagrelor therapy compared with clopidogrel ther-

apy [161]. Ticagrelor also inhibits the reuptake of adenosine. 

Clopidogrel and other thienopyridines do not affect adenosine 

metabolism [162]. 

Heparin can also be used to prevent DIC; it is not an anti-

platelet agent. The anticoagulant effect of heparin is deter-

mined by the activation of antithrombin III, which inactivates 

thrombin, activated factor X (factor Xa), and other proteases 

[163]. Heparin can reduce DIC and MOF [164]. It decreases 

mortality in sepsis [165]. Improvement of the state of hyper-

coagulability in sepsis with heparin reduces the incidence of 

DIC or multiple organ failure and also reduces overall ICU stay 

[166]. Heparin decreases mortality in sepsis without causing 

bleeding [167]. 

DISCUSSION 

The results of oxygen therapy in the experimental treatment of 

sepsis in animal models contradict the results of the use of oxy-

gen in clinical practice. HBOT in experimental sepsis increases 

survival, reduces oxidative stress, decreases the concentration 

of TNF-α and IL-1β, prevents lung damage, and has other pos-

itive effects by suppressing the expression of TNF-α, IL-6, and 

IL-10 [20-27]. In contrast to experimental data, clinical data on 

the use of oxygen in patients with sepsis are not exactly defini-

tive both regarding hyperbaric and normobaric oxygen. When 

using normobaric oxygen as part of sepsis treatment, both an 

increase and a decrease in the mortality rate were recorded 

[30,40,42,46]. Data on the use of hyperbaric oxygen in sepsis 

are also inconsistent. Early HBOT may have a positive effect 

on anti-inflammatory parameters and mortality [47,48], while 

delayed HBOT can prevent organ damage from sepsis [49]. 

However, the majority of clinical studies [51-64] demon-

strate that HBOT can increase mortality by causing decreased 

oxygen delivery to tissues; alveolar damage, pulmonary ede-

ma, and atelectasis; vasoconstriction, decreased coronary 
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blood flow, cardiac output, and microvascular perfusion; and 

DIC. Perhaps the negative effects of hyperbaric oxygenation 

in sepsis treatment can be partially explained by Henry’s law, 

the presence of additional oxidative stress in sepsis, and a de-

crease in the redox potential of plasma due to oxycytosis. Thus, 

neutralizing ROS in plasma and increasing the antioxidant 

potential of plasma to mitigate some of the negative effects of 

HBOT through the use of GSH, ascorbic acid, and other anti-

oxidants may be reasonable. As for DIC syndrome, which can 

be triggered by sepsis and HBOT, early anticoagulant therapy 

and platelet inactivation seem to be indispensable. 

The results of the studies carried out to date on the use of 

oxygen in the complex therapy of sepsis are contradictory and 

do not assist the development of effective and safe protocols 

for the use of oxygen in sepsis treatment; on the other hand, 

the continuation of research and the further accumulation of 

statistical data in the form in which it happened before will 

hardly help the development of adequate protocols for oxygen 

therapy with respect to sepsis treatment. The only thing that 

can be more or less confidently asserted from the data accu-

mulated to date is that normobaric OTS is safer than HBOT. An 

individualized approach to OTS has many nuances, requires a 

physician’s personal experience, and can be difficult to imple-

ment in modern conditions of treating patients by a group of 

doctors. Perhaps new innovative basic theoretical and clinical 

research is needed to provide a breakthrough in the optimi-

zation of OTS and to ensure the development of appropriate 

optimal protocols. 

CONCLUSION 

Sepsis causes a wide range of respiratory disorders that require 

oxygen therapy. The use of oxygen therapy in animal models of 

sepsis is effective and improves animal survival in the majority 

of experiments. The use of different protocols for oxygen ther-

apy in patients with sepsis gives less unequivocal results. Oxy-

gen therapy, especially HBOT, increases the concentration of 

dissolved oxygen in plasma, depletes plasma antioxidant po-

tential, suppresses oxygen transport by erythrocytes, decreases 

carbon dioxide removal from the tissues, activates platelets, 

and increases the risk of thrombosis and DIC. Oxygen therapy 

should be performed under the control of plasma oxidative 

stress tests. Oxidative stress should be corrected by changing 

the parameters of oxygen therapy and the use of antioxidants 

(GSH, vitamins C, A, and E). During oxygen therapy, the blood 

coagulation state should be constantly tested, paying special 

attention to platelet function tests. If necessary, anticoagulants, 

such as aspirin, clopidogrel, ticagrelor, and heparin, should be 

used after sepsis diagnostics and during oxygen therapy. 
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INTRODUCTION 

Remimazolam besylate (Byfavo injection, Korea) is a water-soluble, fast-acting γ-aminobu-

tyric acid A GABA-A agonist commonly used as an intravenous (IV) benzodiazepine (BDZ). 

Remimazolam was initially developed as a “soft drug” of the BDZ class to enhance GABA-A 

receptor activity through adding a carboxylic ester moiety into the BDZ. Metabolization 

of remimazolam shows that it is rapidly hydrolyzed to an inactive metabolite (CNS 7054) 

through non-specific tissue esterase activity. This drug is expected to be relatively safe with 

regard to potential risk of cardiovascular depression complications and does not require spe-

cific reduced dosing for older adults or for patients with renal or hepatic impairment patients 

except for those with severe liver dysfunction. Additionally, it can be reversed by flumazenil. 

Remimazolam was recently approved as a general anesthetic for adults in January 2021 in 

South Korea, and for use in procedural sedation for less than 30 minutes in August 2021 [1,2]. 

This drug is now widely used in other countries, as it was approved as a general anesthetic in 

January 2020 in Japan, as a procedural sedative in July 2020 in the United States and China 

Remimazolam is a novel intravenous ultra-short acting benzodiazepine that has the potential of 
being a safe and effective new sedative for use in intensive care unit (ICU) settings. Because remi-
mazolam metabolizes rapidly by being hydrolyzed to an inactive metabolite (CNS 7054) through 
non-specific tissue esterase activity, specific dosing adjustment for older adults and for patients 
with renal or hepatic impairment patients (except for those with severe hepatic impairment) is not 
required. In addition, research has shown that remimazolam may be reversed by administration of 
flumazenil, as its half time was sufficiently short compared to flumazenil. It shows a lower inci-
dence of cardiorespiratory depression, less injection pain, and no fatal complications such as 
propofol infusion syndrome and malignant hyperthermia of inhalational anesthetics. Future studies 
to study the suitability of remimazolam for managing the sedation of ICU patients who need seda-
tion for a long time over several days is required. 
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and in March 2021 in Europe, and as compassionate use med-

ication in intensive care unit (ICU) sedation in August 2020 in 

Belgium [3]. In this review, we will introduce remimazolam as 

a novel BDZ to be predictive to be useful and safe in the ICU 

sedation, especially deep sedation. 

ICU SEDATION 

Sedation can be problematic in terms of delirium. No or light 

sedation seems to be related to improved patient outcomes, 

more days free of mechanical ventilation, and shorter hospi-

tal stays [4,5]. However, light sedation protocol could cause 

accidental extubation of endotracheal tubes and loss of other 

important instruments, as well as aggravate anxiety, pain, 

and post-traumatic stress disorder [6]. Pain control has been 

thought to proceed sedation in the ICU because inadequate 

analgesia was related with worsening stress, sleep deprivation, 

delirium, cognitive dysfunction, and extreme anxiety [7,8]. 

Deep sedation with or without using neuromuscular block-

ing agents in the ICU has been used for anxiolysis and amne-

sia in mechanically ventilated patients, particularly those with 

acute respiratory distress syndrome (ARDS) [9,10]. However, 

deep sedation might lead to over-sedation, which can be as-

sociated with prolonged duration of mechanical ventilation 

[9]. 

The use BDZ for sedation in the ICU remains controversial. 

BDZs are well-established drugs that are inexpensive and 

provide powerful anxiolysis and amnesia. However, sedation 

using non-BDZ drugs has been shown to improve the clinical 

outcome of critically ill patients better than BDZs in terms of 

incidence of delirium and prolonged, and unpredicted seda-

tion [11,12]. We compared sedatives that can be used for deep 

sedation in the ICU in Table 1. 

■ Remimazolam is a novel intravenous ultra-short acting 
benzodiazepine, which can be reversed by flumazenil.

■ Dosing adjustment for older adults and for patients with 
renal or liver impairment patients (except for those with 
severe hepatic impairment) are not required because 
remimazolam is rapidly metabolized by tissue esterase.

■ Use of remimazolam results in a lower incidence of car-
diorespiratory depression and less pain at injection site, 
as well as no fatal adverse effects such as propofol infu-
sion syndrome and malignant hyperthermia of volatile 
anesthetics.

KEY MESSAGES

IV SEDATIVES AND DEEP SEDATION IN ICU 

Propofol 
Propofol is a sedative-hypnotic medication used for sedation 

in the ICU; it has various sedative, anxiolytic, and anticonvul-

sant properties, and its use has been shown to help reduce 

intracranial pressure [13,14]. Propofol provides a rapid onset 

of action within seconds after administration and a short 

duration of action up to 15 minutes. However, propofol has 

several risks. First, its formulation must be prepared in a lipid 

solution, which increases the risk of bacterial contamination 

and could be associated with fatal infectious disease [15,16]. 

Second, patients have been reported to experience pain on IV 

injection. Third, propofol is associated with a higher risk of 

cardiorespiratory depression compared to other IV sedatives 

like dexmedetomidine, ketamine, and midazolam. Finally, 

propofol has been associated with fatal “propofol infusion 

syndrome (PRIS)” [17]. PRIS is a rare syndrome which affects 

patients undergoing long-term treatment with high doses of 

propofol and causes cardiac and renal failure, rhabdomyoly-

sis, metabolic acidosis. The safe dose of propofol infusion is 

Table 1. Characteristics of sedatives

Onset Offset Respiratory 
suppression

Cardiac 
suppression

Injection 
pain Reverse Severe adverse effect

Propofol Very rapid Rapid ++ to +++ ++ to +++ ++ None Septicemia due to 
contamination of formula, and 
propofol infusion syndrome

Midazolam Rapid Slow and delayed 
with accumulation

+ to ++ + to ++ 0 Flumazenil -

Remimazolam Very rapid Rapid + to ++ 0 0 Flumazenil -
Dexmedetomidine >10 min Slow 0 to + + to ++ 0 None -
Sevoflurane  

(inhalational anesthetics)
Very rapid Rapid + to ++ ++ - None Malignant hyperthermia
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considered to be 1–4 mg/kg/hr for sedation in intensive care. 

However, fatal cases of PRIS have been reported after infusion 

doses as low as 1.9–2.6 mg/kg/hr. Propofol can be relatively 

safe and an ideal anesthetics for several minute up to sever-

al hours of surgery, but physicians must keep in mind that 

propofol infusion can cause PRIS in cases of prolonged contin-

uous infusion in the ICU [18]. 

Midazolam 
Midazolam is an amnesic and sedative BDZ, and had been 

shown to have an onset of 3–5 minutes and a recovery period 

of 2 hours before remimazolam approval. It is considered safe 

to use, and the risk of cardiorespiratory depression caused 

by the use of midazolam is much lower than that of propofol. 

However, midazolam accumulation can occur via repeated 

injection or prolonged continuous infusion, leading to un-

predictably prolonged sedation associated with delirium [19]. 

Critically ill patients also sometime present with an altered 

mental state caused by a neurological event such as intracra-

nial hemorrhage, infarction, or seizure. Intensivists could face 

challenging situations distinguishing this “real neurological 

emergency” from the after-effects of prolonged sedation with 

classic BDZs. 

Critically ill patients also commonly have chronic renal fail-

ure and experience acute kidney injury. Active metabolites of 

midazolam can accumulate in patients with renal failure and 

lead to longer-than-expected sedation of these patients, as 

conjugated metabolites of midazolam have significant phar-

macological activity [20]. Prolonged sedation can occur due to 

active metabolites of midazolam and an impaired metabolism 

on the liver enzyme cytochrome P450 3A4 [21].  

Dexmedetomidine  
Dexmedetomidine, a high-affinity adrenergic agonist of the 

alpha2 receptor, provides light sedation and pain relief in 

patients in the ICU. Dexmedetomidine is associated with 

more days free of mechanical ventilation, a shorter time in a 

coma-like state, and less risk of delirium [22-24]. Additionally, 

dexmedetomidine has been shown to reduce the incidence 

of delirium, prevent delirium, and improve mortality [25-28]. 

However, hypotension and bradycardia are common side ef-

fects of dexmedetomidine [29-31]. Dexmedetomidine can be 

used a sole anesthetic for deep sedation or general anesthesia 

with a higher dose (5–10 times the maximum recommended 

dose for procedural sedation). However, deep sedation with a 

large dose of dexmedetomidine is rarely applied generally due 

to its associated risks of hypotension and bradycardia, particu-

larly in critically ill patients [32]. 

Volatile Agents 
Inhalational anesthetic agents are often used for general anes-

thesia, as they are potent sedatives which show a fast elimina-

tion, limited hepatic metabolism, and no accumulation [33]. 

Volatile sedation in the ICU has been tried more frequently 

after solving technical problems since the development of 

inhalational anesthetic devices, such as AnaConDa (SEDANA 

Medical, Uppsala, Sweden) and Mirus (Pall Medical, Dreieich, 

Germany) [33,34]. In a systematic review and meta-analysis of 

randomized controlled trials showed that ICU sedation with 

volatile anesthetic agents relative to classic IV sedatives, like 

propofol or midazolam, reduced the awakening time from se-

dation by 80 minutes and the extubation time by 196 minutes. 

Despite such benefits, no reductions in the length of stay in the 

ICU or hospital were reported [34]. 

However, the use of inhalational sedation in the ICU remains 

limited. The reasons for this limited usage may be associated 

with the unfamiliarity of medical staff to inhalational agents 

and their methods of administration; patients’ higher risk of 

agitation, nausea, and vomiting after awakening; potential at-

mospheric contamination; and a rare, but fatal, complication 

known as malignant hyperthermia. Malignant hyperthermia 

is a life-threatening reaction to potent inhalation agents (such 

as halothane, isoflurane, sevoflurane, and desflurane), and 

the depolarizing muscle relaxant succinylcholine. Malignant 

hyperthermia show a hypermetabolic crisis such as extremely 

high body temperature, rigid muscles or muscle spasms, hy-

perkalemia, high oxygen consumption, high CO2 production, 

multiple vital organ failure, and disseminated intravascular 

coagulation [35]. 

DRUG INFORMATION AND MECHANISM OF 
ACTION OF REMIMAZOLAM 

Mechanism of Remimazolam Action 
Remimazolam has a high affinity on GABA-A receptors to bind 

at the interface between the alpha and gamma subunits, in-

ducing a highly inhibitory central nervous system. It binds to 

receptors to make the intracellular concentration of chloride 

ions increase; this is followed by cellular membrane hyper-

polarization and inhibitory conduction of the neuron action 

potentials to enhance the effects of GABA [36]. 



154 https://www.accjournal.org Acute and Critical Care 2022 May 37(2):151-158

Choi HR, et al.     Review of remimazolam and ICU sedatives

Pharmacokinetics 
Remimazolam is characterized by pharmacokinetics (PK) 

profiles, specifically a high clearance, a small steady-state 

volume of distribution, a short elimination half-life, a short 

context-sensitive half-life, and first-order linear PK. Time after 

administration to onset of remimazolam is 1–3 minutes; this is 

faster than that of midazolam [37], and the half time of remim-

azolam is 7–8 minutes, which is much less than that of midaz-

olam [36]. 

In a phase 1 PK study with healthy volunteers who were 

given a single dose of remimazolam, the mean residence time 

for remimazolam was 0.50 hours and the mean residence time 

for midazolam was 3.56 hours, as the systemic clearance of 

midazolam is about one-third that of remimazolam and the 

volume of distribution is more than twice that of midazolam 

[38,39]. This difference in PK between remimazolam and mid-

azolam could explain one factor in patients’ rapid recovery 

after receiving remimazolam. There is no clear relationship 

between body weight and systemic clearance of remimazolam 

within the studied body weight range (60–100 kg) [39]. There 

may be no significant benefit for dosing by body weight com-

pared to fixed doses [39], The PK profiles were similar to those 

in a single-dose phase 1 PK study with continuous infusion of 

remimazolam and midazolam [40]. 

Carboxylesterase enzymes can be found in the cytosol and 

the rough endoplasmic reticulum of tissues [41], and remi-

mazolam is metabolized by this tissue esterase (particularly, 

the liver) to an inactive carboxy acid metabolite, CNS 7054 

[5,12,13]. CNS 7054 has a PK profile with a smaller volume of 

distribution, slower clearance rate, and a longer mean resi-

dence time in comparison to remimazolam [42], and has a 

400-fold lower affinity for the GABA-A receptor [43]. An ad-

ditional study found that there was no significant difference 

between older adults (median age, 66.0 years) versus younger 

adults (median age, 21.0 years) in terms of PK profile of remi-

mazolam [44]. 

One study involved the use of a simulated plasma PK after 

a 10 mg remimazolam bolus, and revealed no significant dif-

ferent in Cmax values among hepatic impairment patients 

groups [45]. There was no difference between liver dysfunction 

and healthy subjects in the incidence and duration of loss of 

consciousness. However, recovery from sedation was delayed 

by hepatic impairment. This demonstrated that carboxyles-

terase enzymes–1A in liver must have an important role in 

metabolism of remimazolam. As recovery from sedation in 

severely hepatic impaired patients was delayed, specifically re-

duced dosing for these patients can be considered. In contrast, 

no dose adjustment is required for patients with mild or mod-

erate hepatic failure [45]. Remimazolam is not metabolized by 

cytochrome P-450 isozymes, nor does it inhibit cytochrome 

P-450 metabolism [46]. 

In one study, 80% of the dose of remimazolam was excret-

ed in urine as an inactive metabolite, and less than 1% of the 

dose was detected as unchanged 24 hours after remimazol-

am injection. Remimazolam indicated no accumulation in 

patients with renal impairment, and was metabolized at the 

same rate as that of healthy volunteers. There was no need to 

adjust the dosing of remimazolam in patients with impaired 

renal function, as renal function does not affect the PK of 

remimazolam [45]. 

Pharmacodynamics 
To determine a level of sedation in study of anesthetics, re-

searchers use commonly the Modified Observer’s Assessment 

of Alertness/Sedation Scale (MOAA/S) and Bispectral Index 

(BIS) of electroencephalogram. MOAA/S is scored 0–5, where 

5 represents an alert subject who responds promptly to their 

name spoken in a normal tone, and 0 represents a patient with 

no response after a painful trapezius squeeze. BIS index which 

ranges from 0 to 100, where 0 represents the absence of brain 

activity, and 100 represents the fully awake state. Generally, 

BIS values between 40 to 60 meant adequate general anesthe-

sia for a surgery [40]. 

In the phase 1 pharmacodynamic study with healthy volun-

teers who were given a single dose of remimazolam, the dose 

was escalated throughout the cohorts until cohort 9 (0.30 mg/

kg) was reached and six of 10 subjects (60%) in this cohort ex-

perienced loss of consciousness (MOAA/S scores of <2) for a 

minimum of five minutes, which was the predefined stopping 

criterion for dose escalation. In contrast, subjects in the place-

bo group did not experience sedation [39]. 

In this study, the onset of sedation was fast for both midaz-

olam and remimazolam (at doses of >0.05 mg/kg). The degree 

and duration of sedation with remimazolam showed dose 

dependency, and the peak effect of sedation was observed in 

1–4 minutes following the start of the infusion. Administration 

of a 0.10–0.20 mg/kg dose of remimazolam resulted in deeper 

sedation and faster recovery from sedation in comparison with 

administration of a 0.075 mg/kg dose of midazolam [39].  

Subjects showed no sedation, or very minimal sedation, at 

0.01 and 0.025 mg/kg, and showed small reductions in MOAA/

S scores (to 4) and BIS scores (to 75) at 0.05 mg/kg. Doses of 
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0.075 mg/kg and higher resulted in deeper sedation, as evi-

denced by MOAA/S scores of <2 and mean BIS scores of 60 [39]. 

SAFETY DATA 

Blood pressure decreased (24%±6%) and heart rate increased 

(28%±15%) during remimazolam infusion. The Spo2 decreased 

during the first 5 minutes of remimazolam infusion, but this 

was successfully treated by oxygen administration through 

a nasal cannula with a median duration of 42 minutes, or by 

chin lift with a median duration of 26 minutes. No significant 

effect of remimazolam on the PR interval and on QRS duration 

was observed from the analysis of the 12-lead Holter electro-

cardiogram. Involuntary movements, psychomotor hyperac-

tivity, cough, hiccup, sneezing, and apnea (lasting 0.9 minutes) 

were also observed. All adverse events were classified as mild 

or moderate (not severe) [38,40]. 

Remimazolam may enhance the central nervous system 

depressant activities of other BDZs, barbiturates, ketamine, 

propofol dexmedetomidine, inhalational anesthetics, halo-

peridol, tricyclic antidepressants, anticonvulsants, or opioids, 

such as remifentanil and fentanyl. The therapeutic efficacy 

of Remimazolam decreases when used in combination with 

Aminophylline or theophylline [47]. Since remimazolam con-

tains dextran 40, it is contraindicated in patients with a history 

of severe hypersensitivity to dextran 40 [48]. Remimazolam 

reacts with Ringer’s acetate or lactate solution and forms 

a precipitate; thus, it is recommended that Remimazolam 

be used only in combination with saline. In addition, when 

co-administration is essential, using a low concentration of 

remimazolam and a high injection rate of Ringer’s solution is 

preferred [49]. 

FLUMAZENIL REVERSAL 

Flumazenil was approved as a reversal of BDZ, an antagonist 

to the positive allosteric modulator effects of BDZs at the GA-

BA-A receptor. The presences of a reversal agent enhanced a 

safety in cases of overdose or adverse events. However, fluma-

zenil has a shorter half-life and duration of action than most 

classic BDZ drugs. Therefore, in cases of prolonged sedation 

by classic BDZ drugs, flumazenil was used for distinguishing 

the oversedation by BDZ and other significant neurological in-

jury or impairment because re-sleeping after several minutes 

occurred after reversal of flumazenil [50]. 

As the half time of remimazolam was thought to be suffi-

ciently short to be reversed by a single dose of flumazenil, use 

of flumazenil for reversal of remimazolam or to control seda-

tion levels by remimazolam was expected. However, re-sleep-

ing issue was demonstrated as case reports for remimazolam 

after flumazenil reversal. In particular, further study into the 

efficacy of flumazenil reversal of remimazolam following long 

duration ICU sedation is required. 

CLINICAL USE 

Procedure Sedation 
Remimazolam had a sufficiently safe and sedative effect to use 

for procedures like endoscopy. Induction doses of 5 mg were 

administered intravenously over a period of 1 minute and 2.5 

mg supplemental doses for 15 seconds can be administered 

within a least 2-minute interval [51]. Compared with the other 

sedatives, remimazolam demonstrated a higher sedative effi-

ciency than that of midazolam and lower than that of propofol 

[52-56]. Remimazolam showed a lower incidence of hypo-

tension than midazolam, and no significant differences were 

observed in hypoxia, bradycardia, nausea, vomiting, and injec-

tion site pain. Compared with propofol, remimazolam showed 

a significantly lower incidence of hypotension, hypoxemia, 

and pain at injection site; however, there were no differences 

in the incidence of bradycardia, nausea, and vomiting [57,58].  

General Anesthesia  
Remimazolam was used as a general anesthetic, using induc-

tion doses of 6 and 12 mg/kg/hr and maintenance rates of 1 

mg/kg/hr. Remimazolam was superior to propofol in terms of 

its efficacy for general anesthesia, and it showed a significant-

ly lower incidence of hypotension and other adverse events 

[37,59,60]. 

Sedation of Patients in ICUs 
Phase II trial of Ono pharmaceutical company about 49 ICU 

patients sedated with remimazolam, all patients were report-

ed to be sedated successfully and have no significant adverse 

events, and seven out of 49 ICU patients were sedated with 

remimazolam for >24 hours. However, on analyzing samples 

24 hours or more after starting the continuous infusion, a high-

er concentration of remimazolam was observed than expected 

[61]. The suitability and safety of remimazolam for prolonged 

sedation of ICU patients’ needs to be tested in the future. A few 

clinical trials on sedating patients in ICUs with remimazolam 

are ongoing or completed to recruit patients.; however, the re-
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sults of the trials have not been published yet (national clinical 

trial number: NCT04611425, NCT04815265) [62]. One study 

involving general anesthesia (5 hours) and postoperative seda-

tion (18 hours) using remimazolam showed that postoperative 

sedation with a continuous infusion of 0.25 mg/kg/hr remima-

zolam with infusion of remifentanil provided optimal sedation 

of ICU patients [47]. 

CONCLUSION 

Remimazolam is very promising as a safe and effective sedative 

in ICU patients. It is expected that remimazolam can be used 

for not only light sedation for general ICU patients and but also 

deep sedation for severe ARDS, although studies for dosing 

adjustments for the specific medical conditions of ICU patients 

are required. As remimazolam is metabolized rapidly by tissue 

esterase, dose adjustment for age and for renal and hepatic im-

pairment (except for severe liver dysfunction) was not required. 

This drug has a lower incidence of cardiovascular collapse and 

respiratory distress, and no fatal complication such as PRIS of 

propofol and malignant hyperthermia of volatile anesthetics 

have been reported. This profile seems to be suitable for criti-

cally ill patients, although future studies are required. 
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INTRODUCTION 

Acute respiratory distress syndrome (ARDS) is frequently complicated by pulmonary hyper-

tension [1,2], and many studies have documented the changes in pulmonary hemodynamic 

parameters in patients with ARDS. Some have reported that systolic pulmonary arterial pres-

sure (PAP) or mean PAP is a significant indicator of patient outcome [3,4], whereas others did 

not find any associations or did not specifically evaluate the associations [2,5,6]. However, 

there is still uncertainty about the underlying pathophysiology between the degree of pulmo-

nary hypertension (or pulmonary vascular dysfunction) and patient outcome.  

Routine use of a pulmonary artery catheter (PAC) is not currently recommended because 

Background: Data on pulmonary hemodynamic parameters in patients with acute respiratory dis-
tress syndrome (ARDS) receiving extracorporeal membrane oxygenation (ECMO) are scarce. 
Methods: The associations between pulmonary artery catheter parameters for the first 7 days of 
ECMO, fluid balance, and hospital mortality were investigated in adult patients (aged ≥19 years) 
who received venovenous ECMO for refractory ARDS between 2015 and 2017. 
Results: Twenty patients were finally included in the analysis (median age, 56.0 years; interquartile 
range, 45.5–68.0 years; female, n=10). A total of 140 values were collected for each parameter (i.e., 
7 days×20 patients). Net fluid balance was weakly but significantly correlated with systolic and di-
astolic pulmonary arterial pressures (PAPs; r=0.233 and P=0.011; r=0.376 and P<0.001, respective-
ly). Among the mechanical ventilation parameters, above positive end-expiratory pressure was 
correlated with systolic PAP (r=0.191 and P=0.025), and static compliance was negatively correlat-
ed with diastolic PAP (r=−0.169 and P=0.048). Non-survivors had significantly higher systolic PAPs 
than in survivors. However, in multivariate analysis, there was no significant association between 
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of the lack of clinical benefit and possible complications [7,8]. 

However, PACs provide unique and various information to 

intensivists and often change therapy, particularly regarding 

fluid management and vasopressor use in critically ill patients. 

In particular, fluid balance has been considered important in 

terms of patients’ outcomes [8-10]. 

Recently, extracorporeal membrane oxygenation (ECMO) 

has been widely used as salvage therapy for patients with severe 

ARDS. Many authors investigated mechanical ventilation (MV) 

parameters associated with patient outcomes [11-13]. How-

ever, data on pulmonary hemodynamic parameters are very 

scarce for these patients. Therefore, in this retrospective study, 

we investigated the association between PAP, fluid balance, and 

in-hospital mortality in patients in whom a PAC was inserted 

after initiating venovenous (VV) ECMO for refractory ARDS. 

MATERIALS AND METHODS 

Study Population and Design 
This was a retrospective study using data collected from adult 

patients (age ≥19 years) who received VV ECMO for refractory 

ARDS between January 2015 and January 2017. This study was 

performed in a single center (tertiary hospital) where annual 

ECMO volume was 60 cases (VV ECMO, 20 cases). During 

the study period, a PAC was inserted for hemodynamic mon-

itoring in patients for whom written consent was obtained. 

The Berlin definition was used for diagnosing ARDS [14]. The 

indications for VV ECMO were severe hypoxemia (e.g., PaO2/

FiO2 <150) with a high positive end-expiratory pressure (PEEP 

>10 cm H2O), uncompensated severe hypercapnia (pH <7.20), 

or excessively high peak inspiratory pressure or plateau pres-

sure, despite standard of care management with a MV [15-17]. 

The exclusion criteria were patients with cardiopulmonary 

resuscitation; do-not-resuscitate order; ECMO treatment for 

respiratory failure other than ARDS; incomplete data on PAC 

parameters; and those who were transferred to other hospitals 

during the ECMO treatment. 

This study was approved by the Institutional Review Board 

of Hallym University (IRB No. 2020-06-22) and conducted in 

accordance with the Declaration of Helsinki. Informed con-

sent was waived due to the retrospective nature of the study.  

ECMO and MV Strategies 
We used Capiox EBS (Terumo, Tokyo, Japan) or PLS (Maquet, 

Hirrlingen, Germany) equipment. Both femoral veins were 

percutaneously cannulated using the Seldinger technique 

under fluoroscopic guidance. The 17- to 19-Fr (for return) 

and 21-Fr (for drainage) cannulas were placed (DLP and 

Bio-Medicus, Medtronic, Minneapolis, MN, USA; RMI, 

Edward’s Life sciences, Irvine, CA, USA). After ECMO was 

initiated, the pump flow was adapted (3–5 L/min) to main-

tain adequate oxygen (SpO2 >88%), and the sweep gas flow 

was titrated to maintain a PaCO2 of 40 mm Hg (usually 1:1 to 

blood flow). During ECMO support, heparin was used for an-

ticoagulation, with a target activated partial thromboplastin 

time of 1.5 times the normal range. MV settings were adjusted 

to enable lung-protective ventilation after the initiation of 

ECMO, according to general recommendations [18,19]: tidal 

volume <6 ml/kg predicted body weight, PEEP ≥5 cm H2O, 

and peak inspiratory pressure < 30 cm H2O. ECMO weaning 

was considered when the patient became hemodynamically 

stable and showed evidence of pulmonary improvement. The 

pump flow was first tapered to 2 L/min, and the sweep gas to 

0 L/min; decannulation was indicated if the patient tolerated 

these settings [15-17]. ECMO weaning was considered suc-

cessful when the patient remained stable for 24 hours without 

ECMO support. MV weaning was undertaken in accordance 

with the general recommendations [20].  

PAC Insertion and Fluid Management 
PACs (7.5-Fr; Edwards Lifesciences, Irvine, CA, USA) were in-

serted, using a balloon-flotation catheter in bedside, through 

the internal jugular vein within the first 2 hours following ini-

tiation of ECMO. Correct positioning of the catheter tip (i.e., in 

the pulmonary artery) was verified by chest radiography. Sys-

tolic and diastolic PAP was monitored continuously, and cardi-

ac output was measured by the thermodilution method using 

10 mL of injected cold saline. The cardiac output value was the 

mean of four cardiac output measurements without artifacts 

on the temperature curves; the cardiac index (CI) was the ratio 

of cardiac output to the patient’s body surface area. Daily PAC 

■ Net fluid balance was weakly but significantly correlat-
ed with systolic and diastolic pulmonary arterial pres-
sure (PAP) in patients with refractory acute respiratory 
distress syndrome receiving extracorporeal membrane 
oxygenation.

■ Systolic PAP was higher in non-survivors than in survi-
vors, but was not associated with hospital mortality in 
multivariable analysis.

KEY MESSAGES
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data were collected between 9–10 AM. However, in our cohort, 

pulmonary artery occlusion pressure (PAOP) was not mea-

sured for safety reasons; instead, we used diastolic PAP values 

(for PAOP) to calculate pulmonary vascular resistance (PVR). 

A stable relationship exists between diastolic PAP and PAOP 

[1,21]. We used a target diastolic PAP of <20 cm H2O for fluid 

management during ECMO treatment. Mean arterial pressure 

(MAP) was maintained at >65 mm Hg and urine output >0.5 

ml/kg/hr; vasopressors were used if required. The decision to 

remove the PAC was at the discretion of the physician. The for-

mulas for the PAC parameters were as follows: 

Mean PAP=(systolic PAP+2×diastolic PAP)/3 

PVR (i.e., modified PVR)=(mean PAP–diastolic PAP)×80/

cardiac output 

Systemic vascular resistance=(MAP–central venous pres-

sure)×80/cardiac output 

Data Collection and Analysis 
The following data were obtained: demographic characteris-

tics (age and sex); comorbidities; causes of ARDS; laboratory 

parameters and severity-of-illness scores (Sequential Organ 

Failure Assessment [SOFA]) before implementing ECMO; 

and data on MV parameters and fluid balance (input/output) 

during the first 7 days of ECMO. Systolic and diastolic PAPs, 

the CI, systemic vascular resistance, PVR (i.e., modified PVR), 

and central venous pressure were collected during the first 7 

days of ECMO. The rates of successful weaning from ECMO 

and hospital death were investigated as patient outcomes. 

The primary outcome was the association between systolic 

and diastolic PAPs and hospital mortality, and the secondary 

outcomes were the associations between systolic and diastol-

ic PAPs and daily net fluid balance (i.e., a total fluid balance 

during the early seven ECMO days). 

Statistical Analysis 
All results are presented as numbers with percentages for 

categorical variables, and as medians with interquartile rang-

es for continuous variables. The Mann-Whitney U-test was 

used to compare continuous variables, and the chi-square or 

Fisher’s exact test was employed to compare categorical vari-

ables. A multivariable logistic regression analysis, adjusted for 

age, SOFA, fluid balance, and tidal volume, was performed to 

investigate an independent association of a PAC parameter 

(i.e., systolic PAP) with hospital mortality. All probability val-

ues were two-sided and a P<0.05 was considered statistically 

significant. IBM SPSS ver. 25.0 (IBM Corp., Armonk, NY, USA) 

was used for all statistical analyses. 

RESULTS 

Study Population 
During the study period, 45 patients received ECMO for re-

fractory ARDS; of these, 26 patients received a PAC (Figure 1). 

Twenty patients were finally included in the analysis. Their 

median age was 56.0 years (interquartile range [IQR], 45.5–

68.0 years), and 10 patients were female. The median SOFA 

score was 9.5 (IQR, 7.0–11.0), and 16 (80.0%) of the patients 

had ARDS of pulmonary origin. Hypertension (20.0%) and 

heart diseases (20.0%) were the most common comorbidities 

(Table 1).  

One patient had a history of cor pulmonale, and pre-ECMO 

right systolic ventricular pressure was documented only in 

six patients (48.0 mm Hg; IQR, 46.0–55.0). The median sys-

tolic blood pressure, heart rate, and respiratory rates before 

initiating ECMO were 134.0 mm Hg (IQR, 117.3–148.3 mm 

Hg), 115.0 beats/min (IQR, 101.0–131.5 beats/min), and 26.0 

breaths/min (IQR, 21.3–31.5 breaths/min), respectively. The 

median duration of MV before initiating ECMO was 1.0 days 

(IQR, 0.5–2.0 days). The initial PAC parameters (ECMO day 1) 

are presented in Supplementary Table 1; the mean PAP was 

22.8 mm Hg (IQR, 20.1–27.8 mm Hg), and eight patients had 

pulmonary hypertension (i.e., mean PAP >25 mm Hg). None of 

the patients underwent prone positioning before and during 

ECMO treatment.  

Figure 1. Flowchart of patients enrolment. VV: venovenous; ECMO: 
extracorporeal membrane oxygenation; PAC: pulmonary arterial 
catheter; ARDS: acute respiratory distress syndrome.

45 Patients who received VV ECMO

11 Survivors 9 Non-survivors

2 Cardiopulmonary resuscitation
1 Respiratory failure other than ARDS
2 Incomplete PAC data
1 Transfer to other hospitals

19 Patients without PACs26 Patients with PACs
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Treatments and Outcomes 
The initial ECMO flow was 4.2 L/min (IQR, 3.9–4.5 L/min) 

with a sweep gas flow of 4.0 L/min (IQR, 4.0–4.0 L/min). The 

median numbers of packed red blood cells and platelets trans-

fused were 12.5 units (IQR, 8.0–15.5 units) and 28.5 units (IQR, 

0.0– 63.5 units), respectively, with no difference between sur-

vivors and non-survivors (data not shown). The MV settings 

before initiating ECMO did not differ between the two groups 

(Table 1). Fourteen patients (70.0%) were successfully weaned 

from ECMO and 11 (55.0%) survived to discharge; the medi-

an ECMO duration was 18.5 days (IQR, 10.0–27.0 days). The 

lengths of the intensive care unit (ICU) and hospital stays were 

32.0 days (IQR, 26.0–42.8 days) and 42.5 days (IQR, 28.5–53.8 

days). None of the patients underwent lung transplantations. 

Correlation Analyses 
A total of 140 samples were collected per parameter (i.e., 7 

days×20 patients). Net fluid balance was weakly but signifi-

cantly correlated with systolic and diastolic PAPs (r=0.233 

and P=0.011; r=0.376 and P<0.001, respectively) (Figure 2, 

Table 2) and was negatively correlated with the CI (r=−0.205 

and P=0.025). Among the MV parameters, above PEEP was 

correlated with systolic PAP (r=0.191 and P=0.025) (Table 3), 

and static compliance (i.e., tidal volume/above PEEP in pres-

sure-controlled ventilation mode) was negatively correlated 

with diastolic PAP (r=−0.169 and P=0.048). 

Univariate and Multivariate Analyses 
Among the PAC parameters, systolic PAP was significantly 

Table 1. Baseline characteristics before ECMO treatment
Variable Survivor (n=11) Non-survivor (n=9) P-value
Age (yr) 49.0 (45.0–61.0) 68.0 (49.5–72.5) 0.112
Sex (male:female) 6:5 4:5 1.000
Comorbidity
 Diabetes 2 (18.2) 1 (11.1) 1.000
 Hypertension 3 (27.3) 1 (11.1) 0.591
 Heart disease 1 (9.1) 3 (33.3) 0.285
 Chronic kidney disease 0 1 (11.1) 0.450
 Liver cirrhosis 1 (9.1) 0 1.000
 Cancer 0 1 (11.1) 0.450
Reason for ECMO 0.591
 Pulmonary origin 8 8
 Non-pulmonary origin 3 1
SOFA score at admission 10.0 (8.0–14.0) 8.0 (7.0–10.0) 0.084
Respiratory SOFA score 4.0 (4.0–4.0) 4.0 (4.0–4.0) 0.668
PaO2/FiO2 ratio 85.6 (77.7–98.9) 98.9 (82.8–99.0) 0.208
White blood cell counts (103/µl) 13.2 (9.0–21.0) 16.7 (9.5–17.9) 0.882
Hemoglobin (g/dl) 11.9 (9.8–13.8) 11.0 (9.9–12.4) 0.503
Platelet (103/µl) 109.0 (59.0–163.0) 256.0 (147.5–281.0) 0.007
Bilirubin (mg/dl) 1.5 (0.3–2.8) 0.2 (0.2–1.1) 0.020
Albumin (g/dl) 3.0 (2.8–3.5) 2.8 (2.5–3.0) 0.131
Creatinine (mg/dl) 1.2 (0.8–1.3) 0.8 (0.5–1.3) 0.370
C-reactive protein (mg/L) 191.6 (160.4–292.3) 196.9 (108.1–209.5) 0.331
Brain natriuretic peptide (pg/ml) 342.0 (22.9–2898.0) 235.8 (61.6–489.7) 0.551
Vasopressor use 9 (81.8) 2 (22.2) 0.024
Ejection fraction (%) 60.0 (60.0–66.0) 60.0 (55.0–65.5) 0.969
MV setting before ECMO
 Above PEEP (cm H2O) 15.0 (12.0–20.0) 18.0 (14.0–19.0) 0.878
 PEEP (cm H2O) 10.0 (6.0–12.0) 14.0 (12.0–15.0) 0.083
 Respiratory rate (breaths/min) 18.0 (12.0–26.0) 20.0 (18.0–28.0) 0.180

Values are presented as median (interquartile range) or number (%).
ECMO: extracorporeal membrane oxygenation; SOFA: Sequential Organ Failure Assessment; MV: mechanical ventilation; PEEP: positive end-expiratory pressure.
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Figure 2. Correlation analyses between pulmonary arterial pressures (PAPs) and net fluid balance during the first 7 extracorporeal membrane 
oxygenation (ECMO) period. (A) Corrlation between systolic PAP and net fluid balance and (B) correlation between diastolic PAP and net fluid 
balance. Gray line indicates trend line.

Table 2. Correlation of net fluid balance with PAC parameters during the early 7 ECMO days
Net fluid balance Cardiac index Systolic PAP Diastolic PAP PVR SVR CVP
r –0.205 0.233 0.376 0.038 0.048 0.213
P-value 0.025 0.011 <0.001 0.684 0.599 0.020

Formulas for PAC parameters: (1) mean PAP=(systolic PAP+2×diastolic PAP)/3; (2) PVR (i.e., modified PVR)=(mean PAP–diastolic PAP)×80/cardiac output; (3) 
systolic vascular resistance=(MAP–CVP)×80/cardiac output; (4) cardiac index=cardiac output/body surface area.
PAC: pulmonary artery catheter; ECMO: extracorporeal membrane oxygenation; PAP: pulmonary artery pressure; PVR: pulmonary vascular resistance; SVR: 
systemic vascular resistance; CVP: central venous pressure.

Table 3. Correlation of mechanical ventilation with PAC parameters during the early seven ECMO days
Variable Above PEEP PEEP Tidal volume Static compliance
Systolic PAP
 r 0.191 –0.042 –0.038 –0.120
 P-value 0.025 0.622 0.655 0.161
Diastolic PAP
 r 0.162 0.162 –0.079 –0.169
 P-value 0.058 0.058 0.356 0.048
Mean PAP
 r 0.175 0.095 –0.061 –0.153
 P-value 0.041 0.266 0.473 0.073
PVR
 r 0.049 –0.123 –0.110 –0.040
 P-value 0.568 0.152 0.194 0.645
SVR
 r –0.111 0.155 –0.324 –0.171
 P-value 0.195 0.070 <0.001 0.044
Cardiac index
 r –0.013 –0.139 –0.021 –0.006
 P-value 0.884 0.105 0.806 0.946

PAC: pulmonary artery catheter; ECMO: extracorporeal membrane oxygenation; PEEP: positive end-expiratory pressure; PAP: pulmonary artery pressure; PVR: 
pulmonary vascular resistance; SVR: systemic vascular resistance.

–6,000 –6,000–4,000 –4,000–2,000 –2,0000
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higher in non-survivors than in survivors (Table 4, Figure 3). 

However, no significant differences were observed in daily 

fluid balance (Supplementary Table 2) or MV parameters 

(Supplementary Table 3) between the two groups. In the mul-

tivariable model, five variables (age, SOFA, fluid balance, tidal 

volume, and systolic PAP) were included (Table 5), and mean 

systolic PAP was not significantly associated with hospital mor-

tality (odds ratio, 1.500; 95% confidence interval, 0.937–2.404).

 

DISCUSSION 

This retrospective study revealed that net fluid balance was 

weakly but significantly correlated with systolic and diastolic 

PAPs in patients receiving VV ECMO for severe ARDS. Besides, 

systolic PAP was significantly higher in non-survivors than sur-

vivors. However, the mean systolic PAP value during the first 

7 days of ECMO was not significantly associated with hospital 

mortality. 

