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INTRODUCTION 

Over the past 30 years, extracorporeal membrane oxygenation (ECMO) has been increasingly 

deployed to provide life-saving circulatory support to patients with refractory pulmonary and 

cardiac pathology [1]. Venoarterial (VA)-ECMO is used as the rescue of refractory cardiac fail-

ure and venovenous (VV)-ECMO is used for refractory respiratory failure. Despite its benefits, 

current literature indicates an overall ECMO survival rate of 29%, with acute brain injury (ABI), 

including acute ischemic stroke (AIS), intracranial hemorrhage (ICH), and hypoxic-ischemic 

brain injury, being a leading cause of morbidity and mortality [2]. Further, ABI confers a 

two- to three-fold increase in mortality risk for patients on ECMO [2-4]. Standardized neuro-

monitoring protocols improve the detection of ABI and include iterative neurological exams, 

near-infrared spectroscopy, transcranial doppler, electroencephalograms, and somatosenso-

ry evoked potential and neuroimaging studies (Figure 1) [3,4]. 

However, neuroimaging during ECMO is challenging. Head computed tomography (CT) 

scans lack sensitivity to detect early and small ischemic events. Moreover, head CT scans are 

obtained in only 30% of ECMO patients due to the increased risks of transporting patients 

while cannulated for ECMO [3]. Brain magnetic resonance imaging (MRI) is more sensitive 

Extracorporeal membrane oxygenation (ECMO) is a life-saving intervention for patients with re-
fractory cardiorespiratory failure. Despite its benefits, ECMO carries a significant risk of neurologi-
cal complications, including acute brain injury (ABI). Although standardized neuromonitoring and 
neurological care have been shown to improve early detection of ABI, the inability to perform neu-
roimaging in a timely manner is a major limitation in the accurate diagnosis of neurological com-
plications. Therefore, blood-based biomarkers capable of detecting ongoing brain injury at the 
bedside are of great clinical significance. This review aims to provide a concise review of the cur-
rent literature on plasma biomarkers for ABI in patients on ECMO support. 

Key Words: acute brain injury; biomarkers; extracorporeal membrane oxygenation

Plasma biomarkers for brain injury in extracorporeal 
membrane oxygenation

Shrey Kapoor1,*, Anna Kolchinski1,*, Aaron M. Gusdon2, Lavienraj Premraj3,4, Sung-Min Cho1 

1Division of Neurosciences Critical Care and Cardiac Surgery, Departments of Neurology, Surgery, Anesthesiology and Critical Care Medicine, Johns Hopkins 
University School of Medicine, Baltimore, MD, USA 

2Division of Neurocritical Care, Department of Neurosurgery, McGovern School of Medicine, University of Texas Health Science Center, Houston, TX, USA 
3Griffith University School of Medicine, Queensland, Australia 
4Critical Care Research Group, The Prince Charles Hospital, Queensland, Australia 

Received: October 27, 2023
Revised: November 24, 2023
Accepted: November 24, 2023

Corresponding author
Sung-Min Cho 
Division of Neurosciences Critical Care 
and Cardiac Surgery, Departments of 
Neurology, Surgery, Anesthesiology 
and Critical Care Medicine, Johns 
Hopkins University School of Medicine, 
600 N. Wolfe St, Phipps 455, 
Baltimore, MD 21287, USA 
Tel: +1-513-582-3009 
Email: csmfisher@gmail.com

*These authors contributed equally to 
this work.

Review Article

Acute and Critical Care 2023 November 38(4):389-398
https://doi.org/10.4266/acc.2023.01368

https://doi.org/10.4266/acc.2023.01368


390 https://www.accjournal.org Acute and Critical Care 2023 November 38(4):389-398

Kapoor S, et al.  A concise review of plasma biomarkers in ECMO

for identifying ischemia but MRI with high-strength magnetic 

fields (1.5–3T) is incompatible with ECMO [5]. Additionally, 

most patients receiving ECMO support would not be stable 

enough to undergo a prolonged imaging study outside of the 

intensive care unit. To overcome these limitations, the devel-

opment and validation of accessible plasma biomarkers that 

are sensitive and specific for ABI are necessary. Consequent-

ly, there has been a recent interest in plasma biomarkers for 

patients on ECMO (Figure 2). The purpose of this review is to 

concisely consolidate and critically appraise our current un-

derstanding of plasma biomarkers and their role in monitoring 

and prognostication of ABI and their applicability in patients 

on ECMO support. 