Previous large-scale randomized trials have demonstrat-

ed no survival benefit of PAC-guided therapy compared to 

standard care (in surgical patients) or central venous cathe-

ter-guided therapy in those with acute lung injury [7,22,23]. 

In particular, the PAC-guided therapy was associated with a 

two-fold risk of catheter-related complications compared to 

central venous catheter-guided therapy [7]. Since then, the 

routine use of PAC has not been recommended. However, our 

Figure 3. Comparison of mean (A) systolic and (B) diastolic pulmonary arterial pressures (PAPs) between survivors and non-survivors. ECMO: 
extracorporeal membrane oxygenation.

Table 4. PAC parameters between survivors and non-survivors during the early 7 days of ECMO (140 samples for each variable per group)

Variable
Survivor Non-survivor

P-valuea

Median (IQR) Mean±SD Median (IQR) Mean±SD
Cardiac index (L/min/m2) 5.5 (4.1–6.8) 5.7±2.3 4.9 (4.0–5.9) 5.5±2.5 0.344
Systolic PAP (mm Hg) 29.0 (25.0–33.5) 29.8±7.2 33.0 (30.0–40.0) 35.0±7.8 <0.001
Diastolic PAP (mm Hg) 17.0 (14.5–20.5) 17.7±4.8 19.0 (14.0–23.0) 18.8±5.8 0.221
PVR (dyn∙sec/cm5) 55.0 (44.0–74.0) 58.7±27.3 65.0 (55.0–98.0) 73,4±34,4 0.006
SVR (dyn∙sec/cm5) 985.0 (790.0–1152.5) 1,007.3±320.5 838.0 (551.0–1183.0) 887.9±363.3 0.034
CVP (mm Hg) 10.0 (8.0–13.0) 10.6±3.4 10.0 (7.0–15.0) 10.7±4.9 0.875

PAC: pulmonary arterial catheter; ECMO: extracorporeal membrane oxygenation; IQR: interquartile range; SD: standard deviation; PAP: pulmonary artery 
pressure; PVR: pulmonary vascular resistance; SVR: systemic vascular resistance; CVP: central venous pressure.
aMann-Whitney U-test (between survivors and non-survivors).

40.0

37.5

35.0

32.5

30.0

27.5

22.0

20.0

18.0

16.0

14.0

M
ea

n 
sy

st
ol

ic
 P

AP
 (m

m
 H

g)

M
ea

n 
di

as
to

lic
 P

AP
 (m

m
 H

g)

ECMO day ECMO day

1.00 1.002.00 2.003.00 3.004.00 4.005.00 5.006.00 6.007.00 7.00

P=0.067

P=0.046

P=0.031

Non-survivor
Survivor

Non-survivor
Survivor

P=0.067

BA



165https://www.accjournal.orgAcute and Critical Care 2022 May 37(2):159-167

Hong TH, et al.     PAP in patients with ARDS receiving ECMO

aim in this retrospective study was not to evaluate the useful-

ness of PAC but to investigate the therapeutic or prognostic 

role of PAP in patients receiving ECMO for refractory ARDS. 

We inserted PACs in patients undergoing VV ECMO to moni-

tor hemodynamics and guide conservative fluid management. 

A relatively large volume of fluid was given to patients during 

the early period (e.g., days 1–3) (Supplementary Table 2), but 

we tried to maintain a conservative strategy while monitoring 

diastolic PAP and using diuretics. Although we did not find 

any strong associations due to small sample size, PAP may re-

flect fluid balance, and a higher systolic PAP might be associ-

ated with higher mortality in patients receiving VV ECMO for 

severe ARDS. These results are consistent with those reported 

previously [3,4]. 

As noted above, we did not inflate the balloon of the PAC to 

measure PAOP in our patients for safety reasons; occluding 

the proximal pulmonary artery may be associated with an in-

creased risk of thromboembolism or rupture of the pulmonary 

artery in critically ill patients. Previous studies have reported 

that the incidence rates of catheter-related infections or embo-

lization in patients with a PAC are 0%–4.6% or 1%–11%, respec-

tively [22-24]. No case of thromboembolic complications was 

detected in our cohort, but one patient (5.0%) had PAC-related 

bacteremia; however, the duration of PAC indwelling was lon-

ger than that reported in previous studies [22]. 

ARDS elevates PAP and consequently increases right ven-

tricular afterload, and this elevated pressure harms patient 

outcomes. Although data are still conflicting [2,5,6], some 

previous studies have reported the prognostic significance of 

PAP in patients with ARDS [1,3,4,25]. In a secondary analysis 

of 501 patients from the Fluid and Catheter Treatment Trial 

by the ARDS Network, the largest trial in the era of lung-pro-

tective ventilation, a high transpulmonary gradient or PVR 

was significantly associated with a poor outcome [1]; howev-

er, no difference was detected in PAP between survivors and 

non-survivors in the study. Of importance, PVR is affected 

mainly by factors that are intrinsic to the lung (e.g., lung injury 

in ARDS), whereas PAP is affected not only by factors that are 

intrinsic to the lung (e.g., PVR) but also by extrinsic factors 

(e.g., right ventricular function). This may have contributed 

to the different mortality results between the two parameters 

[2]. In our analysis, diastolic PAP was used instead of PAOP 

to calculate PVR. Although we cannot conclusively state that 

the PVR values in our study were correct, the PVRs were sig-

nificantly higher in non-survivors than in survivors during 

the first 7 days of ECMO (Table 4), which is consistent with 

previous data [1,26]. However, the presence of pulmonary 

vascular dysfunction is likely to be a simple marker of lung 

injury severity. The causal relationship, as well as the exact 

mechanism, between pulmonary vascular dysfunction and 

patient outcomes remains unclear. 

Previous studies have demonstrated that conservative fluid 

management is important to the outcomes of patients with 

ARDS, including those receiving ECMO [8,9]. In our cohort, 

net fluid balance did not differ during the early ECMO days 

between survivors and non-survivors. However, interestingly, 

systolic and diastolic PAPs were weakly but significantly cor-

related with net fluid balance (Table 2). These results suggest 

that if a new noninvasive method is validated in the future 

[27,28], systolic PAP could be a useful parameter for optimizing 

fluid management or predicting patient outcomes. However, 

systolic PAP did not show any correlations with oxygenation 

(initial PaO2/FiO2 ratio) and other outcomes (i.e., durations of 

ECMO and MV, and ICU and hospital length of stay). 

Regarding ventilator settings, above PEEP was correlated 

with systolic PAP (Table 3). This implies that together with flu-

id balance, above PEEP may be a determining factor for PAP. 

However, notably, lung compliance was also correlated with 

diastolic PAP. When considering the association of diastolic 

PAP with fluid balance (Table 2), we may say that a negative (or 

Table 5. Univariable and multivariable analysis for hospital deatha

Variable
Univariable analysis Multivariable analysis

OR 95% CI P-value OR 95% CI P-value
Age 1.506 0.978–1.140 0.167 1.053 0.914– 1.214 0.475
SOFA 0.710 0.481–1.047 0.084 0.585 0.294–1.164 0.126
Fluid balanceb 1.122 0.999–1.260 0.051 1.000 1.000–1.000 0.222
Tidal volume 1.000 1.000–1.000 0.106 0.986 0.949–1.025 0.481
Systolic PAPc 1.234 0.992–1.536 0.060 1.500 0.937–2.404 0.091

OR: odds ratio; CI: confidence interval; SOFA: Sequential Organ Failure Assessment; PAP: pulmonary artery pressure; ECMO: extracorporeal membrane 
oxygenation. 
aHosmer-Lemeshow test, chi-square=8.044 and P=0.420; bNet fluid balance during the 7 ECMO days; cMean value of systolic PAP for each patient.
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less) fluid balance can induce an increase in lung compliance. 

However, contrary to a previous study [11], neither lung com-

pliance nor diastolic PAP was associated with hospital mortal-

ity in our study population. More research is needed to clarify 

this point. 

To date, data on PAC parameters in patients receiving ECMO 

for severe ARDS are very scarce. Hemmila et al. [6] reported 

no difference in pre-ECMO systolic and diastolic PAPs be-

tween survivors and non-survivors. In contrast, Lazzeri et al. 

[29] found that survival is significantly associated with lower 

pre-ECMO systolic PAP. We collected and analyzed PAC data 

obtained after initiating VV ECMO (during the first 7 days of 

ECMO), which is one of the strengths of our study. Although 

our study was underpowered to verify a significant association 

between systolic PAP and hospital mortality due to its small 

sample size, the investigation of the role of PAPs seems rea-

sonable in patients receiving ECMO, when considering many 

factors affecting pulmonary vascular function, such as volume 

overload, vasopressors, and MV.  

This study had several limitations. First, because of the small 

sample size and retrospective nature of the study, the results 

may reflect unintended bias. In particular, half of the patients 

did not receive a PAC during the study period. Second, as 

aforementioned, we did not measure PAOP directly but used 

diastolic PAP to calculate PVR. Third, mean values for PAC 

parameters (for 7 days) were used in the present study. How-

ever, daily values might be more valuable in clinical practice. 

Fourth, although we followed the Extracorporeal Life Support 

Organization guidelines, ECMO management practices have 

not been standardized. Fifth, we did not investigate long-term 

outcomes including quality of life in our study population. 

However, this is the first study to show the potential usefulness 

of PAPs obtained during the early ECMO period for predicting 

outcomes in patients with severe ARDS. Therefore, despite 

several limitations, our results merit further consideration. 

In conclusion, systolic PAP was weakly but significantly cor-

related with net fluid balance during the early ECMO period 

among patients with refractory ARDS. Despite no significant 

association in multivariable analysis, systolic PAP may be a 

potential parameter for optimizing fluid management or pre-

dicting patient outcomes. 
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INTRODUCTION 

Severe respiratory coronavirus infections have remarkably been encountered over the 

past decade. While severe acute respiratory syndrome (SARS) and Middle East respiratory 

syndrome (MERS) are the two types of coronaviruses which cause severe respiratory fail-

ure, the spread of those diseases have been limited compared with coronavirus disease 

2019 (COVID-19) which was caused by SARS-coronavirus-2 (SARS-CoV-2) [1]. COVID-19 

is a syndrome with variable clinical features ranging from asymptomatic illness to acute 

Background: Coronavirus disease 2019 (COVID-19) is one of the biggest pandemic causing acute 
respiratory failure (ARF) in the last century. Seasonal influenza carries high mortality, as well. The 
aim of this study was to compare features and outcomes of critically-ill COVID-19 and influenza 
patients with ARF.
Methods: Patients with COVID-19 and influenza admitted to intensive care unit with ARF were 
retrospectively analyzed.
Results: Fifty-four COVID-19 and 55 influenza patients with ARF were studied. Patients with 
COVID-19 had 32% of hospital mortality, while those with influenza had 47% (P=0.09). Patients 
with influenza had higher Eastern Cooperative Oncology Group, Clinical Frailty Scale, Acute Physi-
ology and Chronic Health Evaluation II and admission Sequential Organ Failure Assessment (SOFA) 
scores than COVID-19 patients (P<0.01). Secondary bacterial infection, admission acute kidney in-
jury, procalcitonin level above 0.2 ng/ml were the independent factors distinguishing influenza 
from COVID-19 while prone positioning differentiated COVID-19 from influenza. Invasive mechan-
ical ventilation (odds ratio [OR], 42.16; 95% confidence interval [CI], 9.45–187.97), admission 
SOFA score more than 4 (OR, 5.92; 95% CI, 1.85–18.92), malignancy (OR, 4.95; 95% CI, 1.13–
21.60), and age more than 65 years (OR, 3.31; 95% CI, 0.99–11.03) were found to be independent 
risk factors for hospital mortality.
Conclusions: There were few differences in clinical features of critically-ill COVID-19 and influen-
za patients. Influenza cases had worse performance status and disease severity. There was no sig-
nificant difference in hospital mortality rates between COVID-19 and influenza patients.
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respiratory distress syndrome (ARDS) [2]. The first case was 

reported on December 2019 in China [3]. Just 3 months later, 

the disease extended to all of the continents and in March 

11, 2020, World Health Organization declared COVID-19 as 

a pandemic. Intensive care unit (ICU) mortality rates have 

been reported to range from 30.9% to 78% [4-6]. 

Influenza viruses are the most frequent etiological agents of 

severe viral pneumonia. A retrospective cohort study showed 

that the incidence of influenza-associated critical-illness to be 

12 per 100,000-people per year and influenza was the cause 

of 3.4% of all intensive care admissions [7]. Recent studies 

revealed viral pneumonia prevalence between 17% to 53% in 

the ICU setting [8]. A recent multicenter study found 35.6% 

hospital mortality due to influenza related severe acute respi-

ratory illness [9]. Being the two-major causes of severe pneu-

monia, comparison of the clinical characteristics and out-

comes of COVID-19 and influenza have not been extensively 

studied yet. There have been few studies among critically ill 

patients with COVID-19 and influenza comparing clinical 

characteristics and outcomes [10-12]. 

Hereby, our objectives were to compare hospital mortal-

ity, clinical characteristics of the patients with COVID-19 

and influenza admitted to ICU with acute respiratory failure 

(ARF) and to reveal independent predictive factors for hos-

pital mortality. 

MATERIALS AND METHODS 

The study was approved by the Ethics Committee of Hacettepe 

University Faculty of Medicine. Due to its retrospective design, 

informed consent was not obtained.

Patient Selection 
We conducted a retrospective observational study on labora-

tory confirmed critically ill COVID-19 and influenza patients 

who were older than 18 years of age, admitted to our ICU due 

to ARF. We reviewed the records of COVID-19 patients who 

had been admitted to ICU between March 20, 2020 and August 

1, 2020. For the influenza group, we included patients who had 

been admitted between January 1, 2015 and February 1, 2020. 

All cases in COVID-19 group had positive results for poly-

merase chain reaction (PCR) or antibody test and all cases of 

influenza group were PCR confirmed. 

Data Collection 
Data were collected from electronic medical records and pa-

tient charts. ARF was defined as respiratory rate greater than 

30 breaths per minute, respiratory distress symptoms, PaO2 

lower than 60 mm Hg or SaO2 lower than 0.90 on room air or a 

need for ventilatory support [13]. Demographic data, comor-

bidities, Eastern Cooperative Oncology Group (ECOG) Per-

formance Status, Clinical Frailty Scale (CFS; appropriate per-

mission was obtained), Acute Physiology and Chronic Health 

Evaluation (APACHE) II score, Sequential Organ Failure As-

sessment (SOFA) score on admission were recorded. Related 

laboratory results, arterial blood gas analysis and the ratio of 

partial pressure arterial oxygen and fraction of inspired oxy-

gen (PaO2/FiO2) on ICU admission were noted. The signs and 

characteristics of infection in chest computed tomography 

(CT) were examined. The presence of septic shock based on 

Sepsis-3 definitions [14] and acute kidney injury (AKI) de-

fined by Kidney Disease Improving Global Outcomes criteria 

[15] on admission were recorded. Type of mechanical venti-

lation as non-invasive and invasive including prone position 

were documented. Primary viral infection was considered 

when respiratory and blood bacterial cultures were negative 

within first 72 hours during the acute phase of viral ARF. Bac-

terial co-infection was considered as positive culture results 

within the first 72 hours in patients with confirmed viral infec-

tion. Secondary bacterial infection was considered as positive 

culture results after 72 hours in patients with confirmed viral 

infection [16,17]. The features of survivors and non-survivors 

according to hospital mortality were documented.  

Statistical Analysis  
Results are presented as medians with interquartile ranges, 

percentages, odds ratios (OR) and 95% confidence interval 

(CI). Comparisons were performed with Mann Whitney U-test 

and chi-square/exact tests, as appropriate. The one variable 

■ There was no significant difference in hospital mor-
tality between critically ill coronavirus disease 2019 
(COVID-19) and influenza patients.

■ Critically ill influenza patients had worse performance 
status and disease severity than patients with COVID-19.

■ Secondary bacterial infection, admission acute kidney 
injury, procalcitonin level above 0.2 ng/ml were the inde-
pendent factors distinguishing influenza from COVID-19 
while prone positioning differentiated COVID-19 from 
influenza.

KEY MESSAGES
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analyses to identify variables discriminating viral cohorts be-

tween each other and to figure out associated parameters with 

hospital mortality for the whole group were studied. Numeric 

variables were categorized according to their median values. 

For multivariable analysis, factors identified with one variable 

analysis (P<0.20) with no interaction in between were further 

entered into the logistic regression model by Backward Step-

wise method to determine independent predictors differen-

tiating COVID-19 from influenza and predictors for hospital 

mortality. Since the primary outcome in these analyses are 

hospital mortality, there was no censored case in our study 

group, we performed Backward Stepwise method. Hosmer-Le-

meshow goodness of fit statistical analysis was used to assess 

fitness of the model. Kaplan-Meier survival analysis and log 

rank test were performed to assess the effects of COVID-19 and 

influenza on survival. P-value < 0.05 was accepted as signifi-

cant. All analysis was done with IBM SPSS ver. 23 (IBM Corp., 

Armonk, NY, USA). 

RESULTS 

Out of 56 COVID-19 and 64 influenza cases admitted to ICU, 

54 COVID-19 and 55 influenza patients with ARF were includ-

ed in the study. Two of the COVID-19 patients and 6 of the 

influenza patients who did not have a diagnosis with ARF were 

excluded. We also excluded three of the influenza patients 

whose medical records were missing. General characteristics 

of patients are seen at Table 1. In COVID-19 group the median 

age of patients was 64 years and 34 (63%) were male, while the 

median age was 62 years and 29 (53%) were male in influen-

za group. Cardiac disease was higher in the influenza group 

(P=0.01). In COVID-19 group median ECOG status (P<0.01), 

CFS (P<0.01), APACHE II (P<0.01) and SOFA (P=0.01) scores 

were lower than in influenza patients. In terms of admission 

laboratory tests, white blood cell counts (P<0.01), median 

neutrophil lymphocyte ratio (NLR; P<0.01), international nor-

malized ratio (P<0.01) and procalcitonin (PCT) values (P<0.01) 

were lower in patients with COVID-19 than those with influ-

enza. Evaluation of arterial blood gas analysis on admission 

revealed that patients with influenza had lower pH (P<0.01) 

and higher PaCO2 levels (P<0.01) than those with influenza. 

Influenza patients had higher rates of admission septic 

shock (P<0.01), AKI (P<0.01) and secondary bacterial infection 

(P=0.02) during ICU stay in comparison with COVID-19 pa-

tients. There was no difference in systemic steroid use during 

ICU stay between COVID-19 and influenza patients (61% vs. 

71%, respectively; P=0.47). IMV applied more in influenza 

group (43% vs. 66%, respectively; P=0.01). Prone positioning 

was performed in 52% of the COVID-19 and 6% of the influ-

enza patients (P<0.01). Seventy-eight of the whole patients 

had primary viral infection. Out of 78 patients, 9 (24.3%) in 

COVID-19 and 19 (46.3%) in the influenza group passed away 

(P=0.04). There was no difference in hospital mortality be-

tween COVID-19 and influenza patients (32% vs. 47%; P=0.09, 

respectively). Multivariable analysis revealed that only prone 

position discriminates COVID-19 from influenza in favor of 

COVID-19, while the presence of secondary bacterial infec-

tion, admission AKI and PCT level above 0.2 ng/ml differenti-

ate in favor of influenza (Figure 1). 

The characteristics of survivors and non-survivors were 

depicted at Table 2. After logistic regression analyses; IMV, 

admission SOFA >4, malignancy and age >65 years were found 

to be independent variables for predicting hospital mortality 

when adjusted for cardiac disease, CFS, APACHE II score >16, 

presence of septic shock, secondary bacterial infection, NLR 

≥10 and patient group as COVID versus influenza (Table 3). 

In Kaplan-Meier survival analysis, there was no difference 

between COVID-19 and influenza patients (log-rank P=0.81) 

(Figure 2). 

DISCUSSION 

The present study revealed that patients with influenza had 

worse performance status, clinical severity scores and more 

complications than patients with COVID-19 while there was 

no significant difference in hospital mortality rates between 

two groups. Age, disease severity and the existence of comor-

bidities and their types are one of the main influencing factors 

for outcomes of respiratory failure due to viruses. In this study, 

patients with influenza had more cardiac and chronic kidney 

disease and had higher ECOG, CFS, APACHE II and admission 

SOFA scores than COVID-19. 

The only article focusing on ICU patients comparing 

COVID-19 and influenza was reported by Tang et al. [10] They 

investigated 73 COVID-19 and 75 influenza patients with ARDS 

and found 29% versus 35% hospital mortality rates, respec-

tively, not reaching statistical significance similar to our study. 

Although they did not report data on patients’ performance 

status, they found higher median SOFA score in patients with 

influenza. Another recently published study in this field was a 

retrospective nationwide, population-based study from France 

by Piroth et al. [12] comparing COVID-19 and 2018-19 season-
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Table 1. General characteristics and outcomes of COVID-19 and influenza patients
Variable All (n=109) COVID-19 (n=54) Influenza (n=55) P-value
Age (yr) 64 (55–76) 64 (58–76) 62 (51–77) 0.83
Patients >65 yr 50 (46) 24 (44) 26 (47) 0.76
Male sex 63 (58) 34 (63) 29 (53) 0.27
Comorbidity
 Hypertension 51 (47) 25 (46) 26 (47) 0.91
 Diabetes mellitus 32 (29) 13 (24) 19 (35) 0.23
 Cardiac disease 30 (28) 9 (17) 21 (38) 0.01
 Malignancy 24 (22) 8 (15) 16 (29) 0.07
 Chronic lung disease 21 (19) 7 (13) 14 (26) 0.09
 Chronic kidney disease 6 (6) 0 6 (11) 0.01
 Chronic liver disease 5 (5) 4 (7) 1 (2) 0.20
Smoking 37 (34) 17 (32) 20 (36) 0.59
ECOG status 2 (1–3) 1 (0–2) 2 (1–3) <0.01
CFS 4 (2–6) 3 (1–5) 5 (3–7) <0.01
APACHE II score 16 (12–24) 13 (10-18) 19 (15–27) <0.01
SOFA score on admission 4 (3–7) 4 (3–6) 6 (3–10) 0.01
Laboratory values on admission
 WBC (×103) 8.1 (5.2–11) 6.1 (4.1–9.3) 9.9 (7.1–13.4) <0.01
 Lymphocyte (×103) 0.7 (0.5–1) 0.8 (0.5–1.1) 0.6 (0.4–0.9) 0.19
 NLR 9.6 (3.9–16.9) 5.9 (2.6–12.5) 13.4 (6–22.8) <0.01
 Prothrombin time (INR) 1.1 (1–1.2) 1.1 (1–1.1) 1.2 (1.1–1.4)a <0.01
 Procalcitonin (ng/ml) 0.2 (0.08–0.77) 0.13 (0.07–0.2) 1.9 (0.2–7.5)b <0.01
 pH (mm Hg) 7.42 (7.36–7.46) 7.44 (7.41–7.49) 7.40 (7.33–7.44)c <0.01
 PaCO2 (mm Hg) 36 (31–46) 33 (29–36) 45 (35–57)c <0.01
PaO2/FiO2 on admission 167 (124–234) 160 (127–233) 180 (102–250) 0.24
 <100 20 (18) 7 (13) 13 (23) <0.01
 100–199 48 (44) 25 (46) 23 (42) 0.92
 200–300 32 (30) 19 (35) 13 (23) 0.02
 >300 9 (8) 3 (6) 6 (11) 0.06
Thorax CT findings on admission
 Ground glass opacity 71 (79) 48 (92) 23 (61) <0.01
 Consolidation 8 (9) 2 (4) 6 (16) 0.06
 Infiltration 2 (2) 0 2 (5) 0.17
Septic shock on admission 55 (51) 20 (37) 35 (64) <0.01
AKI on admission 52 (48) 16 (30) 36 (66) <0.01
Mechanical Ventilation
 IMV 59 (54) 23 (43) 36 (66) 0.01
 NIMV 66 (61) 26 (48) 40 (73) 0.01
Prone position 31 (28) 28 (52) 3 (6) <0.01
RRT 27 (25) 7 (13) 20 (36) <0.01
Primary viral infection 78 (72) 37 (69) 41 (75) 0.48
Bacterial co-infection 34 (31) 13 (24) 21 (38) 0.11
Secondary bacterial infection 56 (51) 22 (41) 34 (62) 0.02
Opportunistic infection 9 (8) 5 (9) 4 (7) 0.50
Outcomes
 Hospital mortality 43 (39) 17 (32) 26 (47) 0.09
 ICU LOS (day) 12 (6–24) 12 (5–18) 12 (6–29) 0.22
 Hospital LOS (day) 20 (12–36) 18 (11–29) 24 (13–42) 0.09

Values are presented as median (interquartile range) or number (%).
COVID-19: coronavirus disease 2019; ECOG: Eastern Cooperative Oncology Group; CFS: Clinical Frailty Scale; APACHE: Acute Physiology and Chronic Health 
Evaluation; SOFA: Sequential Organ Failure Assessment; WBC: white blood cell; NLR: neutrophil lymphocyte ratio; INR: international normalized ratio; PaO2/FiO2: 
the ratio of partial pressure arterial oxygen and fraction of inspired oxygen; CT: computerized tomography; AKI: acute kidney injury; IMV: invasive mechanical 
ventilation; NIMV: non-invasive mechanical ventilation; RRT: renal replacement therapy; ICU: intensive care unit; LOS: length of stay.
an=53; bn=23; cn=54.
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al influenza patients. This study includes a large ICU cohort 

(n=14,585 vs. n=4,926, respectively) and demonstrated that 

patients with COVID-19 had higher hospital mortality than 

those with influenza (27% vs. 18%, P<0.01). In this study [12], 

firstly there was no data on disease severity scores, secondari-

ly they used International Classification of Disease codes for 

predicting comorbidity scores which had some contradictory 

findings, as patients with influenza had higher mean Elixhaus-

er comorbidity score but lower mean Charlson comorbidity 

score than in those with COVID-19. In addition, lower disease 

severity scores in COVID-19 patients may be related to early 

referral of patients to ICU from wards and emergency depart-

ment and early diagnosis in pandemic situation. 

We determined that PCT levels on admission were higher 

in influenza patients than in those with COVID-19 and found 

PCT levels above 0.2 ng/ml as one of the variables that differ-

entiated influenza from COVID-19. Higher PCT levels have 

been reported as an independent risk factor for predicting ICU 

mortality [18,19]. 

In our study regarding with median PaO2/FiO2 on admis-

sion, almost half of the patients in each group had a PaO2/

FiO2 between 100 and 200. On the other hand, proportion of 

the patients who had PaO2/FiO2 under 100 was greater in in-

Figure 1. Independent parameters differentiating viral agents are schematized by forest plot. Independent parameters differentiating viral agents 
are schematized by forest plot. Adjusted for the history of cardiac disease, Clinical Frailty Scale, Acute Physiology and Chronic Health Evaluation 
(APACHE) II score, Sequential Organ Failure Assessment (SOFA) score, presence of septic shock, invasive mechanical ventilation, admission 
neutrophil/lymphocyte ratio, and admission international normalized ratio. Except prone positioning, admission procalcitonin (PCT), acute kidney 
injury (AKI) and secondary bacterial infection discriminate influenza patients from coronavirus disease 2019 (COVID-19). OR: odds ratio; Cl: 
confidence interval.

Figure 2. Kaplan-Meier survival curve comparing patients with 
Coronavirus disease 2019 (COVID-19; dotted line) and influenza 
(straight line) revealing no difference in survival between two groups 
(log-rank P=0.81).
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Table 2. General characteristics of survivors and non-survivors in overall patients
Variable Survivor (n=66) Non-survivor (n=43) P-value
Age (yr) 60 (51–73) 69 (60–79) 0.01e

Patients >65 yr 26 (39) 24 (56) 0.09
Male sex 34 (52) 29 (67) 0.10
Comorbidity
 Hypertension 27 (41) 24 (56) 0.12
 Diabetes mellitus 17 (29) 15 (35) 0.30
 Chronic lung disease 15 (28) 6 (14) 0.25
 Cardiac disease 13 (20) 17 (40) 0.02e

 Malignancy 9 (14) 15 (35) <0.01e

 Chronic kidney disease 2 (3) 4 (9) 0.21
 Chronic liver disease 0 5 (12) <0.01e

Smoking 21 (32) 16 (37) 0.56
ECOG status 1 (0–2) 2 (1–3) 0.001e

CFS 3 (2–6) 5 (4–7) <0.001e

APACHE II score 14 (11–19) 20 (15–31) <0.001e

SOFA score on admission 4 (2–5) 7 (5–12) <0.001e

Laboratory values on admission
 WBC (×103) 7.5 (5–10) 10 (7–12) 0.01e

 Lymphocyte (×103) 0.7 (0.5–1) 0.6 (0.4–1) 0.26
 NLR 7.6 (3.7–13.5) 13.5 (5–22.5) 0.03
 Prothrombin time (INR) 1.06 (1.05–1.16)a 1.18 (1.13–1.59)c <0.001e

 Procalcitonin (ng/ml) 0.14 (0.07–0.3)b 0.6 (0.1–4.7)d <0.01e

 pH (mm Hg) 7.43 (7.39–7.47)a 7.40 (7.29–7.45) 0.01e

 PaCO2 (mm Hg) 36 (31–44)a 35 (30–47) 0.81
PaO2/FiO2 on admission 184 (132–257) 154 (97–206) 0.01e

Prone position 20 (30) 11 (26) 0.60
Septic shock on admission 18 (27) 37 (86) <0.001e

AKI on admission 19 (29) 33 (77) <0.001e

Mechanical Ventilation
 IMV 19 (29) 40 (93) <0.001e

 NIMV 39 (59) 27 (63) 0.70
RRT 6 (9) 21 (49) <0.001e

Primary viral infection 50 (76) 28 (65) 0.23
Bacterial co-infection 18 (27) 16 (37) 0.27
Secondary bacterial infection 27 (41) 29 (67) <0.01e

Opportunistic infection 3 (5) 6 (14) 0.08
Patient group 0.09
 COVID-19 37 (56) 17 (40)
 Influenza 29 (44) 26 (60)
Outcome
 ICU LOS (day) 11 (6–18) 17 (5–32) 0.23
 Hospital LOS (day) 17 (11–34) 24 (13–37) 0.56

Values are presented as median (interquartile range) or number (%).
ECOG: Eastern Cooperative Oncology Group; CFS: Clinical Frailty Scale; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ 
Failure Assessment; WBC: white blood cell; NLR: neutrophil lymphocyte ratio; INR: international normalized ratio; PaO2/FiO2: the ratio of partial pressure arterial 
oxygen and fraction of inspired oxygen; AKI: acute kidney injury; IMV: invasive mechanical ventilation; NIMV: non-invasive mechanical ventilation; RRT: renal 
replacement therapy; COVID-19: coronavirus disease 2019; ICU: intensive care unit; LOS: length of stay.
an=65; bn=46; cn=42; dn=31; eIndicates statistical significance.



174 https://www.accjournal.org Acute and Critical Care 2022 May 37(2):168-176

Yildirim M, et al.     Comparison of COVID-19 and influenza

fluenza patients than in those with COVID-19. Tang et al. [10] 

demonstrated similar findings that there were significantly 

higher number of patients who had PaO2/FiO2 under 100 in 

influenza group than COVID-19 (48% vs. 7%, respectively). 

It has been recently reported that septic shock was encoun-

tered more in COVID-19 patients compared with influenza 

(31.5% vs. 13.3%) during ICU stay [10]. Similarly, Piroth et al. 

[12] showed that pulmonary bacterial infection and septic 

shock were frequently seen in COVID-19 group. Septic shock 

on admission was found in 51% of our patients and it was 

more common in those with influenza. Our patients with in-

fluenza had worse performance status and more severe illness 

on admission than those with COVID-19 which could partly 

explain these different results between our study and previous 

ones. As known, another confounding factor during ARF is 

AKI which is associated with mortality among critically ill in-

fluenza patients and rates of reported AKI vary between 27 to 

61%, consistent with the current study [9,20-22]. In this study, 

AKI was more common in the influenza group and the pres-

ence of AKI on admission draw a distinction with influenza 

from COVID-19. AKI incidence among critically ill COVID-19 

patients was determined to be between 23% to 43% in previ-

ous studies [23,24]. In our study, AKI occurrence in COVID-19 

cohort on admission was 30%. 

Since the beginning of the COVID-19 pandemic, respira-

tory support practices have varied. At the beginning of the 

pandemic, IMV was frequently applied to COVID-19 patients 

with respiratory failure in order to prevent the spread of the 

disease especially to healthcare workers. Prone positioning 

has been used as a rescue treatment in severe ARDS patients 

to improve oxygenation and prevent ventilation induced lung 

injury [25,26]. In our study prone positioning was performed 

more commonly in patients with COVID-19 than in those with 

influenza and it was the only independent parameters that 

distinguished COVID-19 from influenza. It has been increas-

ingly utilized in COVID-19 patients with ARDS and many stud-

ies showed improvement in oxygenation even during awake 

prone positioning [27,28]. 

Bacterial infections developing during the course of viral 

infections have been frequently reported in recent years, and 

its association with increased morbidity and mortality has 

been shown [29,30]. In the current study, secondary bacterial 

infection was observed in 51% of the whole patients and it was 

demonstrated to be higher in the influenza group. Further-

more, the presence of secondary bacterial infection stands 

out as a variable that differentiate influenza from COVID-19. 

This study is important because there are limited number 

of studies comparing COVID-19 with influenza and whether 

COVID-19 carries poorer prognosis compared to influenza 

is not well-known yet. However, there are some limitations 

in this study. First, it was a single-center retrospective study. 

Therefore, generalization of the results is not quite possible 

and the study is underpowered to detect a difference in the 

main outcome. Second, the two groups do not match with 

each other in terms of disease severity as such clinical severity 

of influenza was worse than that of the COVID-19 patients. 

Due to few numbers of patients, it was not possible to do a 

matched case-control study, however in logistic regression 

analysis COVID-19 or influenza was not a predictor of mortali-

ty when adjusted for other risk factors. Third, COVID-19 group 

consisted of patients admitted to ICU during the 4 months 

of the pandemic in our institution, whereas in the influenza 

group seasonal influenza cases of the last 5 years before the 

pandemic were included. Therefore, diagnostic and therapeu-

tic options might have been changed during this time period 

which might have influenced patient outcomes. 

This study revealed that there are few differences in clinical 

features of critically ill COVID-19 and influenza patients and 

there is no significant difference in hospital mortality between 

two groups. In fact, influenza cases had worse performance 

status and disease severity. Therefore, further studies with 

larger number of critically ill patients matched for clinical se-

verity are needed. 
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Table 3. Multivariable analysis for predicting hospital mortality
Parameter Odds ratio (95% CI) P-value
IMV 42.16 (9.45–187.97) <0.001
SOFA score on admission >4 5.92 (1.85–18.92) 0.01
Malignancy 4.95 (1.13–21.60) 0.03
Age >65 yr 3.31 (0.99–11.03) 0.05

Adjusted for history of cardiac disease, Clinical Frailty Scale, Acute Physiology 
and Chronic Health Evaluation II score >16, presence of septic shock, 
secondary bacterial infection, neutrophil lymphocyte ratio ≥10 and patient 
group as coronavirus disease 2019 versus influenza.
Cl: confidence interval; IMV: invasive mechanical ventilation; SOFA: Sequential 
Organ Failure Assessment.
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Background: Anticoagulation during extracorporeal membrane oxygenation (ECMO) usually is re-
quired to prevent thrombosis. The aim of this study was to investigate the usefulness of nafamo-
stat mesilate (NM) as a regional anticoagulant during veno-arterial ECMO (VA-ECMO) treatment. 
Methods: We retrospectively reviewed the medical records of 16 patients receiving VA-ECMO and 
NM from January 2017 to June 2020 at Haeundae Paik Hospital. We compared clinical and labora-
tory data, including activated partial thromboplastin time (aPTT), which was measured simultane-
ously in patients and the ECMO site, to estimate the efficacy of regional anticoagulation. 
Results: The median patient age was 68.5 years, and 56.3% of patients were men. Cardiovascular 
disease was the most common primary disease (75.0%) requiring ECMO treatment, followed by 
respiratory disease (12.5%). The median duration of ECMO treatment was 7.5 days. Among 16 pa-
tients, seven were switched to NM after first using heparin as an anticoagulation agent, and nine 
received only NM. When comparing aPTT values in the NM group between patients and the ECMO 
site, that in patients was significantly lower than that at the ECMO site (73.57 vs. 79.25 seconds; 
P=0.010); in contrast, no difference was observed in the heparin group. 
Conclusions: NM showed efficacy as a regional anticoagulation method by sustaining a lower 
aPTT value compared to that measured at the ECMO site. NM should be considered as a safer re-
gional anticoagulation method in VA-ECMO for patients at high risk of bleeding. 

Key Words: nafamostat mesilate; regional anticoagulation; veno-arterial extracorporeal mem-
brane oxygenation 
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INTRODUCTION 

Extracorporeal membrane oxygenation (ECMO) is a life-saving rescue therapy used to main-

tain cardiopulmonary function for critically ill patients. The use of ECMO has increased over 

the past few decades, and there is a growing demand for ECMO component technologies 

[1]. During ECMO treatment, exposure of blood to the large non-endothelial surface of the 
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ECMO circuit, blood pump, and oxygenator system based on 

the type of ECMO causes contact activation and an associat-

ed risk of thrombus formation within the circuits or human 

circulation [2]. Therefore, effective systemic anticoagulation 

is usually required. In addition to the use of anticoagulation, 

circuit-related clotting factors, platelet consumption, and 

coagulopathy-associated critical illness can also increase the 

bleeding risk [3]. Thrombosis and bleeding are the most fre-

quent and serious complications of ECMO and are associated 

with a high risk of mortality [4]. 

Among anticoagulants, unfractionated heparin (UFH) is 

one of the most widely used and well-studied anticoagulants 

during ECMO support given its short half-life and reversibility 

by protamine [5]. However, systemic anticoagulation achieved 

by heparin use exposes patients to a risk of bleeding due to 

UFH overdose, thrombocytopenia, platelet dysfunction, co-

agulopathy, and fibrinolysis [6]. Especially, heparin-induced 

thrombocytopenia is associated with high morbidity and mor-

tality rates [7]. Titrating the intensity and balance of systemic 

anticoagulation between thrombosis and bleeding is very im-

portant and remains a major challenge. 

Nafamostat mesilate (NM) is a synthetic serine protease in-

hibitor that has been used primarily for anticoagulation in pa-

tients with continuous renal replacement therapy (CRRT) and 

ECMO in Japan and Korea [8]. NM is an effective anticoagulant 

and was anticipated to reduce the adverse event of bleeding 

during blood purification in critically ill patients due to its 

short half-life [9-11]. However, the actual efficacy and safety 

of NM as a regional anticoagulant in patients receiving ECMO 

have not been well demonstrated. Therefore, the aim of this 

study was to evaluate the efficacy and safety of NM as a region-

al anticoagulant in Korean patients undergoing veno-arterial 

ECMO (VA-ECMO). 

MATERIALS AND METHODS 

This study was approved by the Institutional Review Board of 

Haeundae Paik Hospital (IRB No. 2020-06-016), and the re-

quirement for written informed consent was waived due to the 

retrospective nature of this study. 

Study Participants 
Among 116 patients who were treated with VA-ECMO (166 in 

total, with 50 receiving veno-venous ECMO [VV-ECMO]), 16 

with available clinical and laboratory data and who were treat-

ed with NM as an anticoagulant from May 2017 to June 2020 at 

Haeundae Paik Hospital, Korea, were analyzed retrospectively. 

Patients who underwent activated partial thromboplastin time 

(aPTT) testing at 6-hour intervals during ECMO were included 

in the analysis (Figure 1). 

Clinical Information 
Baseline characteristics and laboratory data were obtained 

from medical records. The primary disease requiring ECMO 

treatment and the presence of adverse events, including bleed-

ing before and during ECMO application, were recorded. The 

Acute Physiology and Chronic Health Evaluation (APACHE) 

II score was calculated to classify disease severity for adult 

patients admitted to the intensive care unit (ICU), and the 

Simplified Acute Physiology Score (SAPS) III was measured to 

predict ICU mortality.  

ECMO Apparatus 
The Permanent Life Support (PLS) system by Maquet (Rastatt, 

Germany), consisting of a PLS-i oxygenator with a Bioline 

■ Nafamostat mesilate showed efficacy as a regional an-
ticoagulation method by sustaining a lower activated 
partial thromboplastin time (aPTT) value compared 
to that measured at the extracorporeal membrane 
oxygenation (ECMO) site during veno-arterial ECMO 
(VA-ECMO).

■ Nafamostat mesilate should be considered as a region-
al anticoagulation alternative for patients at high risk 
of bleeding during VA-ECMO.

KEY MESSAGES

ECMO 
166 patients

VA-ECMO 
116 patients

NM 
16 patients

VV-ECMO 
 50 patients

Heparin, no anticoagulant
100 patients

Figure 1. Flowchart of patient selection. ECMO: extracorporeal 
membrane oxygenation; VV-ECMO: veno-venous ECMO; VA-ECMO: 
veno-arterial ECMO; NM: nafamostat mesilate.
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coating and a Rotaflow centrifugal pump (RF-32), was the 

ECMO system used. The PLS circuit was primed with 1 L of 

normal saline or plasma solution, and the total circuit volume 

was 500 to 600 mL.  

Anticoagulation and Assessment of Regional 
Anticoagulation Effects 
NM (SK Chemicals Life Science, Seongnam, Korea; licensed by 

Toril Pharma, Tokyo, Japan) was infused continuously through 

an exclusive stopcock installed in the drainage route before the 

ECMO pump. NM was started at a rate of 0.2 to 0.5 mg/kg/hr 

without bolus injection. The maintenance dose of NM was reg-

ulated to achieve an aPTT range of 60 to 90 seconds, as mea-

sured by Sysmex CA-7000 (Siemens, Munich, Germany). The 

patient and ECMO site samples were obtained at the central 

venous catheter and the circuit of ECMO after the oxygenator 

and pump, respectively. We compared differences in aPTT at 

6-hour intervals to identify the usefulness of NM as a region-

al anticoagulation agent. Enrolled patients were subdivided 

into an NM group and a heparin group that was treated with 

heparin before switching to NM to compare the differences in 

regional anticoagulation. 

Statistical Analysis 
The data are presented as frequencies with percentages for 

categorical variables and as median and interquartile range 

values for continuous variables. A paired t-test or Wilcoxon’s 

signed-rank test was performed for comparison between two 

time points. To determine the normality of data distribution, 

the Shapiro-Wilk test was used. Line graphs were presented 

for data visualization. All statistical analyses were carried out 

using the IBM SPSS ver. 24.0 (IBM Corp., Armonk, NY, USA), 

and P-values less than .05 were considered to be statistically 

significant. 

RESULTS 

Baseline Clinical Characteristics 
A total of 16 patients was included in this study (Table 1). The 

median age was 68.5 years, and 56.3% of patients were men. 

Cardiovascular disease was the most common primary disease 

(75.0%) requiring ECMO treatment, followed by respiratory 

disease (12.5%). All patients existed in a shock state, defined 

as the use of an inotropic agent or vasopressor to maintain ad-

equate tissue perfusion (mean arterial pressure >65 mm Hg), 

and nine patients (56.3%) were treated with CRRT. The medi-

an APACHE II and SAPS III scores were 24.5 and 60.0 points, 

respectively. Before ECMO treatment, one patient suffered a 

bleeding situation at a postoperative site, but there were no 

thrombotic adverse events recorded during the study. 

Details of VA-ECMO and Anticoagulation 
Among 16 patients, seven initially were given heparin as an an-

ticoagulant agent and switched to NM due to bleeding during 

ECMO. Nine patients originally received NM as an anticoag-

ulant agent because of a high risk of bleeding before ECMO 

treatment and existing postoperative bleeding. All patients 

were cannulated with arterial and venous cannulae in both 

femoral vessels according to body size. The median duration 

of ECMO treatment was 7.5 days (range, 4.0–10.0 days). The 

median flows of ECMO and gas were 3.3 L/min (range, 2.9–3.7 

L/min) and 3.5 L/min (range, 3.0–4.7 L/min), respectively. The 

median dose of NM was 17.7 mg/hr (range, 9.8–21.7 mg/hr) 

and 424.8 mg/day (range, 236.0–522.0 mg/day). The details of 

VA-ECMO apparatus and anticoagulation are summarized in 

Table 1. Baseline clinical characteristics of the patients
Characteristics Value (n=16)
Age (yr) 68.5 (53.5–73.0)
Male 9 (56.3)
Height (m) 1.65 (1.61–1.70)
Body weight (kg) 58.75 (54.13–75.83)
Predicted body weight (kg) 58.00 (52.75–61.75)
Primary disease
 Respiratory disease 2 (12.5)
 Cardiovascular disease 12 (75.0)
 Gastrointestinal disease 1 (6.3)
 Renal disease 1 (6.3)
APACHE II score 24.50 (18.50–27.75)
SAPS III score 60.00 (48.25–73.00)
Shocka 16 (100.0)
CRRT 9 (56.3)
Serum CRP (mg/dl) 4.27 (0.87–16.72)
Serum albumin (g/dl) 2.75 (2.30–3.00)
Serum procalcitonin (ng/ml) 1.57 (0.53–29.56)
Serum lactate (mmol/L) 9.80 (3.65–13.33)
eGFR (ml/min/1.73m2) 54.50 (21.50–78.75)
Survival 5 (31.3)

Values are presented as median (interquartile range) or number (%).
APACHE: Acute Physiology and Chronic Health Evaluation; SAPS: Simplified 
Acute Physiology Score; CRRT: continuous renal replacement therapy; CRP: 
C-reactive protein; eGFR: estimated glomerular filtration rate.
aShock: use of inotropic agent or vasopressor to maintain adequate tissue 
perfusion (mean arterial pressure over 65 mm Hg).
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Table 2.  

Analysis of aPTT and Complications between Patient 
and ECMO Site  
The aPTT values at 16 consecutive sample points during a 

six-hour interval between patients and the ECMO site were 

compared. The aPTT analysis of the NM group included data 

from all 16 patients, and the analysis of the heparin group in-

cluded data from seven patients who received heparin before 

being switched to NM. In these 16 patients who received NM, 

the pooled aPTT value of patients was significantly lower than 

that of the ECMO site (median aPTT, 73.57 vs. 79.25 seconds; 

P=0.010) (Table 3, Figure 2A). However, there was no differ-

ence between patients and ECMO among those given heparin 

before NM (median aPTT, 72.84 vs. 72.95 seconds; P=0.768) 

(Table 4, Figure 2B). In patients given NM, the target aPTT was 

achieved at most sample points. During a subgroup analysis 

in those who received both heparin and NM, the pooled aPTT 

value of patients was significantly lower than that of the ECMO 

site during NM use (median aPTT, 68.42 vs. 73.13 seconds, 

P=0.031) (Table 4, Figure 2C). 

Among seven patients originally treated with heparin, six 

suffered adverse events of bleeding during ECMO treatment 

(including four with cannulation site bleeding, one with gin-

gival bleeding, and one with hematochezia); after changing 

to NM, this bleeding improved in all patients. In nine patients 

originally receiving NM, three suffered bleeding events (in-

cluding two with postoperation site bleeding and one with 

hemothorax after bedside needle thoracentesis); however, 

none of these cases were severe, showed substantial hemo-

dynamic compromise, or required transfusion. There was no 

difference in the quantity of red blood cell transfusion between 

the two groups. Also, there were no adverse events, such as 

drug or hypersensitivity reactions, associated with NM. 

DISCUSSION 

In our study, NM showed efficacy as a regional anticoagulant 

during ECMO treatment. aPTT values in patients were signifi-

cantly lower than that of the ECMO site; further, no adverse 

event of thrombosis occurred, and clinically significant bleed-

ing was reduced in patients with NM compared to those treat-

ed with heparin. Also, at most time points, the target aPTT val-

ue was achieved in the NM group without significant adverse 

events. 

Table 2. Data of ECMO and anticoagulation
Characteristics Value (n=16)
ECMO duration (day) 7.5 (4.0–10.0)
Initial laboratory data
 aPTT (sec) 75.10 (54.53–89.35)
 PT (sec) 17.10 (14.00–21.90)
 FDP (g/ml) 32.70 (15.00–174.70)
 D-dimer (g/ml) 7.93 (2.69–18.71)
 Hemoglobin (g/dl) 10.80 (10.13–12.75)
 Platelet (1,000/mm3) 126.50 (62.75–172.00)
NM infusion rate (mL/hr) 5.90 (3.30–7.25)
NM dose per hour (mg/kg) 17.70 (9.84–21.75)
NM dose per day (mg/kg) 424.80 (236.00–522.00)
ECMO flow LPM (L/min) 3.30 (2.93–3.73)
ECMO gas flow (L/min) 3.50 (3.00–4.75)
Bleeding before ECMO 1 (6.3)
Bleeding after ECMO 9 (56.3)
Thrombosis 0
RBC transfusion (pack) 16.50 (15.00–23.75)

Values are presented as median (interquartile range) or number (%).
ECMO: extracorporeal membrane oxygenation; aPTT: activated partial 
thromboplastin; PT: prothrombin time; FDP: fibrinogen degradation product; 
NM: nafamostat mesilate; LPM: liter per minute; RBC: red blood cell.

Table 3. Pooled analysis of aPTT during VA-ECMO using NM as 
anticoagulation drug

Sample point 
aPTT (sec)

P-value
ECMO Patient (n=16)

Baseline 75.15 (57.80–120.00) 69.70 (52.18–120.00) 0.182a

S1 83.25 (49.55–120.00) 82.80 (54.48–112.40) 0.547b

S2 67.80 (48.28–98.05) 63.95 (51.38–93.35) 0.207b

S3 65.50 (56.30–104.20) 61.00 (47.60–80.30) 0.014b

S4 90.50 (59.28–115.20) 70.70 (52.25–79.70) 0.008b

S5 67.20 (59.95–102.60) 70.30 (44.30–103.20) 0.485a

S6 72.80 (61.85–95.00) 65.70 (48.40–94.10) 0.237b

S7 74.20 (60.65–87.85) 67.50 (52.35–94.20) 0.209a

S8 72.90 (57.30–90.00) 63.55 (57.48–94.88) 0.652b

S9 74.40 (56.03–95.98) 61.70 (52.40–78.00) 0.097b

S10 68.60 (60.13–84.43) 61.10 (46.80–85.80) 0.196b

S11 69.55 (59.20–80.75) 61.35 (50.73–86.63) 0.785b

S12 78.00 (59.70–80.40) 66.05 (57.48–69.43) 0.032b

S13 69.90 (61.05–89.15) 72.70 (56.05–104.80) 0.593b

S14 70.10 (53.65–86.10) 64.70 (49.70–72.05) 0.135b

S15 63.20 (58.25–102.30) 61.00 (52.35–67.35) 0.093a

Median 79.25 (65.00–93.64) 73.57 (54.78–86.66) 0.010b

Values are presented as median (interquartile range). Shapiro-Wilk’s test was 
employed for test of normality assumption.
aPTT: activated partial thromboplastin; VA-ECMO: veno-arterial 
extracorporeal membrane oxygenation, NM: nafamostat mesilate; S: sample 
point.
aWilcoxon's signed-rank test; bPaired t-test.
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During ECMO treatment, systemic anticoagulation is usu-

ally recommended to prevent thrombosis resulting from the 

intrinsic nature of ECMO, including exposure of blood to a 

non-endothelial biosurface and a complement-mediated in-

flammatory response [12]. Especially, the risks of thrombosis 

and thromboembolic events can increase in patients with 

VA-ECMO due to the turbulent flow of circulation and left 

ventricular stasis [6,13,14]. However, systemic anticoagulation 

might present a risk for clinically relevant bleeding and antico-

agulant-derived side effects [15,16]. Despite the growing use of 

ECMO and continued technologic advances, hemorrhagic and 

thrombotic complications account for the majority of mortal-

ity and morbidity events in patients undergoing ECMO [17]. 

Maintaining optimal hemostasis and a good balance between 

thrombosis and bleeding is key for managing patients safely 

during ECMO and is associated with better clinical outcomes. 

Therefore, this study was conducted because we hypothesized 

that regional anticoagulation is a more important and safer 

method than systemic anticoagulation in patients undergoing 

VA-ECMO. 

NM is a serine protease inhibitor that has anticoagulant, an-

tifibrinolytic, and antiplatelet actions [18]. Also, in Japan and 

Korea, NM has been used as an alternative anticoagulant in 

patients at high risk of bleeding during hemodialysis because 

of its very short half-life [10,19]. NM has a very short biological 

half-life, approximately five to eight minutes, compared to that 

of UFH, and is inactivated by hydrolysis catalyzed by carboxy-

lesterase in the blood during extracorporeal blood purification 

[20,21]. Some studies support the results that NM provides 

sufficient filter survival and reduces adverse bleeding events 

during CRRT in patients at high risk of bleeding [22,23]. 

Because hemodialysis and ECMO have similar mechanisms, 

there have been attempts to use NM during ECMO. In our 

study, NM led to a significant difference in aPTT value be-

tween patients and the ECMO site, suggesting the usefulness 

of NM as a regional anticoagulant and its similar anticoagu-

lation effect compared to that of heparin. In a previous study, 

Han et al. reported that, among 90 patients undergoing ECMO 

(including 22 receiving heparin and 68 receiving NM), the NM 

group experienced fewer bleeding complications compared to 

the heparin group without an increased incidence of throm-

bosis (bleeding, 38.2% vs. 72.7%; P=0.005) [24]. In this study, 

heparin use was a significant risk factor for bleeding (hazard 

ratio, 4.372; 95% confidence interval, 1.449–13.190; P=0.009). 

In 13 patients with ECMO (including six receiving VA-ECMO 

and seven receiving VV-ECMO), Park et al. [25] reported that 

the activated clotting time (ACT) and aPTT at the patient site 

were significantly lower than those at the ECMO site during 

Table 4. Comparison of pooled level of aPTT during VA-ECMO in patients receiving both heparin and NM as anticoagulant drug

Sample point 
aPTT (sec): heparin aPTT (sec): NM 

ECMO Patient (n=7) P-value ECMO Patient (n=7) P-value
Baseline 60.10 (56.55–120.00) 56.40 (50.95–120.00) 0.068a 66.60 (51.10–95.20) 56.50 (46.05–69.70) 0.066a

S1 66.80 (59.70–103.10) 63.90 (50.70–86.20) 0.223b 66.50 (45.15–120.00) 61.80 (46.45–94.10) 0.401a

S2 77.50 (59.90–111.40) 78.80 (57.40–107.70) 0.757b 62.40 (49.85–95.70) 58.80 (51.85–93.10) 0.477a

S3 67.90 (55.65–112.60) 68.10 (57.80–100.75) 0.782b 64.80 (60.08–105.05) 59.35 (48.40–72.18) 0.071b

S4 73.60 (64.48–95.40) 59.60 (49.30–87.95) 0.103b 60.95 (58.43–118.30) 63.25 (48.75–77.00) 0.117b

S5 70.00 (55.75–86.85) 73.30 (52.90–110.80) 0.238b 70.10 (59.93–109.55) 69.20 (42.85–88.58) 0.385b

S6 67.95 (62.98–86.38) 72.20 (55.30–96.60) 0.440b 70.40 (63.13–90.65) 54.95 (48.05–71.78) 0.004b

S7 70.60 (48.00–120.00) 72.10 (47.30–120.00) 0.271b 76.00 (61.48–109.55) 65.00 (50.10–87.60) 0.036b

S8 84.05 (58.78–120.00) 81.50 (63.08–120.00) 1.000a 71.40 (56.75–103.25) 63.70 (57.10–117.20) 0.810b

S9 58.20 (48.45–93.30) 62.35 (51.30–95.15) 0.492b 72.35 (56.03–77.85) 57.20 (52.40–78.00) 0.345a

S10 73.20 (61.00–91.50) 92.20 (59.80–111.20) 0.244b 68.60 (64.40–94.40) 61.10 (44.80–87.40) 0.377b

S11 71.10 (62.20–97.90) 78.00 (63.20–106.00) 0.683b 72.35 (61.55–89.40) 56.95 (49.78–120.00) 0.605b

S12 80.50 (53.05–95.50) 72.05 (53.95–93.90) 0.564b 79.30 (59.70–81.30) 67.10 (57.48–73.90) 0.081b

S13 118.00 (58.30–120.00) 94.90 (63.28–120.00) 0.195b 69.90 (61.05–97.75) 72.70 (56.05–96.80) 0.255b

S14 120.00 (57.00–120.00) 100.20 (58.40–120.00) 0.465b 70.10 (51.45–95.55) 64.70 (49.70–72.05) 0.271b

S15 63.70 (58.60–98.60) 70.90 (65.30–120.00) 0.698b 63.20 (60.60–102.30) 61.30 (52.35–93.65) 0.240b

Median 72.95 (66.50–89.78) 72.84 (61.43–91.64) 0.768b 73.13 (65.92–94.06) 68.42 (54.94–81.07) 0.031b

Values are presented as median (interquartile range). Shapiro-Wilk’s test was employed for test of normality assumption.
aPTT: activated partial thromboplastin; VA-ECMO: veno-arterial extracorporeal membrane oxygenation; NM: nafamostat mesilate; S: sample point.
aWilcoxon's signed-rank test; bPaired t-test.
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VA-ECMO; the same finding was not observed in those pa-

tients on VV-ECMO. These authors suggested that the reason 

for the lack of differences observed in ACT and aPTT values 

in the VV-ECMO population might be because NM enters di-

rectly into the hepatic circulation and is metabolized quickly 

by the liver before it is subjected to dilution by the systemic 

blood flow during VV-ECMO. Also, their study included seven 

patients who used both heparin and NM and showed equiv-

alent efficacy of regional anticoagulation of NM. This demon-

strates the usefulness of NM as a regional anticoagulant in 

Figure 2. Comparison of activated partial thromboplastin time (aPTT) values between patients and extracorporeal membrane oxygenation (ECMO) 
site. (A) The pooled aPTT value in patients was significantly lower than that of the ECMO site in those receiving nafamostat mesilate (NM). (B) 
The pooled aPTT value was not different between patients and the ECMO site in those receiving heparin before NM. (C) The pooled aPTT value in 
patients was significantly lower than that of the ECMO site in those receiving NM after heparin. S: sample point. aIndicates statistically significant 
differences between patients and the ECMO site at each sample point.
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such patients. 

In addition to the effect of regional anticoagulation, NM has 

been reported to have the benefits of a protective effect against 

disseminated intravascular coagulation in an endotoxin-ad-

ministered rat model as well as an anti-inflammatory effect 

[26,27]. Recently, in 268 sepsis patients who received NM and 

conventional treatment, Kamijo et al. [28] reported that the use 

of NM significantly reduced ICU and hospital mortality rates in 

sepsis patients who underwent blood purification compared 

to those treated with other anticoagulants. Since most patients 

who require ECMO treatment present with severe conditions, 

such as sepsis, coagulopathy, and disseminated intravascular 

coagulation, NM might be a more useful treatment. 

This study has some limitations. First, this was a retrospec-

tive study involving only a small number of patients from a sin-

gle center. However, the total number of samples was sufficient 

to produce statistical significance, which was noted in the 

comparison of aPTT values between patients and the ECMO 

site. Second, only an aPTT assay was used to determine the ef-

ficacy of regional anticoagulation in this study. The efficacy of 

anticoagulation can be monitored by aPTT, ACT, and anti-Xa 

assay; however, ACT does not represent only the effect of anti-

coagulant and might be affected by other variable conditions, 

and the means to perform an anti-Xa assay were not available 

at our institution. In addition, the aPTT test is recommend-

ed by the Extracorporeal Life Support Organization and has 

been most widely used. Therefore, in the future, studies using 

other test methods, such as an anti-Xa assay and viscoelastic 

tests, are needed to estimate the efficacy of NM as a regional 

anticoagulant. Third, this study included anticoagulation data 

only from patients undergoing VA-ECMO. Thus, more studies 

considering regional anticoagulation in patients undergoing 

VA-ECMO or VV-ECMO are needed in patients at high risk of 

bleeding requiring ECMO treatment. 

In conclusion, NM showed usefulness as a regional antico-

agulation method in patients on VA-ECMO. The aPTT values 

in patients were significantly lower than that of the ECMO site, 

with clinically fewer adverse bleeding events. In patients on 

VA-ECMO with bleeding who are receiving heparin or who are 

at high risk of bleeding, NM should be considered as a regional 

anticoagulant. 
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INTRODUCTION 

According to the definition and setting, acute kidney injury (AKI) can occur in 1%–25% of 

intensive care units (ICUs) admitted patients with a mortality risk of 15%–60% [1]. A system-

atic review and meta-analysis showed an AKI incidences rate of 21.6% (range, 19.3–24.1) and 

33.7% (range, 26.9–41.3) in adults and children, respectively [2]. Different criteria including 

Background: Acute kidney injury (AKI) commonly occurs in critically ill patients. Estimation of re-
nal function and antibiotics dose adjustment in patients with AKI is a challenging issue. 
Methods: Urinary creatinine clearance was measured in a 6-hour urine collection from patients 
with acute kidney injuries. The correlations between different formulas including the modified 
Cockcroft-Gault, modification of diet in renal disease, chronic kidney disease-epidemiology collab-
oration, Jelliffe, kinetic-glomerular filtration rate (GFR), Brater, and Chiou formulas were consid-
ered. The pattern of the prescribed antimicrobial agents was also compared with the patterns in 
the available resources.
Results: Ninety-five patients with acute kidney injuries were included in the research. The mean 
age of the participants was 63.11±17.58 years old. The most patients (77.89%) were in stage 1 of 
AKI according to the Acute Kidney Injury Network criteria, followed by stage 2 (14.73%) and stage 
3 (7.36), respectively. None of the formulations had a high or very high correlation with the mea-
sured creatinine clearance. In stage 1, Chiou (r=0.26), and in stage 2 and 3, kinetic-GFR (r=0.76 
and r=0.37) had the highest correlation coefficient. Antibiotic over- and under-dosing were fre-
quently observed in the study. 
Conclusions: The results showed that none of the static methods can predict the measured creati-
nine clearance in the critically ill patients. The dynamic methods such as kinetic-GFR can be help-
ful for patients who do not receive diuretics and vasopressors. Further studies are needed to con-
firm our results. 
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RIFLE (Risk, Injury, Failure, or Loss of renal function, and 

End-stage kidney disease) and Acute Kidney Injury Network 

(AKIN) have been proposed for assessment of AKI [3]. Patients 

in later stages can have a higher mortality risk: 37.8%, 48.8%, 

and 76.5% for Risk, Injury, and Failure stages, respectively [4]. 

Patients admitted to surgical ICU may have a higher risk of 

AKI, and those with cardiovascular and neurological diseases 

or respiratory infections are at a greater risk of AKI [1]. 

Pharmacokinetics changes including alterations in the vol-

ume of absorption, distribution, protein binding, cytochromes 

activity, and elimination in patients with AKI are important 

factors in treating these patients [5,6]. In addition, hypervole-

mia, hypoalbuminemia, and augmented renal clearance affect 

the efficacy and toxicity of antibiotics in patients with AKI [7]. 

There is no standard formulation for estimating the glomeru-

lar filtration rate (GFR) or creatinine clearance (CrCl) [8]. His-

torically, dosing of medications in AKI people such as patients 

with GFR <10 ml/min had been recommended; however, this 

approach was led to underdosing of antimicrobial agents and 

therefore no longer is recommended [8]. Current guidelines 

recommend initial higher loading doses (e.g., doses ≥100%–

150%) and normal or near-normal maintenance doses [8]. 

Continuous infusion of inulin, and measurement of inulin 

clearance with multiple urine samples is the standard meth-

od for measuring the GFR; however, it is not practical in ICU 

settings [9]. Iothalamate, iohexol, Cr52-EDTA (ethylenedi-

aminetetraacetic acid), and cystatin C methods are alternative 

proposed approaches being used in research studies [9,10]. 

The urine CrCl is another method widely used in different ICU 

settings, although it is not standard and has its limitations [11-

13]. Different formulas for estimation of GFR or CrCl including 

Cockcroft-Gault (CG), and chronic kidney disease-epidemiol-

ogy collaboration (CKD-EPI), and modification of diet in renal 

disease (MDRD) are used for medication dosing in patients 

with stable renal function [8]. None of the above-mentioned 

formulas are precisely estimate GFR in patients with AKI [8]. 

Other formulations including Chiou and kinetic-GFR, Bratter, 

and Jelliffe are also recommended for patients with dynamic 

renal functions [14,15]. However, available guidelines recom-

mend using collected urine (e.g., 1–12 hours) to measure CrCl 

and beta lactam antimicrobial optimal dosing [8,16]. There-

fore, the aim of this study was to compare the correlation be-

tween the measured CrCl and static and dynamic formulas in 

the ICU patients with developed AKI. 

MATERIALS AND METHODS 

The research protocol was approved by the Ethical Committee 

of Kermanshah University of Medical Sciences (No. IR.KUMS.

REC.1399.142). All participants or their family members (in 

case of unconsciousness, mental disease, or disability) signed 

the consent form for the study. 

Patients 
This study was a prospective study conducted on the critically 

ill patients. The adult patients with AKI were included in this 

study if they fulfilled the inclusion criteria. Daily serum cre-

atinine and urine outputs before and after the development 

of AKI were recorded for all the included patients. The AKIN 

criteria were used for the detection and staging of AKI [17]. As 

24 hours urine collection is impractical in critically ill patients, 

it also may over- or underestimate GFR. Therefore, shorter pe-

riods (e.g., 1-, 2-, 4-, 6-, and 8-hour urine collection) have been 

proposed for quick estimation of CrCl and minimizing proce-

dure error [8,16,18,19]. Six hours urine collection had a good 

correlation with clearance of medications like vancomycin [18]. 

Therefore, 6-hour urines were collected and urinary CrCl were 

measured according to the following formula: 

Urinary CrCl (ml/min)=urine creatinine (mg/dl)×urine vol-

ume (ml)/creatinine (mg/dl)×time (min). 

The patients with a history of CKD (GFR <60 ml/min), those 

who received trimethoprim-sulfamethoxazole and cimetidine, 

patients who had urine outputs <0.5 ml/kg/hr or total positive 

fluid balance >500 ml, and those needed renal replacement 

therapy were excluded from this study. In order to eliminate 

the possible effects of vasopressors, diuretics, and comorbidi-

ties like diabetes, hypertension, and underlying heart disease 

on the correlations of different methods, another analysis was 

performed in patients without these risk factors [20]. 

The GFR or CrCl were calculated according to different for-

mulas including CG, modified CG, MDRD, CKD-EPI, Jelliffe, 

Brater, Chiou, and kinetic-GFR. Dynamic formulas for GFR 

■ In patients with acute kidney injury (AKI) dynamic 
methods like kinet-glomerular filtration rate (GFR) 
may be a better prediction for GFR.

■ Using Cockcroft-Gault in patients with AKI overesti-
mate GFR.

KEY MESSAGES
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calculation are as followed. 

Brater equation: 

CrCl in female=male value×0.86

Chiou equation: 

Creatine volume of distribution=0.6 L/kg 

 

CrCl means creatinine clearance; sCr 1, 2: first and second 

serum creatinine values; Vd: creatinine volume of distribution 

(0.6 L/kg); and IBW: ideal body weight.

Kinetic-GFR:

Non-renal CrCl = 0.048 ml∙min–1∙kg–1 

 

 Delta plasma creatinine refers to the change in plasma cre-

atinine. It is defined as the ending creatinine minus the start-

ing creatinine. Δ time (hr) is the interval in hours between two 

consecutive creatinines. MaxΔ plasma creatinine/day refers to 

the maximal change (increase) in the plasma creatinine that 

can occur per day if renal function is completely lost.

Furthermore, dosing of prescribed antibiotics was com-

pared with dosing in the available resources including online 

Lexicomp, Sanford guide and nomograms, and under- or 

over-dosing were determined [21]. If a patient had normal 

serum creatinine and measured CrCl >130 ml/min, he/she 

would be considered as having augmented renal clearance 

[22]. 

The main outcome of the present study was the comparison 

between the measured 6-hour CrCl and formulas including 

CG, modified CG, modified CG, MDRD, CKD-EPI, Jelliffe, 

Brater, Chiou, and kinetic-GFR. The secondary outcome was 

evaluation of antimicrobial prescription dosing pattern in the 

patients with AKI.

Analysis 
The data was analyzed using SPSS ver.16 (SPSS Inc., Chicago, 

IL, USA). The categorical variables were expressed as numbers 

and percentages, and the chi-square test and Fisher’s exact test 

were used for comparing the variables between the two groups. 

The continuous variables were reported as mean±standard de-

viation. The Kolmogorov-Smirnov test was used for determining 

the normally distributed variables. The normally distributed 

continuous variables were compared by the use of the student 

t-test, and the non-normally distributed variables were com-

pared using the Mann-Whitney rank-sum test. The correlation 

between the measured and calculated GFR was obtained by 

the use of Spearman’s correlation coefficient test. The P-values 

less than 0.05 were considered to be statistically significant. 

RESULTS 

During the study period, 95 patients with AKI were recorded 

according to the AKIN criteria (Figure 1). Most of the patients 

(66.3%) were male. The mean age of the participants was 

63.11±17.58 years. The mean serum creatinine at baseline and 

after AKI were 1.06±0.30 mg/dl and 2.04±0.84, respectively 

(Table 1). The mean Sequential Organ Failure Assessment 

(SOFA) and Acute Physiology and Chronic Health Evaluation 

(APACHE) II scores of all the participants were 8.09±3.52 and 

20.09±7.52, respectively (Table 1). The mean measured CrCl in 

all the participant was 45.28±12.51 ml/min. The most common 

reasons for admission include the accidents of neurological 

problems (49.45%) and solid cancers 10.52%. Only 20% of the 

patients did not have any risk factor for renal failures (Table 2). 

Table 3 shows the correlations between different formulas 

and the measured CrCl. None of the formulations had a high 

or very high correlation with the measured CrCl (Table 3). 

Most of the patients (77.89%) were in the stage 1 of AKI ac-

cording to the AKIN criteria, followed by stage 2 (14.73%) and 

stage 3 (7.36%). In addition, three patients (all were in stage 1 

49 (sCr 1−sCr 2)

(sCr 1+sCr 2)Δt day

CrCl in male ( per 70 kg) =
ml

min

[293−(2.03×age)]×[1.035−0.01685×(sCr 1+sCr 2)]

(sCr 1+sCr 2)
+

CrCl in male ( ) = +
ml

min

2 [28−0.2 (age)]

14.4 (sCr 1+sCr 2)

2×IBW [22.4−0.16 (age)]

14.4 (sCr 1+sCr 2)
CrCl in female ( ) = +

ml

min

−  non renal CrCl×IBW
2 [vd (sCr 1−sCr 2)]

(sCr 1+sCr 2)Δt min

−  non renal CrCl×IBW
2 [vd (sCr 1−sCr 2)]

(sCr 1+sCr 2)Δt min

Kinetic-GFR =
steady state serum creatinine            × CrCl

mean plasma creatinine 

mg

dl
( )

ml

min
( )

× 1−
24×plasma creatinine

Δ time (hr)× maxΔplasma creatinine

day
( )
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on AKI) had criteria for augmented renal clearance. As shown 

in the Table 4, a significant moderate correlation was observed 

between the GFR calculated by the Brater formula and the 

measured CrCl (r=0.40, P<0.001). In the patients being in stage 

2 of AKI, only kinetic-GFR had a high correlation with the 

measured CrCl (r=0.76, P=0.004) (Table 4). Chiou and Jelliffe 

(r=0.26), kinetic-GFR (r=0.76), and Jelliffe and kinetic-GFR 

(r=0.37) had the highest correlation coefficients in stages 1, 2, 

and 3 of AKI, respectively.

 When the patients who received loop diuretics (n=24) were 

excluded from the analysis, a significant moderate correlation 

was obtained for Jelliffe (r=0.46, P<0.001) and kinetic-GFR 

(r=0.46, P=0.001) formulations. In addition, when the patients 

Table 2. Past medical history
Variable No. (%)
No past medical history 19 (20.00)
HTN 19 (20.00)
Solid tumor 12 (12.63)
HTN+DM 8 (8.42)
Other 37 (38.94)

HTN: hypertension; DM: diabetes mellitus.

Table 3. Correlation of different formula with measured creatinine 
clearance

Formula Mean GFR Correlation 
coefficient P-value

Modified CG 38.97±17.16 0.30 0.006
MDRD 40.37±17.53 0.24 0.031
CKD-EPI 37.49±17.61 0.27 0.015
Kinetic-GFR 33.85±17.45 0.29 0.008
Brater 58.94±25.33 0.41 0.010
Chiou 40.19±20.67 0.26 0.018
CG 41.51±17.31 0.26 0.018
Jelliffe 36.43±18.97 0.32 0.001

Values are presented as mean±standard deviation.
GFR: glomerular filtration rate; CG: Cockcroft-Gault; MDRD: modification 
of diet in renal disease; CKD-EPI: chronic kidney disease-epidemiology 
collaboration.

Table 4. Correlation coefficients of formulas in each stage of AKI

Formula
Stage

1 2 3
Modified CG 0.24 0.53 –0.03
MDRD 0.17 0.07 0.03
CKD-EPI 0.20 0.29 0.00
Kinetic-GFR 0.17 0.76 0.37
Brater 0.23 0.51 0.18
Chiou 0.26 0.26 0.03
CG 0.19 0.23 0.10
Jelliffe 0.25 0.51 0.37

AKI: acute kidney injury; CG: Cockcroft-Gault; MDRD: modification of diet in 
renal disease; CKD-EPI: chronic kidney disease-epidemiology collaboration; 
GFR: glomerular filtration rate.

Table 1. Baseline characteristics of the included patients
Variable Value
Age (yr) 63.11±17.58
Male 63/95 (66.3)
Serum creatinine (mg/dl) 1.06±0.30
SOFA score 8.09±3.52
APACHE II score 20.09±7.52
Charlson comorbidity index 3.69±2.16
Body surface area 1.83±0.14
Body mass index (kg/m2) 25.24±3.40
Ideal body weight (kg)  64.37±7.00
AKI stage
 Stage 1 74 (77.89)
 Stage 2 14 (14.73)
 Stage 3 7 (7.36)

Values are presented as mean±standard deviation or number (%).
SOFA: Sequential Organ Failure Assessment; APACHE: Acute Physiology and 
Chronic Health Evaluation; AKI: Acute Kidney Injury.

Figure 1. Flowchart of included patients. GFR: glomerular filtration 
rate; AKI: acute kidney injury.

48 Excluded due to unfulfilling 
of inclusion criteria

23 Total positive fluid balance 
>500 ml

21 Choronic kidney disease 
(GFR <60 ml/min)

4 Anuric

74 
AKI stage 1 

14 
AKI stage 2

7 
AKI stage 3

95 Patients included

143 Patients experience acute kidney injury  

870 Admited to intensive care unit 
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who received vasoactive agents (n=12) were excluded from 

the analysis, a significant moderate correlation was ob-

served for Jelliffe (r=0.45, P=0.001) and kinetic-GFR (r=0.45, 

P<0.001). Once the patients who received both diuretics and 

vasoactive agents were excluded (n=39), a high correlation 

was found for kinetic-GFR (r=0.60, P=0.001). Furthermore, 

all the formulations had significant correlation coefficients 

of more than 0.7 when only the patients with no risk factors 

for acute decline in CrCl.

Vancomycin, meropenem, and piperacillin-tazobactam 

were the most commonly prescribed antibiotics (Table 5). 

As shown in Table 5, over- and under-dosing of antibiotics 

were common in our study. Vancomycin underdosing 19.23% 

(10/52) or overdosing 32.69% (17/52) and meropenem over-

dosing 39.53% (17/43) were commonly observed as well. 

Vasopressors and Loop diuretics were prescribed for 18.94% 

(18/95) and 7.36% (7/95) of the patients, respectively. Low 

doses (200–300 mg/ day) of hydrocortisone for septic shock 

were prescribed for 13.75% of the patients. In addition, venous 

thromboembolism prophylaxis without adjustment with enox-

aparin was prescribed for 27.3% of the patients. Metoclopra-

mide as prokinetic was needed for 25% of the patients. 

DISCUSSION 

The results of this study showed that none of the available 

formulas had a high or very high correlation with the mea-

sured CrCl in all the stages of AKI. In the critically ill patients 

with stable renal function CG and ideal body weight, a high 

correlation with inulin clearance (r=0.75, P<0.001) was found 

in a study by Roberts et al [23]. However, in the patients with 

AKI and unstable serum creatinine, measuring GFR was chal-

lenging. Evaluating the correlations between urine CrCl and 

CG, MDRD, and Jelliffe, Bouchard et al. [24] found significant 

correlations: CG (r=0.67), MDRD (r=0.89), Jelliffe (r=0.75), 

and modified Jelliffe (r=0.72). Furthermore, the modified CG 

overestimated and the modified Jelliffe underestimated GFR 

compared with the measured urine clearance [24]. 

In the present study, none of the tested formulas had a high 

or very high correlation with the measured urine CrCl. Jelliffe 

and kinetic-GFR  designed for the patients with unstable renal 

(fluctuation in serum creatinine) functions [14,25]. Recently, 

Pelletier et al. [26] have used the measured GFR according 

to radioisotopic 99mTc-DTPA (diethylenetriaminepenta-

acetic acid) as a standard tool and compared it with Jelliffe, 

kinetic-GFR, and the measured urinary CrCl in 119 patients 

with AKI. They showed that there was good correlations be-

tween Jelliffe and kinetic-GFR equations and measured GFR 

(0.73 and 0.68, respectively). However, the adjusted analysis 

showed correlations of 0.63 and 0.47 for Jelliffe and kinet-

ic-GFR, respectively, with reference GFR [26]. 

In our study, almost the same correlations were obtained 

for Jelliffe and kinetic-GFR. However, the correlations were 

lower than those observed by Al-Dorzi et al. [11]. They evalu-

ated the correlations between different formulas and a mea-

sured 24-hour CrCl in critically ill patients with different renal 

functions. Although the results showed a high correlation 

between the measured CrCl and the formulas, a significant 

bias was observed in the sensitivity analysis. Therefore, they 

concluded that none of the commonly used formulas are able 

to estimate a 24-hour CrCl [11]. 

Carlier et al. [27] showed that the measured 1–2 hours ClCr 

had a better correlation with 24-hour urinary inulin clearance 

compared with the collected 24-hour urine ClCr. Using io-

thalamate and inulin clearances is not practical for all the AKI 

episodes. Unfortunately, urine CrCl may overestimate GFR by 

10%–20% in normal renal function, which can increase as re-

nal function decreases [28]. In a subset of the patients who did 

not have any risk factors for renal failure, all the formulations 

used had a good correlation with all the formula such as ki-

netic-GFR and Jelliffe. It should be noted that most of the pa-

tients were in stage 1 of AKI and the guidelines recommended 

to consider changes in drug dosing in stage 2 of AKI [29]. 

All formulations, including the dynamic formulas, assume 

a constant rate of creatinine production and volume of dis-

tribution and may underestimate AKI severity [30]. Fluid 

overload may lower serum creatinine concentration and 

underestimate CrCl [31]. Corrected Jelliffe method has been 

recommended for the patients with aggressive fluid adminis-

tration to eliminate the effects of positive fluid balance on se-

Table 5. Dosing of the frequently prescribed antibiotics in the patients 
with acute kidney injury

Antibiotic Frequency 
(n=95) Underdosed Optimum overdosed

Vancomycin 52 10 25 17
Meropenem 43 1 25 17
Piperacillin-tazobactam 25 4 17 4
Levofloxacin 24 1 15 8
Imipenem/cilastatin 8 1 4 3
Ampicillin/sulbactam 6 1 3 3
Colistin 5 1 2 2
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rum creatinine concentration [32]. However, the patients with 

positive total fluid balance >500 ml were not included in the 

present study. Similar to our results, a recent study by Sangla 

et al. [33] on critically ill patients showed that the kinetic-GFR 

estimation model show a better performance than CG and 

MDRD do in the patients with unstable renal dysfunctions. 

In addition, they observed that all the methods including CG, 

MDRD, CKD-EPI, kinetic-GFR, the measured GFR overesti-

mated GFR [33]. A bias of 21 ml/min/1.73 and an accuracy of 

35% were observed for urinary GFR method [33]. Considering 

these limitations for statistical formulas on the kidney disease, 

improving the Global Outcomes guidelines about dosing in 

acute and CKD are recommend for dosing in patients with 

AKI using the measured ClCr [8]. In addition, the measured 

CrCl is recommended for detecting the augmented renal 

clearance [34]. 

In the present study, a higher correlation was found for 

kinetic-GFR in the patients with the stage of 2 of AKI. In ad-

dition, after exclusion of patients who received diuretics and 

vasopressors a correlation of 0.6 was found. Previous studies 

showed a different effect of diuretics and vasopressors on 

GFR [35]. Although diuretics increase urine output and renal 

perfusion but they didn’t associate with an increased GFR 

[36]. Norepinephrine and terlipressin administration were as-

sociated with increase urine output and GFR in patients with 

septic shock [36]. However, other factors including the rate of 

creatinine generation, filtration, fluid administration, and time 

from AKI occurrence may influence the correlations [37]. After 

exclusion of patients with mentioned risk factors, our results 

showed all formulas had a high correlation between measured 

CrCl and calculated values. Similar results were obtained from 

a study by Bouchard et al. [24]. They showed that Jelliffe and 

modified Jelliffe are more precise than other formulas, base-

line serum creatinine in our study was lower (2.04±0.82 vs. 

3.8±1.6) [24]. However, Hoste et al. [38] found CG and MDRD 

were not correlated with 1-hour measured CrCl. 

Over- or under-dosing of antibiotics including vancomycin, 

piperacillin-tazobactam, and meropenem were common in 

the present study. Some experts recommended postponing 

antibiotics dose reduction in the early stages of AKI (i.e., 24–48 

hours) for antibiotics with wide safety margins like beta-lac-

tams due to low toxicity [30]. However, postponing dose ad-

justment for vancomycin and other nephrotoxic agents is not 

recommended [30]. One reason for overdosing of meropenem 

was the presence of multi-drug resistant organism in our ICU. 

The current guidelines for dosing of beta-lactams in multidrug 

resistant organisms recommend Cmax/MIC of 4–8 for multi-

drug resistant Gram-negative organisms [16]. However, in the 

present study, dosing of the prescribed antibiotics was com-

pared with nomograms which can influence our conclusions 

[18]. Recently, Kwong et al. [39] showed that kinetic-GFR can 

be a better formula for antibiotics dosing and prevention of 

their toxicity or underdosing [40]. Furthermore, kinetic-GFR 

can be a better formula for prediction of AKI and mortality 

[40,41]. In our study, three patients fulfilled the criteria for the 

augmented renal clearance, as this phenomenon was occur-

ring in up to 30% of the critically ill patients [34]. Therefore, 

measuring of urinary CrCl is a helpful way to prevent under-

dosing of antibiotics in this population. 

In our study, patients GFR ≥60 ml/min were prospectively 

evaluated for the occurrence of acute kidney injuries. In the 

present study, patients GFR ≥60 ml/min were prospectively 

evaluated for the occurrence of acute kidney injuries. Cor-

relation between the measured CrCl and estimated GFR in 

patients without risk factors for developing AKI, and those 

who had not received vasopressors and diuretics, were ana-

lyzed separately and dosing of antibiotics were compared with 

standard mammograms. However, there some limitations, 

which can influence our conclusions. First, we were not able to 

measure GFR with standard methods including inulin, iohexol 

or iothalamate clearance. Second, antimicrobial therapeutic 

monitoring for beta-lactams was not available in our center 

and we were not able to compare dosing according to different 

formulas. 

The results of the present study showed that none of the 

available formula had a high or very high correlation with the 

6-hour measured CrCl. However, kinetic-GFR and Jelliffe, al-

though not perfect, are better formulas for estimating CrCl in 

patients with AKI. Further studies are needed to use the stan-

dard methods in order to clarify the role of different static and 

dynamic formulas for medication dose adjustment. 
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INTRODUCTION 

Septic shock is one of the most common reasons for intensive care unit (ICU) admission, with 

up to 750,000 cases per year in the United States [1]. Despite treatment advances, septic shock 

is a leading cause of death, with hospital mortality rates ranging from 20% to 45% [2,3]. Our 

current treatment paradigm emphasizes early recognition and treatment, but the vast major-

ity of previous research focused on mortality within the hospital or over longer time periods. 

This makes it difficult to understand mortality directly related to refractory shock compared 

Background: Limited research has explored early mortality among patients presenting with septic 
shock. The objective of this study was to determine the incidence and factors associated with early 
death following emergency department (ED) presentation of septic shock.
Methods: A prospective registry of patients enrolled in an ED septic shock clinical pathway was 
used to identify patients. Patients were compared across demographic, comorbid, clinical, and 
treatment variables by death within 72 hours of ED presentation.
Results: Among the sample of 2,414 patients, overall hospital mortality was 20.6%. Among pa-
tients who died in the hospital, mean and median time from ED presentation to death were 4.96 
days and 2.28 days, respectively. Death at 24, 48, and 72 hours occurred in 5.5%, 9.5%, and 11.5% 
of patients, respectively. Multivariate regression analysis demonstrated that the following factors 
were independently associated with early mortality: age (odds ratio [OR], 1.04; 95% confidence 
interval [CI], 1.03–1.05), malignancy (OR, 1.53; 95% CI, 1.11–2.11), pneumonia (OR, 1.39; 95% CI, 
1.02–1.88), urinary tract infection (OR, 0.63; 95% CI, 0.44–0.89), first shock index (OR, 1.85; 95% 
CI, 1.27–2.70), early vasopressor use (OR, 2.16; 95% CI, 1.60–2.92), initial international normalized 
ratio (OR, 1.14; 95% CI, 1.07–1.27), initial albumin (OR, 0.55; 95% CI, 0.44–0.69), and first serum 
lactate (OR, 1.21; 95% CI, 1.16–1.26).
Conclusions: Adult septic shock patients experience a high rate of early mortality within 72 hours 
of ED arrival. Recognizable clinical factors may aid the identification of patients at risk of early 
death.
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to that related to unremitting organ dysfunction and persistent 

debility following initial stabilization or recovery, including 

mortality related to secondary injuries such as nosocomial in-

fection. 

Early sepsis mortality is an uncommon focus of prior inves-

tigations. Specifically, few investigations have described the 

prevalence of early mortality or factors associated with early 

mortality. The objective of this study was to characterize the 

rate of early death following emergency department (ED) ad-

mission for septic shock and to determine clinical factors asso-

ciated with this outcome. 

MATERIALS AND METHODS 

This study was approved by Institutional Review Board of Atri-

um Health (IRB No. IRB00001088), and the requirement for 

patient consent was waived. 

A prospective quality improvement registry of patients en-

rolled in our healthcare system’s ED septic shock clinical path-

way was used to identify patients. Patients enrolled in five urban 

metropolitan hospitals, including a large tertiary referral center, 

from January 2014 to May 2018, were included in the study. 