BIOMARKERS STUDIED IN ECMO 

Biomarkers in VA-ECMO 
Neuron-specific enolase 
Neuron-specific enolase (NSE) is a glycolytic enzyme prev-

alent in neurons and neuroendocrine cells [5]. NSE blood-

stream levels, which begin to increase several hours after neu-

ronal damage and peak at 48 hours post-injury, are a potential 

biomarker for brain injury in patients undergoing ECMO [6,7]. 

Several studies have focused on elucidating the role of NSE 

in various clinical settings. A prospective multicenter study 

involving 623 out-of-hospital cardiac arrest (OHCA) survivors 

revealed a significant difference in median NSE levels between 

patients with non-shockable and shockable rhythms (104.6 

ng/ml [range, 40.6–228.4] vs. 25.9 ng/ml [range, 16.7–53.4], 

P<0.001) [6]. In a retrospective multicenter study on 70 trau-

matic brain injury (TBI) patients, higher NSE concentrations 

corresponded with increased injury severity and adverse neu-

rological outcomes [8]. 

The utility of NSE as a biomarker for patients on ECMO is 

still under investigation. A prospective study involving 80 pe-

diatric ECMO patients indicated elevated NSE levels in those 

developing neurological complications [9]. Specifically, elevat-

ed plasma concentrations of NSE, with a cutoff of 62.0 ng/ml, 

were associated with increased odds (adjusted odds ratio, 2.89) 

of unfavorable outcomes, measured by Pediatric Cerebral Per-

formance Category, at hospital discharge [9]. These findings 

are consistent with another retrospective single-center study 

of 30 adults in a VA-ECMO cohort, which showed that NSE 

peak values above a cutoff of >100 μg/L had a sensitivity and 

specificity for mortality of 0.53 and 0.82, respectively [10]. 

However, it’s important to highlight that the specificity of 

NSE in ECMO patients may be compromised by erythrocyte 

hemolysis, a frequent occurrence in ECMO, which can lead to 

elevated NSE levels, complicating its reliability in detecting ABI 

and predicting neurological outcomes [11]. Future prospective 

■ A comprehensive evaluation and critical appraisal of a 
range of biomarkers including neuron-specific enolase, 
glial fibrillary acidic protein (GFAP), inflammatory cyto-
kines, microRNA, tau protein, neurofilament light chain 
(NfL), mitochondrial DNA, cell-free DNA, lipidomics, 
and metabolomics have been outlined, revealing their 
potential in predicting acute brain injury and neurologi-
cal outcomes in extracorporeal membrane oxygenation 
(ECMO) patients.

■ GFAP and NfL are biomarkers that offer the most promise 
for clinical utility.

■ There is a need for further multicenter research to de-
velop standard thresholds to optimize the application of 
these biomarkers in patients on ECMO support.

KEY MESSAGES

Figure 1. Standardized neuromonitoring protocol. ECMO: extracorporeal membrane oxygenation; NIRS: near-infrared spectroscopy; EEG: 
electroencephalogram; GCS: Glasgow Coma Scale; CT: computed tomography; mRS: modified Rankin Scale; MRI: magnetic resonance imaging. 
Adapted and Retrieved from Ong CS, et al. J Thorac Cardiovasc Surg 2023;165:2104-10 [4], to which biomarkers could be supplementary once 
more studied in ECMO.

Day 1 of ECMO cannulation
• Baseline neurological exam
• �Daily cerebral NIRS
• �2-3 Day EEG for cardiac 

arrest patients

Day 7-10
• �Neurological exam off 

sedation 
• Daily NIRS

Day 3-5
• �Neurological exam off 

sedation 
• Daily NIRS
• EEG for GCS <8
• �Somatosensory evoked 

potential for motor GCS <4 
• �Brain CT if transport possible

After ECMO decannulation
• Neurological exam
• �mRS assessment before 

discharge
• Brain MRI
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multicenter research is necessary to understand specific NSE 

thresholds and dynamic kinetics in relation to ABI in ECMO 

patients. 