Criteria for patient entry into our high-risk sepsis pathway 

were the presence of suspected infection plus at least one of 

the following: hypotension despite 20 ml/kg intravenous fluid 

defined as either systolic blood pressure (SBP) less than 90 mm 

Hg or mean arterial pressure (MAP) less than 65 mm Hg, or a 

serum lactate level greater than or equal to 4 mmol/L. Among 

registered patients, we excluded those without discharge diag-

noses consistent with infection, sepsis, severe sepsis or septic 

shock. Patients were excluded if they were not admitted to the 

ICU, with this requirement intended to represent intention for 

aggressive therapy for acute critical illness. While the decision 

to admit a patient to the ICU is ultimately at the discretion of 

the ICU physician, at our institutions it is standard practice to 

admit septic shock patients to the ICU for close monitoring 

and aggressive treatment unless the patient’s goals of care 

state otherwise. Lastly, patients transferred between ICUs and 

patients from hospitals with less than 30 entries per year were 

excluded. Figure 1 details the exclusion criteria. 

Variable Definitions 
ED presentation time was defined by first ED vital signs. Shock 

index (SI) was calculated based on heart rate divided by SBP. 

Early vasopressor use was defined by initiation within 6 hours 

of ED presentation. Patients were compared across demo-

■ A significant focus is placed on early recognition and 
treatment of sepsis.

■ Few studies evaluate early mortality (within 72 hours of 
presentation).

■ Several identifiable factors have been shown to correlate 
with early mortality.

■ Identifying patients at high risk of early mortality may 
aid in their management.

KEY MESSAGES

Figure 1. Flow diagram of patient selection. ICU: intensive care unit.

4,157 Total registry 
(Jan 2014–May 2018)

910 Not admitted directly  
to ICU

248 Hospitals with ≤30  
entries per year

313 Transferred between ICUs

272 Patients without 
confirmed infection

3,247 Admitted directly to ICU

2,999 Hospitals with >30 
entries per year

2,686 Patients not transferred 
between ICUs

2,414 Patients with confirmed 
infection

graphic, comorbid, clinical, and treatment variables based 

on whether they were dead or alive 72 hours from ED triage. 

Descriptive statistics in the form of median and interquartile 

range were calculated for continuous variables and frequen-

cies and percentages were calculated for categorical variables. 

The Wilcoxon signed-rank test was used to compare continu-

ous variables between the 72-hour death group and the non-

72-hour death group. Similarly, the chi-square or Fisher’s 

exact test were used to compare categorical variables between 

groups. 

A Kaplan-Meier curve was plotted showing survival rate 

relative to hours from ED triage. Two receiver operating curves 
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(ROC) were plotted, one for initial lactate and one for initial 

SI to predict 72-hour mortality, and the area under the curve 

(AUC) and optimal cut points for each were calculated. After 

clinical consideration and assessment of statistically signifi-

cant factors predicting early mortality in univariate analysis, a 

final logistic model was used to assess predictive variables for 

early mortality.  

RESULTS 

During the study period, a total of 4,157 patients were regis-

tered in our ED septic shock clinical pathway. Of this group, 

2,414 (58.1%) met inclusion criteria for this investigation and 

comprised our study population. Baseline demographic and 

clinical variables of study subjects are described in Table 1. 

Among these patients, 1,241 (51.4%) were male, 1,667 (69.1%) 

were white, 601 (24.9%) were African-American, 78 (3.2%) 

were Hispanic, and 31 (1.3%) were Asian. The average age was 

64.5 years. Major comorbidities included heart failure (24.4%), 

chronic kidney disease (23.8%), acute kidney injury (31.0%), 

cirrhosis (12.2%), chronic obstructive pulmonary disease 

(27.3%), diabetes mellitus (40.2%), malignancy (20.7%), and 

dementia (19.9%). The most common source of infection was 

pulmonary (29.7%) followed by urinary tract (27.9%). 

Overall study group hospital mortality was 20.6% (95% 

confidence interval [CI], 19.0%–22.2%). Among those dying in 

the hospital, mean and median time from ED presentation to 

death were 4.96 days (95% CI, 4.41–5.51 days) and 2.28 days 

(interquartile range, 0.88–7.22 days) respectively. Cumula-

tive death at 24, 48, and 72 hours occurred in 5.5% (95% CI, 

4.7%–6.5%), 9.5% (95% CI, 8.4%–10.8%), and 11.5% (95% CI, 

10.3%–12.9%), respectively. Figure 2 demonstrates the surviv-

Table 1. Baseline patient group characteristics
Factor Total (n=2,414) Non–72-hr death (n=2,136) 72-hr death (n=278) P-value
Demographics
 Age (yr) 66.1 (54.4–76.4) 65.3 (53.6–75.4) 71.4 (61.0–81.4) <0.001a

 BMI (kg/m2) 26.5 (22.3–31.8) 26.7 (22.5–32.0) 25.1 (20.9–30.4) <0.001a

 Male 1,241 (51.4) 1,091 (51.1) 150 (54.0) 0.370b

 Dementia 481 (19.9) 412 (19.3) 69 (24.8) 0.030b

 Malignancy 500 (20.7) 413 (19.3) 87 (31.3) <0.001b

 DNR status 232 (9.6) 193 (9.0) 39 (14.0) 0.008b

 Race 0.450b

  American Indian or Alaska Native 2 (0.1) 1 (0.1) 1 (0.4)
  Asian 31 (1.3) 28 (1.3) 3 (1.1)
  Black or African American 601 (24.9) 535 (25.0) 66 (23.7)
  White 1,667 (69.1) 1,470 (68.8) 197 (70.9)
  Unknown 113 (4.7) 102 (4.8) 11 (4.0)
 Ethnicity 0.097b

  Hispanic or Latino 78 (3.2) 73 (3.4) 5 (1.8)
  Non-Hispanic or Latino 2,262 (93.7) 2,002 (93.7) 260 (93.5)
  Unknown 74 (3.1) 61 (2.9) 13 (4.7)
Vital sign
 First SBP (mm Hg) 104 (88–127) 104 (89–128) 98 (82–117) <0.001a

 Minimum SBP (mm Hg) 71 (60–81) 73 (62–82) 54 (42–64) <0.001a

 Minimum SBP in the ED (mm Hg) 81 (70–96) 82 (71–97) 74 (61–88) <0.001a

 First MAP (mm Hg) 68 (58–85) 69 (59–86) 66 (54–79) <0.001a

 First heart rate 107 (90–122) 107 (90–121) 109 (89–126) 0.386a

 First shock index 1.0 (0.8–1.2) 1.0 (0.8–1.2) 1.1 (0.9–1.4) <0.001a

 First oxygen saturation (%) 96 (93–99) 96 (93–99) 96 (91–99) 0.228a

 Minimum oxygen saturation (%) 85 (73–90) 86 (76–90) 72 (53–83) <0.001a

 Minimum oxygen saturation in the emergency 
department (%)

93 (88–96) 93 (89–96) 90 (80–94) <0.001a

 First temperature (°C) 37.0 (36.5–38.1) 37.0 (36.6–38.2) 36.6 (36.1–37.8) <0.001a

 Maximum temperature (°C) 38.2 (37.4–39.2) 38.3 (37.5–39.2) 37.8 (36.9–39.0) <0.001a

 Maximum temperature in the ED (°C) 37.4 (36.7–38.7) 37.4 (36.7–38.7) 37.1 (36.4–38.4) <0.001a

(Continued to the next page)
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Factor Total (n=2,414) Non–72-hr death (n=2,136) 72-hr death (n=278) P-value
Laboratory value
 Sodium (mEq/L) 137 (133–140) 137 (133–140) 137 (133–141) 0.453a

 Glucose (mg/dl) 132 (105–191) 132 (105–190) 131 (97–198) 0.530a

 Creatinine (mg/dl) 1.5 (1.0–2.4) 1.4 (1.0–2.3) 2.0 (1.3–3.0) <0.001a

 Bilirubin (mg/dl) 0.9 (0.6–1.5) 0.9 (0.6–1.4) 1.2 (0.7–2.2) <0.001a

 INR 1.2 (1.1–1.6) 1.2 (1.1–1.5) 1.5 (1.2–2.1) <0.001a

 Albumin (g/dl) 2.7 (2.2–3.2) 2.8 (2.3–3.3) 2.4 (1.9–2.9) <0.001a

 WBC count (x109/L) 13.7 (9.0–19.9) 13.7 (9.1–19.7) 14.2 (8.2–21.9) 0.682a

 First lactate (mmol/L) 4.3 (2.4–6.1) 4.2 (2.3–5.7) 6.1 (3.9–9.4) <0.001a

 Maximum lactate (mmol/L) 4.6 (2.8–6.8) 4.4 (2.6–6.2) 7.9 (5.0–12.5) <0.001a

 Maximum lactate in the ED (mmol/L) 4.5 (2.6–6.3) 4.3 (2.4–5.9) 6.4 (4.5–9.9) <0.001a

Infection source
 Bacteremia 3 (0.1) 3 (0.1) 0 0.990c

 UTI 673 (27.9) 614 (28.7) 59 (21.2) 0.009b

 Pneumonia 716 (29.7) 617 (28.9) 99 (35.6) 0.021b

 Cellulitis 178 (7.4) 164 (7.7) 14 (5.0) 0.110b

 Clostridium difficile colitis 133 (5.5) 124 (5.8) 9 (3.2) 0.078b

 MRSA 165 (6.8) 140 (6.6) 25 (9.0) 0.130b

 CRE 82 (3.4) 74 (3.5) 8 (2.9) 0.610b

Resuscitation variable
 Hour to receive antibiotics 0.2 (0.0–0.5) 0.2 (0.0–0.5) 0.2 (0.0–0.6) 0.001a

 Volume in 3 hours (ml/kg) 40.1 (29.7–56.0) 40.0 (29.5–55.6) 41.9 (31.2–58.4) 0.109a

 Fluid volume total in 3 hours (ml) 3,021.5 (2,000.0–4,130.0) 3,025.0 (2,000.5–4,150.0) 3,000.0 (2,000.0–4100.0) 0.606a

 Volume in 6 hours (ml/kg) 47.5 (33.4–68.0) 47.2 (33.3–67.6) 52.2 (36.0–72.2) 0.040a

 Fluid volume total in 6 hours (ml) 3,650.0 (2,500.0–5,000.0) 3,674.5 (2,500.0–5,000.0) 3,590.5 (2,400.0–5,150.0) 0.993a

 Bundle compliance 3 hours 1,482 (61.4) 1,307 (61.2) 175 (62.9) 0.570b

 Vasopressor use within 6 hours 1,501 (62.2) 1,274 (59.6) 227 (81.7) <0.001b

 Intubation 676 (28.0) 521 (24.4) 155 (55.8) <0.001b

 Need for renal replacement therapy 140 (5.8) 135 (6.3) 5 (1.8) 0.002b

 Pulmonary edema within 72 hours 73 (18.0) 68 (19.0) 5 (10.2) 0.130b

Values presented as number (%) or median (interquartile range) or number (%).
BMI: body mass index; SBP: systolic blood pressure; ED: emergency department; MAP: mean arterial pressure; DNR: do-not-resuscitate; INR: international normalized 
ratio; WBC: white blood cell; UTI: urinary tract infection; MRSA: methicillin-resistant Staphylococcus aureus; CRE: carbapenem-resistant Enterobacteriaceae.
aKruskal-Wallis test; bPearson chi-square test; cFisher’s exact test.

Table 1. Continued

Figure 2. Cumulative survival rate in adults with septic shock relative to time from emergency department triage.
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al curve of our study population. 

A number of early clinical variables were different between 

the outcome groups. Compared to patients who survived be-

yond 72 hours, patients who died within 72 hours of ED pre-

sentation were more likely to be older, have a lower body mass 

index, have a malignancy, and have dementia. They were also 

more likely to have pneumonia as the source of sepsis, require 

early vasopressors, and have a “do not resuscitate” order from 

admission. Urinary tract infection (UTI) as the source of sepsis 

was inversely associated with early mortality. 

Compared to survivors, patients suffering early mortality 

were more likely to have the following laboratory findings: 

higher initial serum creatinine, higher initial serum bilirubin, 

higher initial international normalized ratio (INR), lower initial 

albumin, higher initial serum lactate, and higher maximum 

serum lactate. Physiologic parameters associated with early 

mortality included: lower initial triage and minimum ED SBP, 

lower initial triage MAP, higher initial triage SI, lower initial 

and maximum temperature, and lower minimum oxygen 

saturation. Among resuscitation variables, increased time to 

receive antibiotics was associated with higher early mortality. 

However, there were no differences in volume of resuscitation 

fluid within 3 hours, 6 hours, or 3-hour bundle compliance be-

tween groups. 

Based on univariate analysis (Table 2), the following factors 

were included as candidates for the initial regression model: 

age, malignancy, dementia, first SBP, minimum SBP, minimum 

SBP in the ED, first SI, first MAP, UTI as source of sepsis, pneu-

monia as source of sepsis, vasopressor use within 6 hours, ini-

tial creatinine, initial bilirubin, initial albumin, initial INR, first 

lactate, maximum lactate, and maximum lactate in the ED. 

Table 2 describes the multivariate regression analysis model 

demonstrating the following factors to be independently asso-

ciated with early septic shock mortality: age (OR, 1.04; 95% CI, 

1.03–1.05), malignancy (OR, 1.53; 95% CI, 1.11–2.11), pneumo-

nia (OR, 1.39; 95% CI, 1.02–1.88), UTI (OR, 0.63; 95% CI, 0.44–

0.89), first SI (OR, 1.85; 95% CI, 1.27–2.70), early vasopressor 

use (OR, 2.16; 95% CI, 1.60–2.92), initial INR (OR, 1.14; 95% CI, 

Table 2. Univariate and multivariate analysis

Domain with variables
Univariate Final model (all)

OR (95% CI) P-value OR (95% CI) P-value
Demographics
 Age 1.03 (1.02–1.04) <0.01 1.04 (1.03–1.05) <0.01
 Dementia 1.39 (1.04–1.86) 0.04
 Malignancy 1.9 (1.45–2.51) <0.01 1.53 (1.11–2.11) <0.01
Hemodynamics
 First SBP 0.99 (0.99–1.00) <0.01
 Min SBP 0.93 (0.92–0.94) <0.01
 Min SBP in ED 0.98 (0.97–0.99) <0.01
 First shock index 2.35 (1.69–3.27) <0.01 1.85 (1.27–2.70) 0.04
 First MAP 0.99 (0.98–1.00) <0.01
Source of infection
 UTI 0.67 (0.50–0.91) 0.01 0.63 (0.44–0.89) <0.01
 Pneumonia 1.37 (1.05–1.78) 0.03 1.39 (1.02–1.88) 0.03
Intervention
 Vasopressor within 6 hours 2.47 (1.91–3.20) <0.01 2.16 (1.60–2.92) <0.01
Laboratory value
 Creatinine 1.07 (1.02–1.13) 0.01
 Bilirubin 1.09 (1.05–1.13) <0.01
 Albumin 0.49 (0.41–0.59) <0.01 0.55 (0.44–0.69) <0.01
 INR 1.24 (1.16–1.34) <0.01 1.14 (1.07–1.27) <0.01
 First lactate 1.22 (1.18–1.27) <0.01 1.21 (1.16–1.26) <0.01
 Max lactate 1.27 (1.23–1.31) <0.01
 Max lactate in ED 1.23 (1.19–1.28) <0.01

OR: odds ratio; CI: confidence interval; SBP: systolic blood pressure; ED: emergency department; MAP: mean arterial pressure; UTI: urinary tract infection; INR: 
international normalized ratio.
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1.07–1.27), initial albumin (OR, 0.55; 95% CI, 0.44–0.69), and 

first serum lactate (OR, 1.21; 95% CI, 1.16–1.26). 

The optimal cut point for initial serum lactate level for pre-

diction of early morality was 4.89 mmol/L, with AUC of 0.693, 

sensitivity of 0.669, and specificity of 0.651. For initial SI, the 

optimal cut point was 1.13, with AUC of 0.573, sensitivity of 

0.468, and specificity of 0.672 (Figure 3). 

DISCUSSION 

This is the largest known study evaluating early mortality of 

patients presenting with acute septic shock and provides sev-

eral insights into this disease. Our data demonstrate high early 

mortality, with approximately one in nine ED septic shock 

patients dying within 72 hours of presentation. Our 24-hour 

mortality rate of 5.5% is consistent with a former study demon-

strating 4.9% mortality within the same time period [4]. Our 

72-hour rate is slightly lower than the 14.4% 72-hour mortality 

rate found by Daviaud et al [5]. For comparison, the mortality 

rate of ST segment elevation myocardial infarction patients 

undergoing percutaneous coronary intervention is compara-

tively low at 3.4% at 7 days [6]. These data highlight the dispro-

portionate early mortality associated with acute septic shock 

with compounded economic and societal impact due to the 

high prevalence of sepsis [7]. 

High early septic shock mortality highlights a therapeutic 

opportunity if this subpopulation is recognized early, which 

brings us to the next study aim of early identification of high-

risk patients. We identified nine discriminating clinical vari-

ables among ED patients with septic shock that were inde-

pendently associated with early death. 

As expected, older age is associated with increased risk of 

early mortality in sepsis. Older patients tend to have more 

co-morbid medical conditions and less physiologic reserve, 

decreasing their ability to recover from critical illnesses [8]. 

Similar to our finding that malignancy increases risk of early 

mortality, in a large study of over 1.7 million cancer patients 

with sepsis published in 2006, cancer was found to be an in-

dependent predictor of mortality [9]. The results of the present 

study show that patients with underlying malignancy are 1.53 

times more likely to die within 72 hours of presentation than 

those without. We propose several potential explanations for 

this association, including attenuated immune response and 

immunomodulating treatments leading to rapidly overwhelm-

ing infection, and higher rate of early limitation or withdrawal 

of aggressive care. Although “do not resuscitate” directive sta-

tus was associated with increased early mortality in univariate 

analysis, this association did not persist in multivariate analy-

sis, which reinforces the finding that other patient factors were 

more important than directives code status. 

Among our cohort, pneumonia was both the most com-

mon source of infection and the only source associated with 

Figure 3. Receiver operating curves (ROC) for prediction of early mortality. (A) ROC for initial serum lactate. (B) ROC for initial shock index. AUC: 
area under the curve.
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increased early sepsis mortality. This finding reinforces prior 

work and is an important clinical reminder of pneumonia 

lethality and the need for heightened vigilance in screening 

of pneumonia patients for early markers of organ dysfunction 

and complicated disease progression [10,11]. In contrast, UTI 

as the source of sepsis was associated with a lower risk of ear-

ly mortality and may highlight an opportunity for successful 

de-escalation of critical care resources once these patients 

show evidence of clinical improvement. 

Presenting physiologic variables were important objective 

markers of lethal septic shock. Regression analysis demon-

strated best fit with presentation SI compared to first MAP or 

first SBP. This is consistent with prior literature showing that SI 

is an independent predictor of 28-day mortality [12,13]. Based 

on the ROC for initial SI, a cut point of 1.13 provided optimal 

sensitivity and specificity and can be a quick risk stratification 

tool for early mortality. Similarly, hypotension requiring va-

sopressor therapy within the first 6 hours of presentation was 

also associated with increased early mortality, furthering the 

concept that fluid resistant shock is a clear marker of severe 

illness. 

Serum lactate level is a well-described marker of illness 

severity and is currently used for risk stratification in sepsis. 

In many studies it has been shown to be a predictor of mor-

tality in sepsis [4,5,14,15]. The results of this study confirm 

that lactate is also a predictor of early mortality. The AUC for 

initial lactate of 0.693 is consistent with the findings of a recent 

study showing an AUC for initial lactate of 0.70 for prediction 

of 28-day mortality [16]. Based on our data, a cut point of 4.89 

mmol/L is a useful threshold for risk stratification of patients at 

high risk of early death. 

Three other laboratory values, INR, bilirubin, and albumin, 

were found to be predictors of early mortality that were not 

previously identified in the literature. Albumin was found to be 

inversely related to early mortality, meaning a lower albumin 

level was associated with a higher risk of early mortality. These 

three values likely correlate with concomitant liver dysfunc-

tion, which is a known predictor of mortality in all critically ill 

patients [17]. 

Time to initiation of antibiotics was associated with early 

mortality in univariate analysis but did not persist in the mul-

tivariate model. ED resuscitation fluid volume and 3-hour 

bundle compliance were not significantly different between 

groups. This is of particular interest given the large emphasis 

placed on sepsis bundles. We suspect that overall bundle com-

pliance, including initial antibiotic timeliness, was sufficient 

and clinically similar enough that it was not an independent 

factor associated with our outcome. For reference, the overall 

bundle compliance in our study group was 63%, which is high-

er than the reported national average of 49% [18]. 

The evolving paradigm of sepsis justifiably highlights it as 

a highly time-dependent disease. Our institutional pathway 

focuses on early identification and standardized treatment 

bundles aimed to expedite early standardized resuscitation. 

Our study data add to this approach by providing additional 

clinical criteria to categorize patients at risk of early death and 

potentially eligible for additional interrogation and treatments 

to improve outcomes. 

The signal of greater cardiovascular failure manifested by 

greater SI and early vasopressor use in the early mortality 

group highlights an opportunity for improved early hemody-

namic characterization and manipulation as one potential op-

portunity. While resuscitation volume was similar in the two 

groups, this does not imply adequacy of fluid resuscitation and 

under-resuscitation of patients with severe cardiovascular de-

rangement may be identifiable by early hemodynamic assess-

ment [19]. Using additional monitoring techniques, including 

microperfusion assessment, is another possible way to target 

future sepsis treatments in this high risk population [20]. 

New treatment strategies for sepsis have achieved variable 

levels of success. This variable success may be due to the wide 

spectrum of severity in patients currently defined as having 

sepsis. In this study, we highlight objective criteria to help 

identify high-risk patients who might benefit most from early 

adjunctive therapies. 

This study comes with several limitations. Our retrospective 

design is associated with potential biases and inaccuracies 

in data. We utilized a dedicated patient registry of patients 

managed via a standardized treatment pathway in attempt to 

minimize the impact of these issues. Additionally, chart ab-

straction was performed with a standardized data collection 

tool. Recognizing that our clinical pathway registry may have 

included patients initially incorrectly diagnosed with sepsis, 

we specifically excluded patients based on the absence of 

confirmed infection based on discharge diagnosis coding. Tra-

ditional mortality predictors such as Sequential Organ Failure 

Assessment (SOFA) and Acute Physiologic Assessment and 

Chronic Health Evaluation (APACHE) were not available from 

our database and were therefore not included for comparative 

analysis, however a recent study by Liu et al found that serum 

lactate level in septic patients was similar to SOFA score as a 

predictor of mortality [21]. The clinical definition used for en-
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try into our high-risk sepsis ED pathway may vary from newer 

sepsis consensus definitions, which may limit comparisons to 

other populations. Patients who died within 72 hours were not 

directly compared with those who died after 72 hours. How-

ever, this is an area of potential future research as there may 

be important differences or commonalities between these two 

groups. Lastly, our database did not include information nec-

essary to ascertain the clinical analysis associated with death, 

such as discrimination of sudden unexpected death versus 

withdrawal of care in the context of deteriorating clinical sta-

tus or comorbidity burden. Septic shock patients experience 

a high rate of early mortality within 72 hours of ED arrival. 

Recognizable factors may aid in identification of patients at 

risk of early death who may benefit from additional early mon-

itoring and therapies. 
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INTRODUCTION 

Currently, with the increasing growth of information and businesses and, consequently, the 

increase in responsibilities and the resulting stress, the importance of proper time manage-

ment is becoming more and more apparent. Time management refers to a set of behaviors 

for the optimal organization and division of time [1]. This set of behaviors leads to better use 

of time and increased productivity and increases the likelihood of achieving predetermined 

goals [2]. These behaviors include gaining skills in the areas of goal setting, prioritization, and 

planning as well as finding ways to reduce the waste of time [3]. Applying these skills is more 

important among positions with high workloads and responsibilities such as nursing. Nurses, 

who are an integral part of the healthcare system, face a heavy workload on a daily basis [4]. 

This workload, time constraints, and the need for making decisions in a limited time necessi-

Background: Nurses are at the forefront of patient care, and time management skills can increase 
their ability to make decisions faster. This study aimed to assess the effect of a time management 
workshop on prioritization and time management skills among nurses of emergency and intensive 
care units. 
Methods: This randomized clinical trial was performed with 215 nurses. The educational interven-
tion about time management was held in the form of a workshop for the intervention group. The 
time management questionnaire was completed by both groups before, immediately after, and 3 
months after the intervention. 
Results: Most participants were female (n=191, 88%), with a mean age of 31.82 years (range, 22–
63 years). Additionally, the participants’ work experience ranged from 1 to 30 years (mean±stan-
dard deviation, 8.00±7.15 years). After the intervention, the mean score of time management in-
creased significantly in the intervention group, but no significant difference was observed in this 
regard in the control group. The results also revealed a significant difference between the interven-
tion and control groups regarding the mean score of time management 3 months after the inter-
vention (P<0.001). 
Conclusions: Time management training helped nurses adjust the time required to perform and 
prioritize various tasks. 

Key Words: emergency; intensive care unit; nursing; time management  

The effect of time management education on critical care 
nurses’ prioritization: a randomized clinical trial

Fatemeh Vizeshfar1, Mahnaz Rakhshan1, Fatemeh Shirazi1, Roya Dokoohaki2

1Community Based Psychiatric Care Research Center, School of Nursing and Midwifery, Shiraz University of Medical Sciences, Shiraz; 2Department of Nursing, 
School of Nursing and Midwifery, Community Based Psychiatric Care Research Center, Shiraz University of Medical Sciences, Shiraz, Iran

Received: August 22, 2021
Revised: November 21, 2021
Accepted: January 14, 2022

Corresponding author
Roya Dokoohaki 
Department of Nursing, School of 
Nursing and Midwifery, Shiraz 
University of Medical Sciences, Zand 
St., Namazi Sq., Shiraz 7193613119, 
Iran
Tel: +98-711-6474256
Fax: +98-711-6474252
E-mail: dokoohakir@sums.ac.ir

Original Article

Acute and Critical Care 2022 May 37(2):202-208
https://doi.org/10.4266/acc.2021.01123

https://doi.org/10.4266/acc.2021.01123


203https://www.accjournal.orgAcute and Critical Care 2022 May 37(2):202-208

Vizeshfar F, et al.     Time management and nurses prioritization

tate the application of time management skills [2,3,5]. Proper 

implementation of these skills facilitates the work of nurses 

and allows them to perform their tasks more intelligently. Ad-

ditionally, implementation of these skills not only leads to the 

provision of better and timely care for patients, but can also 

reduce nurses’ work stress and increase their quality of life [2]. 

Nurses in intensive care units (ICUs) and emergency depart-

ments, in particular, need to implement these skills properly as 

they are exposed to long lasting job stressors and the challeng-

es of dealing with critically ill patients, heavy workloads, com-

plications, unforeseen events, and shortage of time. Overcom-

ing these challenges requires time management skills, timely 

and correct decision-making, prioritization, and familiarity 

with different devices [6-8]. The persistence of these challenges 

can cause stress and numerous physical and mental traumas 

for nurses [8,9]. One of the problems in implementing time 

management skills is that they are not taken seriously and are 

not properly implemented. One study found that in an eight-

hour work shift, 31% of the nurses’ time was spent on direct 

patient care, 45% on indirect care, and the remaining 24% on 

outpatient and personal work [10]. Personal and non-clinical 

work are important factors that waste nurses’ time and reduces 

their performance efficiency [11]. These include non-clinical 

or personal tasks such as unscheduled appointments, frequent 

phone calls, inadequate day-to-day assignments, not having a 

weekly or daily schedule, waiting for meetings, and the inabili-

ty to say no [12]. 

Despite the importance of nurses’ understanding of time 

management and the need for proper training in these skills, 

there is a lack of studies on the impact of time management 

training courses. Thus, the present study aimed to assess the 

effect of a time management workshop on the prioritization 

and time management skills among nurses working in emer-

gency and ICUs. 

MATERIALS AND METHODS 

Design and Setting 
The present study was a single-blind, randomized clinical trial 

with pre- and post-test design. This study was performed in 

the emergency and adult ICUs in the largest specialized and 

sub-specialized referral center in southern Iran (Nemazee 

Hospital, Shiraz, Iran). The emergency department of this hos-

pital includes triage and screening departments, a cardiopul-

monary resuscitation room, surgical emergency, acute wards 

I and II, and eight internal medicine, heart, and neurology 

wards. The adult ICU also includes an emergency ICU, two 

neurosurgery ICUs, a heart surgery ICU, a general ICU, and 

two internal medicine adult ICUs. 

Participants 
At the time of the study, 500 nurses were working in the emer-

gency ward and adult ICUs. All the nurses working in these 

wards who met the inclusion criteria were invited to partici-

pate in the research. The inclusion criteria were working in the 

ICU or emergency ward as a nurse for more than 6 months, 

having at least a Bachelor’s degree, and not having partici-

pated in other training programs on time management. The 

exclusion criteria were reluctance to participate in the study, 

change of ward during the study, and long-term leaves such as 

maternity leave. 

Data Collection 
Considering α=5% and β=0.15 and using similar studies [13], 

a 171-subject sample size was estimated for this study. Con-

sidering the probability of loss, 200 nurses were selected using 

stratified random sampling. Each ward was considered a class. 

Based on the research population (500 nurses) and the ap-

proximate equality of nurses in the emergency ward and ICU 

(nearly 250 people in each unit) in proportion to the volume 

of each category, 107 emergency nurses and 108 ICU nurses 

were randomly selected to participate in the study via lottery. 

Among these nurses, 108 were allocated to the intervention 

group and 107 to the control group) (Figure 1). 

The study data were collected using a questionnaire con-

sisting of two parts. The first part included demographic and 

occupational information of the participants such as age, sex, 

education level, marital status, ward, work experience, and 

workload (working more than required). The second part of 

the questionnaire was the Macan Time Management Behav-

ior Questionnaire, which was used in the pre- and post-tests. 

This questionnaire was developed by Macan and colleagues in 

1990, and was chosen due to the inclusion of a list of common 

■ Time management is an important part of effective pa-
tient care in intensive care units.

■ Time management techniques are learnable.
■ Time management training helped nurses adjust the 

time required to perform and prioritize various tasks.

KEY MESSAGES
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concepts for time management behaviors as well as being 

validated and user-friendly. This questionnaire contained 39 

items divided into six dimensions, namely goal setting (having 

specific goals at the beginning of a work shift), goal and activ-

ity prioritization (identifying the goals and tasks that are more 

important and have to be done sooner), operational planning 

(the extent to which goals are achieved), delegation (assigning 

some tasks to other colleagues in order to reduce workload 

and take care of more important tasks), communication man-

agement (controlling unnecessary harassment and conver-

sation), and meeting management (attending and finishing 

meetings at the appointed time). The questions were both 

positive and negative and could be answered using a 5-point 

Likert scale ranging from very high to very low. Thus, the score 

of the questionnaire could range from 30 to 195 [14,15]. The 

validity and reliability of this questionnaire have been con-

firmed in various studies. Accordingly, the alpha coefficients 

for the subscales ranged from 0.5 to 0.9 [16]. Other researchers 

have also reported on the acceptable validity and reliability of 

this questionnaire [17]. In addition, the validity and reliability 

of this questionnaire have been confirmed in several studies in 

Iran [18,19]. 

Intervention 
The study was conducted from the second half of July 2018 to 

January 2019. After selecting the participants and randomly 

assigning them to the intervention and control groups, in-

formed consent forms were completed by all the participants. 

Before the intervention (time management workshops), both 

groups were required to complete the Time Behavior Manage-

ment Questionnaire. For the intervention group, a time man-

agement training session was held in the form of a four-hour 

training workshop on different dimensions of time manage-

ment behaviors. With the help of the educational supervisor, 

the intervention group was divided into three groups based on 

work shifts, and the time of the workshop was announced to all 

intervention groups. Because of the large number of interven-

tion groups and the nurses’ rotation program that complicated 

the participation of some staff on certain dates, one of the 

researchers held the workshop in three shifts with the same 

Figure 1. Consolidated standards of reporting trials (CONSORT) flow diagram of participant enrollment.

500 Assessed for eligibility

215 Randomized

285 Excluded
· 135 Declined to participate
· 130 Did not meet inclusion criteria
·  20 Other reasons

Enrollment

108 Allocated to intervention
· 108 Received allocated intervention
·  0 Did not receive allocated intervention 

(give reasons)

107 Allocated to control group

0 Lost to follow-up (give reasons)
0 Discontinued intervention (give reasons)

0 Lost to follow-up (give reasons)
0 Discontinued intervention (give reasons)

108 Analyzed
· 0 Excluded from analysis (give reasons)

107 Analyzed
· 0 Excluded from analysis (give reasons)

Allocation

Follow-up

Analysis
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Table 1. Comparison of the general characteristics of the intervention 
and control groups

Variable Intervention 
group

Control 
group P-value

Age (yr) 0.940
 Mean±SD 31.63±8.38 32.02±7.68
 Median (range) 30 (24–36) 30 (25–38)
Work experience 7.62±7.26 8.38±7.05 0.445
Sex 0.405
 Female 97 (89.8) 94 (87.9)
 Male 11 (10.02) 13 (12.1)
Education level 0.620
 Bachelors 103 (95.4) 102 (95.3)
 Higher 5 (4.6) 5 (4.7)
Marital status 0.726
 Married 48 (44.4) 54 (50.5)
 Single 59 (54.6) 51 (47.7)
 Divorced 1 (0.9) 2 (1.9)
Shifts 0.824
 Required 93 (86.1) 91 (85)
 More than required 15 (13.9) 16 (15)

Values are presented as number (%) unless otherwise indicated.
SD: standard deviation.

content during 1 month. If a participant was not able to attend 

the workshop on their specified day for any reason, he/she 

could attend a workshop held on 1 of the other 2 other days. 

One of the researchers who had a PhD in nursing education 

and 25 years of experience in teaching nursing management 

courses as well as holding workshops in various fields of nurs-

ing management arranged the workshop for the intervention 

group. The content of the workshop included the definition of 

time management and its importance, practical tips on time 

management behaviors, time-saving techniques such as a 

daily activity chart, how to set and prioritize goals based on the 

prioritization formula, how to implement goals, to whom and 

how to delegate, how to deal with people who seek out nurses 

unnecessarily or entrust nurses with extra work that wastes 

time, using dead times, and managing phone calls. At the end 

of each section, a short practical task in the form of a case was 

given to the participants. At the end of the workshop, a sce-

nario about time management of an ICU nurse was presented 

and the participants and the instructor (who was one of the re-

searchers) discussed the nurse’s time management problems 

and strategies. Additionally, the material was summarized 

with the help of the participants.  

It should be mentioned that both intervention and control 

groups received their routine continuous medical educational 

programs. Immediately after the end of the workshop and 3 

months later, both groups were required to complete the post-

test time management behaviors questionnaire. In observance 

of ethical principles, the control group received the education-

al content in the form of an educational booklet after the end 

of the study.  

Ethical Considerations 
The present study was approved by the Ethics Committee of 

University of Medical Sciences (No. IR.SUMS.REC.1395.46). It 

was also registered in Iranian Registry of Clinical Trials (IRCT) 

with the registration number IRCT2016080927216N4 on Oc-

tober 31, 2016. All necessary permissions for conducting the 

research were obtained from the relevant administrators and 

all methods were performed in accordance with the relevant 

guidelines and regulations. Furthermore, a session was held 

after the selection of the participants for explaining the study 

objectives and procedures. Written informed consent forms 

were also taken from all the participants. 

Data Analysis 
After the last post-test, the data were coded and entered 

into IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA). The 

Kolmogorov-Smirnov test confirmed the normality of the 

data. Therefore, repeated measures were used for comparing 

the study groups. In addition, the independent t test and chi-

square test were used to compare the two groups with regard 

to demographic and occupational variables as well as quan-

titative and qualitative data. Pearson’s and Spearman’s cor-

relation coefficients were used to determine the relationship 

between the mean score of time management behaviors and 

quantitative and qualitative demographic and occupational 

variables. A P<0.05 was considered statistically significant. 

RESULTS 

Most of the participants (n=191, 88%) were female, with the 

mean±standard deviation (SD) age of 31.82±8.02 years (range, 

22–63 years; median, 30; interquartile range, 25–37). In addi-

tion, 117 participants (54.4%) were single and 205 (95.3%) had 

Bachelor’s degrees. The participants’ work experience ranged 

from 1 to 30 years (mean±SD, 8.00±7.15 years). Besides, 184 

participants (85.6%) worked normal shifts and 31 (14.4%) did 

more shifts than their duties (Table 1). 

Before the intervention, there was no statistically significant 

difference between the two groups regarding the mean score 
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for time management behavior (P<0.1). After the intervention 

and 3 months later, however, statistically significant differ-

ences were found in the total score of time management and 

the three dimensions of goal setting, prioritization of goals 

and activities, and operational planning. On the other hand, 

no statistically significant differences were observed between 

the two groups regarding the three dimensions of delegation, 

communication management, and meeting management. 

After the intervention, the intervention group’s total  

mean±SD score of time management increased from 120.38±6.06 

to 132.67±7.23 (P<0.001). However, the control group’s mean 

score changed from 126.06±7.60 before the intervention to 

126.71±6.46 after that, which was not statistically significant. 

Three months after the intervention, a significant difference 

was observed between the intervention (130.56±6.85) and 

control (124.95±6.61) groups concerning the total mean 

score of time management (P<0.001). Comparison of the 

two groups with respect to the total score as well as the mean 

scores of the model constructs at the three time points has 

been presented in Table 2. 

Pearson’s and Spearman’s correlation coefficients were used 

to assess the relationship between the mean score of time 

management behaviors and demographic and occupational 

variables. The results revealed no statistically significant rela-

tionship between any of the demographic and occupational 

variables and the mean score of time management behaviors 

(P>0.05).  

DISCUSSION 

This clinical trial demonstrated that participating in the time 

management training workshop had a significant and positive 

Table 2. Comparison of the two groups regarding the mean scores of time management behaviors

Dimension
Intervention group Control group

P-valueBefore the 
intervention

Immediately after 
the intervention

3 Months after 
the intervention

Before the 
intervention

Immediately after 
the intervention

3 Months after 
the intervention

Goal setting 16.00±3.55 19.27±3.75 19.00±3.42 15.81±3.55 15.27±3.75 15.39±2.49 <0.001
Prioritization of goals 

and activities
23.50±3.60 25.00±3.12 25.20±4.17 23.10±3.10 23.30±3.36 23.66±2.85 <0.001

Operational planning 25.52±3.80 28.41±3.72 28.86±4.56 25.41±3.72 26.93±4.03 27.66±4.05 <0.001
Delegation 18.04±2.62 19.58±2.29 18.37±2.62 17.00±2.35 18.99±2.30 18.64±2.78 0.300
Communication 

management
26.22±3.05 28.08±2.88 26.71±4.19 27.1±3.06 28.00±2.84 27.50±2.14 0.700

Meeting management 11.48±1.98 12.33±2.21 12.10±2.19 11.87±2.04 12.24±2.21 12.10±1.50 0.100
Total score of time 

management
120.38±6.06 132.67±7.23 130.56±6.85 120.29±7.60 124.43±6.46 124.95±6.61 <0.001

Values are presented as mean±standard deviation.

effect on the time management and prioritization skills of the 

nurses in the emergency ward and ICUs. There are controver-

sial opinions about the effect of time management training. 

In a similar study, a significant increase was observed in the 

implementation of time management skills in the areas of time 

control and organization among head nurses, while this differ-

ence was not significant in terms of time mechanics and goal 

setting skills [20]. In another study, passing these trainings did 

not lead to an overall significant difference. These controver-

sies might be attributed to such factors as less frequent train-

ing courses, intensive schedule of each course, interference of 

nurses’ shifts, and not repeating these sessions [13]. In a previ-

ous review, of the 32 studies on time management, only seven 

evaluated the effects of training courses, only four of which 

showed a significant difference in this regard [21]. In another 

study, the time management training program had a positive 

effect on the job satisfaction of head nurses [22]. 

In the questionnaire used in the present study, the items 

were organized into six sections, namely goal setting skills, 

prioritization of goals and activities, operational planning, del-

egation, communication management, and meeting manage-

ment. It should be noted that this questionnaire is one of the 

most valid instruments in the field of time management [17]. 

The current study results revealed a significant difference be-

tween the intervention and control groups regarding goal set-

ting skills, prioritization of goals and activities, and operational 

planning. Other dimensions were found to be nonsignificant 

in other studies [20]. For example, the areas of goal setting and 

prioritization of goals were not significantly related, which was 

explained by continuous training of these skills at lower levels 

of education and continuous education as well as integration 

with daily activities [20]. The target community in the current 



207https://www.accjournal.orgAcute and Critical Care 2022 May 37(2):202-208

Vizeshfar F, et al.     Time management and nurses prioritization

research was nurses of emergency wards and ICUs, and thus 

lack of significant associations in the three areas of delegation, 

communication management, and meeting management 

could be justified by the fact that nurses in these vital wards 

considered their main responsibility to be direct communi-

cation with patients. They believed that managing commu-

nications and meetings and delegating authority were not as 

important and were the duties of head nurses or other staff. In 

this study, the lowest scores of both intervention and control 

groups were related to the goal setting dimension before in-

tervention (intervention, 16.3; control, 15.81), which showed 

a significant increase after intervention (intervention, 19.27; 

control, 15.27). Both groups scored relatively higher from the 

beginning in the areas of goal prioritization and operational 

planning (intervention, 23.5 and 25.52, respectively; control, 

23.1 and 25.41, respectively). After intervention, an increase in 

these scores was observed in the intervention group (interven-

tion, 25 and 28.41, respectively; control, 23.3 and 26.93, respec-

tively). The effect of training also remained after 3 months (goal 

setting, 19.3; prioritization, 25.2; and operational planning, 

28.9), indicating the high quality of the training as well as the 

nurses’ eagerness and active participation. 

The mean score of the intervention group increased from 

128.36 before participating in the training course to 139.67 

immediately after participating in the course and 136.22 3 

months later, which was significantly higher compared to the 

control group. Possible factors influencing the final results 

included the large number of participants in the study, hold-

ing multiple courses to cover the interference of work shifts, 

making use of capable teachers, and active participation of 

nurses in the courses. Apart from the role of participating in 

training courses, other factors could also affect time manage-

ment skills. Researchers in the present study made genuine 

attempts to control these factors as much as possible. These 

factors have been explored in various studies on nurses’ use 

of these skills; factors such as work experience and personal 

characteristics have been shown to affect time management 

[13,20]. Since there are differing views on the role of sex, age, 

and level of education [13,23,24], further research on the issue 

is warranted.  

Implications for Nursing Management  
The use of practical methods of time management can be 

the basis for reviewing the guidelines and instructions for 

treatment and care. Time management and prioritization are 

important aspects of ensuring effective patient care in ICUs. 

Time management techniques are learnable, and nurses may 

experience lower stress levels while performing their duties on 

time when they are aware of these techniques. 

Conclusion 
This study sought to assess the effect a time management 

workshop on the time management skills of nurses who work 

in the emergency ward and ICU. The results demonstrated that 

time management training enhanced the nurses’ knowledge of 

these skills, which could reduce the time required to perform 

various tasks. Nurses were able to make good use of their limit-

ed time in a work shift by learning how to prioritize tasks; plan 

operational activities; delegate tasks in non-specialist cases; 

manage communication with patients, colleagues, physicians, 

and patient companions; and manage sessions. Effective 

management also resulted in an increase in patient and nurse 

satisfaction. 