Glial fibrillary acidic protein 
Glial fibrillary acidic protein (GFAP) is a specific type of inter-

mediate filament protein, involved in the structural integrity 

and functioning of astrocytes within the central nervous sys-

tem (CNS). The unique localization of GFAP to astrocytes in 

the brain emphasizes its potential as a sensitive biomarker for 

detecting brain injuries. Astrocytes undergo astrogliosis—a 

reactive process involving cellular proliferation and increased 

GFAP production—indicating neuronal damage [12]. GFAP 

is elevated within about 2 hours following injuries such as 

AIS [13-15], cardiac arrest [16,17], and TBI [18-22], peaking at 

48–72 hours [23], and thus may be useful for monitoring both 

neurologic and non-neurologic complications in ECMO. 

In a pediatric single center VA-ECMO cohort (n=80), GFAP 

levels were measured by immunoassay at 6 and 12 hours, and 

then every 24 hours after cannulation [9]. GFAP levels were 

found to be significantly elevated in children on ECMO who 

experienced ABI compared with children who did not, with 

a median of 5.9 versus 0.09 ng/ml (P=0.04) [9]. Additionally, 

higher GFAP levels were found in non-survivors compared to 

survivors. GFAP levels over 0.436 ng/ml were associated with 

increased odds ratio (OR) of brain injury (OR, 11.5; 95% con-

fidence interval [CI], 1.3–98.3) and mortality (OR, 13.6; 95% 

CI, 1.7–108.5) [9]. However, this study was limited by the small 

sample size and the difficulty of accurately diagnosing ABI. A 

pilot single-center study by Kapoor et al. [24] (n=20) corrob-

orated these findings in adults on VA-ECMO support, with 

median plasma GFAP levels noted to be significantly higher 

for patients who developed ABI vs. without (5.17 ng/ml vs. 0.16 

ng/ml, P=0.047). The findings from these pilot studies warrant 

further research in larger cohorts to validate and define their 

clinical applications.  

Tau 
Tau proteins are microtubule-associated proteins involved in 

stabilizing the cytoskeleton, particularly in unmyelinated ax-

ons of the CNS [25]. While they are most abundant in neurons, 

they are also found in astrocytes and oligodendrocytes [25]. 

Like neurofilament light chain (NfL), tau protein released into 

the cerebrospinal fluid (CSF) can potentially be used as a bio-

marker indicating axonal damage. Tau has been most heavily 

studied in its misfolded aggregate form in Alzheimer disease 

and other forms of dementia, such as chronic traumatic en-

cephalopathy in athletes playing contact sports [26,27]. 

Elevated tau has shown promise as a marker for adverse 

clinical outcomes following TBI. In a pilot, single-center 

prospective study of 16 patients, microdialysis catheter mea-

surement of tau from the brain extracellular space following 

TBI correlated with a lower Glasgow Coma Scale (GCS) score 

6 months after injury (r=–0.6, P=0.018) [28]. Additionally, tau 

levels were highest when catheters were near the area of the 

contusion, verifying the use of tau as a marker of axonal dam-

age [26]. These conclusions were strengthened by another sin-

gle-center prospective study (n=50), which showed that CSF 

tau levels correlated with AIS severity (P<0.05). In this study, 

higher CSF tau levels were also correlated with a worse out-

come defined by the modified Rankin Scale (mRS) score at 12 

months [29]. In an international multicenter prospective study 

(n=689), increased serum tau soon after OHCA was predictive 

of poor neurological function at 6 months, as measured by 

Figure 2. (A) The number of publications over time looking at “biomarker,” “surrogate marker,” or “surrogate endpoint.” (B) The number of 
publications over time looking at “biomarker”, “surrogate marker” or “surrogate endpoint” and extracorporeal membrane oxygenation.
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the Cerebral Performance Categories (CPC) scale. At 48 hours 

following cardiac arrest, the median tau levels were 49.5 ng/L 

in the poor outcome group, and only 1.2 ng/L in the favorable 

outcome group (P<0.0001) [30]. Tau levels may be useful for 

more extended neuromonitoring, as while elevations begin 

as early as 6 hours post-injury, peak elevations are as late as 6 

days following injury [31]. 

Despite the promising results of tau protein predicting out-

comes in neurological diseases, evidence is very limited in 

ECMO patients. A pilot single-center prospective observation-

al cohort study by Kapoor et al. [24] (n=20) reported a higher 

trend in plasma tau values for patients with ABI vs without 

ABI on VA-ECMO (1.87 ng/ml vs. 0.44 ng/ml, P=0.62). This 

study was limited by its sample size and was unable to reach 

appropriate power for statistical significance. While tau shows 

promise as a biomarker after TBI and cardiac arrest, its utility 

for patients on ECMO needs to be further explored. 

Neurofilament light chain 
Neurofilaments are intermediate filaments that help comprise 

the cytoskeleton of neurons. The triplet consists of three sub-

units, including NfL, neurofilament medium chain, and neu-

rofilament heavy chain [32]. NfL is a neuron-specific protein 

residing in the cytoplasm of large, myelinated axons [32]. NfL 

has been studied as a potential biomarker, as its release into 

the CSF as early as several hours after injury can indicate neu-

ronal death and more specifically axonal damage [33,34]. To 

date, NfL has been most thoroughly studied in multiple scle-

rosis, TBI, and cardiac arrest, and its application in other neu-

rologic disorders has recently been explored including stroke, 

lysosomal storage disorders, amyotrophic lateral sclerosis, and 

frontotemporal dementia. 

NfL has shown promise as a marker for outcome prediction 

in patients with OHCA. An international, multi-center (29 

sites) prospective study of 782 adults demonstrated that se-

rum NfL levels measured 1–3 days after OHCA were sensitive 

and specific for worse neurological outcomes by CPC score 

at 6 months, and this prognostic performance exceeded that 

of other biomarkers and standardized neuromonitoring (CT, 

somatosensory evoked potentials, electroencephalogram, 

and neurological exam) [35]. A multicenter prospective study 

of 248 adults validated these findings and found that median 

serum NfL concentrations 48 hours after OHCA was 0.019 ng/

ml in patients with good neurological outcomes by CPC score 

and 2.343 ng/ml in those with poor neurological outcomes 

(P<0.001) [36]. In a retrospective multicenter observational 

study (n=428) looking at CPC outcomes for both OHCA and 

in-hospital cardiac arrest (IHCA), NfL at 12 hours was superior 

to NSE at 24 hours (area under the curve [AUC]: 0.93 vs. 0.83 

for OHCA and AUC: 0.87 vs 0.71 for IHCA) [37]. NfL at 48 hours 

was superior to NSE at 48 hours (AUC: 0.97 vs. 0.90 for OHCA, 

and AUC: 0.90 vs. 0.77 for IHCA) [37]. 

A pilot prospective single-center cohort study (n=20) re-

ported a significant difference in NfL values for patients with 

ABI vs without ABI on VA-ECMO (13.6 ng/ml vs. 3.42 ng/ml, 

P=0.007), which may be better than GFAP and tau protein in 

predicting ABI and neurological outcomes in ECMO patients 

[24]. In summary, serum NfL appears to be the most promising 

biomarker with consistent demonstration of high sensitivity 

and specificity across various forms of brain injury. Further 

studies to determine accurate cutoffs are warranted for ECMO 

patients. 

Biomarker Applications Studied in VV-ECMO 
MicroRNA 
MicroRNAs (miRNAs) are a class of single-stranded, non-cod-

ing RNA fragments involved in regulating gene expression in 

many pathways [38]. While currently difficult to implement 

miRNA in a critical care setting due to the cost and time need-

ed to determine miRNA sequencing signatures, a prospective 

study in 11 adult VV-ECMO patients with severe acute respi-

ratory distress syndrome (ARDS) found that serum levels of 

13 miRNAs in were markedly upregulated (vs. those with less 

severe disease) as measured by Sequential Organ Failure As-

sessment (SOFA), respiratory ECMO survival prediction score, 

and Simplified Acute Physiology Score (SAPS) II [38]. miRNAs 

increased in severe ARDS were found to be members of tis-

sue remodeling, blood coagulation, and immune regulation 

pathways, in line with processes found to contribute to further 

injury in ARDS patients [38]. While not specifically studying 

neurological outcomes, as miRNA sequencing becomes more 

available and cost-effective, similar miRNA upregulation sig-

natures could be identified specifically for neurological injury. 