Limitations 
The present study had some limitations. It was performed only 

in ICUs and emergency wards in one hospital using a work-

shop intervention. Thus, the effectiveness of other educational 

methods such as virtual training is recommended for study 

because of the limited time nurses have for time management 

training. Further research in several hospitals is recommend-

ed. In the current study, the scores of the study questionnaire 

ranged from 30 to 195, and the mean scores of the nurses were 

moderate. Hence, it is necessary to provide a refresher training 

program to determine the factors affecting time management 

behaviors and how to control them with quantitative and 

qualitative methods, so that nurses can overcome problems 

through time management. Furthermore, future studies are 

recommended to evaluate the effectiveness of the training 

course on nurses’ performance. 
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INTRODUCTION 

Hearing loss can serve as a potentially disastrous clinical problem in children surviving criti-

cal illness. Hearing dysfunction is usually classified into either conductive, sensorineural, or 

mixed type. Conductive hearing loss is related to abnormal sound conduction into the ex-

ternal and middle ear. In contrast, sensorineural loss results from damage of the inner ear or 

auditory nerve tracts [1,2]. 

Background: Hearing loss is a potentially serious complication that can occur after surviving a 
critical illness. Study on screening for hearing problems in pediatric critical care survivors beyond 
the neonatal period is lacking. This study aimed to identify the prevalence of abnormal hearing 
screening outcomes using transitory evoked otoacoustic emission (TEOAE) screening in children 
who survived critical illness and to find possible associating factors for abnormal hearing screening 
results. 
Methods: This study was a single-center, prospective, observational study. All children underwent 
otoscopy to exclude external and middle ear abnormalities before undergoing TEOAE screening. 
The screening was conducted before hospital discharge. Descriptive statistics, chi-square, and lo-
gistic regression tests were used for data analysis. 
Results: A total of 92 children were enrolled. Abnormal TEOAE responses were identified in 26 
participants (28.3%). Children with abnormal responses were significantly younger than those with 
normal responses with a median age of 10.0 months and 43.5 months, respectively (P<0.001). Pos-
itive association with abnormal responses was found in children younger than 12 months of age 
(adjusted odds ratio [OR], 3.07; 95% confidence interval [CI], 1.06–8.90) and children with under-
lying genetic conditions (adjusted OR, 6.95; 95% CI, 1.49–32.54). 
Conclusions: Our study demonstrates a high prevalence of abnormal TEOAE screening responses in 
children surviving critical illness, especially in patients younger than 12 months of age. More ex-
tensive studies should be performed to identify the prevalence and associated risk factors of hear-
ing problems in critically ill children. 

Key Words: critical care outcomes; diagnostic screening program; otoacoustic emission; pediat-
rics; survivors
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Pediatric intensive care unit (PICU) survivors are exposed to 

multiple factors resulting in hearing dysfunction. Factors such 

as endotracheal tube securing techniques or positive pres-

sure ventilation via masks can result in external ear damage, 

obstruction, and inadvertent hearing dysfunction [1]. Head 

trauma diagnosis can lead to tympanic membrane perforation 

and/or injury of the auditory canal or inner ear labyrinth, re-

sulting in conductive and sensorineural hearing loss [3]. Local 

ear infection, systemic infection, and neurologic infection can 

also cause endotoxin-related damage to the inner ear [4-6]. 

Antimicrobials such as aminoglycosides can damage nonre-

generative outer hair cells in the cochlear basal turn, resulting 

in permanent high-frequency sensorineural hearing damage 

[7,8]. Other medications such as vancomycin, diuretics, cy-

clooxygenase inhibitors, and chemotherapeutic agents are 

also associated with hearing loss [1,9-11]. Procedures such as 

lumbar puncture are also implicated with hearing loss due to 

endolymphatic hydrops [12]. 

Routine audiological screening is widely accepted in normal 

neonates and is universally conducted in critically ill neonates 

as well. A two-stage protocol starting with transitory evoked 

otoacoustic emission (TEOAE) is initially used and followed by 

auditory brainstem responses (ABRs) in individuals with ab-

normal TEOAE screening responses. Both are validated tools 

for screening hearing dysfunction in neonates and children 

[13-15]. Both tools and otoscopy are used to detect hearing loss 

in critically ill neonates, with the prevalence ranging from 0.2% 

to 34.1% [16-20]. A study in critically ill adults also revealed the 

prevalence of hearing dysfunction using TEOAE to be as high 

as 37.3% [21]. To our knowledge, no study concerning hearing 

screening outcomes in critically ill children beyond the neo-

natal period has been conducted. Under-identification and 

failure to conduct appropriate management of hearing loss in 

children have an extensive economic impact as well, and also 

have potential detrimental effects on the individual child’s 

education, speech development, socialization, and emotional 

health [22]. 

As a part of a quality improvement service in our hospital, 

the post-intensive care morbidities monitoring service plans 

for physical, mental, cognitive, and social impairments after 

PICU discharge were jointly designed by pediatric intensivists, 

pediatric intensive care nurses, and developmental-behavioral 

pediatricians at our hospital. A hearing screening protocol was 

initiated as a part of this service plan along with this study in 

an attempt to alleviate the possible impacts of hearing loss. 

This study aimed to identify the prevalence of abnormal hear-

ing screening responses using TEOAE in PICU survivors aged 

from one month to 15 years of age and to find possible associ-

ating factors for abnormal hearing screening. 

MATERIALS AND METHODS 

Study Design 
This study was conducted as a prospective, observational 

study. The Ethics Committee of Human Research approved 

this research in compliance with the Declaration of Helsinki 

(No. MTU-EC-PE-6-068/62). Informed consent and assent 

were obtained from all parents and children participating in 

this study. 

Participants 
All children aged one month to 15 years of age admitted to the 

PICU for more than 24 hours from October 2019 to October 

2020 were enrolled. Our center is a tertiary care university hos-

pital, which also serves as a referral center. Our PICU is a six-

bed, mixed medical and surgical intensive care unit caring for 

infants and children from one month to 15 years of age. The 

annual admission rate of our PICU is approximately 150 to 200 

children. Exclusion criteria for the study included children 

with previously abnormal TEOAE or ABR hearing screening 

tests, a previous history of hearing loss, abnormal auricular fig-

ures, were unable to perform TEOAE, and/or refused consent.  

Data Collection  
Hearing screening was performed as early as possible after 

PICU discharge and before hospital discharge in a quiet room 

to reduce ambient noise. All participants underwent otoscopic 

examination performed by the investigators to rule out possi-

ble external ear and middle ear problems such as otitis media, 

tympanic membrane perforation, and/or cerumen impaction, 

as these conditions can lead to abnormal TEOAE responses 

that are unrelated to PICU treatment and environment. Chil-

■ Approximately 28.3% of the participants were found to 
have abnormal transitory evoked otoacoustic emission 
(TEOAE) screening responses.

■ Associations were found in children younger than 12 
months of age and in children with genetic comorbidi-
ties.

KEY MESSAGES
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dren with abnormal otoscopy examinations were subjected 

to treatment before conducting TEOAE screening. After 

treatment for abnormal otoscopic examinations, TEOAE was 

performed by certified audiologists using the Sentiero TEO-

AE screener (Screening/Diagnostic; Path Medical Solution, 

Germering, Germany) to assess hearing function. TEOAEs 

were measured in both ears of each individual. The non-linear 

protocol was used at a stimulus level of 85 dB peak equivalent 

sound pressure level. Short-term acoustic stimuli without 

direct component at 0.7–6 kHz were conveyed to the cochlea 

and the resulting cochlear response was recorded. Normal 

otoacoustic emission was reported as “pass” and the absence 

of otoacoustic emission was reported as “refer.” Admission 

diagnosis, demographic data, antimicrobial use, diuretic use, 

length of hospital stay, and length of PICU stay were collected 

from the case files. 

Statistical Analysis 
Demographic data were analyzed using median and percent-

ages. Categorical data were analyzed using chi-square tests to 

determine differences between the rates of abnormal hearing 

screening responses within each variable. Univariate and 

multivariate logistic regression were used to identify associ-

ating factors for an abnormal hearing screening. Crude odds 

ratio (OR) and adjusted OR were reported along with the 95% 

confidence interval (CI). Factors for confounder adjustment 

were potential factors that led to possible hearing dysfunction 

obtained from univariate analysis. A P-value <0.05 was consid-

ered statistically significant. All statistical analyses were per-

formed using SPSS ver. 24 (IBM Corp., Armonk, NY, USA). 

RESULTS 

Demographic Data 
A total of 106 participants fulfilled the inclusion criteria during 

the study period. Three participants were excluded due to a 

history of abnormal hearing tests, ten patients refused consent 

for medical information disclosure, and one participant had 

abnormal auricular figures. Thus, 92 participants were includ-

ed for analysis (Figure 1). Forty-seven participants (51.1%) 

were male. The median age of the cohort was 28.0 months 

with an interquartile range (IQR) of 8.2–72.2 months. Approx-

imately 29 children (31.5%) were younger than 12 months of 

age. Underlying comorbidities were identified in 56 children 

(60.8%) with the majority being cardiac comorbidities (34 chil-

dren; 37.0%). Twenty-one children (22.8%) were previously 

diagnosed with neurological deficits and nine children (9.8%) 

had underlying genetic comorbidities. 

The most common admission diagnosis was of the cardiol-

ogy group (38 children, 41.3%), mostly being post-operative 

cardiac surgery and congestive heart failure. Twenty-seven 

children (29.3%) were diagnosed with systemic infection and 

five children (5.4%) were diagnosed with a neurologic infec-

tion. Traumatic brain injury was diagnosed in four children 

(4.3%). 

Sixty-five participants (70.6%) were mechanically ventilated. 

All participants received orotracheal intubation. The median 

number of ventilator support days was 5.0 days (IQR, 2.0–10.0 

days). Twenty-seven participants (29.3%) were mechanically 

ventilated for more than seven days. Diuretics were used in 

42 children (45.6%). Approximately 35.7% of the cohort (33 

children) received at least one ototoxic antimicrobial. With-

in the subgroup of children receiving aminoglycosides (five 

children, 5.4%), all received medication for greater than sev-

en days, but none received the medication for greater than 

14 days. Lumbar puncture was performed in six individuals 

(6.5%). The median PICU stay was 5.0 days (IQR, 3.0–11.0 

days), and a total of 42 participants (45.6%) experienced pro-

longed PICU stays of greater than 7 days. The median Pediat-

ric Risk of Mortality (PRISM) III score was 2.5 (IQR, 0.0–6.7) 

[23]. Inotropic support was required in 50 children (54.3%) 

Figure 1. Population flowchart. PICU: pediatric intensive care unit; 
OAE: otoacoustic emission.

66 Normal OAE 
screening (71.7%)

26 Abnormal OAE 
screening (28.3%)

Excluded 
44 Short PICU stay <24 hr
14 Met exclusion criteria

3 Previous history abnormal hearing test
1 Abnormal auricular figures
0 Unable to perform OAE
10 Refused consent

150 Children aged 1 month to 15 years 
admitted to PICU

during the study period

92 Study population
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with a median vasoactive inotropic score (VIS) of 10.0 (IQR, 

6.7–26.0) [24]. The median hospital stay was 15 days (IQR, 

11.0–28.0 days). No family history of hearing problems was 

found within this cohort. Demographic data of the partici-

pants are summarized in Table 1. 

Hearing Screening Results and Associating Factors of 
Abnormal Hearing Screening Responses 
None of the participants had abnormal findings on otoscopic 

examination conducted before TEOAE screening. The median 

time for TEOAE testing was 7.0 days (IQR 3.0–9.0 days) after 

PICU discharge. Abnormal TEOAE screening responses were 

identified in 26 participants (28.3%). Participants with abnor-

Table 1. Demographic data of the participants
Variable All participants (n=92) Normal TEOAE screening (n=66) Refer TEOAE (n=26)
Age (mo)a 28.0 (8.2–72.2) 43.5 (9.0–83.7) 10.0 (7.0–28.7)
Age <12 moa 29 (31.5) 16 (24.2) 13 (50.0)
Sex
 Female 45 (48.9) 32 (48.5) 13 (50.0)
 Male 47 (51.1) 34 (51.5) 13 (50.0)
Underlying disease
 None 36 (39.2) 28 (42.4) 8 (30.8)
 Cardiology 34 (37.0) 26 (39.4) 8 (30.8)
 Geneticb 9 (9.8) 3 (4.5) 6 (23.1)
 Pulmonology 5 (5.4) 4 (6.1) 1 (3.8)
 Gastrointestinal 4 (4.3) 2 (3.0) 2 (7.7)
 Neurology 4 (4.3) 3 (4.5) 1 (3.8)
 Nephrology 3 (3.3) 1 (1.5) 2 (7.7)
 Endocrine 1 (1.1) 1 (1.5) -
Previous neurologic deficit 21 (22.8) 13 (19.7) 8 (30.7)
Genetic problema 9 (9.8) 3 (4.5) 6 (23.1)
Admission diagnosis
 Cardiology 38 (41.3) 30 (45.5) 8 (30.8)
 Pulmonology 23 (25.0) 14 (21.2) 9 (34.6)
 Neurology 13 (14.1) 11 (16.8) 2 (7.7)
 Gastrointestinal 7 (7.6) 3 (4.5) 4 (15.4)
 Infectious 4 (4.3) 4 (6.1) -
 Nephrology 2 (2.2) - 2 (7.7)
 Endocrinology 2 (2.2) 1 (1.5) 1 (3.8)
 Genetic 1 (1.1) 1 (1.5) -
 Trauma 1 (1.1) 1 (1.5) -
 Allergy 1 (1.1) 1 (1.5) -
Systemic infection 27 (29.3) 16 (24.2) 11 (42.3)
Neurologic infection 5 (5.4) 4 (6.1) 1 (3.8)
Traumatic brain injury 4 (4.3) 3 (4.5) 1 (3.8)
Medical diagnosis 30 (32.6) 23 (34.8) 7 (26.9)
Respiratory support
 None 6 (6.5) 6 (9.1) -
 Oxygen cannula 15 (16.3) 9 (13.6) 6 (23.1)
 Oxygen collar mask 1 (1.1) - 1 (3.8)
 High flow oxygen cannula 2 (2.2) 1 (1.5) 1 (3.8)
 Non-invasive mechanical ventilator 3 (3.3) 3 (4.5) -
 Mechanical ventilator 65 (70.6) 47 (71.3) 18 (69.2)

(Continued to the next page)
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Variable All participants (n=92) Normal TEOAE screening (n=66) Refer TEOAE (n=26)
PRISM III score 2.5 (0.0–6.7) 2 (0.0–7.2) 3.5 (0.7–6.5)
Inotropic support 50 (54.3) 33 (50.0) 17 (65.3)
Median VISc 10.0 (6.7–26.0) 10.5 (6.5–34.5) 10.0 (6.7–12.5)
Median ventilator day 5.0 (2.0–10.0) 5.0 (2.0–10.0) 6.5 (3.0–11.7)
Ventilator support >7 days 27 (29.3) 17 (25.7) 10 (38.5)
Median PICU stay (day) 5.0 (3.0–11.0) 5.5 (3.0–11.0) 5.0 (3.7–10.7)
PICU stay > 7 days 42 (45.6) 31 (47.0) 11 (42.3)
Median hospital stay (day) 15.0 (11.0–28.0) 15.0 (10.0–27.2) 19.0 (11.7–31.7)
Hospital stay >14 days 50 (54.3) 34 (51.5) 16 (61.5)
Ototoxic antibiotics 33 (35.7) 23 (34.8) 10 (38.4)
 Vancomycin 25 (27.1) 20 (30.3) 5 (19.2)
 Aminoglycoside 5 (5.4) 2 (3.0) 3 (11.5)
 Colistin 3 (3.2) 1 (1.5) 2 (7.7)
Diuretics use 42 (45.6) 29 (43.9) 13 (50.0)
Lumbar puncture 6 (6.5) 4 (6.0) 2 (7.7)

Values are presented as median (interquartile range) or number (%).
TEOAE: transitory evoked otoacoustic emission; PRISM: Pediatric Risk of Mortality [23]; VIS: vasoactive inotropic score; PICU: pediatric intensive care unit.
aP<0.05; bFour patients had both genetic underlying conditions and cardiac underlying conditions, thus were counted into both categories leading cumulative 
data exceeded 100; cDopamine (µg/kg/min)+dobutamine (µg/kg/min)+(10×milrinone [µg/kg/min])+(100×epinephrine [µg/kg/min])+(100×norepinephrine [µg/kg/
min])+(10×terlipressin dose [µg/min]) [24].

Table 1. Continued

mal TEOAE were significantly younger than those with normal 

TEOAE responses with a median age of 10.0 months (IQR, 

7.0–28.7 months) and 43.5 months (IQR, 9.0–83.7 months), 

respectively (P<0.001). Significantly higher proportions of 

abnormal TEOAE responses were found in children younger 

than 12 months of age (50.0% vs. 24.2%; P=0.017) with crude 

OR of 3.12 (95% CI, 1.20–8.10; P=0.017). Children with genet-

ic comorbidities were more likely to have abnormal TEOAE 

responses (23.1% vs. 4.5%; P=0.007) with a crude OR of 6.30 

(95% CI, 1.44–27.52; P=0.007). Previous neurological deficits, 

systemic infection, neurologic infection, and traumatic brain 

injury were not associated with abnormal TEOAE responses. 

Respiratory support devices, mechanical ventilation use, and 

inotropic utilization were comparable among groups. 

The severity among participants with and without abnormal 

TEOAE responses measured by PRISM III were not significant-

ly different (3.5 [IQR, 0.7–6.5] vs. 2.0 [IQR, 0.0–7.2]; P=0.905). 

The median VIS, PICU duration, mechanical ventilation du-

ration, and hospital duration were not significantly different 

among groups. There was no statistically significant difference 

in ototoxic antimicrobial utilization in patients with and with-

out abnormal TEOAE responses (34.8% vs. 38.4%, respectively; 

P=0.745). In the subgroup of children receiving aminoglyco-

sides, there was a higher proportion of children having abnor-

mal TEOAE responses when compared to those who had nor-

mal responses, but this finding was not statistically significant 

(11.5% vs. 3.0%; P=0.107; crude OR, 4.17; 95% CI, 0.65–26.59). 

Diuretics were used in 29 children (43.9%) with normal TEO-

AE responses and 13 children (50.0%) with abnormal TEOAE 

responses (P=0.599). Demographic data, treatment, and sever-

ity among groups are described in Table 1. Univariate analysis 

is demonstrated in Table 2. 

After adjustment for age, genetic comorbidities, and amino-

glycoside utilization, children younger than 12 months of age 

were significantly associated with abnormal TEOAE responses 

with an adjusted OR of 3.07 (95% CI, 1.06–8.90; P=0.039). Chil-

dren with genetic comorbidities were also significantly asso-

ciated with abnormal TEOAE responses (adjusted OR, 6.95; 

95% CI, 1.49–32.54; P=0.014). Multivariate logistic regression 

analyses are summarized in Table 3. 

DISCUSSION 

The prevalence of abnormal TEOAE screening responses in 

this cohort was substantially high at 28.3%. To our knowledge, 

this study is the first to date aimed to identify the prevalence of 

abnormal TEOAE screening responses in critically ill children 

beyond the neonatal period. Results shown here are slightly 

lower than what was found in a study of critically ill adults 

by Hamill-Ruth et al. [21] that reported abnormal TEOAE re-
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sponses at 37.3%. Compared to the two large cohort studies in 

critically ill neonates by van Dommelen et al. [16,17] in 2010 

and 2015, this cohort revealed a higher prevalence of abnor-

mal hearing tests. The possible explanation might be due to 

different testing methods used in the studies and different 

population groups. Our study used TEOAE, which is more 

readily available in our center, rather than the ABR, which re-

quired a more extended period of appointment. 

Critical illness, antimicrobials, ototoxic medications, and 

loud ambient noise in the intensive care environment were 

reported to negatively impact PICU patient hearing and 

might even cause hearing impairment [1,3-12,25]. Impaired 

auditory acuity in PICU survivors is a potentially disastrous 

condition that can affect multiple aspects of the children’s 

lives post-intensive care. A study by the World Health Orga-

nization reported an impact on speech development, social-

ization, and mental and emotional health of the child with 

hearing dysfunction [22]. Routine audiological screening is 

currently well-accepted and conducted in all neonates, espe-

cially those surviving neonatal intensive care. Nevertheless, 

this condition may be overlooked in critically ill children 

beyond the neonatal period even though they are exposed to 

similar hearing impairment risks. The early detection of hear-

ing dysfunction might be beneficial to both the patients and 

the practitioners.  

From this cohort, younger PICU survivors (<12 months of 

age) and those with genetic comorbidities were at higher risk 

for abnormal hearing screening responses. A higher negative 

impact of hearing dysfunction could be implicated in these 

children within the phase of speech development. Six children 

with underlying genetic conditions were found to have abnor-

mal TEOAE responses. Children with genetic syndromes are 

often associated with hearing dysfunction, but these children 

had no previous history of abnormal hearing screening tests 

before PICU admission. It might also be possible that factors 

associated with critical illness might exacerbate underlying 

hearing dysfunction. Furthermore, children with genetic con-

ditions might also suffer from other developmental problems, 

and hearing dysfunction might lead to further developmental 

dysfunction. 

Unlike other previous studies, there was no association with 

abnormal hearing screening responses with diuretic use, oto-

toxic medication, positive pressure ventilation, epidural pro-

cedures, systemic infection or neurologic infection, prolonged 

mechanical ventilation, or traumatic brain injury in this study 

[1,3-12]. However, there was a non-statistically significant 

trend of abnormal TEOAE responses in children receiving 

aminoglycosides with a crude OR of 4.17 (95% CI, 0.65– 26.59). 

These non-statistically significant findings might be due to 

the small number of participants in this cohort receiving 

aminoglycosides. Due to the high crude OR for the trend of 

abnormal TEOAE responses with aminoglycoside utilization, 

aminoglycoside use was included in the multivariate analysis 

despite the non-statistically significant univariate analysis. The 

numbers of children receiving epidural procedures, having a 

neurologic infection, and traumatic brain injuries were also 

too small to obtain enough power to determine statistical sig-

nificance. 

There are several limitations to this study. The ABR should 

be conducted promptly at the same time as the abnormal 

TEOAE response to strengthen the confirmation of hearing 

dysfunction and to identify the locus of auditory pathology in 

Table 2. Univariate analysis of associating factors for abnormal TEOAE 
responses
Variable Crude odds ratio (95% CI) P-value
Age <12 mo 3.12 (1.20–8.10) 0.017
Female 0.94 (0.38–2.33) 0.896
Neurologic abnormality 1.81 (0.65–5.08) 0.255
Genetic abnormality 6.30 (1.44–27.52) 0.007
Systemic infection 2.29 (0.88–5.99) 0.087
Neurologic infection 0.62 (0.07–5.82) 0.673
Traumatic brain injury 0.84 (0.08–8.46) 0.882
Lumbar puncture 1.29 (0.22–7.52) 0.775
PICU stay >7 day 0.83 (0.33–2.07) 0.686
Hospital stay >14 day 1.51 (0.60–3.80) 0.385
Ventilator support >7 day 1.80 (0.69–4.72) 0.228
Inotropic support 1.89 (0.74–4.84) 0.182
Ototoxic antibiotics 1.17 (0.46–2.99) 0.745
Aminoglycoside use 4.17 (0.65–26.59) 0.107
Diuretic use 1.28 (0.51–3.17) 0.599

TEOAE: transitory evoked otoacoustic emission; CI: confidence interval; PICU: 
pediatric intensive care unit.

Table 3. Multivariate analysis of associating factors for abnormal 
TEOAE responses
Variable Adjusted odds ratio (95% CI) P-value
Age <12 mo 3.07 (1.06–8.90) 0.039
Genetic abnormality 6.95 (1.49–32.54) 0.014
Aminoglycoside use 1.82 (0.23–14.15) 0.566

Adjusted for age <12 months, genetic abnormalities, and aminoglycoside 
use.
TEOAE: transitory evoked otoacoustic emission; CI: confidence interval.
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the PICU survivors. Nonetheless, at our center, ABR was not 

readily available and thus required the long waiting period. 

Furthermore, patient status and timing of TEOAE also played 

a role in the results of our study. There were still a number of 

PICU survivors who continued to require high flow nasal can-

nula support after being discharged from the PICU. High levels 

of ambient noise at the time of examination due to the high 

flow nasal cannula might have impeded testing, leading to var-

ious TEOAE screening timing intervals after PICU discharge. 

Despite our attempt to minimize the time of testing after PICU 

discharge, the median time for TEOAE testing was 7.0 days 

(IQR, 3.0–9.0 days). Thus, with varied timing, the intensive 

care management and environment might not fully explain 

the abnormal hearing screening responses. Nevertheless, we 

did not find a statistically significant difference in hospital ad-

mission duration among children with and without abnormal 

TEOAE responses. The proportion of children admitted to the 

hospital for more than 14 days were not statistically different 

among groups. Early testing might also underestimate or miss 

those with delayed-onset sensorineural hearing loss. A study 

by Fligor et al. [26] revealed that 48% of neonatal extracorpore-

al membrane graduates who received audiological screening 

had delayed-onset sensorineural hearing loss. Moreover, with 

a small population size for subgroup analysis, we might have 

underestimated the association of factors with an abnormal 

hearing screening. 

Supratherapeutic serum concentrations and prolonged use 

of aminoglycosides for longer than 14 days were shown to 

increase patient risk of ototoxicity [26-28]. All patients within 

this cohort received aminoglycosides for more than seven 

days, but none received for greater than 14 days. Furthermore, 

serum aminoglycoside concentrations were not monitored, 

which led to another limitation of this study.  

Despite limitations, our study demonstrates a high preva-

lence of abnormal hearing screening responses in children 

surviving critical illness, especially those younger than 12 

months of age and those with genetic abnormalities. More 

extensive studies should be performed to further identify 

the associated risk factors of hearing problems in critically ill 

children. Further testing such as ABR is useful in confirming 

hearing loss and defines the nature and the severity of deficits. 

Additional study is needed to further elucidate the impact on 

communication, distress, and mental status of critically ill chil-

dren with hearing loss.  
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Background: Arrhythmias are known complication after surgery for congenital heart disease 
(CHD). This study aimed to identify and discuss their immediate prevalence, diagnosis and man-
agement at a tertiary care hospital in Pakistan.
Methods: A retrospective study was conducted at a tertiary care hospital in Pakistan between 
January 2014 and December 2018. All pediatric (<18 years old) patients admitted to the intensive 
care unit and undergoing continuous electrocardiographic monitoring after surgery for CHD were 
included in this study. Data pertaining to the incidence, diagnosis, and management of postopera-
tive arrhythmias were collected. 
Results: Amongst 812 children who underwent surgery for CHD, 185 (22.8%) developed arrhyth-
mias. Junctional ectopic tachycardia (JET) was the most common arrhythmia, observed in 120 pa-
tients (64.9%), followed by complete heart block (CHB) in 33 patients (17.8%). The highest inci-
dence of early postoperative arrhythmia was seen in patients with atrioventricular septal defects 
(64.3%) and transposition of the great arteries (36.4%). Patients were managed according to the 
Pediatric Advanced Life Support guidelines. JET resolved successfully within 24 hours in 92% of 
patients, while 16 (48%) patients with CHB required a permanent pacemaker. 
Conclusions: More than one in five pediatric patients suffered from early postoperative arrhyth-
mias in our setting. Further research exploring predictive factors and the development of better 
management protocols of patients with CHB are essential for reducing the morbidity and mortality 
associated with postoperative arrhythmia. 

Key Words: arrhythmias; congenital heart disease; junctional ectopic tachycardia; postoperative 
complications  
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INTRODUCTION 

Cardiac arrhythmias, which are alterations in heart rate or rhythm, are a well-known post-

operative complication in children undergoing cardiac surgery, particularly congenital heart 

disease (CHD) surgery [1]. Arrhythmias often necessitate an intervention, such as a change 

in medication, the use of a temporary or permanent pacemaker, or electrical cardioversion/ 
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defibrillation [2]. Existing literature suggests an incidence of 

7.3%–48% in early post operative period [3-6]. Most of these ar-

rhythmias are transient but can be a cause of substantial mor-

bidity and mortality [7]. Arrhythmias in the postoperative peri-

od can be attributed to patient-related risk factors, such as the 

nature and complexity of CHD itself, and surgery-associated 

risk factors, such as myocardial incision, sutures placed close 

to the conduction system, electrolyte disturbances, catechol-

amine stimulation, cardiopulmonary bypass (CPB)-related in-

flammation, residual hemodynamic impairment, and arrhyth-

mogenic effects of drugs used commonly during postoperative 

care [7-9]. While both tachyarrhythmia and bradyarrhythmia 

may be seen postoperatively, junctional ectopic tachycardia 

(JET) remains the most common postoperative arrhythmia 

[10]. 

A study by Talwar et al. [11] in India found the incidence of 

postoperative arrhythmias after pediatric cardiac surgery to be 

7.5%, with the most common being JET (46.6%). Similarly, a 

study from Turkey reported an arrhythmia incidence of 8.8%, 

with 41.2% of cases being JET [6]. However, another study from 

India by Jain et al. [12] documented an incidence of 14.4%, 

with complete heart block (CHB) being the most common 

(36.4%). Meanwhile, though other countries within the region 

have studied the prevalence of arrhythmias in the early post-

operative period after surgery for pediatric CHD, there exists 

a dearth of data available from Pakistan. Thus, our study aims 

to describe the distribution of the types of arrhythmias seen 

in the immediate postoperative period in the pediatric popu-

lation undergoing surgery for CHD at a tertiary care hospital 

in Pakistan. In addition, we also discuss our experience in the 

management of postoperative arrhythmias at our institution. 

MATERIALS AND METHODS 

Study Setting and Sample 
This retrospective study included all pediatric patients who 

were operated upon for CHD and admitted postoperatively 

to the pediatric cardiac intensive care unit (PCICU) at the Aga 

Khan University Hospital, Karachi, between January 2014 and 

December 2018. The study was reviewed and approved by the 

Ethics Review Committee of Aga khan university Hospital pri-

or to data collection. Informed consent was waived as this was 

a retrospective chart review by the Ethics Review Committee.

Participating children were under the joint care of the critical 

care consultant, cardiologists, and cardiothoracic surgeons. 

Patients were put on continuous electrocardiographic (ECG) 

equipment connected to a central monitoring station. Patients 

were excluded if they had any preoperative arrhythmia or pre-

existing heart block, if they had received any anti-arrhythmic 

therapy before admission to the PCICU, or if they expired within 

24 hours postoperatively without experiencing an arrhythmia. 

Data Collection 
Data were collected on a structured proforma. Variables in-

clude demographics (age, sex), anthropometric measures 

(weight, height), type of heart disease operated upon (congen-

ital, acquired), Risk Adjustment for Congenital Heart Surgery 1 

(RACHS-1) score [13], type of surgical procedure, perioperative 

parameters (CPB time, aortic cross-clamp time), and postop-

erative data (vasoactive inotropic score [1×dopamine dose {μg/

kg/min}, 100×epinephrine dose {μg/kg/min}], duration of me-

chanical ventilation, PCICU and hospital lengths of stay). Age 

was categorized as 1 month up to including 1 year (infants), 

greater than 1 year up to including 6 years (early childhood), 

greater than 6 years up to including 12 years (late childhood), 

or greater than 12 years up to including 18 years (adolescence) 

so as to provide a holistic representation of the spectrum of 

patients’ ages seen in our setting.  

For all patients included, postoperative ECGs were analyzed 

in accordance with standard clinical practice during their stay 

in the cardiac intensive care unit. The standard ECG tracings 

were analyzed independently by cardiologist (SA) and in-

tensivist (AH), and inter-rater reliability was assessed by the 

calculation of Cohen’s kappa. A kappa value of 0.96 indicated 

excellent agreement between the two observers.  

The presence of arrhythmia was defined as any change in 

heart rate or rhythm other than sinus either lasting for more 

than 30 seconds or necessitating an intervention to revert it to 

sinus rhythm or to control high heart rate. An early postoper-

ative arrhythmia was defined as any such rate or rhythm ab-

■ We report a 22.8% rate of postoperative arrhythmias in 
patients who underwent surgery for congenital heart 
disease.

■ Junctional ectopic tachycardia was the most common 
arrhythmia (65%), followed by complete heart block 
(17.8%).

■ Postoperative arrhythmia was seen most commonly in 
patients with atrioventricular septal defects (64.3%) and 
transposition of the great arteries (36.4%).

KEY MESSAGES
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normality documented within the first 24 hours after surgery. 

All types of arrhythmias were included in this study, including 

supraventricular tachycardia, reentrant tachycardia, JET, atrial 

flutter/fibrillation, ventricular tachycardia, ventricular fibrilla-

tion, second- and third-degree atrioventricular block, and pre-

mature ventricular contractions. For the purpose of this study, 

frequent premature ventricular beats were considered to be 

significant if their number exceeded 10 per minute. For each 

case of arrhythmia, the onset, type, and treatment modality 

were recorded. Patients were monitored using bedside moni-

tors in the PCICU. 

The management team at our institution consists of an 

intensivist, cardiologist, cardiothoracic surgeon, and PCICU 

bedside care provider (who provides basic life support and pe-

diatric advanced life support [14] and is a Pediatric Advanced 

Life Support [PALS]-certified on-call senior resident from the 

department of pediatrics with good knowledge of ECG pat-

terns, diagnosis, and management of arrhythmias). A focus on 

a multi-disciplinary team approach to managing the critically 

ill child is emphasized. Rhythm disturbances, once noticed, 

were identified by the PCICU bedside care provider, and ECG 

recordings were taken from either the central recorder or from 

a 12-lead ECG. The abnormal rhythm and rate were then dis-

cussed with the intensivist, who would then consult with the 

cardiologist and cardiothoracic surgeon on the management 

team to arrive at a conclusive diagnosis and determine the 

need for intervention. For all patients, levels of serum electro-

lytes (sodium, potassium, and ionized calcium) and lactate 

were measured as needed at hourly intervals from the time of 

PCICU admission. The decision to treat arrhythmias was made 

by the management team on a case-by-case basis according to 

the PALS guideline. 

Data Analysis 
Data were analyzed using the IBM SPSS ver. 21.0 (IBM Corp., 

Armonk, NY, USA). The normality of continuous data was as-

sessed using the Shapiro-Wilk test. Continuous variables were 

expressed as mean±standard deviation values, and categori-

cal variables were expressed as frequencies and percentages. 

Univariate and multivariate analysis logistic regression was 

performed with postoperative arrhythmia as the outcome. For 

the purpose of regression, CBP and aortic cross-clamp times 

were dichotomized using cut-offs of greater than 120 minutes 

and greater than 60 minutes (chosen by consensus of cardiac 

surgeons and anesthesiologists at the Aga Khan University 

Hospital), respectively, while the RACHS-1 category was di-

chotomized as less than category 3 or as category 3 or above, 

respectively. Variables with a P-value of less than 0.25 in the 

univariate regression were included in the adjusted multivari-

able model. A P-value of less than 0.05 was considered to be 

statistically significant for all analyses. 

RESULTS 

Preoperative, Intraoperative, and Postoperative 
Characteristics 
A total of 812 pediatric patients underwent open cardiac sur-

geries for CHD between January 2014 and December 2018. Of 

these, 518 children (63.8%) were male, and the majority were 

aged between 1 and 6 years (54.4%) or 6 and 12 years (30.9%). 

The most common diagnoses were ventricular septal defects 

(VSDs; 48.5%), tetralogy of Fallot’s (TOF; 33.5%), and atrial 

septal defect (7%). Intraoperatively, the average CPB time 

and aortic cross-clamp time were 140.4±70.2 minutes and 

55.6±27.4 minutes, respectively. Postoperatively, the average 

duration of ventilation was 32.4±30.2 hours and the average 

PCICU length of stay was 4.8±2.4 days. Early postoperative 

arrhythmias occurred in 185 patients (22.8%). Patient pre-

operative, intraoperative, and postoperative characteristics 

are described in Table 1. The prevalence rates of arrhythmias 

associated with different congenital heart defects among our 

patient cohort are presented in Table 2. 

Incidence and Distribution of Arrhythmias 
Amongst the 185 patients with arrhythmias in the early 

postoperative period, JET was the most frequently observed 

rhythm abnormality (n=120, 64.9%), followed by CHB in 33 

patients (17.8%). The distribution of arrhythmias is shown in 

Figure 1. With respect to the type of CHD (Table 2), the great-

est incidence of early postoperative arrhythmia was seen in 

patients with atrioventricular septal defects (AVSDs; 64.3%), 

transposition of the great arteries (36.4%), anomalous left 

coronary artery from the pulmonary artery (33.3%), and TOF 

(19.1%). 

Risk Factors and Associated Analysis
During multivariable analysis, a CPB time of greater than 120 

minutes (odds ratio [OR], 2.32; 95% confidence interval [CI], 

1.82–4.14), total duration of surgery (OR, 4.33; 95% CI, 2.81–

7.14), serum lactate (OR, 3.43; 95% CI, 1.65–5.09), vasoactive 

inotropic score (OR, 2.51; 95% CI, 1.21–3.72), and RACHS-1 

category of greater than 3 (OR, 2.23; 95% CI, 1.83–4.08) were 
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found to be independent risk factors for the development of 

postoperative arrhythmias (Table 3). 

Management and Outcomes 
While none of the early postoperative CHB events were he-

modynamically significant, temporary cardiac pacing was 

required in all patients with CHB. Seventeen patients (52%) 

recovered within 10 days of dexamethasone therapy, while the 

remaining 16 (48%) required a permanent pacemaker since 

the CHB persisted for more than 10 days. 

Table 1. Preoperative, intraoperative, and postoperative characteristics

Variable Value (n=812)

Age group

 1 mo to ≤1 yr (infant) 46 (5.7)

 >1 to ≤6 yr (early childhood) 442 (54.4)

 >6 to ≤12 yr (late childhood) 251 (30.9)

 >12 to ≤18 yr (adolescence) 73 (9.0)

Sex

 Male 518 (63.8)

 Female 294 (36.2)

Weight (kg) 12.7±13.5

Length/height (cm) 78.2±15.4

Diagnosis

 Ventricular septal defect 394 (48.5)

 Tetralogy of Fallot 272 (33.5)

 Atrial septal defect 57 (7.0)

 Atrioventricular septal defect 14 (1.7)

 Transposition of the great arteries 11 (1.4)

 Coarctation of aorta/interrupted aortic arch 18 (2.2)

 Anomalous left coronary artery from the pulmonary 
artery

3 (0.3)

 Miscellaneous (single-ventricle physiology) 43 (5.3)

Cardiopulmonary bypass time (min) 140.4±70.2

Aortic cross-clamp time (min) 55.6±27.4

Duration of mechanical ventilation (hr) 32.4±30.2

Vasoactive inotropic score 18.5±12.2

Temperature during surgery (°C) 30.8±2.8

Duration of surgery (hr) 5.5±1.2

Early postoperative arrhythmias 185 (22.8)

PCICU stay (day) 4.8±2.4

Values are presented as number (%) or mean±standard deviation.
PCICU: pediatric cardiac intensive care unit.

Table 2. Frequency of different types of arrhythmias across different CHDa

Type of arrhythmias TOF (n=272) VSD (n=394) ASD (n=57) AVSD (n=14) TGA (n=11) COA/IAA (n=18) ALCAPA (n=3)

Overall 52 (19.1) 26 (6.6) 4 (7.0) 9 (64.3) 4 (36.4) 3 (16.7) 1 (33.3)

JET 37 (13.6) 26 (6.6) 2 (3.5) 3 (21.4) 4 (36.4) 3 (16.7) 0

VT 11 (4.0) 0 0 0 0 0 1 (33.3)

VF 0 0 0 0 0 0 0

CHB 2 (0.7) 0 0 6 (42.9) 0 0 0

MAT 1 (0.4) 0 0 0 0 0 0

EAT 1 (0.4) 0 0 0 0 0 0

SVT 0 0 2 (3.5) 0 0 0 0

Values are presented as number (%).
CHD: congenital heart disease; TOF: tetralogy of Fallot; VSD: ventricular septal defect; ASD: atrial septal defect; AVSD: atrioventricular septal defect; TGA: 
transposition of the great arteries; COA: co-arctation of aorta; IAA: interrupted aortic arch; ALCAPA: anomalous left coronary artery from the pulmonary artery; 
JET: junctional ectopic tachycardia; VT: ventricular tachycardia; VF: ventricular fibrillation; CHB: complete heart block; MAT: multifocal atrial tachycardia; EAT: 
ectopic atrial tachycardia; SVT: supraventricular tachycardia.
aDiagnoses categorized as “miscellaneous” not shown.

Figure 1. Types of early postoperative arrhythmias.

64.9%

17.8%

6.5%

4.8%
3.8%

2.1%

■ Junctional ectopic tachycardia
■ Ventricular tachycardia
■ Ventricular fibrillation

■ Complete heart block
■ Supraventricular tachycardia
■ Others
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Of the 120 patients with JET, 25 (21%) responded to con-

ventional measures, including temperature control by surface 

cooling, pain control, withdrawal of inotropes, and electrolyte 

correction (Figure 2). Two patients reverted to sinus rhythm 

once they recovered from low cardiac output syndrome; the 

rest were converted to normal sinus rhythm after receiving an 

amiodarone loading dose of 5 μg/kg/min bolus, followed by 

10 μg/kg/min by intravenous infusion in cases that were unre-

sponsive to other treatment modalities. JET resolved success-

fully within 24 hours in 92% of patients. 

Of the 185 patients with early postoperative arrhythmias, 

145 (78%) converted to sinus rhythm within the first 24 hours. 

Following AVSD repair, two patients died of low cardiac output 

syndrome secondary to refractory JET. Five patients with TOF 

and one patient with VSD also expired due to arrhythmia-in-

duced low cardiac output syndrome. One patient died later 

on during the course of hospitalization, although the cause of 

death could not be attributed directly to an arrhythmia. These 

eight patients (4.3%) constituted the only deaths in our cohort 

with postoperative arrhythmias. However, a total of 18 patients 

(2.9%) amongst those without postoperative arrhythmias died. 

If the observed rate and rhythm disturbances were found 

to be benign (infrequent premature ventricular contractions/ 

ventricular bigeminy/atrial premature contractions/short 

run of ventricular tachycardia), patients were managed with 

a “watchful waiting” policy involving routine de-escalation/

withdrawal of exogenous catecholamines and routine mea-

sures to control hyperthermia. Most of the rhythm disturbanc-

es could eventually be treated using the PALS guidelines. 

Table 3. Risk factors for arrhythmia in the study identified on multivariable 
logistic regression analysis

Variable Adjusted odds ratio 
(95% CI) P-value

Age (yr) 3.35 (2.29–5.64) 0.492

CBP time >120 min 2.32 (1.82–4.14) <0.005

ACC time >60 min 1.97 (0.68–2.66) 0.432

Surgery duration (hr) 4.33 (2.81–7.14) <0.001

Duration of mechanical ventilation (hr) 1.34 (0.39–1.76) 0.863

RACHS-1 category ≥3 2.23 (1.83–4.08) 0.046

Serum lactate (mmol/L) 3.43 (1.65–5.09) 0.003

Heart rate (beats/min) 1.89 (1.05–3.94) 0.120

VIS 2.51 (1.21–3.72) <0.001

CI: confidence interval; CBP: cardiopulmonary bypass; ACC: aortic cross-
clamp; RACHS-1: Risk Adjustment for Congenital Heart Surgery 1; VIS: 
vasoactive-inotropic score.

DISCUSSION 

Postoperative arrhythmias are a well-known complication 

in children, particularly after surgery for CHD. This study ex-

plored the incidence, diagnosis, and management of common 

rhythm disturbances in the pediatric population following 

surgery for CHD repair over a 5-year period at a tertiary care 

hospital in Pakistan. In addition, we also discuss our experi-

ence in the management of postoperative arrhythmias at our 

institution. 