The breadth of available miRNAs means that biomarkers could 

be unique according to tissue type, and even to processes such 

as ischemic and hemorrhagic stroke. 

Biomarker Applications Studied in VA-ECMO and VV-
ECMO 
Inflammatory cytokines 
Inflammatory cytokines such as interleukin (IL)-6, IL-1, IL-8, 

and tumor necrosis factor (TNF)-α are small, secreted mole-
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cules controlling cell-cell interaction in the setting of inflam-

mation regulation [39]. While it has been well-established 

that inflammatory cytokines rise throughout the duration of 

ECMO therapy [40], few studies have focused on inflammatory 

cytokines as predictors of neurological injury in the setting of 

ECMO. One prospective pediatric study of 99 patients under-

going both VA-ECMO and VV-ECMO found significant eleva-

tions in inflammatory markers including interferon gamma 

(IFN-γ), IL-6, IL-1β, and TNF-α in children with abnormal 

head imaging (diffuse hypoxic injury, ICH, or ischemic stroke 

on ultrasound, CT or MRI) compared to children with normal 

head imaging. Additionally, IL-6 concentration was signifi-

cantly elevated in children who did not survive their hospital-

ization compared to children who did, both on ECMO day 1 

(median, 98.5 vs. 23.1 pg/ml) and at peak (median, 102.8 vs. 

32.6 pg/ml) [41]. 

A prospective observational cohort study (n=266) on inflam-

matory cytokines in adults undergoing VV-ECMO found that 

higher inflammatory cytokines during ECMO were associated 

with a lower chance of survival, suggesting that increased 

inflammation during ECMO may be a potential prognostic 

biomarker [42]. This study also showed that levels of inflam-

matory cytokines including IL-6, IL-8, and TNF-α fell after 

discontinuing mechanical ventilation and switching to ECMO 

[42]. While mechanisms were not fully explored, patients un-

dergoing mechanical ventilation with positive end-expiratory 

pressure (PEEP) ≥15 cm H2O and/or driving pressures ≥ 19 cm 

H2O prior to ECMO had higher inflammatory cytokine levels 

than those who had required lower PEEP and driving pres-

sures [42]. Oncostatin M (OSM) is an inflammatory cytokine 

in the IL-6 family that is expressed in neurons, astrocytes, glia, 

and immune cells infiltrating the CNS, but also in non-neural 

tissue, such as lung and liver [43]. However, the role of OSM in 

ABI is controversial, with conflicting evidence. A prospective 

study of 29 VV-ECMO patients found that pre-decannulation 

OSM was elevated in VV-ECMO patients who did not survive 

compared to those who did (Mann-Whitney U-test: P=0.04) 

[43]. However, prior murine models have demonstrated that 

increased OSM expression is associated with improved neu-

rological recovery following AIS, in contrast to the VV-ECMO 

study [44]. While studies of OSM after ABI have been contra-

dictory, prior studies in lung injury have shown that OSM is re-

leased by infiltrating immune cells, with increased OSM serv-

ing as a marker of tissue injury [45]. However, given that OSM 

is not specific to neurological injury, and prior results have 

been conflicting, OSM may not be as useful compared to other 

brain-specific biomarkers that are discussed in this review. 

Overall, inflammatory cytokines as an umbrella category 

are of variable utility as predictors of neurological injury in the 

setting of ECMO. Inflammatory cytokines such as IFN-γ, IL-6, 

IL-1β, and TNF-α have shown utility as an indicator of neuro-

logical complications in the pediatric ECMO population and 

as predictors of mortality in the adult population and require 

further study to establish reference ranges in the setting of var-

ious types of neurological injury. Conversely, OSM has shown 

conflicting results in various studies and lacks neurological 

specificity, and thus its utility in indicating neurological injury 

during ECMO may be limited. 