Postoperative arrythmias can lead to higher morbidity and 

mortality in children [5,15]. The incidence of postoperative 

Figure 2. Algorithm for the management of postoperative tachya- 
rrhythmias in a Pakistani pediatric population after surgery for 
congenital heart disease. ECG: electrocardiography; VF: ventricular 
fibrillation; VT: ventricular tachycardia; ACLS: advanced cardiovascular 
life support; JET: junctional ectopic tachycardia.

Arrythmias

Identify rhythm (12-lead 
ECG) and atrial leads

Shockable rhythm
Yes

No

Defibrillate (for VF/VT); 
ACLS protocol

JET

· Correct electrolytes
· Optimize sedation
· Maintain core body 

temperature at 35°C–36°C
· Decrease inotropic support 

to minimal, or stop 
wherever possible to 
reduce chronotropicity

· Review echocardiogram

· Intravenous amiodarone: 
loading dose of 5 μg/kg 
over 1 hour, followed by 
infusion

· Monitor rhythm 

Correct electrolytes 
(maintain serum potassium 

at 3.5–4.0 mEq)

· Pain control 
· Optimal sedation and 

relaxation (if the child is 
ventilated)
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arrhythmias in children has been reported to be as high as 

48% despite recent improvements [6,16]. Our study shows 

the prevalence of hemodynamically significant arrhythmias 

to be 22.8%. This is higher than the rate observed in studies 

from other countries in the region, such as India and Turkey 

[6,8,11,16]. However, other recent studies have offered results 

similar to ours [3], including a study from Bangladesh, which 

reported an incidence of 31% [17]. The relatively high inci-

dence of arrhythmias in our study may be related to surgical 

factors, especially the myocardial protection techniques used 

in the operating theatre. The mean CPB time was 140 minutes 

in our study, which is higher compared to in previous stud-

ies [3], which may be a contributing factor. This highlights a 

challenge in low-resource settings, such as those in Pakistan, 

where optimal myocardial protection may not be achievable 

and there is a shortage of specialized perfusionists. Lastly, 

however, the mean length of PCICU stay was acceptable at ap-

proximately 5 days, although slightly longer than that reported 

in the literature. A study from the United Kingdom reported 

the median PCICU length of stay after pediatric cardiac sur-

gery to be around 3 days [18], while a study from Poland re-

ported a median of 2 days [19]. 

JET was found to be the most frequently occurring arrhyth-

mia amongst our study patients. This finding is corroborated 

by previous studies from India and Turkey, with JET constitut-

ing up to 60% of recorded arrhythmias [6,8,11]. The mecha-

nism of JET is believed to be due to direct trauma to the atrio-

ventricular node and bundle of His, although JET also occurs 

in patients in whom there is no operation near the atrioven-

tricular node. Literature suggests that the type of CHD and the 

surgical correction (e.g., VSD, TOF, AVSD repair) can be major 

causes of the development of postoperative JET [20,21]. In the 

current study, 25 patients (21%) responded to conventional 

measures, whereas the rest required additional therapy in the 

form of amiodarone infusion. JET resolved successfully in 92% 

of all cases. In the study by Abdelaziz and Deraz [22], JET was 

successfully resolved in 86.5% of patients, with 57% responding 

to conventional measures and the remaining 43% controlled 

by amiodarone infusion in addition to conventional measures. 

The high incidence of arrhythmias in our study may be re-

lated to surgical factors, especially the myocardial protection 

techniques used in the operating theatre. Most of our patients 

with arrhythmias had a prolonged CBP time lasting more than 

100 minutes on average, an inotropic score of more than 20 

points, and an elevated level postoperatively. The relatively 

high incidence in some, but not all reports, may be related to a 

variability of arrhythmias chosen for analysis. 

CHB accounted for 33% of the arrhythmias in our patient co-

hort. Atrioventricular block is common in surgeries involving 

manipulation around the conducting system. CHB following 

surgical repair may be transient or permanent. In the current 

study, approximately half of our CHB cases recovered within 

10 days on steroids, with the remaining patients requiring 

permanent pacemakers. Since the numbers are more or less 

equal, further studies are required to establish the effective-

ness of steroids and optimal timing and indications for pace-

maker placement in patients who develop CHB. 

This was a single-center study, and its findings may not be 

generalizable to other centers in Pakistan or elsewhere in the 

world. Moreover, we did not record or report exact times by 

which arrhythmias reverted to normal sinus rhythm in pa-

tients. In conclusion, more than one in five pediatric patients 

suffered from early postoperative arrhythmias in our setting. 

Further research exploring predictive factors and the devel-

opment of better management protocols of patients with CHB 

are essential for reducing the rates of morbidity and mortality 

associated with postoperative arrhythmia in Pakistan. 
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INTRODUCTION 

Intubation is a common method in anesthesia. The tracheal intubation is the main method 

of placing a definite and reliable airway; hence, a complete evaluation of its location should 

be performed as soon as the tracheal tube is placed. Local anesthesia could be unsuitable for 

many ill children for whom general anesthesia with endotracheal tubes is used. Being short 

for children, tracheal tube is hard to locate [1,2]. Lack of proper intubation can increase the 

risk of hypoxia, pneumothorax, lung collapse, and barotrauma, leading to nerve damage, and 

Background: It is important to determine the proper location of tracheal tube for proper ventila-
tion. In this study, we compared the diagnostic value of tracheal intubation with two methods of 
palpation and auscultation with chest X-ray (CXR) method in pediatric. 
Methods: In this interventional study, 80 patients under 6 years of age were included. After tra-
cheal intubation appropriate depth of tracheal tube was determined by auscultation and record-
ed, then by palpation depth of tracheal tube determined and tube was fixed. The length of the 
tube was calculated with the standard formula based on age. After surgery, CXR was taken and, 
according to the landmark, the distance from the end of the tube to the anterior lower tooth was 
recorded. 
Results: Interclass correlation coefficient (ICC) between the palpation method and the standard 
method in the number of fixing tracheal intubation was 0.573, which shows the average and sig-
nificant correlation between these two methods in determining the fixed number of tracheal intu-
bation. ICC between the auscultation and the standard method in fixing tracheal intubation num-
ber was 0.430, which shows the average and significant agreement between these two methods in 
determining the fixed number of tracheal intubation. There is no significant relationship between 
sex and the average number of fixing tracheal intubation in all methods. 
Conclusions: This study has shown that both palpation and auscultation methods are appropriate, 
but with a slightly higher palpation ICC, the palpation can be considered relatively better. 
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death [1,3]. Evaluation of tracheal tubes at the patient’s bed-

side is performed through primary and secondary methods. 

Primary methods include the chest inspection to see bilateral 

dilation and symmetry, bilateral lung auscultation, and cuff 

palpation at the suprasternal notch. Secondary methods, on 

the other hand, are Continuous-waveform capnography, ultra-

sound, chest X-ray (CXR), and bronchoscopy [1,4,5]. 

Although secondary methods are aggressive, time-consum-

ing, and costly, they are precise methods for locating the en-

dotracheal tube. The gold method for determining the proper 

depth of tracheal tube is CXR. Other disadvantages of these 

methods are that they are not always available [6] and since a 

proper position is needed for radiography, locating the tube 

might encounter problem [7]. 

In case of emergency inside or outside the hospital, there is 

no opportunity and availability of methods such as radiology 

or bronchoscopy to determine the appropriate location of the 

endotracheal tube. In the operating room and after induction 

of anesthesia and patient intubation, it is not possible to rou-

tinely use CXR to determine the appropriate location of the 

endotracheal tube. CXR, on the other hand, exposes patients 

to X-rays. The use of fiberoptic bronchoscopes in children, 

especially infants, requires special equipment and skills due 

to the miniaturization of the airways. The use of ultrasound at 

the patient’s bedside to determine the proper location of the 

endotracheal tube requires further study [8]. 

In this study, we decided to evaluate the efficiency of aus-

cultation and touch methods in determining the appropriate 

depth of the tracheal tube and compare it with the calculation 

method. Furthermore, because the tracheal tube was fixed by 

touch method, we examined the location of the tip of that with 

the CXR. 

MATERIALS AND METHODS 

The present project was approved by the Ethics Council of the 

Faculty of Medicine of the Isfahan University of Medical Sci-

ences with the code of 68255. Written consent was obtained 

from the parents of all children in the study, assuring them that 

taking part in the study was completely optional and refusing 

to participate in the study would not disrupt the children’s 

treatment process. 

The present interventional study was conducted at Cham-

ran Hospital of Isfahan, Iran between April and July 2019. The 

sampling method was sequential non-probability. Eighty pa-

tients younger than 6 years who needed intubation for elective 

heart surgery were selected using convenience sampling and 

included in the study with parental consent. Sampling was 

continued until the required number of samples was complet-

ed. Patients with preoperative respiratory distress symptoms, 

a history of respiratory disease, congenital malformations of 

the neck and upper airways, and cervical spine abnormalities 

were not included in the study. 

Patients were visited the night before surgery. They received 

similar premedication. In the operating room, they were also 

equally monitored and underwent anesthesia induction. First, 

the patient was intubated (by an anesthesiologist, who had no 

role in the study) with an appropriately-sized endotracheal 

tube, and the endotracheal tube depth was determined and 

recorded by auscultation so that the left lung was first blocked; 

next, while the patient’s lungs were being ventilated and 

the earphone was on the left hemithorax, the tracheal tube 

gradually came out of the trachea until no breathing sound 

was heard in the left lung. It was the location of the carina of 

trachea. Then, one centimeter of the tube was pulled out from 

the point and the distance from the end of the tube to the low-

er anterior tooth was measured and its number was recorded. 

Thereafter, the project executive anesthesiologist determined 

and recorded the appropriate location of the tracheal tube by 

palpation and fixed the tracheal tube without knowing the 

location of tracheal tube fixed by the auscultation method. To 

this end, the anesthesiologist first placed the index finger of 

the non-dominant hand in the suprasternal notch and palpat-

ed the tracheal tube with slight pressure, and gradually pulled 

the tracheal tube out of the endotracheal with the dominant 

hand while the pressure continued. The movement of the tra-

cheal tube was easily felt. As soon as the anesthesiologist’s fin-

ger felt nothing under the finger, the removal of the tracheal 

tube was stopped, entered one centimeter of the tracheal tube 

into the trachea, fixed the tube and measured, and recorded 

the distance from the end of the tube to the lower anterior 

tooth. We had no cases of extubation in the operating room. 

■ Due to the higher interclass correlation coefficient of 
palpation method than auscultation one, the palpation 
method was found to be relatively better than the aus-
cultation method.

■ In the present study, height was the most effective vari-
able in locating the tracheal tube in the auscultation 
method.

KEY MESSAGES
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After the operation and transferring the patients to Intensive 

Care Unit, the tracheal tube tip position was determined by 

CXR that was usually taken from patients [9].  

All patients underwent laryngoscopy with curved laryngo-

scope (Macintosh) blade number 1 and intubated by uncuffed 

tracheal tube. The following formula used to determine the 

length of the tracheal tube based on children’ age [10]. The tra-

cheal tube depth was calculated for patients: 12+age/2. 

Finally, the correlation of the obtained depths was speci-

fied. It was also determined which of the first two methods 

was closer and more relevant to the age-based formula and 

the available criteria in the graph. Data were analyzed using 

IBM SPSS ver. 26 (IBM Corp., Armonk, NY, USA) as well as de-

scriptive statistical tests, the independent t-test, Pearson cor-

relation, and the interclass correlation coefficient (ICC). The 

significance level was P<0.05. 

RESULTS 

In this study, 80 patients, who were candidates for elective 

heart surgery were examined. In all of them, the distance from 

the end of the tube to the lower anterior teeth was measured 

and recorded using the auscultation and palpation methods. 

Mean depth of tracheal tube fixation in the three methods 

(calculation, palpation, and auscultation) was also examined 

according to the patients’ sex and there was no significant re-

lationship between sex and mean depths of tracheal tube fixa-

tion in all three methods. In other words, no significant differ-

ence was found between men and women in mean depth of 

tracheal tube fixation in all three methods (P> 0.05) (Table 1). 

The research results further indicated a statistically signif-

icant relationship between the variable related to the differ-

ence in the depths of tracheal tube fixation in the palpation 

method with the calculation method in terms of weight. The 

calculation method had a significant positive relationship 

with age (P=0.001), weight (P=0.004), and height (P=0.001). 

To put it differently, all the three contextual variables of 

heights, age, and weights of children showed significant rela-

tionships with tracheal tube fixation number. The difference 

in tracheal tube fixation depths by palpation method using 

the calculation method showed a significant and positive re-

lationship with age (P=0.001), weights (P=0.003), and heights 

(P=0.001) in children. In other words, the patients’ age, 

weights, and heights directly affected the difference between 

the calculation and palpation methods in terms of tracheal 

tube fixation number. The difference between the tracheal 

tube fixation numbers between the auscultation and calcula-

tion methods of all three underlying variables, age (P=0.001), 

heights (P=0.024), and weights (P=0.001) in children showed 

a significant and positive relationship. In other words, the 

patients’ age, heights, and weights directly affected the differ-

ence between the calculation and auscultation methods in 

terms of the tracheal tube fixation number (Table 2). In the 

palpation method, furthermore, the mean distance from the 

end of the tracheal tube to the carina of trachea was 2.5 cm 

with a standard deviation of 0.750, indicating a difference of 

one centimeter with the mean standard distance (1.5 cm from 

the carina of trachea) [9]. 

Table 3 containing the frequency of the location of the end 

of the tracheal tube in the palpation method in CXR indicates 

that in 95.9% of patients, the end of the tracheal tube is locat-

ed in the standard distance from T2 to T4. The ICC between 

the palpation and calculation methods in terms of tracheal 

tube fixation number was 0.573 (95% confidence interval [CI], 

Table 1. Comparison of the mean depth of tracheal tube fixation in 
the calculation, palpation, and auscultation methods according to sex
Tracheal tube fixation model Male Female P-valuea

Calculation 0.28
 Median (interquartile range) 12.54 (1.22) 12.29 (0.43)
 Mean±SD 13.01±1.07 12.66±0.87
Palpation 0.76
 Median (interquartile range) 12 (2.50) 11.5 (2.25)
 Mean±SD 11.98±1.75 11.82±1.90
Auscultation 0.70
 Median (interquartile range) 14 (3.63) 13.5 (3.25)
 Mean±SD 14.07±1.98 14.32±2.54

SD: standard deviation.
aInter-group comparisons by the independent t-test.

Table 2. The correlation between tracheal tube fixation method and 
contextual variables

Variable
Pearson correlation coefficient

Age Weight Height
Calculation 1.000 0.377 0.851
 P-value 0.001 0.004 0.001
δaa 0.462 0.258 0.687
 P-value 0.001 0.003 0.001
δpb 0.501 0.319 0.796
 P-value 0.001 0.024 0.001

aThe difference between the tracheal tube fixation number by the 
auscultation method with the calculation; bThe difference between the 
tracheal tube fixation number by the palpation method with the calculation.
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0.140–0.785), indicating a moderate and significant agreement 

between the two methods in determining the tracheal tube 

fixation number.  

Furthermore, ICC between the auscultation and calculation 

methods in tracheal tube fixation number was 0.430 (95% CI, 

0.026–0.668),  indicating a moderate and significant correla-

tion between the two methods in determining the tracheal 

tube fixation number (Table 4). 

The Bland-Altman plot was used to match the measured 

items with the calculated values (palpation and auscultation 

methods with the calculation method). The horizontal axis 

of the plot is the mean of the measurements, while its vertical 

axis is the difference between the measurements. The dashed 

line on the plot is the 95% CI for the differences, meaning that 

if at least 95% of the points are in the distance between the 

two lines, the measurements are correlated. Figures 1 and 2 

separately show the difference between the tracheal tube fix-

ation numbers using the palpation and auscultation methods 

with the calculation method. In this regard, the difference 

between the mean of the palpation and calculation methods 

was 0.9, whereas the difference between the mean of the 

auscultation and calculation methods was –1.4. According to 

Figures 1 and 2, both palpation and auscultation methods are 

correlated with the calculation method in terms of the trache-

al tube fixation number. 

DISCUSSION 

In our study, both palpation and auscultation methods 

showed moderate and significant correlations with the calcu-

Table 3. Frequency of the end location of the tracheal tube in the 
palpation method in chest X-ray
The end location of the tracheal tube in the palpation 

method in chest X-ray Frequency (%)

T1 4.1
T2 53.1
T3 34.7
T4 8.2

Table 4. The correlation between the palpation and auscultation 
methods with the calculation method in tracheal tube fixation
Variable ICC 95% Confidence interval P-value
Palpation method 0.573 0.140–0.785 0.001
Auscultation method 0.430 0.026–0.683 0.001

ICC: interclass correlation coefficient.

Figure 1. The Bland-Altman plot for correlation of the mean tracheal 
tube fixation numbers by the calculation and palpation methods. 
Horizontal line: the mean tracheal tube fixation numbers in the 
calculation and palpation methods; Vertical line: the difference 
in mean tracheal tube fixation numbers (calculation-palpation 
methods). SD: standard deviation.

Figure 2. The Bland-Altman plot for correlation of the mean tracheal 
tube fixation numbers by the calculation and auscultation methods. 
Horizontal line: the mean tracheal tube fixation numbers in the 
calculation and auscultation methods; Vertical line: the difference 
in mean tracheal tube fixation numbers (calculation-auscultation 
methods). SD: standard deviation.

lation method in locating the tracheal tube based on the ICC. 

Due to the higher ICC of palpation method than auscultation 

one, the palpation method was found to be relatively better 

than the auscultation method. In a study by Maleki et al. [11], 

who compared the palpation method and ID formula in chil-

dren to determine the appropriate depth of tracheal tubes, 

the palpation method was more acceptable and successful. 

Moreover, in a study by Okuyama et al. [12], who examined the 
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palpation method to locate the tracheal tube, palpation was 

reported as a fast, safe, and simple method for this purpose. In 

another study by Moll et al. [13], who compared palpation and 

markers of tracheal tubes, the location determined by palpa-

tion was more appropriate. Furthermore, in a study by Yoo et 

al. [14], who examined the palpation, auscultation, and nerve 

cord landmark methods to assess the proper location of the 

tracheal tubes in children, the auscultation method showed 

the deeper location of the tracheal tube and was associated 

with higher risk. 

In the present study, there was not any significant relation-

ship between the patients’ sex and the mean depth of tracheal 

tube fixation in the auscultation and palpation methods, 

meaning that sex did not affect the length of tracheal tube. In 

a study by Yoo et al. [14], who examined the palpation, aus-

cultation, and landmark of vocal cord methods to assess the 

proper location of the tracheal tubes in children, there was not 

any significant relationship between sex, and all three meth-

ods and sex was not an effective factor. Additionally, McKay 

et al. [15], who studied the palpation method for evaluating 

tracheal tubes in adults, found no significant relationship be-

tween sex and palpation method, meaning that sex was not 

an effective factor. 

In the current study, unlike sex, there was a significant rela-

tionship between weight and the mean depth of tracheal tube 

fixation in the auscultation and palpation methods, meaning 

that the more the patient’s weight was, the longer the tracheal 

tube was. However, the variable of weight was not effective in 

comparing the two methods. In a study by Saboo et al. [16], 

who examined palpation as a method of locating the tracheal 

tube in children, there was a significant relationship between 

weight and palpation method, and weight was an effective 

factor. Bloch et al. [17], who compared the auscultation meth-

od with CXR, stated that weight is not an effective factor in 

comparing the auscultation method with the CXR in terms of 

locating the tracheal tube. In line with the present study, Hofer 

et al., who examined the effect of weight on the tracheal tube 

length, declared that there is a significant relationship between 

weight and tracheal tube length [18]. 

Regarding height, on the other hand, we observed a signifi-

cant relationship between this variable and the mean depth of 

tracheal tube fixation in the auscultation and palpation meth-

ods, meaning that taller patients needed longer tracheal tube. 

Nonetheless, height was not an effective factor in comparing 

the two methods. Similarly, in a study by Yoo etal. [14], who 

examined the palpation, auscultation, and landmark of vocal 

cord methods to assess the proper location of the tracheal tube 

in children, there was not any significant relationship between 

height and comparison of the three methods, and height 

was not an effective factor. Even though, in the present study, 

height affected the location of tracheal tube fixation, Eagle 

found a weak correlation between tracheal tube length and the 

patients’ height by performing a study on adults to examine 

the same correlation through computed tomography scan [19]. 

The last examined variable in the present study was age. 

In this regard, findings revealed a significant relationship be-

tween the participants’ age and the mean depth of tracheal 

tube fixation in both auscultation and palpation methods, 

meaning that younger patients needed shorter tracheal tube. 

However, age was not considered an effective factor when the 

two methods were compared. In a study by Maleki et al. [11], 

who compared the palpation method in children to determine 

a proper depth of the tracheal tube, age was not effective in 

locating the tracheal tube. 

In the present study, height was the most effective variable 

in locating the tracheal tube in the auscultation method. In 

agreement with the current research, Bloch et al. [17], who 

examined the auscultation method in determining the appro-

priate location of the tracheal tube, found that height are more 

effective in locating the tracheal tube. 

The present research indicated the suitability of both pal-

pation and auscultation methods for locating the tracheal 

tube in children, but due to the slightly higher ICC of the 

palpation method, it can be considered a relatively better 

method to locate the tracheal tube in children. According to 

the results, both palpation and auscultation methods have 

proper diagnostic values for tracheal intubation, but the 

palpation method can be considered a better method due to 

the higher ICC. 
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INTRODUCTION 

Mechanically ventilated patients experience acute anxiety due to dyspnea, uncomfortable 

stimuli such as endotracheal tubes, feelings of loss of control, and fears related to their un-

derlying disease. Current anxiety therapies rely almost solely on pharmacotherapies such as 

benzodiazepines, which carry undesirable side effects and increase the risk of development 

of delirium [1]. Additionally, survivors of critical illness show increased incidence of chronic 

Background: Mechanically ventilated patients experience anxiety for many reasons. Pharmaco-
logical treatments such as benzodiazepines are commonly employed to manage anxiety; however, 
these therapies often cause undesired side effects. Additional therapies for anxiety management 
are needed. We sought to determine whether cell phone-based virtual reality therapy could feasi-
bly be used for anxiety management in mechanically ventilated patients. 
Methods: Mechanically ventilated subjects underwent at least one session of virtual reality ther-
apy in which they were shown a cinematic video of an outdoor green space or blue space with 
360° visual range of motion. Goal session duration was 5 minutes. The primary outcome was in-
cidence of predefined patient safety events, including self-extubation and accidental removal of 
tubes or lines. 
Results: Ten subjects underwent a total of 18 virtual reality sessions. Fifteen sessions lasted the 
planned 5 minutes, one session was extended at participant request, and two sessions were ter-
minated early at participant request. There were no occurrences of the predefined safety events, 
and no occurrences of cybersickness. Use of a visual analog scale to measure anxiety level was 
feasible for this pilot study, demonstrating feasibility of this scale for future, larger scale studies. 
Conclusions: Virtual reality therapy shows potential as a means of managing anxiety in patients 
undergoing mechanical ventilation, and further rigorous exploration with this protocol is feasible. 
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depression and anxiety disorders [2,3], and exposure to me-

chanical ventilation [4], and benzodiazepines [5] have been 

shown to be risk factors. 

While some adjuncts such as music interventions have been 

explored [6-8], there remain few non-pharmacologic options 

for anxiety control. Over the last decade, virtual reality (VR) 

technology has improved in quality, decreased in cost, and 

become more accessible. Application of VR technology reduc-

es perceived pain and anxiety in patients undergoing painful 

procedures [9-14], and it has been successfully used to pro-

mote cognitive stimulation in critically ill patients [15]. Despite 

these advances, VR use for mechanically ventilated patients 

carries safety risks such as accidental dislodgement of lines or 

endotracheal tubes, and cybersickness, a motion sickness-like 

syndrome which can occur with VR exposure consisting of 

symptoms of headache, nausea, vomiting, dizziness, and gas-

tric fullness [16]. We explored the feasibility of VR for anxiolysis 

in mechanically ventilated patients using a single-arm pro-

spective trial. 

MATERIALS AND METHODS 

The study protocol was approved by the local Institutional Re-

view Board prior to initiation, and this trial is logged at clinical-

trials.gov registry number NCT03169374. Requests for sharing 

of de-identified individual patient data will be honored within 

the constraints of the local IRB’s data sharing policies; this pro-

cess can be initiated by contacting the corresponding author. 

Written informed consent was obtained from all study partici-

pants. 

Per our inclusion and exclusion criteria each participant 

consented for themselves; consent from legally authorized 

representatives was not permitted. Participants posed any 

questions to investigators by writing, and all questions were 

answered. The consenting process concluded with a brief 

series of seven yes/no questions asked of the participant to en-

sure comprehension of the study’s purpose and protocols. 

Two intensive care units (ICUs), one dedicated medical ICU 

at an academic center and one general ICU at a community 

hospital, were screened at the investigators’ convenience for 

patients on mechanical ventilation. Inclusion criteria were pa-

tients of age 18 years or more, on mechanical ventilation, able 

to maintain a spontaneous wakeful state and able to commu-

nicate with researchers. Exclusion criteria were expected liber-

ation from the ventilator within 12 hours, delirium (as assessed 

by routine confusion assessment method for the intensive 

care unit testing), inability of the subject to consent for them-

selves, history of cybersickness or pre-existing symptoms of 

cybersickness, skull injury or surgery precluding use of the VR 

visor head strap, auditory or visual impairment, positive end 

expiratory pressure ventilator setting greater than 10 cm H2O, 

inability to safely remove patient restraints for VR sessions, 

known difficult airway, or tracheostomy placed within the pre-

vious seven days (Figure 1). Our initial enrollment goal was 30 

subjects, based on guidance from the United States Food and 

Drug Administration for traditional feasibility studies [17]. 

Enrolled patients underwent at least one session of VR ther-

apy with a goal duration of 5 minutes. This short duration was 

chosen to minimize the risk of cybersickness, which increases 

with duration of VR use [18]. Cinematic VR, in which VR is pre-

sented as 360° video via a head-mounted display (HMD), was 

generated using a Samsung Galaxy S7 smartphone (Samsung, 

Seoul, Korea) coupled with low-cost headsets (Topmaxions; 

Wuzhong Zhongtai Youlian Technology & Trade, Wuzhong, 

China), which housed the smartphone to create the HMD. 

Participants were issued a single headset upon enrollment to 

the trial, used this headset for all trial VR sessions, and were 

allowed to keep their headset on trial completion. Sound was 

provided via the smart phone speakers, rather than employing 

headphones. Participants were shown relaxing environments 

using the 360° video feature of the video streaming service 

YouTube. The videos used for this purpose can be found on 

the YouTube channel “ICU virtual reality” (https://www.

youtube.com/channel/UCTi6OIJkVzLk1PFi-cNPXpg). Envi-

ronments consisted of various outdoor green and blue spaces, 

which were chosen for their positive impact on affect in prior 

research [19]. A single stationary camera position was used for 

each environment to minimize motion-induced cybersickness 

and to facilitate gentle, small angle head movements to explore 

■ A pilot design of a cinematic virtual reality environment 
to relieve anxiety was implemented according to proto-
col for a pilot cohort of mechanically ventilated patients 
without incidence of prespecified safety outcomes in-
cluding accidental extubation, and without incidence of 
cybersickness.

■ A 100-point visual analog scale was successfully applied 
to assess subjects’ anxiety levels before and after virtual 
reality interventions, demonstrating feasibility of this 
scale for future studies.

KEY MESSAGES

https://www.youtube.com/channel/UCTi6OIJkVzLk1PFi-cNPXpg
https://www.youtube.com/channel/UCTi6OIJkVzLk1PFi-cNPXpg
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the environment [20]. Videos played in real time via the You-

Tube application. Subjects were able to examine environments 

through gentle head movement within the constraints of ven-

tilator hosing and other external tethers, but could not interact 

with any elements within the environments. While complete 

range of head movement is not possible with ventilated par-

ticipants, the advantage of using VR over a two-dimensional 

monoscopic display is that the ICU environment is occluded 

while wearing the HMD facilitating immersion in an alternate, 

virtual world of nature scenes. 

The primary outcome was incidence of the predefined pa-

tient safety events listed in Table 1. This collection of events 

has been previously determined in the physical therapy lit-

erature to be of particular concern when providing therapy 

to ICU patients [21]. Although VR does not involve the same 

vigorous movements as physical therapy, it does involve head 

movement and some degree of active patient participation. We 

therefore felt these events to be similarly important for moni-

toring in initial VR sessions as part of the feasibility pilot. Sec-

ondary outcomes were session duration, number of sessions 

per day, number of days each participant undergoes at least 

one session, reason for termination of sessions terminated be-

fore 5 minutes, measurement of blood pressure, pulse and re-

spiratory rate at beginning and end of each session, incidence 

of cybersickness, and change in subjective anxiety levels with 

VR intervention as measured using the 100-point visual analog 

scale-anxiety (VAS-A), which has previously been validated 

as an assessment of anxiety levels [22] and used in studies of 

music interventions for mechanically ventilated patients [8]. 

Change in anxiety level was included as a secondary outcome 

to ensure feasibility of using the scoring system in this setting 

and for use in a larger scale efficacy trial. Standard descriptive 

and comparative statistical analyses were conducted on the 

collected primary and secondary outcomes data to ensure fea-

sibility of this approach for a larger study. For measurements 

of anxiety and vital sign parameters, the differences between 

starting and ending values for each session (paired differenc-

es) were compared to the null set using the Wilcoxon signed-

rank test. This test was used because some variables were 

non-normally distributed. 

Figure 1. Flow diagram outlining screening and enrollment of participants, as well as inclusion and exclusion criteria. CAM-ICU: confusion 
assessment method for the intensive care unit; VR: virtual reality; PEEP: positive end-expiratory pressure.

81 Mechanically vented patients screened

23 Patients met inclusion criteria

15 Patients eligible

10 Participants enrolled, underwent study 
intervention, and included in analysis

58 Not meeting inclusion criteria (may be more than one per patient)
54 Unable to spontaneously maintain a state of wakefulness
57 Unable to communicate with researchers
1 Age <18 years

5 Declined participation

8 Excluded
5 Expected vent liberation within 12 hours
1 Delirium (CAM-ICU positive)
1 Inability of subject to self-consent
1 History of or pre-existing cybersickness symptoms
0 Skull injury/surgery preventing visor use
0 Auditory or visual impairment preventing VR use
0 PEEP requirement >10
0 Inability to safely remove patient restraints
0 Know difficult airway
0 Tracheostomy placed within last 7 days
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RESULTS 

We screened 81 mechanically ventilated patients between 

November 2017 and June 2019. Fifteen of these were eligible to 

participate in the study and ten consented to do so (Figure 1). 

Of screened patients who were not eligible, inability to main-

tain a wakeful state or to communicate with researchers were 

the chief reasons for not meeting criteria. Baseline characteris-

tics of the ten participants are shown in Table 2. 

Results of our primary and secondary outcomes are listed 

in Table 1. A total of 18 VR sessions were performed for the ten 

participants; two participants had a single session, and eight 

participants had two sessions, each performed on separate 

days. Prespecified safety and cybersickness outcomes were 

successfully monitored according to protocol as part of feasi-

bility. We observed no incidence of the prespecified safety out-

comes, including accidental dislodgment of an endotracheal 

tube or tracheostomy. Additionally, no participant reported 

Table 1. Primary and secondary outcome results
Outcome Value P-valuea

Session during which a safety event occurred (n=18 sessions)
 Cardiac arrhythmias (cardiac arrest or change to rhythm other than sinus or atrial fibrillation with rate <150) 0
 Hypotension (MAP <55) 0
 Hypertension (MAP >140) 0
 Oxygen desaturation (oxygen saturation < 85% for 3 minutes or greater) 0
 Fall from bed or chair 0
 Unintentional removal of medical device (lines, tubes, etc.) 0
Session during which cybersickness occurred (n=18 sessions)
 Subjective anxiety levels during session (100 point VAS-A scale)
  Starting 37 (19–74)
  Ending 32 (7–64)
  Pairwise differenceb –8.5 (–12.5 to –1.5) 0.012
 Heart rate during session (beats/min)
  Starting 84 (71–88)
  Ending 81 (72–79)
  Pairwise differenceb 1 (–4 to 3) 0.553
 Respiratory rate during session (beats/min)
  Starting 21 (18–26)
  Ending 19 (17–24)
  Pairwise differenceb –2 (–3 to 0) 0.079
 Systolic blood pressure during session (mm Hg)
  Starting 130 (115–140)
  Ending 118 (107–129)
  Pairwise differenceb –9 (–17 to –1) 0.003
 Diastolic blood pressure during session (mm Hg)
  Starting 70 (66–81)
  Ending 67 (60–75)
  Pairwise differenceb –4 (–12 to 1) 0.040
Reason for not performing planned sessions (n=5)
 Subject preference or scheduling conflict with other therapies 3 (60)
 Change in subject’s mental status 1 (20)
 Symptom of cybersickness present prior to session start 1 (20), dizziness

Values are presented as  median (interquartile range) or number (%).
MAP: mean arterial pressure; VAS-A: visual analog scale-anxiety.
aP-values obtained using the Wilcoxon signed-rank test to compare the pairwise differences in each variable to the null set; bPairwise differences were 
determined by subtracting the variable value at the beginning of a session from that at the end of the session for each session individually. Thus a positive value 
represents a net increase during the session, and a negative value a net decrease.
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symptoms of cybersickness. Use of the 100-point VAS-A scale 

was feasible in this setting and showed a modest median 

decrease of 8.5 points following VR sessions. No participant 

completed more than one session per day. Five additional ses-

sions had been planned but were not carried out for reasons 

listed in Table 2. Fifteen sessions lasted the planned duration 

of 5 minutes, and one lasted 15 minutes at participant request. 

Two sessions were terminated early at participant request, one 

because the participant felt homesick, the other participant 

would not give a reason. 

Although our initial goal was 30, we closed the study after 

enrollment of ten subjects due to low rates of accrual. This was 

largely driven by a low prevalence of mechanically ventilated 

patients who were able to remain wakeful and adequately 

communicate with researchers to provide consent for the 

study and indicate anxiety levels (Figure 1). 

DISCUSSION 

As VR technology continues to improve, it has been increasing-

ly utilized in the medical setting to promote patient comfort. 

Feasibility and effectiveness of VR interventions in the ICU 

setting have been explored using healthy volunteers emulating 

ICU patients [23,24], and using actual ICU patients who are 

not intubated or otherwise mechanically ventilated [25]. Addi-

tionally, use of an interactive computer program which senses 

patient motion as input and provides visual output through a 

flat panel video screen has been used to provide neurocogni-

tive stimulation in both intubated and non-intubated patients; 

however this system was not fully immersive as it did not em-

ploy HMDs [15].  

Use of HMDs to provide fully immersive VR for mechani-

cally ventilated patients carries unique challenges, including 

the risk of accidental dislodgement of the endotracheal tube 

or tracheal cannula and associated sequelae [26,27] due to 

increased head movements, and reciprocally the possibility of 

reduction in enjoyability of VR sessions due to head motion 

restrictions imposed by ventilator hosing. Furthermore, the 

communication limitations imposed by mechanical ventila-

tion can limit assessment of subjective outcomes such as pain 

and anxiety. This has limited the use of fully immersive VR in 

mechanically ventilated patients. 

Although our study only comprised 10 participants under-

going 18 VR sessions, we successfully monitored prespecified 

safety and cybersickness outcomes, neither of which occurred 

during this feasibility study. Additionally, we were able to effec-

tively utilize a 100-point VAS-A to assess patient anxiety levels 

before and after sessions of VR, with a median paired decrease 

of 8.5 points associated with VR intervention (P=0.012). While 

this suggests feasibility of VAS-A use in future VR studies, the 

low sample size and novel implementation of this pilot study 

prohibits any conclusions about VR effectiveness. 

A major barrier to the use of VR broadly among mechani-

cally ventilated patients was inability of patients to maintain 

a spontaneously wakeful state. Likely due to sedative medica-

tions and effects of underlying critical illness, the majority of 

patients we screened for this study were unable to meet this 

criterion, and we ultimately closed our enrollment premature-

ly because of this. More flexible study protocols, for example 

allowing the controlled reduction of sedatives to enable par-

ticipation, may improve recruitment in future studies, but this 

Table 2. Baseline characteristics of participants
Variable Value (n=10)
Age (yr) 58 (49–66)
Birth sexa

 Female 5 (50)
 Male 5 (50)
Racea

 African American or Black 2 (20)
 Caucasian 8 (80)
Ethnicity
 Hispanic or Latino 0
 Not Hispanic or Latino 10 (100)
Reason for ICU admission
 Respiratory failure, ARDS 0
 Respiratory failure, COPD exacerbation 1 (10)
 Respiratory failure, pneumonia 4 (40)
 Respiratory failure, pulmonary edema 0
 Respiratory failure, CLAD 2 (20)
 Respiratory failure, other 2 (20)
 Shock, septic 1 (10)
 Shock, non-septic 0
Total duration of ICU stay (day) 10.5 (6–14)
SOFA score at enrollmentb 3 (2–3)
Airway
 Endotracheal tube 6 (60)
 Tracheostomy 4 (40)

Values are presented as median (interquartile range) or number (%).
ICU: intensive care unit; ARDS: acute respiratory distress syndrome; 
COPD: chronic obstructive pulmonary disease; CLAD: chronic lung allograft 
dysfunction; SOFA: Sequential Organ Failure Assessment.
aAs reported in the subject’s medical record; bSOFA score lab parameters 
were missing for three subjects; these were assumed to be normal when 
calculating SOFA scores.
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would need to be balanced against possible undue discomfort 

to patients, and for the present study we did not feel this was 

justified. 

As a feasibility pilot project, our study is limited by its small 

size and single-arm design. Although we did not have any 

safety events occur during our study, its limited size prevents 

us from establishing a rate at which these events will occur 

in a larger population. In addition, while we noted a modest 

decrease in subjective anxiety levels following VR sessions, 

interpretation of this is not warranted given the pilot nature of 

this study, and we certainly cannot establish a causal relation-

ship due to the absence of a control group. Finally, enrollment 

was hindered by the fact that many mechanically ventilated 

patients were not conscious or communicative enough to 

participate; future studies will need to take this constraint into 

consideration. Despite these limitations, we feel that VR tech-

nology shows potential for anxiety management in mechan-

ically ventilated patients as demonstrated by the implemen-

tation of this feasibility study and warrants further rigorous 

exploration. 
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INTRODUCTION 

Withholding and withdrawal of life-sustaining treatment (LST) have been focal points in ethi-

cal debates on emerging concerns associated with dignified death of humans and end-of-life 

(EOL) care [1,2]. Prolonging life by LST is not always beneficial, and LST can extend hospital 

time for patients and family members, without a probability of recovery.  

Cardiopulmonary resuscitation (CPR), including cardiac massage, which is a main com-

ponent of LST, can cause severe mechanical injuries such as rib fractures, hemothorax, and 

Background: The Life-Sustaining Treatment (LST) Decisions Act allows withholding and withdraw-
al of LST, including cardiopulmonary resuscitation (CPR). In the present study, the incidence of CPR 
before and after implementation of the Act was compared. 
Methods: This was a retrospective review involving hospitalized patients who underwent CPR at a 
single center between February 2016 and January 2020 (pre-implementation period, February 
2016 to January 2018; post-implementation period, February 2018 to January 2020). The primary 
outcome was monthly incidence of CPR per 1,000 admissions. The secondary outcomes were dura-
tion of CPR, return of spontaneous circulation (ROSC) rate, 24-hour survival rate, and surviv-
al-to-discharge rate. The study outcomes were compared before and after implementation of the 
Act. 
Results: A total of 867 patients who underwent CPR was included in the analysis. The incidence of 
CPR per 1,000 admissions showed no significant difference before and after implementation of the 
Act (3.02±0.68 vs. 2.81±0.75, P=0.255). The ROSC rate (67.20±0.11 vs. 70.99±0.12, P=0.008) and 
survival to discharge rate (20.24±0.09 vs. 22.40±0.12, P=0.029) were higher after implementation 
of the Act than before implementation. 
Conclusions: The incidence of CPR did not significantly change for 2 years after implementation 
of the Act. Further studies are needed to assess the changes in trends in the decisions of CPR and 
other LSTs in real-world practice. 
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other internal organ injury to the patient [3,4]. In a previous 

study, post-traumatic stress disorder symptoms were report-

ed in family members who had witnessed unsuccessful CPR 

attempts on their loved ones [5]. The Act on Hospice and Pal-

liative Care and Decisions on LST for Patients at the EOL were 

enforced in South Korea in February 2018 and allowed physi-

cians and patients to establish default orders concerning EOL 

care, including CPR. In two retrospective studies, implemen-

tation of the LST Decisions Act showed the effect of increased 

self-determination rates and early decision-making for LST 

[6,7]. In addition, in a systematic review, do-not-resuscitate 

(DNR) orders were reportedly associated with decreased CPR 

[8]. However, to the best of our knowledge, the effects of the 

LST Decisions Act and advance care planning on the overall 

incidence of CPR have not been investigated. 

We hypothesized that implementation of the LST Decisions 

Act and subsequent establishment of proactive preparation for 

physician orders for LST (POLST) reduces unnecessary CPR in 

accordance with the purpose of the Act on Hospice and Palli-

ative Care and Decisions on LST for patients at the EOL. In ad-

dition, other CPR-related outcomes were compared assuming 

the patients at the EOL who underwent CPR would be affected 

by prior preparation for POLST. 

MATERIALS AND METHODS 

Study Design and Patients 
This was a single-center, retrospective, observational study. 

Adult patients (>18 years of age) who underwent CPR during 

the study period (February 2016 to January 2020) were in-

cluded. The Act on Hospice and Palliative Care and Decisions 

on LST for patients at the EOL was enforced on February 4, 

2018, in South Korea, and data were compared between the 2 

years before implementation of the Act (pre-implementation 

period: February 2016 to January 2018) and the 2 years after 

implementation of the Act (post-implementation period: Feb-

ruary 2018 to January 2020). 

The study protocol was approved by the Institutional Re-

view Board of Seoul National University Hospital (IRB No. 

H-1802-111-924). The requirement for informed consent was 

waived by the institutional review board due to the retrospec-

tive study design. 

Data Collection 
Baseline characteristics 
Electronic medical records were reviewed and data regarding 

baseline characteristics such as age, sex, and pre-existing co-

morbidities included in the Charlson Comorbidity Index were 

extracted as well as the case-mix indices (CMIs). The CMI is 

the relative value assigned to the diagnostic group of patients 

in the medical environment used for allocating resources to 

the care and treatment of patients in the group and represents 

the diversity or complexity of the hospital [9]. The CMI data for 

each period were collected to verify that patients from the two 

periods could be compared. The monthly total number of hos-

pital admissions also was collected to calculate the incidence 

of CPR per 1,000 admissions. 

Data associated with CPR 
Only CPR for hospitalized patients in wards or intensive care 

units (ICUs) was included based on documentation of LST 

before the cardiac arrest. In addition, only the first recorded 

cardiac arrest for each patient was included in the analysis. 

The causes of cardiac arrest were classified according to the 5 

Hs and 5 Ts (hypoxia, hypovolemia, hydrogen ions, hyperka-

lemia/ hypokalemia, hypothermia; tension pneumothorax, 

tamponade-cardiac, toxins, thrombosis-coronary, thrombo-

sis- pulmonary) [10], and multiple selections were possible. 

Duration of CPR, return of spontaneous circulation (ROSC), 

24-hour survival rate, and survival-to-discharge rate were re-

corded for each CPR performed. ROSC was defined as return 

of any palpable pulse in the absence of ongoing chest com-

pressions for at least 20 consecutive minutes [11].  