POTENTIAL BRAIN-SPECIFIC BIOMARKERS 
FOR ECMO PATIENTS 

Mitochondrial DNA 
Mitochondrial DNA (mtDNA), sometimes referred to as cir-

culating free mtDNA, fragments are released when cells are 

affected by mechanical or biological injury (as in hypoxia or 

inflammation) [46]. Physiologically, mtDNA appears to poten-

tiate the immune response via toll-like receptors [46-48]. mtD-

NA levels have previously shown utility in predicting disease 

severity and mortality in critically ill patients with sepsis and 

acute lung injury [49,50]. 

In the setting of mechanical circulatory support, investiga-

tions into the role of mtDNA are limited. In a prospective study 

of 962 adult patients with post-cardiopulmonary bypass, mtD-

NA levels positively correlated with N-terminal prohormone 

of brain natriuretic peptide (NT-proBNP) levels and Acute 

Physiology and Chronic Health Evaluation (APACHE) II score, 

an estimate of intensive care unit mortality risk [51]. In an ex 

vivo ECMO model that circulated heparinized human blood 

for 6 hours at differing flow rates, mtDNA was associated with 

loss in platelet function as measured by thrombelastography 

platelet mapping and collagen agonist stimulated responses 

[52]. mtDNA levels may have utility in predicting coagulation 

complications in ECMO patients, particularly in patients with 

ischemic and hemorrhagic strokes. In a single-center prospec-

tive study (n=100), mtDNA levels were significantly higher in 

patients with AIS compared to controls (P<0.05), positively 

correlated with clinical severity of stroke as determined by 

the National Institute of Health Stroke Scale, and that plasma 

mtDNA levels decreased with time after stroke (follow-up for 

up to 30 days, P<0.001) [53]. 

In summary, mtDNA is a promising biomarker specifically 
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for patients with coagulation complications in ECMO. Further 

research specifically in these cohorts across centers is neces-

sary to validate these findings and determine accurate cutoffs. 

Cell-Free DNA 
Cell-free DNA (cfDNA) is a novel biomarker consisting of dou-

ble-stranded DNA fragments released into the bloodstream 

under conditions of tissue stress resulting in cellular apoptosis 

or necrosis [54]. While cfDNA has been studied primarily in 

current literature in its application in liquid biopsy for onco-

logical diagnosis and management, there has been a recent 

uptick in understanding the role that cfDNA may play in acute 

neurological conditions. In a prospective study of 54 patients 

with AIS, cfDNA was elevated in blood samples collected 

within 48 hours of AIS treated with IV thrombolysis compared 

to healthy controls [55]. Further, cfDNA levels on admission 

were able to discriminate between AIS and stroke mimics. 

An analysis of the plasma beta-globin gene allowed discrim-

ination between AIS and ICH [55]. Similarly, in a prospective 

study of 54 Indian patients with AIS, cfDNA level was shown to 

correlate with poor neurological outcomes (measured by mRS 

score) at 3 months [56]. Additionally, in a prospective study of 

60 patients admitted after acute ICH, higher plasma nuclear 

DNA levels at presentation correlated with poorer GCS scores 

[57]. Plasma cfDNA levels have also been shown to be predic-

tive not only of worse functional outcomes, but also of stroke 

size at onset. In a prospective study of 88 patients presenting to 

the emergency department with stroke-like symptoms, plasma 

cfDNA taken within 3 hours of symptom onset correlated with 

ICH volume as measured by CT [58]. Although there are no 

studies using cfDNA in ECMO patients, given the utility of cfD-

NA in predicting stroke volume and severity, plasma cfDNA 

levels may be useful as an early indicator of possible stroke in 

ECMO patients. 

Lipidomics and Metabolomics 
Lipidomics and metabolomics offer a promising new avenue 

for markers of TBI, due to the increased permeability of the 

blood brain barrier (BBB) to lipids compared to proteins [59]. 

Cellular injury occurring after TBI carries with it a plethora of 

metabolic effects, resulting in derangements in processes such 

as oxidative phosphorylation and activation of phospholipase 

C and D, thereby triggering downstream signaling cascades. 

When the rat serum lipidome was analyzed 3 and 7 days after 

a controlled cortical TBI, lipidome panels achieved 85% accu-

racy at differentiating rats having undergone TBI from the con-

trol rats. Amongst lipids analyzed, polyunsaturated fatty acids 

(PUFAs), specifically free fatty acids, increased after TBI, while 

oxidized fatty acids decreased. Additionally, PUFA-esterified 

diacylglycerols increased, due to phospholipase signaling [59]. 

In further work by the same group, sensitivity of the lipidome 

panel exceeded 90% for lipidomic changes occurring within 24 

hours following TBI. Sphingolipids, specifically sphingomye-

lins (SM), were increased as early as 4 hours following the in-

jury, due to increased cell death. Additionally, ceramides were 

found to be increased, due to increased necroptosis [60]. 

In a metabolomic cohort study of 716 patients with TBI, 

carbohydrates derivatives including myoinositol, found in 

glial cells, were found to be elevated following TBI, which was 

postulated to be due to disruption of the BBB. Conversely, 

higher levels of phospholipids, including phosphatidylcho-

lines, lysophosphatidylcholines, and SM, were correlated 

with decreased severity of TBI as well as improved functional 

outcomes [61]. Higher circulating levels of lysophospholipids 

were also found to be associated with improved outcomes in 

patients with mid TBI [62]. These results highlight the complex 

effects of circulating phospholipids and significant differences 

in the systemic response to ABI in humans compared with ro-

dent models. Further research is needed to better characterize 

the functional consequences of altered lipid levels after ABI 

before they can be used effectively as clinical biomarkers. 

While lipidomic and metabolomic changes have not yet 

been correlated to neurological complications of ECMO, the 

stability of lipids and their easier passage across the BBB make 

them promising candidates as biomarkers of ABI. Given the 

few numbers of studies, more work is needed in human sub-

jects to characterize both lipidome and metabolome derange-

ments, as well as their pathophysiology, prior to application in 

patients at risk for ABI including those on ECMO support. To 

fully assess the risk of ABI in patients on ECMO support, the 

integration of multi-omic data including metabolomics, pro-

teomics, and genomics is recommended (Table 1). 

CONCLUSIONS 

Plasma biomarkers hold significant promise for the early 

detection and monitoring of ABI in ECMO patients. While 

research in other applications has been growing, there is lim-

ited data on biomarker applications in ECMO patients. The 

nascent stage of this research field, particularly in the context 

of ECMO, necessitates a comprehensive exploration and vali-

dation of these biomarkers. While some biomarkers like GFAP 
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Table 1. Summary of biomarkers promising for use in ECMO neuromonitoring

Serum biomarker Physiology Peak post-ABI and first elevation 
time Previous use Limitation

Tau Cytoskeleton stabilization in 
unmyelinated axons in CNS

168 hr peak, elevation post 6 hr Prediction of GCS following TBI, 
correlation with AIS severity

Studies examining utility in 
adult ECMO limited by sample 
size

GFAP Astrocyte cytoskeletal integrity 
and astrogliosis

48–72 hr peak, increase after up 
to 2 hours

GFAP increased in pediatric 
ECMO patients who 
experienced brain injury.

Studies examining utility in 
adult ECMO limited by sample 
size

NfL Axonal cytoskeleton component Condition-dependent peak, 
increase in several hours after 
ABI

NfL increased after hypoxic 
brain injury in cardiac arrest, 
predictor of abnormal head CT 
in TBI.

Studies examining utility in 
adult ECMO limited by sample 
size

NSE Paracrine regulator of glia 
and neurons expressed 
in astrocytes and 
oligodendrocytes

48 hr peak, increase in several 
hours

NSE is predictive of mortality 
and poor neurological 
outcomes in TBI.

Levels can be falsely elevated by 
the presence of hemolysis.

mt-DNA Released upon cellular injury, 
promoting an inflammatory 
response

Within 6 hr, uncertain peak, but 
increase still present after 48 
hr

Increased mt-DNA copy number 
in patients following both 
focal and diffuse TBI

No prior studies examining 
utility in ECMO

miRNA Regulate cellular pathways, 
including those involved in 
neuronal repair

Peak 2–7 days after TBI Specially selected miRNA 
profiles correlate with severity 
of ARDS in ECMO patients

No prior studies examining 
neurological injury prediction 
in ECMO

CfDNA Double stranded DNA fragments 
released into the bloodstream 
during cellular apoptosis or 
necrosis

High inter-patient variability, 2 
hr to 1 wk peak time

CfDNA levels have been shown 
to correlate with severity of 
TBI.