Definitions  
CPR due to delayed documentation was defined as that per-

■ Implementation of life-sustaining treatment (LST) de-
cisions did not affect the incidence of cardiopulmonary 
resuscitation in hospitalized patients at 2 years after en-
forcement of the Act.

■ Cardiac arrests that occurred in terminally ill patients 
who had a written document regarding withholding and 
withdrawal of LST comprised a small proportion of the 
total cardiac arrests in our center, and the proportions be-
fore and after implementation of the Act were the same.

■ Proactive preparation of documentation regarding with-
holding and withdrawal of LST with universalization of 
the Act will be needed to avoid unnecessary resuscitation 
at end-of-life stages.

KEY MESSAGES
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formed because the DNR or POLST documentation was not 

completed before the initial cardiac arrest despite discussion 

of LST for terminally ill patients. Preventable CPR was defined 

as CPR that could be detected several hours before the adverse 

event using pre-alarm signs and that was avoidable through 

appropriate and prompt medical management. The time and 

date of CPR events were monitored to determine any pre-exist-

ing pre-alarm signs that existed within 48 hours of events and 

whether the events were potentially avoidable. The pre-alarm 

signs were abnormal vital signs based on the rapid response 

system trigger criteria (Supplementary Table 1).  

Documentation for withholding or withdrawal of LST 
The monthly numbers of DNR and POLST documentations 

during the study period were recorded. Additional information 

regarding DNR and POLST included the timing of writing the 

documents (before or after cardiac arrest) and whether the 

documents were written in the ICU or general ward. Data on 

the detailed form of written POLST were also collected regard-

ing of whether POLST was completed according to the patient’s 

own will or that of surrogates (Supplementary Table 2). 

Study Outcomes 
The primary outcome was the incidence of CPR per 1,000 

admissions before and after implementation of the Act on 

Hospice and Palliative Care and Decisions on LST for patients 

at the EOL. The secondary outcomes were duration of CPR, 

ROSC rate, 24-hour survival rate, and survival-to-discharge 

rate. Subgroup analysis was conducted based on the location 

of CPR for each study outcome. 

Statistical Analysis 
Categorical variables were expressed as frequencies with per-

centages, and continuous variables were expressed as means 

with standard deviations. Normally distributed quantitative 

variables were compared using Student t-test, and non-nor-

mally distributed quantitative variables were compared using 

the Mann-Whitney U-test. Qualitative variables were com-

pared using the chi-square test. 

The interrupted time series was subjected to segmented 

regression analysis [12] to identify the correlation between 

enforcement of the Act and incidence of CPR per 1,000 admis-

sions, CPR duration, ROSC rate, 24-hour survival rate, and sur-

vival-to-discharge rate. The time after the intervention variable 

was considered in the model to determine the time, interven-

tion, and trend after intervention. The Durbin-Watson test [13] 

was performed to determine whether autocorrelation existed. 

The Pearson correlation coefficient was calculated to measure 

the statistical relationship between the monthly numbers of 

POLST documentation for all hospitalized patients and the 

incidence of CPR per 1,000 admissions. 

RESULTS 

From February 2016 to January 2020, a total of 867 patients 

who underwent CPR was included in the analysis: 446 and 421 

patients in the pre-implementation and post-implementation 

periods, respectively (Table 1). Significant difference was not 

observed in the baseline characteristics including Charlson 

Comorbidity Index scores between the two periods, except 

for the prevalence of comorbidities. For all hospitalized pa-

tients in the two periods, the CMI was comparable (1.09±0.05 

vs. 1.05±0.05, P=0.515) and overall hospital mortality was not 

significantly different between the two periods (2.3% vs. 2.3%, 

P=0.762).  

Characteristics of CPR between the Two Periods  
The descriptive clinical data and causes of CPR are summa-

rized in Table 2. The location and time of CPR were similar in 

the two periods. Significant difference was not observed in the 

number of CPRs due to delayed DNR or POLST documenta-

tion (7.0% vs. 6.4%, P=0.752). Unpreventable CPRs accounted 

for more than 80% in both periods, and the proportion of 

preventable CPRs did not differ significantly before and after 

implementation of the Act. Acidosis and hypoxia were the two 

most common causes of CPR based on the 5 Hs and 5 Ts, and 

significant differences were not observed between the two pe-

riods for any cause of CPR. 

Outcomes 
The incidence of CPR per 1,000 admissions during the 

post-implementation period was not significantly differ-

ent than during the pre-implementation period (P=0.255) 

(Table 3). The ROSC rate (70.99%±0.12% vs. 67.20%±0.11%, 

P=0.008) and survival-to-discharge rate (22.40%±0.12% vs. 

20.24%±0.09%, P=0.029) increased significantly after imple-

mentation of the Act; however, CPR duration (21.16±5.19 min-

utes vs. 20.62±5.81 minutes, P=0.755) and 24-hour survival rate 

(47.05%±0.13% vs. 47.54%±0.12%, P=0.075) were not signifi-

cantly different. In the subgroup analysis based on CPR loca-

tion, the variables did not differ significantly between the two 

periods, except for the survival-to-discharge rate in the general 
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ward subgroup. The survival-to-discharge rate of CPR in the 

ward significantly increased after implementation of the Act. 

In addition, significant statistical correlation was not observed 

between the monthly number of written DNR or POLST in all 

hospitalized patients and the incidence of CPR per 1,000 ad-

missions (Figure 1). 

Characteristics of DNR and POLST between the Two 
Periods 
The number of DNR documentations for patients with CPR 

decreased after implementation of the LST Act (Table 4). Most 

DNR documentations in the two periods were completed after 

the initial cardiac arrest. Among the 421 patients undergoing 

CPR in the post-implementation period, 22.6% completed 

Table 1. Baseline characteristics of CPR patients
Variable Pre-implementation (n=446) Post-implementation (n=421) P-value
Age (yr) 65.95±14.15 66.47±13.58 0.580
 <50 55 (12.3) 44 (10.5)
 50–59 72 (16.1) 61 (14.5)
 60–69 119 (26.7) 125 (29.7)
 70–79 130 (29.2) 130 (30.9)
 ≥80 70 (15.7) 61 (14.5)
Male 266 (59.6) 259 (61.5) 0.572
Charlson comorbidity index score 5.80±2.65 5.68±2.88 0.519
Comorbiditya

 Myocardial infarction 44 (9.9) 64 (15.2) 0.017
 Congestive heart disease 51 (11.4) 48 (11.4) 0.988
 Peripheral vascular disease 15 (3.4) 24 (5.7) 0.097
 Cerebral vascular disease 60 (13.5) 43 (10.2) 0.141
 Dementia 15 (3.4) 21 (5.0) 0.231
 Chronic obstructive pulmonary disease 19 (4.3) 7 (1.7) 0.025
 Rheumatic disease 19 (4.3) 16 (3.8) 0.731
 Peptic ulcer disease 26 (5.8) 1 (0.2) <0.001
 Liver disease
  Mild 46 (10.3) 7 (1.7) <0.001
  Moderate to severe 64 (14.4) 34 (8.1) 0.004
 Diabetes mellitus
  Uncomplicated 103 (23.1) 74 (17.6) 0.044
  Complicated 50 (11.2) 44 (10.5) 0.719
 Hemiplegia 5 (1.1) 3 (0.7) 0.530
 Chronic kidney disease
  Moderate to severe 97 (21.8) 92 (21.9) 0.970
 Solid tumor
  Localized 116 (26.0) 59 (14.0) <0.001
  Metastatic 65 (14.6) 88 (20.9) 0.015
 Leukemia 23 (5.2) 34 (8.1) 0.083
 Lymphoma 20 (4.5) 21 (5.0) 0.727
 Acquired immune deficiency syndrome 1 (0.2) 1 (0.2) 0.967
Medical or surgical patients 0.307
 Medical 358 (80.3) 326 (77.4)
 Surgical 88 (19.7) 95 (22.6)

Values are presented as mean±standard deviation or number (%). Pre-implementation: February 2016 to January 2018, Post-implementation: February 2018 to 
January 2020.
CPR: cardiopulmonary resuscitation.
aComorbidities used to calculate the Charlson comorbidity index.
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POLST documentation, and most of the POLST documenta-

tion was written with DNR after the initial cardiac arrest. In 

terms of whether the patient’s will was reflected, the majority 

of POLST documentation (96.8%) was completed by the pa-

tient’s family members as surrogates because they did not 

know the patient’s will or the patients did not express or decide 

their will regarding LST. The execution rate of withdrawal or 

withholding LSTs was 98.9% for CPR, 53.7% for hemodialysis, 

and 48.4% for mechanical ventilation in the POLST docu-

ments of CPR patients (Supplementary Table 3). Statistical 

difference was not observed in the number of DNR documents 

per month in total hospitalized patients (Figure 1). The char-

acteristics of written DNR and POLST for hospitalized patients 

throughout the study period are described in Supplementary 

Table 4. 

DISCUSSION 

In the present study, the effect of introduction of the LST De-

cisions Act on the incidence of CPR, a main component of 

LST, was evaluated. The incidence of CPR and other related 

outcomes, such as CPR duration and 24-hour survival rate, 

did not differ before and after implementation of the Act. The 

enforcement of the LST Decisions Act legitimately allows 

withholding and withdrawal of LST. POLST, based on the Act, 

helps to ensure that patients receive care consistent with their 

preferences. CPR, including external cardiac massage, is an 

aggressive LST and might be physically harmful in patients at 

the EOL [4]. Therefore, when withholding or withdrawing LST 

is discussed with patients or caregivers and physicians, the 

decision whether to perform CPR is often the first and most 

frequently made decision [14,15]. The effect of the implemen-

tation of the LST Decisions Act and subsequent advance care 

Table 2. Descriptive clinical data and causes of CPR
Variable Pre-implementation (n=446) Post-implementation (n=421) P-value
Location of CPR 0.496
 ICU 227 (50.9) 224 (53.2)
 Ward 219 (49.1) 197 (46.8)
Time of CPR 0.788
 Morning (06:00–12:00) 113 (25.3) 117 (27.8)
 Afternoon (12:00–18:00) 120 (26.9) 103 (24.5)
 Evening (18:00–24:00) 114 (25.6) 110 (26.1)
 Night (24:00–06:00) 99 (22.2) 91 (21.6)
CPR due to delayed documentationa 31 (7.0) 27 (6.4) 0.752
Preventable/unpreventable CPR 0.462
 Preventable CPR 76 (17.0) 64 (15.2)
 Unpreventable CPR 370 (83.0) 357 (84.8)
Cause of cardiac arrest
 Hypoxia 138 (30.9) 144 (34.2) 0.305
 Hypovolemic shock 62 (13.9) 44 (10.5) 0.121
 Acidosis 151 (33.9) 163 (38.7) 0.137
 Hyperkalemia/hypokalemia 10 (2.2) 15 (3.6) 0.245
 Cardiac tamponade 4 (0.9) 5 (1.2) 0.673
 Tension pneumothorax 0 0 1.000
 Pulmonary thromboembolism 13 (2.9) 15 (3.6) 0.590
 Acute myocardial infarction 34 (7.6) 29 (6.9) 0.677
 Other cardiogenic 91 (20.4) 79 (18.8) 0.544
 Anaphylaxis 1 (0.2) 4 (1.0) 0.158
 Neurologic 28 (6.3) 18 (4.3) 0.189
 Unknown 34 (7.6) 28 (6.7) 0.579

Values are presented as number (%). Pre-implementation: February 2016 to January 2018, Post-implementation: February 2018 to January 2020.
CPR: cardiopulmonary resuscitation; ICU: intensive care unit; DNR: do-not-resuscitation; POLST: physician orders of life sustaining treatment.
aCPR performed in terminally ill patients with no completed DNR or POLST documentation although there were discussions.
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Table 3. Primary and secondary study outcomes
Variable Pre-implementation (n=446) Post-implementation (n=421) P-value
Primary outcome
 CPRs/1,000 admissions 3.02±0.68 2.81±0.75 0.255
Secondary outcome
 Duration of CPR (min) 21.16±5.19 20.62±5.81 0.755
 ROSC rate (%) 67.20±0.11 70.99±0.12 0.008
 24-Hour survival rate 47.05±0.13 47.54±0.12 0.075
 Survival to discharge rate (%) 20.24±0.09 22.40±0.12 0.029
Subgroup analysis according to the location of CPR
CPR at ICU
 CPR/1,000 admissions 1.53±0.61 1.49±0.61 0.474
 Duration of CPR (min) 19.30±8.41 18.41±8.41 0.810
 ROSC rate (%) 65.17±0.18 65.37±0.20 0.229
 24-Hour survival rate (%) 41.00±0.21 38.99±0.15 0.067
 Survival to discharge rate (%) 15.12±0.11 19.05±0.13 0.070
CPR at ward
 CPR/1,000 admissions 1.49±0.40 1.31±0.56 0.454
 Duration of CPR (min) 23.50±7.61 24.09±10.22 0.718
 ROSC rate (%) 68.20±0.16 77.22±0.19 0.070
 24-Hour survival rate (%) 49.28±0.17 57.53±0.20 0.207
 Survival to discharge rate (%) 23.83±0.13 25.28±0.18 0.049

Values are presented as mean±standard deviation. Pre-implementation: February 2016 to January 2018, Post-implementation: February 2018 to January 2020.
CPR: cardiopulmonary resuscitation; ROSC: return of spontaneous circulation; ICU: intensive care unit.

Figure 1. Monthly trends of do-not-resuscitate (DNR) and physician orders for life-sustaining treatment (POLST) documentation and the incidence 
of cardiopulmonary resuscitation (CPR) per 1,000 admissions. Pre-implementation: February 2016 to January 2018, Post-implementation: February 
2018 to January 2020. The orange bars represent the number of DNR orders per month among hospitalized patients (Pre-implementation period, 
14.92±6.87 vs. Post-implementation period, 14.92±4.88; P=1.000). The blue bars represent the number of POLST documents per month among 
hospitalized patients (61.83±22.00). The gray lines represent the incidence of CPR per 1,000 admissions per month among hospitalized patients 
(2.92±0.71).
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planning and directives have been previously studied [16,17]. 

However, the changes in the overall incidence of CPR and 

after implementation of the LST Decisions Act have not been 

reported. Therefore, whether the implementation of the LST 

Decisions Act and application of standardized documentation 

regarding advance directives and care planning actually affects 

the incidence of CPR in the present study in terms of its origi-

nal purpose was investigated in the present study. 

CPR included in the present study had several similarities 

and differences compared with previous studies. The causes 

of cardiac arrest in the present study were consistent with a 

previous report showing predominant detectable causes of 

in-hospital cardiac arrest to be cardiac causes and hypoxia [18]. 

In contrast, the proportion of cardiac arrests with myocardial 

infarction was relatively low compared with results reported 

in two observational studies [19,20]. The proportion of unpre-

ventable CPR was comparable with or slightly higher than that 

in previous studies [21,22]. The ROSC rate and 24-hour surviv-

al rate were similar to or higher than those reported in other 

studies [19,20], but the total survival-to-discharge rate was 

lower [19,20]. In subgroup analysis, the survival outcomes of 

CPR were poor for patients in the ICU setting, consistent with 

a previous study [23]. The unadjusted results in the present 

study are likely because patients in the ICU often experience 

organ failure in addition to serious preexisting comorbidities 

[24]. The ROSC rate and survival-to-discharge rate showed a 

moderate increase after implementation of the LST Decisions 

Act and appear mainly associated with improved outcomes 

of CPR in the ward based on subgroup analysis. Because var-

ious factors affecting the clinical outcomes of CPR were not 

Table 4. The characteristics of written DNR, POLST in CPR patients
Variable Pre-implementation (n=446) Post-implementation (n=421) P-value
Total number of documentations 240 (53.8) 143 (34.0) <0.001
DNR document 240 (53.8) 48 (11.4) <0.001
Timing of writing DNR 0.173
  Before initial cardiac arrest 6a (2.5) 3a (6.3)
  After initial cardiac arrest 234 (97.5) 45 (93.8)
 Place where DNR was written 0.007
  ICU 177 (73.8) 44 (91.7)
  General ward 63 (26.3) 4 (8.3)
 DNR in medical or surgical patients 0.472
  Medical 200 (83.3) 42 (87.5)
  Surgical 40 (16.7) 6 (12.5)
POLST document NA 95 (22.6)
 Whether patient’s will was reflectedb

  Yes NA 3c (3.2)
  No NA 92 (96.8)
 Timing of writing POLST
  Before initial cardiac arrest NA 2a (2.1)
  After initial cardiac arrest NA 93 (97.9)
 Place where POLST was written
  ICU NA 85 (89.5)
  General ward NA 10 (10.5)
 POLST in medical or surgical patients
  Medical NA 80 (84.2)
  Surgical NA 15 (15.8)

Values are presented as number (%). Pre-implementation: February 2016 to January 2018, Post-implementation: February 2018 to January 2020.
DNR: do-not-resuscitation; POLST: physician orders of life sustaining treatment; CPR: cardiopulmonary resuscitation; ICU: intensive care unit.
aIn a total of 11 CPR patients with documentation before initial cardiac arrest, eight patients or surrogates canceled the documentation and three patients 
underwent CPR regardless of intact documentation; bIf form 1(when the patient’s own decision-making competency was preserved) or form 10 (when an 
advance directive was already written by the patient) were filled out, we judged that the patient’s own will was reflected in the POLST documentation; cPOLST 
documentation in all of three patients were completed after the occurrence of initial cardiac arrest. In one patient, an advance directive was prepared beforehand, 
but CPR was performed due to sudden cardiac arrest. Two patients themselves completed POLST documentation after return of spontaneous circulation.
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excluded and outcome indices mainly improved in CPR in the 

ward, external factors such as improved CPR quality or a rapid 

response team might be involved [25]. 

In the present study, significant difference was not observed 

in the incidence of CPR before and after implementation of 

the LST Decisions Act. We hypothesized the implementation 

of the LST Decisions Act and the subsequent proactive prepa-

ration for POLST reduce unnecessary CPR in terminally ill pa-

tients. To confirm the incidence of CPR based on this hypoth-

esis, a significant portion of CPRs in the pre-implementation 

period must be attributed to delayed LST documentation in 

patients at EOL [26]. In the present study, only 7% of the CPRs 

in hospitalized patients during the pre-implementation peri-

od were associated with delayed DNR documentation, likely 

indicating the majority of CPRs during the study period oc-

curred irrespective of the presence of terminal illness or EOL. 

Thus, the incidence of CPR might not decrease regardless of 

the proportion of completed documentation before initial 

cardiac arrest. Second, the unestablished practice of proactive 

preparation of POLST might have contributed to the results. In 

this study, the proportion of CPRs due to delayed documen-

tation remained the same without any significant difference, 

even after implementation of the LST Decisions Act. Although 

a system that withheld or withdrew the LST was introduced, 

LST including CPR for terminally ill patients continued if the 

proactive preparation for POLST was not widespread. In sum-

mary, CPR that occurred in terminally ill patients with DNR or 

POLST documentation accounted for only a minor portion, 

and implementation of the LST Decisions Act did not reduce 

the frequency of CPR due to delayed documentation in those 

patients, which could have contributed to the current results. 

There were several notable points after implementation of 

the LST Decisions Act. First, the proportion of DNR documen-

tation significantly decreased. Because DNR documentation 

was mostly written after initial cardiac arrest during both pe-

riods in CPR patients, the changes in the proportion of DNR 

documentation unlikely affected the incidence of CPR. This 

might be because the LST Decisions Act provided a new ap-

proach, the POLST, to withhold or withdraw LST including re-

CPR in terminally ill patients who underwent CPR. Second, 

the proportion of completed DNR or POLST documentation 

in CPR patients decreased. Because most DNR or POLST 

documentation was completed immediately before death in 

CPR patients after initial cardiac arrest, the lower proportion 

of completed DNR or POLST in CPR patients can be explained 

partially by the significantly better outcomes of CPR in the 

post-implementation period. Thus, because the proportion 

of recovery was higher in the post-implementation period, 

the number of completed DNR or POLST documentation in 

CPR patients without probability of recovery was assumedly 

lower in the post-implementation period. Lastly, the ratio of 

DNR or POLST documents and death among hospitalized 

patients was much higher in the post-implementation period, 

indicating the proportion of withholding or withdrawal of LST 

based on documentation significantly increased. However, as 

the self-determination rate was low and the interval between 

completion of DNR or POLST and death was short compared 

with Western countries [27-29], many additional procedures 

are needed to broadly establish the LST Decisions Act. 

The change in the incidence of CPR, the main component of 

LST, was analyzed for the first time before and after implemen-

tation of LST decisions and is the main strength of the present 

study. However, the present study had several limitations that 

should be considered before interpreting the results. First, 

due to the retrospective design, the results might be subjected 

to biases and limitations of retrospective studies. Estimating 

the effectiveness of the LST Decisions Act and related POLST 

forms to protect patients from unwanted LST is difficult. The 

present study did not include information regarding the exact 

timing when discussion of POLST and each component of LST 

other than CPR were started, which might have helped better 

explain the results. In addition, confounding factors that could 

affect the incidence of CPR and CPR-related outcomes were 

not excluded. However, patient groups in the two periods were 

comparable because the age, sex, CMI, and Charlson comor-

bidity index scores were not significantly different. Further-

more, because most patients and their surrogates agreed that 

CPR should not be performed when implementing the POLST, 

the effect of LST components other than CPR on the incidence 

of CPR was limited. Second, data on all terminally ill patients 

who were hospitalized in our hospital during the study period 

were not included in the analysis and only the proportion of 

terminally ill patients among CPR patients was estimated indi-

rectly. Finally, generalizing the study results is difficult because 

decisions on LST are mainly influenced by country and socio-

cultural differences. 

In conclusion, the incidence of CPR before and after imple-

mentation of the LST Decisions Act basically remained the 

same. Further studies are needed to determine how LST deci-

sions affect whether CPR and other LSTs are performed in real 

practice. 
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INTRODUCTION 

High-impact pelvic fracture is associated with greater than 30% morbidity and mortality due 

to associated retroperitoneal hemorrhage, postinjury coagulopathy, and traumatic-hem-

orrhagic shock despite various treatment modalities, including a multi-disciplinary team 

approach [1-3]. The concept of pelvic packing was first introduced by Pohlemann et al. [3] 

Background: Several recent studies have shown that preperitoneal pelvic packing (PPP) effectively 
produces hemostasis in patients with unstable pelvic fractures. However, few studies have exam-
ined the rate of surgical site infections (SSIs) in patients undergoing PPP following an unstable 
pelvic fracture. The purpose of the present study was to evaluate factors associated with SSI in 
such patients. 
Methods: We retrospectively reviewed the medical charts of 188 patients who developed hemor-
rhagic shock due to pelvic fracture between April 2012 and May 2021. Forty-four patients were 
enrolled in this study. 
Results: SSI occurred in 15 of 44 patients (34.1%). The SSIs occurred more frequently in cases of 
repacking during the second-look surgery (0 vs. 4 [26.7%], P=0.010) and combined bladder-urethra 
injury (1 [3.4%] vs. 4 [26.7%], P=0.039). The incidence of SSIs was not significantly different be-
tween patients undergoing depacking within or after 48 hours (12 [41.4%] vs. 5 [33.3%], P=0.603). 
The mean time to diagnosis of SSI was 8.1±3.9 days from PPP. The most isolated organism was 
Staphylococcus epidermidis. 
Conclusions: Repacking and combined bladder-urethra injury are potential risk factors for SSI in 
patients with unstable pelvic fracture. Close observation is recommended for up to 8 days in pa-
tients with these risk factors. Further, 48 hours after PPP, removing the packed gauze on cessation 
of bleeding and not performing repacking can help prevent SSI. Additional analyses are necessary 
with a larger number of patients with the potential risk factors identified in this study. 
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in 1994 in European trauma centers as a damage control re-

suscitation measure for patients with unstable pelvic fracture 

[4]. Recently, the Denver group modified the European mo-

dality of transabdominal pelvic packing as part of explorative 

laparotomy to a direct preperitoneal pelvic packing (PPP) 

technique through a separate suprapubic approach [5]. Recent 

studies demonstrated that PPP resulted in a significant de-

crease in need for transfusion and a lower rate of mortality [6-

8]. However, infectious complications of PPP remain a major 

concern for physicians treating patients with trauma because 

the timing of definite surgery, such as open reduction, can be 

delayed, and the condition of critically ill patients can worsen 

owing to infectious complications after PPP. 

Surgical site infection (SSI) is defined as a proliferation of 

pathogenic micro-organisms at the site of incision either with-

in the skin and subcutaneous fat (superficial), musculofascial 

layers (deep), or in an organ or cavity opened during surgery 

[9]. SSI is one of the most common postoperative complica-

tions after laparotomy in abdominal trauma patients, with a 

reported incidence of 13.8% [10]. It can lead to wound dehis-

cence, hernia, and sepsis [11]. Many guidelines have suggested 

protocols to reduce the risk of SSI. Moreover, several studies 

were conducted to identify risk factors for SSI, and risk models 

were suggested to reduce SSI. However, as the suggested risk 

models were created for patients undergoing general and trau-

matic abdominal surgery [10,11], they were not applicable to 

patients undergoing PPP. Furthermore, few studies have been 

conducted to identify risk factors of SSI after PPP [3,4,6]; how-

ever, some of them primarily described risk factors for mortali-

ty and additionally reported risk factors for SSI [3,6]. 

We reported five patients with SSI after PPP in a 2018 study 

about the effectiveness of PPP in reducing mortality [3]. In this 

study, the risk factors for SSI occurring after PPP were investi-

gated using patient data accumulated following the previous 

study. 

MATERIALS AND METHODS 

Patient Selection and Data Collection 
This retrospective study was approved by the Institutional 

Review Board of Wonju Severance Christian Hospital (IRB No. 

CR320202). The patient data were obtained from Wonju Sev-

erance Christian Hospital Pelvic Trauma Data Bank, in which 

data are prospectively maintained as part of the Korean Trau-

ma Data Bank. Since the data were analyzed retrospectively 

and the identities of the patients were hidden, the requirement 

for informed consent was waived. The inclusion criteria were 

patients who (1) underwent PPP following unstable pelvic 

fracture, (2) were aged ≥18 years, and (3) agreed to collection 

and use of their medical information. Between April 2012 and 

May 2021, a total of 71 patients was enrolled. Hemodynamic 

instability was defined as persistent hypotension (systolic 

blood pressure [SBP] <90 mm Hg) despite administration of 

two units of packed red blood cells (pRBCs) [12,13]. The exclu-

sion criteria were (1) death without second-look surgery and 

(2) death within 3 days after PPP. These patients were excluded 

because the survival time was too short to diagnose SSI. Based 

on the exclusion criteria, 44 patients were enrolled in this study 

(Figure 1). Data on patient characteristics of age, sex, initial 

SBP, cause of injury, history of diabetes mellitus, anticoagulant 

use, associated injury (abbreviated injury scale ≥2), concom-

itant bladder-urethra injury (BUI), concomitant bowel injury, 

injury severity score (ISS), laboratory data (initial hemoglobin 

level, lactate level, white blood cell count, and delta neutrophil 

index), pelvic fracture type (Young-Burgess and Tile classifica-

tion), and presence of open fracture were collected. Data about 

■ Repacking and combined bladder-urethra injury are 
potential risk factors for surgical-site infection in pa-
tients with unstable pelvic fracture.

■ Close observation is recommended for up to 8 days in 
patients with these risk factors.

■ At 48 hours after preperitoneal pelvic packing, remov-
ing the packed gauze on cessation of bleeding and not 
performing repacking can help prevent surgical site 
infection.

KEY MESSAGES

Figure 1. Patient flowchart. PPP: preperitoneal pelvic packing; SSI: 
surgical-site infection.

188 Unstable pelvic fractures

15 SSI 29 No SSI

71 PPP

Excluded
24 Death without 2nd look surgery
3 Death within 3 days after PPP
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patient management included use of a pelvic binder, use of 

resuscitative endovascular balloon occlusion of the aorta (RE-

BOA), external fixator (EF) during PPP, screwing of the sacroil-

iac (SI) joint during PPP, open reduction and internal fixation 

(ORIF), whether PPP was performed in the emergency room 

(ER), time required to perform PPP, use of hemostatic gauze, 

time from accident to PPP, time from second-look surgery to 

drain removal, repacking during the second-look surgery, an-

gioembolization after PPP, concomitant abdominal surgery, 

and pRBC transfusion during the first 4 hours after injury. Data 

about length of hospital stay, length of intensive care unit (ICU) 

stay, and mortality were collected. Details of SSI, including the 

source of sample for bacterial culture, time from first surgery 

to SSI was identified, and micro-organism detected on culture, 

were collected. 

Patient Management 
The Wonju Severance Christian Hospital has employed a trau-

ma team since 2010, and the trauma center was constructed in 

January 2015. Until May 2014, pelvic binder application, mas-

sive transfusion, and pelvic angiography (PA) were performed 

in patients with a pelvic fracture with hemodynamic instability 

who showed contrast extravasation on computed tomography. 

After May 2014, PPP has been used in such cases. The orthope-

dic surgeons of the trauma team decided whether EF was nec-

essary for the pelvic fracture and performed the procedure as 

appropriate. PA was performed if bleeding persisted after PPP 

and EF. REBOA has been performed in the ER in patients with 

trauma since February 2017, depending on the decision of the 

trauma team. A pelvic binder was applied by the trauma team 

in the ER to reduce pelvic volume and was removed just before 

PPP or PA. In cases requiring EF, the pelvic binders were not 

re-applied; conversely, they were reapplied just after PPP or 

the procedure in patients not requiring EF. Once the patients 

became hemodynamically stable, the pelvic binders were re-

moved, and the trauma and orthopedic surgeons discussed 

the timing of definitive surgery for the pelvic fracture. After the 

initial transfusion with two units of O-negative pRBCs, cross-

matched pRBCs and fresh frozen plasma were administered in 

a 1 to 1 ratio according to our institution’s massive transfusion 

protocol. 

PPP Technique 
PPP was performed by trauma surgeons who had successfully 

completed the Definitive Surgical Trauma Care training pro-

vided by the International Association for Trauma Surgery and 

Intensive Care. After creating a 7–8 cm vertical skin incision 

beginning at the pubic symphysis, the anterior sheath of the 

rectus abdominis muscle was incised and the muscle was split. 

After the preperitoneal space was bluntly dissected in the pos-

terolateral direction and the peritoneum moved to the medial 

side, the lower border of the SI joint was examined. Three sur-

gical tapes were sequentially packed from the lower border of 

the SI joint using ringed forceps. This procedure was repeated 

on the contralateral side. After correction of coagulopathy, hy-

pothermia, and metabolic acidosis, the packed surgical tapes 

were removed. One kaolin-impregnated gauze pad (QuikClot 

Combat Gauze; Z-medica, Wallingford, CT, USA) and two sur-

gical tapes were used according to the decision of the trauma 

surgeon. After one QuikClot Combat Gauze was packed into 

the lower border of the SI joint, two surgical tapes were also 

packed. This procedure was repeated on the contralateral side. 

After packing, the anterior sheath of the rectus abdominis 

muscle and the skin were repaired. 

Management after PPP 
After correction of coagulopathy, metabolic acidosis, and hy-

pothermia, the packed surgical gauze was removed according 

to the findings of the second-look surgery. The timing of tape 

removal was around 48 hours. After removal of the packed sur-

gical gauze, a closed drain was routinely inserted into the site 

of the removed packed surgical gauze. The inserted drain was 

removed when the daily drain fluid amount was less than 60 

ml. The timing of ORIF was determined in consultation with 

the orthopedic trauma staff. 

Evaluation of SSI after PPP 
Prophylactic antibiotics (second-generation cephalosporin) 

were administered preoperatively to patients who underwent 

PPP. The intravenous antibiotics were administered continu-

ously until the second-look surgery in patients who underwent 

PPP. SSI was diagnosed according to the Centers for Disease 

Control and Prevention (CDC) guidelines [14]. Diagnostic cri-

teria included purulent discharge from surgical site, microor-

ganisms identified in tissue and fluid specimens, patient signs 

and symptoms, and abscess or other evidence of infection de-

tected on imaging tests. SSI was evaluated by trauma surgeons 

after depacking. When SSI was clinically suspected, bacterial 

cultures of the open wound were performed. Discharge from 

wounds and drain fluid were also used for bacterial cultures to 

confirm SSI and isolate the bacterial species. Bacterial cultures 

were performed using drain fluid when SSI was clinically sus-
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pected based on drain fluid characteristics such as turbidity 

and foul odor with a clear wound.  

Statistical Analysis 
Continuous variables were compared using the Mann-Whit-

ney U-test and are presented as mean±standard deviation or 

median (range). The chi-square test and Fisher’s exact test 

were used to compare categorical variables. A P-value <0.05 

was considered statistically significant, and all statistical anal-

yses were performed using IBM SPSS ver. 23.0 (IBM Corp., 

Armonk, NY, USA). 

RESULTS 

The mean age of the patients included in the study was 

57.8±15.2 years; 27 patients (61.4%) were male. The mean in-

jury severity score was 37.5±8.0, and SSI occurred in 15 of 44 

patients (34.1%). 

Comparison between No SSI and SSI Groups 
Concomitant BUI occurred significantly more often in the SSI 

group than in the no SSI group (4 [26.7%] vs. 1 [3.4%], P=0.039). 

There was no significant difference in the following variables 

between the no SSI and SSI groups: incidence of concomitant 

bowel injury (1 [ 3.4%] vs. 2 [13.3%], P=0.540), rate of open frac-

ture (1 [3.4%] vs. 1 [6.7%], P=1.000), EF during PPP (4 [13.8%] 

vs. 4 [26.7%], P=0.414), time from PPP to tape removal (medi-

an, 45.0 vs. 41.3 hours; P=0.428), and time from second-look 

surgery to drain removal (median, 9 vs. 11 days; P=0.682). The 

proportion of patients in whom repacking was performed 

during second-look surgery was significantly higher in the 

SSI group than in the no SSI group (4 [26.7%] vs. 0, P=0.010). 

The rates of angioembolization after PPP (2 [6.9%] vs. 3 [20%], 

P=0.319) and combined abdominal surgery (5 [17.2%] vs. 3 

[20.0%], P=1.000) were not different between the no SSI and 

SSI groups (Table 1). 

Open Reduction and Internal Fixation
ORIF was performed with or a mean of 5.9±4.8 days after tape 

removal in 22 patients. ORIF was performed concomitant with 

tape removal in 4 of 22 patients. ORIF was not included in risk 

factor analysis for SSI because 18 cases underwent the proce-

dure after tape removal. 

Outcomes between No SSI and SSI Groups 
Length of hospital stay (median, 41 vs. 64 days; P=0.480), 

length of ICU (median, 14 vs. 16 days; P=0.853), and mortality 

within 30 days (3 [10.3%] vs. 3 [20.0%], P=0.394) were not sig-

nificantly different between the groups (Table 2). 

Timing of Tape and Drain Removal and SSI 
There was no difference in the rate of SSI between those who 

underwent depacking within or after 48 hours after PPP (12 

[41.4%] vs. 5 [33.3%], P=0.603). There was no difference in rate 

of SSI between those who underwent drain removal within or 

after 7 days after depacking (18 [62.1%] vs. 8 [53.3%], P=0.576) 

(Table 3).  

Details of Patients with SSI  
Bacteria were isolated from wounds in 10 patients and from 

drain fluid in 6 patients. Bacteria were identified simultane-

ously in both wound and drain fluid in one patient. The mean 

period to detection of SSI from PPP was 8.1±3.9 days. The most 

common bacteria cultured was Staphylococcus epidermidis 

(Table 4). 

DISCUSSION 

This study showed that repacking during second-look surgery 

and concomitant BUI were potential risk factors for SSI. Bur-

lew et al. [6] reported different rates of infection in the pelvic 

space between those requiring repacking (9 of 20 patients, 

45%) and those who underwent single packing (6 of 108 pa-

tients, 6%) [6]. Based on the results of Burlew et al. [6], the 

Denver group modified their PPP protocol to avoid repacking 

despite continuing hemorrhage, with a focus on early reversal 

of post-injury coagulopathy and secondary angioembolization 

in cases of ongoing blood product requirements or known 

source of arterial bleeding [4]. All repacking in our institution 

was performed during second-look surgery. Because gauze re-

packed in the same space can promote bacterial colonization, 

clean gauze was used for repacking. Therefore, we also recom-

mend that repacking be avoided by controlling the ongoing 

hemorrhage after PPP with the aid of angiography and appro-

priate correction of coagulopathy in the ICU. 

The study by the Denver group also demonstrated asso-

ciated bladder injury as a specific risk factor for pelvic space 

infection [6]. The CDC guidelines [15] only mention that usage 

of prophylactic antibiotics in urological operations “may not 

be beneficial if urine is sterile.” This suggests that sterile urine 

might not be associated with SSI. A study that investigated SSI 

in elective urologic surgery showed that the occurrence of SSI 
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Table 1. Comparison between no SSI and SSI groups
Variable  No SSI (n=29) SSI (n=15) P-value
Age (yr) 59.2±13.5 55.2±18.3 0.655
Male 17 (58.6) 10 (66.7) 0.603
Initial SBP (mm Hg) 68.7±11.8 58.6±21.0 0.161
Cause of injury 0.216
 Traffic collision 9 (31.0) 2 (13.3)
 Pedestrian struck 9 (31.0) 8 (53.3)
 Fall 10 (34.5) 3 (20.0)
 Other blunt trauma 1 (3.4) 1 (6.7)
 Unknown 0 1 (6.7)
DM 5 (17.2) 3 (20.0) 1.000
Use of anticoagulants 2 (6.9) 2 (13.3) 0.596
Associated injury (AIS ≥2) 26 (89.7) 14 (93.3) 1.000
Concomitant bladder-urethra injury 1 (3.4) 4 (26.7) 0.039
Concomitant bowel injury 1 (3.4) 2 (13.3) 0.540
Injury severity score 37.7±8.8 37.1±6.6 0.891
Initial Hb (g/dL) 9.3±2.0 10.5±2.0 0.063
Initial lactate (mmol/L) 5.2±2.8 7.6±4.3 0.055
Initial WBC (×109/L) 14,207±4,874 13,414±5,304 0.561
Initial DNI (%) 2.0±2.6 1.6±2.4 0.735
YB classification 0.229
 LC 19 (65.5) 7 (46.7)
 APC 2 (6.9) 4 (26.7)
 VS 8 (27.6) 4 (26.7)
Tile classification 0.431
  A 0 0
  B 19 (65.5) 8 (53.3)
  C 10 (34.5) 7 (46.7)
Open fracture 1 (3.4) 1 (6.7) 1.000
Pelvic binder 12 (41.4) 10 (66.7) 0.112
REBOA 0 2 (13.3) 0.111
EF during PPP 4 (13.8) 4 (26.7) 0.414
SI joint screwing during PPP 4 (13.8) 2 (13.3) 1.000
PPP in ER 1 (3.4) 3 (20.0) 0.107
Median time required to perform PPP (min) 35 25 0.333
Use of hemostatic gauze 12 (41.4) 5 (33.3) 0.603
Median time from accident to PPP (min) 275 190 0.122
Median time from PPP to tape removal (hr) 45 41.3 0.428
Median time from 2nd look surgery to drain removal (day) 9 11 0.682
Repacking during 2nd look surgery 0 4 (26.7) 0.010
Angioembolization after PPP 2 (6.9) 3 (20.0) 0.319
Combined abdominal surgery 5 (17.2) 3 (20.0) 1.000
pRBC transfusion during first 4 hours 8.5±4.7 8.5±8.0 0.417

Values are presented as mean±standard deviation or number (%).
SSI: surgical site infection; SBP: systolic blood pressure; DM: diabetes mellitus; AIS: abbreviated injury scale; Hb: hemoglobin; WBC: white blood cell; DNI: delta 
neutrophil index; YB: Young-Burgess; LC: lateral compression; APC: anteroposterior compression; VS: vertical shear; REBOA: resuscitative endovascular balloon 
occlusion of the aorta; EF: external fixation; PPP: preperitoneal pelvic packing; SI: sacroiliac; ER: emergency room; pRBC: packed red blood cell.
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in urologic surgery was associated with preoperative urinary 

tract infection (UTI) because one of the characteristics of uro-

logic operations is leakage of non-sterile urine into the surgical 

field, causing contamination [16]. However, nine patients in 

that study who developed SSI did not experience preoperative 

UTI [16]. The exact mechanism of development of SSI with 

sterile urine has not yet been identified. Since it was not possi-

ble to confirm whether patients enrolled in this study had UTI 

before the ER visit, we could not explain how urinary leakage 

affected SSI. However, since BUI with pelvic injury indicates 

more severe injuries compared to pelvic injury without BUI, 

and severe trauma is associated with altered host defense, 

characterized by early hyperinflammation, followed by immu-

nosuppression and enhanced susceptibility to infection [17-

19], patients with pelvic injury and BUI might be more suscep-

tible to infection. 

Our study showed that open fracture was not associated 

with SSI. Previous studies demonstrated that open pelvic frac-

tures have an increased risk of SSIs compared to closed pelvic 

ring injuries [20-22]. The results of this study were different 

from those of previous studies possibly because of the smaller 

number of patients recruited over a shorter period. 

SSI occurred in two patients with concomitant bowel injury 

and pelvic fracture. If simultaneous PPP and laparotomy are 

necessary, a separate laparotomy incision should be created 

from that for packing to avoid wound contamination and 

optimally should be located above the umbilicus to prevent 

penetration of the preperitoneal space. However, the same low 

Table 2. Comparison of outcomes between no SSI and SSI groups
Variable No SSI (n=29) SSI (n=15) P-value
Median length of hospital stay (day) 41 64 0.480
Median length of ICU stay (day) 14 16 0.853
Mortality within 30 days, n (%) 3 (10.3) 3 (20.0) 0.394

SSI: surgical site infection; ICU: intensive care unit.

Table 3. Comparative analysis between the no SSI and SSI groups for 
timing of removal of tape and drain
Variable Time No SSI (n=29) SSI (n=15) P-value
Time from PPP to tape 

removal (hr)
≥48 12 (41.4) 5 (33.3) 0.603

Time from 2nd look surgery 
to drain removal (day)

≥7 18 (62.1) 8 (53.3) 0.576

Values are presented as number (%).
SSI: surgical site infection; PPP: preperitoneal pelvic packing.

Table 4. Details of patients with SSI

No Source of culture Time of detection of SSI from the 
time of PPP (day) Organism isolated

1 Wound 13 Staphylococcus epidermidis, Acinetobacter baumannii
2 Wound 12 Staphylococcus aureus, Enterobacter aerogenes
3 Drain fluid 6 Enterococcus faecalis
4 Wound 8 Enterococcus casseliflavus
5 Drain fluid 3 Enterococcus faecium

Klebsiella pneumoniae
6 Wound 6 Escherichia coli
7 Wound 3 S. epidermidis
8 Drain fluid 3 S. epidermidis
9 Wound 9 Methicillin-resistant Staphylococcus aureus

Micrococcus kristinae
A. baumannii

10 Wound 12 S. epidermidis
E. faecium

11 Drain fluid, Wound 9 Corynebacterium striatum
12 Drain fluid 13 A. baumannii
13 Wound 6 Pus discharged

No result of culture
14 Drain fluid 14 C. striatum
15 Wound 5 S. epidermidis

Staphylococcus lugdunensis

SSI: surgical site infection; PPP: preperitoneal pelvic packing.
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midline incision was used for PPP and laparotomy in the two 

patients because they had a perforation of the rectum and de-

scending colon. Although bowel injury was not a risk factor for 

SSI in this study, bowel injury is an important factor to reduce 

SSI. Therefore, a transverse incision (Pfannenstiel) for PPP 

might be useful for patients who need to undergo laparotomy 

through a low midline incision simultaneously with PPP [23]. 

Once acute hemorrhage is under control in patients with he-

modynamic instability due to pelvic fracture, trauma surgeons 

must make the important decision about when to remove the 

packing tape. In addition, trauma surgeons need to decide the 

optimal timing of drain removal to prevent SSI. The timing of 

packed gauze removal was recommended as 24–48 hours after 

PPP in most previous studies; however, it was not based on ev-

idence but experience [13,24]. There was no difference in the 

rate of SSI between those who underwent depacking within or 

after 48 hours after PPP. Stahel et al. [4] reported that the two 

patients who had SSI underwent pelvic depacking after longer 

than 48 hours. However, one of them underwent angioembo-

lization after pelvic packing, resulting in perineal and anorec-

tal necrosis. This result does not show a definite correlation 

between SSI and time from PPP to tape removal. Trauma 

surgeons tend to remove the drain within 7 days after tape re-

moval to avoid introduction of a foreign body reaction, which 

might aggravate the infection and stimulate collagenolysis [25], 

and the risk of ascending infection might increase. However, 

the duration from second-look surgery to drain removal was 

not associated with SSI, and there was no difference in rate of 

SSI between those in whom the drain was removed before or 

after 7 days. More evidence about optimal timing of tape and 

drain removal is necessary in the future. 

Our previous study showed an SSI rate of 20% (5 of 25 pa-

tients who underwent PPP) [3]. Burlew et al. [6] reported that 

the rate of infection of the pelvic space after PPP was 12%. Li 

et al. [26] reported a rate of SSI of 10% (3 of 29 patients who 

underwent PPP). Another study demonstrated a rate of infec-

tion as high as 28% [8], while our study showed a rate of SSI 

of 34.1%. One of the difficulties in analysis of pelvic trauma 

management is reflected in the characteristics of the patient 

population [6]. The mean age of patients enrolled in this study 

was 57.8±15.2 years, which was higher than that of the popula-

tions in other studies. A study conducted to identify risk factors 

for SSI in patients with abdominal trauma reported age as one 

of the factors contributing to SSI [11]. Therefore, the higher 

rate of infection might be relatively acceptable considering the 

mean patient age in our study. 

In our data, the mean duration to SSI from PPP was 8.1 days. 

Our previous study reported a mean duration of 7.8 days. Li et 

al. [26] identified deep SSI after 7–9 days. These results are sim-

ilar to those of the current study and suggest that trauma phy-

sicians should be alert to the occurrence of SSI after especially 

7–9 days of admission. Our data demonstrated that SSI was not 

associated with angioembolization. Only one patient who un-

derwent nonselective angioembolization of the internal iliac 

artery after PPP in our study was diagnosed with SSI. Selective 

or super-selective embolization was performed in a branch of 

the internal iliac artery for the remaining four patients. One 

study demonstrated nonselective angioembolization as one 

of the risk factors for SSI [27]. Burlew et al. [6] suggested that 

empiric embolization of both internal iliac arteries should be 

carefully weighed against the risks of pelvic claudication and 

perineal necrosis. Obviously, angioembolization is an effec-

tive, timesaving, and readily available procedure for pelvic 

fracture-related arterial hemorrhage. However, given the high 

rate of SSI, trauma physicians should be careful in deciding on 

nonselective angioembolization. 

This study has some limitations. First, the number of en-

rolled patients was small, and the study design was retro-

spective. Second, this study was performed at a single trauma 

center, and the demographics of our patient population and 

surgical treatment concepts cannot be generalized and ex-

trapolated to the entire population. In conclusion, repacking 

and combined BUI are potential risk factors for SSI in patients 

with unstable pelvic fracture after PPP. Additional analyses are 

necessary with a larger number of patients using the potential 

risk factors identified in this study. Based on our study, SSI 

usually occurs around 8 days after PPP. Therefore, close obser-

vation is recommended in patients with these risk factors for 

about 8 days after injury. In particular, avoiding repacking and 

controlling hemorrhage using angiography and adequate cor-

rection of coagulopathy in the ICU can reduce the risk of SSI. 

Although it commonly is suggested that packing tape be re-

moved as soon as possible, the results of this study suggest that 

there is no need to stress over removal of packing tape within 

48 hours. Rather, removing the packing tape after bleeding has 

stopped and not performing repacking might help prevent SSI. 
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Although modern medical technologies for life extension has been developed, life-sustaining 

treatment (LST) could give end-of-life patients extension of what may be a painful and meaning-

less way of living. The Republic of Korea has established a national management system for LST 

(Central Hospice Center: September 2017, National Agency for Management of Life-Sustaining 

Treatment: February 2018), with enactment of the “Act on Hospice and Palliative Care and De-

cisions on Life-Sustaining Treatment for Patients at the End of Life” (LST Decision Act) [1]. One-

third of end-of-life patients made a decision based on medical LST following the implementa-

tion of the Act [2]. 

According to this act, the option to terminate LST is possible in patients at the end-of-life pro-

cess in Republic of Korea. “End-of-life” refers to a state of imminent death, with no possibility of 

revitalization or recovery despite treatment with rapidly worsening symptoms, and LST refers to 

treatment including cardiopulmonary resuscitation (CPR), hemodialysis, chemotherapy, me-

chanical ventilation, administration of inotropes, extracorporeal life support, and blood trans-

fusion. Especially, CPR can give a prolonged and painful life in the case of end-of-life patients, 

“do-not-resuscitate” (DNR) orders has been written with consultation of the patient and their 

family. After implementation of the Act, the physician orders for LST (POLST) also prevent CPR 

in end-of-life patients. Sometimes the POLST or DNR were documented during the patients 

were undergoing CPR to stop the meaningless CPR [2]. 

Did implementation of the Act reduce the incidence of CPR with increasing documented 

POLST in addition to DNR orders? Im et al. [3] may give us an answer to this question. The ret-

rospective single-center study including adult patients who underwent CPR from February 2016 

to January 2020 was performed to compare clinical outcomes following CPR before and after 

implementation of the Act. Clinical outcomes included the CPR incidence per 1,000 admissions, 

rate of return of spontaneous circulation (ROSC), duration of CPR, 24-hour survival rate, and 

survival-to-discharge rate.  

The two CPR groups before and after implementation of the Act showed no significant dif-

ference in basal characteristics such as age, sex, and Charlson comorbidity index score, and 

demonstrated no difference in the incidence of CPR per 1,000 admissions. However, CPR cases 

post-implementation showed an increased ROSC rate (P=0.008) and survival-to-discharge rate 

(P=0.029). If the implementation of this Act can lead to a decrease in the incidence of CPR, this 
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might mean that end-of-life patients and their families had 

a high tendency not to stop LST before its implementation. 

Nevertheless, the CPR incidence was not affected by the im-

plementation of the Act. This may indicate that the physicians 

also actively made documented or verbal DNR orders on con-

sultation with end-of-life patients and their families before the 

Act was implemented [3]. Before the Act was implemented, the 

rate of CPR due to delayed documentation of POLST or DNR 

was 6%–7% of CPR cases, with no difference after implemen-

tation. However, the CPR rate with documentation of POLST 

or DNR decreased after implementation. Therefore, delayed 

documentation of POLST or DNR seemed not to have a major 

role in incidence of CPR. 

When examining the total number of patients who were 

hospitalized, there was no significant difference in in-hospital 

mortality before and after implementation of the act, but the 

rate of documented POLST or DNR orders increased abruptly 

from 260 to 1,399. In contrast, CPR cases after implementation 

of the Act less often had documented POLST or DNR orders 

than those before implementation. This means that the phy-

sicians and the patients’ families thought that the patients 

undergoing CPR were not hopeless and did not rush to create 

documented POLST or DNR orders during CPR. This was sup-

ported by the fact that the ROSC and CPR survival rates im-

proved after implementation of the Act [3]. We could assume 

that the proportion of end-of-life patients increased but they 

did not experience CPR because they agreed to POLST/DNR 

documentation before CPR. 

Another retrospective single-center study of patients with 

cancer who died in hospital showed that DNR or POLST docu-

mentation rates after the implementation of the Act increased 

significantly from 75.6% to 87.0% (P<0.001), and DNR or 

POLST documentation within 7 days of death after implemen-

tation decreased from 56.2% to 47.6% (P<0.001) compared to 

before [4]. In the study by Im et al. [3], inpatient death with 

documentation of DNR or POLST increased dramatically, 

and the rate of DNR orders or POLST written on the day of 

death also increased from 32% to 45%. This is too short a time 

to make a decision about stopping LST with full consultation 

with the patient and family to reflect the patient’s will [5]. The 

hospital system should be improved so that consultations 

with patients and their families can begin as soon as possible 

and there is sufficient time to communicate to ensure that the 

POLST is documented to reflect the patient’s wishes. 

A major limitation of the study by Im et al. [3] is that it is a 

single-center study. Future nationwide studies with long-term 

observation will be necessary to evaluate the full effect of this 

Act. However, study by Im et al. [3] was very impressive, show-

ing how the implementation of the LST Decision Act affected 

outcomes of CPR first in the Republic of Korea. 
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Differential diagnosis of chest pain in the pediatric population is important but can be chal-

lenging, especially in patients at risk for cardiomyopathy. We present a case of acute peri-

carditis in a 12-year-old boy with Duchenne muscular dystrophy (DMD) whose initial elec-

trocardiogram (ECG) and cardiac enzyme levels were suggestive of ST-elevation myocardial 

infarction. 

CASE REPORT 

This work complies with the ethical standards of the relevant national guidelines on human 

medical regulations and with the Helsinki Declaration of 1975, as revised in 2008, and has 

been approved by the Institutional Review Board of Seoul National University Hospital (July 

20th, 2020; IRB No. H-2007-099-1141). Because there is less than minimal risk to the patient, 

Differential diagnosis of chest pain in the pediatric population is important but can be challenging. 
A 12-year-old boy with Duchenne muscular dystrophy presented with chest pain, cardiac enzyme 
elevation, and convex ST elevations in the inferior leads with reciprocal ST depression in the ante-
rior leads on electrocardiogram. Echocardiography on admission revealed normal left ventricular 
function. Suspecting acute myocardial infarction, we performed invasive coronary angiography, 
which revealed normal coronary arteries. A follow-up electrocardiogram showed an acute pericar-
ditis pattern with concave ST elevations in most leads and PR depression, and follow-up echocar-
diography revealed global left ventricular dysfunction, suggestive of acute perimyocarditis. Ibupro-
fen was administered for acute pericarditis, and a continuous milrinone infusion was commenced 
for myocardial dysfunction. The chest pain improved by the next day, and the ST segment eleva-
tions normalized on day 4. Echocardiography on day 9 revealed improved left ventricular function. 
The patient was discharged on day 11, and he is doing well without chest pain through 12 months 
of follow-up. The last electrocardiogram showed normal sinus rhythm without ST change. Differ-
ential diagnosis of acute myocardial infarction and acute perimyocarditis is important for proper 
treatment strategies and the different prognoses of these two conditions. 

Key Words: case report; myocarditis; pericarditis; ST elevation myocardial infarction
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we submitted the waiver of informed consent to the IRB and 

obtained permission for waiver of consent.

A 12-year-old boy with DMD who is a wheelchair user 

presented to the emergency department with anterior chest 

pain in the sitting position that began 7 hours prior and ra-

diated to the left back. The pain increased with inspiration. 

Four days previously, he had developed mild rhinorrhea and 

diarrhea without fever. Initial vital signs on arrival were as 

follows: blood pressure, 118/77 mm Hg; pulse rate, 79 beats 

per minute; respiratory rate, 18 breaths per minute; and body 

temperature, 36°C. The last echocardiography performed 2 

years prior showed normal cardiac function, and there was no 

abnormality in the last ECG. 

A chest radiograph on arrival revealed the absence of cardio-

megaly (Figure 1A). The initial ECG revealed convex ST elevation 

in leads II, III, aVF, and V6, with reciprocal ST depression in V1-3 

(Figure 2A). Laboratory results revealed elevated troponin-I 

(20.97 ng/ml) and creatine kinase MB isoenzyme (147.9 ng/ml) 

and normal brain natriuretic peptide (BNP; 30 pg/ml)levels. 

Suspecting acute myocardial infarction, we performed invasive 

Figure 1. (A) Initial chest radiograph showing no cardiothoracic abnormalities. (B) Echocardiography performed on the second day of 
hospitalization showing mild global left ventricular dysfunction (ejection fraction, 41%) without regional wall motion abnormalities. (C, D) Cardiac 
magnetic resonance imaging showing late gadolinium enhancement (arrowheads) in the subepicardium of the left ventricular inferolateral and 
mid-septal walls.
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coronary angiography, which revealed normal coronary ar-

teries (Supplementary Video 1). After angiography, he was ad-

mitted to the pediatric intensive care unit for close monitoring 

of ECG changes. The echocardiograph on admission revealed 

normal left ventricular function (ejection fraction [EF], 66.2%) 

without regional wall motion abnormalities. 

Although the convex ST elevations and reciprocal chang-

es on ECG remained aggravated at 3 hours post-admission 

(Figure 2B), an acute pericarditis pattern with concave ST 

elevations in most leads including V2-3 and PR depression 

developed 12 hours post-admission (Figure 2C). The next 

day, troponin-I level increased to 107.96 ng/ml, and follow-up 

echocardiography revealed mild global left ventricular dys-

function (EF, 41%) without visible pericardial thickening or 

effusion (Figure 1B, Supplementary Video 2). On the fifth 

day, the BNP level increased to 122 pg/ml. Cardiac magnetic 

resonance imaging (MRI) showed mild global left ventricular 

dysfunction (EF, 48.1%) with late gadolinium enhancement 

in the subepicardium of the left ventricular inferolateral and 

mid-septal walls (Figure 1C and D). Respiratory viral poly-

merase chain reaction assay from a nasopharyngeal swab re-

vealed a positive result for human coronavirus OC43. Tests for 

all other cardiotropic viruses including enterovirus, parvovirus 

B19, human herpes virus, influenza virus, coxsackievirus, re-

spiratory syncytial virus, adenovirus, and Epstein–Barr virus 

were negative. 

Suspecting acute viral pericarditis, we administered ibu-

profen. Furthermore, a continuous milrinone infusion was 

commenced as the left ventricular function deteriorated rap-

idly within one day and cardiac MRI findings were suggestive 

of acute myocarditis. The chest pain improved by the next 

day, and the ST segment elevation normalized on the fourth 

day (Figure 2D). Echocardiography on the ninth day revealed 

improved left ventricular function (EF, 54%), and intravenous 

milrinone was replaced with enalapril and carvedilol. The pa-

tient was discharged on the 11th day. 

After 12 months of follow-up, he is doing well without chest 

pain. The last ECG showed normal sinus rhythm without 

pathologic ST-T changes, and a follow-up cardiac MRI per-

formed at 4-month post-disease onset showed preserved left 

ventricular systolic function (EF, 54%) without change of late 

gadolinium enhancement in the left ventricular inferolateral 

Figure 2. (A) Initial electrocardiogram showing ST elevations in the inferior leads and reciprocal ST depressions in the anterior leads. (B) 
Electrocardiogram, 3 hours post-admission, showing aggravated convex ST elevations and reciprocal changes. (C) Electrocardiogram, 12 hours 
post-admission, showing concave ST elevations in most leads and PR depression. (D) ST segment elevations normalized on the 4th day of 
hospitalization after ibuprofen treatment. aVR: lead augmented vector right; aVL: lead augmented vector left; aVF: lead augmented vector foot.
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wall, which was regarded as a sequela of previous myocarditis. 

The troponin-I and BNP levels decreased to 0.30 ng/ml and 93 

pg/ml, respectively. 

DISCUSSION 

Typically, ST elevation in myocardial infarction has a convex 

morphology in the leads corresponding to the affected coro-

nary territory, with concomitant reciprocal ST-segment de-

pression in the opposing leads [1]. Conversely, in pericarditis, 

ST elevation with a concave morphology is usually present in 

most leads, and involvement of the atria is responsible for de-

pression of the PR segment [1,2]. In the present case, the initial 

ECG pattern was typical of ST-elevation myocardial infarction, 

and the pattern changed to that of typical pericarditis within 

12 hours of the onset of symptoms. This might be due to focal 

myocarditis that caused myocardial ischemia with accompa-

nying pericarditis, causing repolarization abnormalities. Cases 

with evidence of new-onset focal or diffuse reduction in left 

ventricular function with elevated myocardial biomarkers and 

the presence of clinical criteria for acute pericarditis can be di-

agnosed as predominant myocarditis with pericardial involve-

ment, or “perimyocarditis” [3]. 

Although the gold standard for diagnosis of myocarditis is 

endomyocardial biopsy, it is not recommended in specific 

circumstances, such as new-onset heart failure with accompa-

nying hemodynamic compromise [4,5]. If one or more clinical 

symptoms are present with elevated cardiac biomarkers and 

characteristic features on echocardiography or cardiac MRI, 

myocarditis can be diagnosed [6,7]. We could not confirm 

whether coronavirus OC43 was the causative agent; however, 

it was highly suspected because the serology results for other 

cardiotropic viruses and the respiratory viral panel were neg-

ative. The pathogenesis of cardiac involvement associated 

with coronavirus remains unknown. Further investigation is 

warranted to ascertain whether the coronavirus can replicate 

and disseminate through the lymphatic system from the re-

spiratory tract, or if the secondary immune response to viral 

infection could play a role in disease pathogenesis rather than 

the primary infection [8]. 

Additionally, considering the underlying disease of the pa-

tient, differential diagnosis with cardiomyopathy is important. 

Among children with DMD, the incidence of cardiomyopathy 

increases steadily in the teenage years [9]. The pathology and 

cardiac MRI pattern of cardiomyopathy in patients with dys-

trophinopathy classically produce subepicardial fibrosis of the 

inferolateral wall, as observed in some patients with viral myo-

carditis [10]. In our case, the cardiac dysfunction progressed 

rapidly and recovered quickly, suggesting a more acute course 

than that of cardiomyopathy. The common features of cardio-

myopathy, such as ventricular dilatation, ventricular hypertro-

phy, or atrophy, were absent in this patient. Considering these 

factors, the diagnosis of acute perimyocarditis was more likely 

than that of cardiomyopathy, but this acute event could trigger 

earlier onset of cardiomyopathy in DMD. 

In conclusion, patients with acute perimyocarditis can 

present with chest pain, focal ST-elevation, and significant 

elevation of cardiac enzymes, mimicking acute myocardial 

infarction. Differentiating between acute perimyocarditis and 

ST-elevation myocardial infarction is important because of 

differences in treatment strategies and prognoses. In the pres-

ent case, the patient’s young age and preceding viral illness 

favored a diagnosis of acute perimyocarditis, and the normal 

coronary angiography eliminated the possibility of acute coro-

nary syndrome. 
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Dear Editor: 

Over the past 2 years, a significant number of coronavirus disease 2019 (COVID-19) positive 

patients have required emergency tracheal intubation at our institution, presenting as two 

distinct pandemic surges. We have undertaken retrospective analysis of our intubation prac-

tices and outcomes, comparing first and second surges. All adult patients diagnosed with 

COVID-19, requiring emergency tracheal intubation between March 1 and June 1, 2020 (first 

surge), and between December 1, 2020, and March 1, 2021 (second surge) were included. 

Data were retrospectively extracted from electronic patient records and anonymized in accor-

dance with national health service Trust information governance regulations and Caldicott 

Guardian procedures outlined under the Strategic Research Agreement. No specific ethics 

committee approval was required. Comparisons of outcomes in relation to categorical vari-

ables have been described using chi-square tests, and P-values were considered to be statisti-

cally significant if <0.05. 

A total of 53 patients (median age, 57 years; male, 70%) underwent emergency tracheal 

intubation in the first surge, and 54 patients (median age, 60 years; male, 56%) in the second. 

Notable differences relate to: (1) seniority of primary intubator (trainee intubations increasing 

from 8% in the first surge to 13% in the second); (2) intubation technique (videolaryngoscopy 

use increasing from 79% to 100%); (3) first pass intubation success (decreasing from 85% to 

76%); (4) oxygen desaturation rate, SpO2 <90% post-tracheal intubation (worsening from 49% 

to 67%); (5) hypotension rate, systolic blood pressure <90 mm Hg after induction of anesthe-

sia (worsening from 21% to 31%); (6) non-invasive ventilation prior to intubation (utilization 

increasing from 60% to 92%; treatment duration >2 days increasing from 28% to 59%); and (7) 

tracheal tube diameter (reducing from median 8.5 mm to 8.0 mm). 

Median doses of induction and neuromuscular blocking agents were similar (fentanyl 2.50 

µg/kg in first surge vs. 2.90 µg/kg in the second; propofol 1.22 mg/kg vs. 1.07 mg/kg; and ro-

curonium 1.20 mg/kg vs. 1.21 mg/kg). One cardiorespiratory arrest and one pneumothorax 

were reported (both second surge). Team size and composition were consistent between 

surges (median of 4 team members), comprising primary intubator, a trained airway assis-

tant, a team leader (responsible for administering induction agents and fulfilling the role of 

secondary intubator), and an additional assistant. 

There was increased trainee participation as primary intubator in the second surge. In 

the first surge, the primary intubator was a Consultant anesthetist/intensivist in all but four 
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patients; however, it was recognized that this model of care 

was not sustainable for future surges—in order to meet the 

demands of re-established surgical services (re-deployment 

of Consultant anesthetists back to operating theatres) and to 

fulfil our commitment to airway training at a teaching hospi-

tal. In order to maintain patient safety, only trainees with over 

4 years’ specialist training in anesthesia/intensive care medi-

cine were permitted to undertake tracheal intubation, super-

vised by a consultant (acting as team leader and secondary 

intubator). 

The increased videolaryngoscopy use may be attributed 

to our COVID-19 airway education program undertaken be-

tween surges (which promoted its first line use), and greater 

familiarity from first surge usage. The reduced first pass suc-

cess rate is most likely explained by greater trainee involve-

ment and increased patient physiological instability in the 

second surge (necessitating earlier transition from intubation 

attempt to rescue oxygenation). Indeed, all complication rates 

were higher in the second surge (Table 1), despite similar 

induction drug doses. Marginally increased disease severity 

(first surge: Acute Physiology and Chronic Health Evaluation 

[APACHE] II median score, 14; mortality probability, 17% and 

second surge: APACHE II median score, 15; mortality proba-

bility, 20%), increased trainee participation as primary intu-

bator, and longer duration of non-invasive ventilation prior to 

intubation may have contributed to these findings. 

Tracheal tube size (median diameter) was reduced, which 

is notable for two reasons: firstly, this reflects the greater pro-

portion of female patients; and secondly, despite the smaller 

tube size (and increased videolaryngoscopy), first pass intu-

bation success was reduced. The principal cause of first pass 

intubation failure in the first surge was difficult tube passage 

through the glottis (accounting for 63% of failures), with 

virally-mediated glottic oedema [1] and subglottic suction 

drainage tracheal tubes (larger external diameter than regular 

tracheal tubes) potentially contributory factors. This finding 

undoubtedly influenced the use of smaller tracheal tubes in 

the second surge, but without the anticipated benefit, with 

difficult tube passage remaining the main cause of difficulties 

(46% of failures). 

There are some limitations to our study. It is retrospective 

in nature, and of modest sample size, such that any inferences 

and conclusions must be interpreted with caution. Larger 

scale, multicenter investigation, comparing pandemic surges 

is warranted. While every center will differ in team composi-

tion and local protocols, our findings reinforce the need for 

the most experienced airway practitioner to fulfil the role of 

primary intubator, in order to optimize first pass success and 

minimize complications. Increased difficulty in passing the 

tracheal tube through the glottis should be specifically antici-

pated. 

Judicious tracheal tube selection (diameter) is therefore 

crucial, balancing first pass intubation success with the sub-

sequent advantages of larger tubes in respiratory weaning and 

airway toileting. Patient safety must be prioritized; however, 

trainees should also be provided with the opportunity to gain 

skills and experience in emergency airway management—

which can best be achieved using videolaryngoscopy (provid-

ing both trainee and trainer with a view of the airway), careful 

patient selection, and appropriate supervision. The implica-

tions of non-invasive ventilation are uncertain, and specif-

ically requires larger multi-center investigation. Our airway 

management strategy has evolved to keep pace with shifting 

service demands, but also the changing nature of the disease. 

We will continue to refine our service model and airway man-

agement practices based upon analysis of our outcomes. 
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Table 1. First pass intubation success and common complications of emergency tracheal intubation in COVID-19 positive patients during the first 
and second pandemic surges

Variable First surge patient
(n=53)

Second surge patient 
(n=54) P-value

First pass success at tracheal intubation 45 (85) 41 (76) 0.061
Oxygen desaturation (SpO2 <90% post-intubation) 26 (49) 36 (67) 0.006
Hypotension (systolic blood pressure <90 mm Hg after induction) 11 (21) 17 (31) 0.058

Values are presented as number (%).
COVID-19: coronavirus disease 2019.
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Dear Editor: 

We read with immense interest the recent published narrative review by Chacón-Aponte 

et al. [1] which concluded that brain-lung interactions can affect patients with traumatic 

brain injury (TBI). This interaction leads to a cruel cycle that aggravates patient prognosis. 

According to these authors [1], the mechanisms of the interaction are complex and not fully 

explained. These authors [1] proposed two theories, the “blast injury” theory or “double hit” 

model, to represent the basis of its development and progression. The authors explained 

that the brain and lungs strongly interact through complex pathways from the brain to the 

lungs and vice versa. 

For Chacón-Aponte et al. [1], the main pulmonary disorders that occur after brain injury 

are neurogenic pulmonary edema (NPE), acute respiratory distress syndrome, and venti-

lator-associated pneumonia, and the major brain consequences after lung injury can be 

explained by brain hypoxia and associated intracranial hypertension. Consequently, all of 

these conditions should be considered as management therapies after TBI and require spe-

cial monitoring to avoid neurological and pulmonary complications. Although this review 

described brain-lung and lung-brain interactions with their pathophysiological and clinical 

consequences, we determined that two major consequences were not detailed or discussed 

in this narrative review, namely, the role of cardiac dysfunction and post-traumatic pulmo-

nary embolism. 

We agree with Chacón-Aponte et al. [1] that in patients with an acute traumatic head inju-

ry, altered pulmonary function is a frequent complication. NPE is a probable early contribu-

tor to the pulmonary dysfunction that occurs in patients suffering from acute head injuries. 

The diagnosis of NPE requires the exclusion of cardiogenic PE. The mechanism of NPE is 

not fully explained, and, to date, two theories have been developed to explain its occurrence: 

increased lung capillary permeability and increased pulmonary vascular hydrostatic pres-

sure due to sympathetic overflow. It has been observed that catecholamine storms lead to 

a state of systemic vasoconstriction with strong venoconstriction, resulting in the induction 

of elevated pulmonary artery wedge pressure and hydrostatic PE. However, besides these 

two hypotheses, NPE can also result from cardiac dysfunction [2]. Therefore, we propose a 

new hypothesis that cardiac dysfunction is due to TBI rather than PE due to existing chronic 

heart failure. 
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In one local study involving seven patients (with no history 

of cardiorespiratory disease) with NPE following head trauma, 

we found that all the patients developed a clinical, echocar-

diographic, and/or histological signs of cardiac dysfunction. 

In fact, evidence of myocardial dysfunction was confirmed 

on echocardiography in three patients and pulmonary artery 

catheterizations in three patients. Moreover, cardiac damage 

was confirmed by post-mortem myocardial biopsies in four 

patients. Echocardiography studies, repeated for two patients 

within 7 and 90 days after trauma, exhibited complete im-

provement in wall motion with a full recovery of left ventricu-

lar ejection fractions in these patients. 

Moreover, in a retrospective study including 20 patients 

with NPE requiring mechanical ventilation, Deehan and 

Grant [3] determined that cardiac index and left ventricular 

stroke work index (LVSWI) were markedly depressed with an 

increase of pulmonary artery wedge pressure (17 mm Hg) in 

12 of the 20 patients. In the same study [3], mean systemic 

vascular resistance index was significantly increased. The use 

of dobutamine was associated with a significant increase in 

the cardiac index and LVSWI. These authors [3] concluded 

that NPE was generally associated with myocardial dysfunc-

tion reversed through the use of dobutamine. This myocardial 

dysfunction can be related to catecholamine storm, hypergly-

cemia, and/or the massive liberation of cytokines usually ob-

served after severe TBI [2]. These phenomena can be compli-

cated by cardiac ischemia, arrhythmia, and negative inotropic 

effects on the heart, leading to heart failure and NPE [2]. This 

cardiac dysfunction with associated PE results in a decrease 

in organ blood flow and oxygen delivery to the brain. All these 

observable facts lead brain ischemia and can seriously affect 

patients with TBI. 

On the other hand, it is well documented that post-trau-

matic PE is a frequent complication of head trauma with an 

overall incidence ranging from 8% to 24% [4,5]. In particular, 

severe TBI significantly increases the risk of thromboembolic 

events, and PE in particular. The development of PE is associ-

ated with a poor outcome involving a high mortality rate and 

a long duration of stay in the intensive care unit and hospital 

[5]. Interestingly, recent literature suggests that patients are 

at risk for hypercoagulability early after the traumatic injury, 

leading to an early occurrence of PE (within 48 hours after 

Figure 1. Mechanisms of development of pulmonary edema in patients suffering from traumatic brain injury. TNF: tumor necrosis factor; IL: 
interleukin; NO: nitric oxide.
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trauma)[4]. In fact, on the physiopathological level, there are 

several factors explaining the development of PE after TBI. In 

addition to the risk factors for hypercoagulability described 

by Virchow (stasis due to prolonged immobilization, hyperco-

agulability, and endothelial injury), the role of inflammation 

through endothelial damage in this specific condition should 

be considered. In fact, although trauma-patients diverge 

according to the type of injury (location and the presence of 

cranial injuries), severe TBI are associated with an increase 

at the level of tissue factors, pro-inflammatory procoagulant 

cytokines (tumor necrosis factor, interleukins [IL]-1, IL-6, and 

IL-8), and markers of thrombin generation [4,5]. Moreover, 

in severe TBI, the levels of physiological anticoagulants (an-

tithrombin, protein C, and protein S) are reduced leading to 

the development of venous thrombo-embolic complications. 

Figure 1 explains the mechanisms of the development of PE in 

patients suffering from TBI. Moreover, based on the increased 

risk of aggravation of intracranial bleeding in TBI patients, the 

initiation of pharmacological prophylaxis is commonly de-

layed. Therefore, delayed initiation may increase the risk of PE 

[4,5]. Acute PE increases pulmonary vascular resistance and 

right ventricular afterload. The immediate consequences are 

hypoxemia, pulmonary vasoconstrictors, and/or cardiogenic 

shock, leading to brain ischemia and/or hypoxic damage. As 

a consequence, the development of PE for patients suffering 

from TBIs is associated with a poor outcome of a high mor-

tality rate, a high risk of nosocomial infections, and a greater 

prolonged length of stay in the ICU and hospital [5]. 

In conclusion, we congratulate Chacón-Aponte et al. [1] on 

their narrative review, which concluded that the brain-lung 

interaction can seriously affect patients with TBI, initiating a 

vicious cycle that aggravates patient prognosis. However, we 

found that the role of cardiac dysfunction due to TBIs and 

post-traumatic pulmonary embolisms should be included 

with the other mechanisms detailed by these investigators. 
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Acute and Critical Care (Acute Crit Care, ACC) is the official 

scientific journal of the Korean Society of Critical Care Med-

icine (KSCCM), with the purpose of publishing research and 

therapeutic achievements in the field of critical care medicine. 

ACC is published quarterly on the last day of February, May, 

August, and November. Manuscripts for submission to ACC 

should be written according to the following instructions for 

authors. The Editorial Board will make the final decision on 

approval for the publication of submitted manuscripts and 

the publication order of accepted manuscripts. The Editorial 

Board considers ethics, rationality, originality, and scientific 

significance in accepting submitted manuscripts, and can re-

quest further corrections, revisions, and deletions of articles, 

if necessary. ACC follows the Recommendations for the Con-

duct, Reporting, Editing, and Publication of Scholarly Work in 

Medical Journals available at: http://www.icmje.org/, if other-

wise not described below.

RESEARCH AND PUBLICATION ETHICS

The Acute and Critical Care journal adheres completely to the 

ethical guidelines for research and publication described in 

the Guidelines on Good Publication (http://publicationeth-

ics.org/resources/guidelines), the ICMJE Recommendations 

(http://www.icmje.org), and Principles of Transparency 

and Best Practice in Scholarly Publishing (joint statement by 

COPE, DOAJ, WAME, and OASPA; (http://doaj.org/bestprac-

tice). Furthermore, all processes addressing research and pub-

lication misconduct shall follow the flowchart of COPE (http://

publicationethics.org/resources/flowcharts).

1. Statement of Human and Animal Rights and 
Informed Consent

Any investigations involving humans and animals should 

be approved by the Institutional Review Board and Animal 

Instructions for Authors
1992. 5. 13. Enacted
2017. 2. 22. Revised
2017. 5. 17. Revised
2018. 5. 21. Revised

2018. 11. 23. Revised
2021. 12. 1. Revised

Care Committee, respectively, of the institution at which the 

study took place. ACC will not consider any studies involving 

humans or animals without appropriate approval. Informed 

consent should be obtained, unless waived by the institutional 

review board, from patients who participated in clinical inves-

tigations. Human subjects’ names, initials, hospital, dates of 

birth or other personal or identifying information should not 

be used. Images of human subjects should not be used unless 

the information is essential for scientific purposes and explicit 

permission has been given as part of the consent. Even where 

consent has been given, identifying details should be omitted 

if they are not essential. If identifying characteristics are al-

tered to protect anonymity, authors should provide assurances 

that such alterations do not distort scientific meaning. Formal 

consents are not required for the use of entirely anonymized 

images from which the individual cannot be identified- for ex-

ample, x-rays, ultrasound images, pathology slides or laparo-

scopic images, provided that these do not contain any identify-

ing marks and are not accompanied by text that might identify 

the individual concerned. If consent has not been obtained, it 

is generally not sufficient to anonymize a photograph simply 

by using eye bars or blurring the face of the individual con-

cerned. If experiments involve animals, the research should be 

based on national or institutional guidelines for animal care 

and use. Original articles submitted to ACC that address any 

investigation involving humans and animals should include 

a description about whether the study was conducted with 

approval of the institutional review board (with or without 

patient informed consent) and animal care committee, re-

spectively, of the institution at which the study was conducted. 

ACC may also request an approval by the institutional review 

board or animal care committee for other types of articles 

when necessary. The content of each article is the responsibili-

ty of the authors and not of ACC.
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2. Registration of Clinical Trial Research
Any research that deals with a clinical trial should be registered 

with a primary national clinical trial registration site such as 

https://cris.nih.go.kr/cris/index.jsp, or other primary nation-

al registry sites accredited by the World Health Organization 

(http://www.who.int/ictrp/network/primary/en/) or clini-

caltrial.gov (http://clinicaltrials.gov/), a service of the United 

States National Institutes of Health.

3. Conflicts of Interest
A conflict of interest exists when an author (or the author’s in-

stitution), reviewer, or editor has financial or personal relation-

ships that inappropriately influence (bias) their actions (such 

relationships are also known as dual commitments, compet-

ing interests, or competing loyalties). These relationships vary 

from being negligible to having great potential for influencing 

judgment. Not all relationships represent true conflicts of in-

terest. On the other hand, the potential for a conflict of interest 

can exist regardless of whether an individual believes that the 

relationship affects their scientific judgment. Financial rela-

tionships (such as employment, consultancies, stock owner-

ship, honoraria, and paid expert testimony) are the most easily 

identifiable conflicts of interest and the most likely to under-

mine the credibility of the Journal, the authors, and science 

itself. However, conflicts can occur for other reasons, such as 

personal relationships, academic competition, and intellectual 

passion (http://www.icmje.org/conflicts-of-interest/). If there 

are any conflicts of interest, authors should disclose them in 

the manuscript. The conflicts of interest may occur during the 

research process; however, the important point is the disclo-

sure itself. Disclosure allows the editors, reviewers, and read-

ers to approach the manuscript with an understanding of the 

situation under which the research work was processed.

4. Authorship
Authorship credit should be based on (1) substantial contri-

butions to the conception and design, acquisition of data, or 

analysis and interpretation of data; (2) drafting the article or 

revising it critically for important intellectual content; (3) final 

approval of the version to be published; and (4) agreement 

to be accountable for all aspects of the work in ensuring that 

questions related to the accuracy or integrity of any part of 

the work are appropriately investigated and resolved. Authors 

should meet these four conditions. If the number of authors is 

greater than six, a list should be included of each author’s role 

for the submitted paper. Policies on research and publication 

ethics that are not stated in the Instructions can be found in 

the Guidelines on Good Publication (http://publicationethics.

org/) or Good Publication Practice Guidelines for Medical 

Journals (http://kamje.or.kr/).

5. Originality and Duplicate Publication
Manuscripts that are under review or have been published by 

other journals will not be accepted for publication in ACC, and 

articles published in this journal are not allowed to be repro-

duced, in whole or in part, in any type of publication without 

the permission of the Editorial Board. Figures and tables can 

be used freely if the original source is verified according to the 

Creative Commons Non-Commercial License. It is manda-

tory that all authors resolve any copyright issues when citing 

a figure or table from a different journal that is not open-ac-

cess. Regarding duplicate publication, plagiarism, and other 

problems related to publication ethics, the “Good Publication 

Practice Guidelines for Medical Journals” (https://www.kcse.

org/resources/, http://publicationethics.org, https://www.

kamje.or.kr/board/lists?b_name=bo_publication) should be 

followed.

6. Secondary Publication
It is possible to republish a manuscript if it satisfies the con-

dition of secondary publication of the Uniform Requirements 

for Manuscripts Submitted to Biomedical Journals by Interna-

tional Committee of Medical Journal Editors, available from: 

http://www.icmje.org/ as follows:

Certain types of articles, such as guidelines produced by 

governmental agencies and professional organizations, may 

need to reach the widest possible audience. In such instances, 

editors sometimes deliberately publish material that is also 

published in other journals with the agreement of the authors 

and the editors of those journals. Secondary publication for 

various other reasons, in the same or another language, es-

pecially in other countries, is justifiable and can be beneficial 

provided that the following conditions are met. The authors 

have received approval from the editors of both journals (the 

editor concerned with secondary publication must have a 

photocopy, reprint, or manuscript of the primary version). The 

priority of the primary publication is respected by a publica-

tion interval of at least one week (unless specifically negotiated 

otherwise by both editors).

The paper for secondary publication is intended for a differ-

ent group of readers; therefore, an abbreviated version could 

be sufficient. The secondary version faithfully reflects the data 
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and interpretations of the primary version. The footnote on 

the title page of the secondary version informs readers, peers, 

and documenting agencies that the paper has been published 

in whole or in part and states the primary reference. A suitable 

footnote might read: “This article is based on a study first re-

ported in the [title of journal, with full reference].”

7. Management of Research and Publication Misconduct
When the Journal faces suspected cases of research and publi-

cation misconduct such as redundant (duplicate) publication, 

plagiarism, fraudulent or fabricated data, changes in author-

ship, undisclosed conflicts of interest, ethical problems with 

a submitted manuscript, a reviewer who has appropriated an 

author’s idea or data, or complaints against editors, the reso-

lution process will follow the flowchart provided by the Com-

mittee on Publication Ethics (http://publicationethics.org/re-

sources/flowcharts). Discussions and decisions on suspected 

cases are conducted by the Editorial Board.

8. Editorial Responsibilities
The Editorial Board will continuously work to monitor/safe-

guard publication ethics: guidelines for retracting articles; 

maintenance of the integrity of the academic record; preclu-

sion of business needs from compromising intellectual and 

ethical standards; publishing corrections, clarifications, retrac-

tions, and apologies when needed; and ensuring that there is 

no plagiarism and no fraudulent data in publications. Editors 

maintain the following responsibilities: the responsibility 

and authority to reject/accept articles; no conflicts of interest 

with respect to articles they reject/accept; the acceptance of a 

paper when reasonably certain; promoting the publication of 

corrections or retractions when errors are found; and the pres-

ervation of the anonymity of reviewers.

MANUSCRIPT PREPARATION

Manuscripts should be written in English. Medical terminol-

ogy should conform to the most recent edition of Dorland’s 

Illustrated Medical Dictionary.

1. General Principles
1) Word processors and format of manuscript
Manuscripts should be submitted in the file format of Micro-

soft Word 2003 or higher. Manuscripts should be typed on an 

A4-sized document, be double-spaced, and use a font size of 

12 point with margins of 2 cm on each side and 3 cm for the 

upper and lower ends. Double spaces should be left between 

the lines.

2) Abbreviation of terminology
Abbreviations should be avoided as much as possible. One 

word should not be expressed through an abbreviation, al-

though more than two words may be expressed through an 

abbreviation. The full term for which the abbreviation stands 

should be used at its first occurrence in the text. Abbreviations 

should not be present in the title. Common abbreviations, 

however, may be used, such as DNA.

3) Units
The use of International Standardized (SI) units is encouraged. 

These are available at https://physics.nist.gov/cuu/Units/in-

dex.html or https://physics.nist.gov/cuu/pdf/sp811.pdf.

4) Machine and equipment
When the use of reagents or devices is reported in the text, the 

name of the manufacturer, city, state, and country should be 

indicated.

5) Statistics
Statistical methods must be described and the program used 

for data analysis, and its source, should be stated.

6) Arrangement of manuscript
The article should be organized in the order of Title page, Ab-

stract, Introduction, Materials and Methods, Results, Discus-

sion, Conflict of Interest, Acknowledgments, Open Researcher 

and Contributor ID (ORCID), Authors’ contributions, Refer-

ences, Table, Figure, and Figure Legends.

The title of each new section should begin on a new page. 

Number pages consecutively, beginning with the abstract 

page. Page numbers should be placed at the middle of the bot-

tom of each page.

7) Reporting guidelines for specific study designs
Research reports frequently omit important information. As 

such, reporting guidelines have been developed for a number 

of study designs that some journals may ask authors to follow. 

Authors are encouraged to also consult the reporting guide-

lines relevant to their specific research design. A good source 

for reporting guidelines is the EQUATOR Network (http://

www.equator-network.org/home/) and the United States Na-

tional Institutes of Health/National Library of Medicine (http://
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www.nlm.nih.gov/services/research_report_guide.html).

2. Organization of Manuscript – Original Article
1) Title page
Title: The title should be concise and precise. The first letters 

of nouns, adjectives, verbs, and adverbs in titles should be cap-

italized. The title should use generic drug names, not brand 

names.

Authors and affiliations: First, middle, and last names should 

be included for each author. If the author is affiliated with 

multiple departments, this should be included in a footnote by 

their name. If authors are affiliated with multiple departments 

and hospitals, affiliations should be arranged in the order of 

authors and demarcated with a number.

Running head: A running head of no more than 50 characters 

including letters and spaces should be included in English. 

If the included running head is inappropriate, the Editorial 

Board may revise it.

Corresponding author: The corresponding author’s name, 

postal code, address, telephone number, fax number, e-mail 

address should be included.

2) Abstract
All manuscripts should contain a structured abstract. Abstracts 

should be no more than 250 words in length and must have 

the following headings: Background, Methods, Results, and 

Conclusions. The quotation of references must not be includ-

ed in the abstract. A maximum of 6 keywords should be listed, 

immediately after the abstract, in alphabetical order. Each 

key word should be separated by a semicolon (;). The authors 

should use MeSH (Medical Subject Heading) terms in their 

key words (https://meshb.nlm.nih.gov/).

Ex) Key Words: carbon dioxide; cerebral vessels; oxygen; 

spinal analgesia

Ex) Key Words: ń2-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 
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