No prior studies examining 
neurological injury prediction 
in ECMO

Inflammatory 
cytokines

Small, secreted molecules 
controlling cell-cell interaction 
in the setting of inflammation 
regulation

Variable by cytokine Elevations in pediatric ECMO 
population in those with head 
injury, elevations in adults 
associated with poor ECMO 
survival

No prior studies on neurological 
injury prediction in adult 
ECMO population

OSM inflammatory cytokine in the 
IL-6 family that is expressed in 
neurons, astrocytes, glia, and 
immune cells

Biphasic peak Elevated OSM associated with 
poor survival after VV-ECMO

Conflicting evidence: elevation 
associated with poor survival 
in VV-ECMO, improved 
recovery in murine model

Lipidomics/
metabolomics

Cellular injury results 
in derangements in 
processes such as oxidative 
phosphorylation

Variable by lipid/carbohydrate 
derivative

Lipidome panels achieved 85% 
accuracy at differentiating rats 
having undergone TBI from 
control rats.

No previous studies in ECMO

ECMO: extracorporeal membrane oxygenation; ABI: acute brain injury; CNS: central nervous system, GCS: Glasgow Coma Scale; TBI: traumatic brain injury; AIS: 
acute ischemic stroke; GFAP: glial fibrillary acidic protein; NfL: neurofilament light chain; CT: computed tomography; NSE: neuron-specific enolase; mt-DNA: 
mitochondrial DNA; miRNA: micro-RNA; ARDS: acute respiratory distress syndrome; CfDNA: cell-free DNA; OSM: Oncostatin M; IL: interleukin; VV: venovenous.

and NfL have shown promise, a vast array of other potential 

candidates remains unexplored in ECMO patients. Further 

research is needed to validate their clinical utility and to es-

tablish reliable biomarker panels tailored to specific patient 

populations and brain injury types. Future studies should 

focus on larger, well-defined ECMO cohorts (ECMO indica-

tions and cannulation strategy), understanding the dynamic 

kinetics and threshold for ECMO-associated ABI, and adopt 

standardized methodologies. By advancing our understand-

ing of the complex interactions between brain injury, ECMO, 

and plasma biomarkers, clinicians will be better equipped to 

identify patients at risk, monitor their progress, and improve 

patient outcomes. 
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INTRODUCTION 

In critically ill patients, intra-abdominal hypertension (IAH) and abdominal compartment 

syndrome (ACS) frequently manifest as consequences of interventions such as intubation 

and fluid resuscitation. Notably, 25% of patients in intensive care units (ICUs) are affected 

by these conditions. Moreover, previous studies indicate that over half of these patients en-

counter IAH within the initial week of their ICU admission [1,2]. Under these circumstances, 

the timely diagnosis of IAH is crucial. If overlooked, IAH can evolve into ACS, which could 

subsequently result in organ dysfunction. This progression significantly affects the prognosis 

of critically ill patients. Reintam Blaser et al. [3] reported that during the initial 2 weeks of ICU 

admission, the presence and severity of IAH independently elevated both the 28- and 90-day 

mortality rates, with mortality surging to 38.6% when ACS manifested. Recognizing ACS early 

based on clinical indicators and risk factors can dramatically decrease the associated com-

plications and mortality rates. Timely detection of these clinical signs allows for immediate 

emergency laparotomy to relieve the pressure. However, in practical clinical settings, mea-

suring intra-abdominal pressure (IAP) in critically ill patients presents challenges. Although 

IAP’s frequency has decreased, deterioration due to IAP still occurs in approximately 3%–5% 

Intra-abdominal hypertension can have severe consequences, including abdominal compartment 
syndrome, which can contribute to multi-organ failure. An increase in intra-abdominal hyperten-
sion is influenced by factors such as diminished abdominal wall compliance, increased intraluminal 
content, and certain systemic conditions. Regular measurement of intra-abdominal pressure is es-
sential, and particular attention must be paid to patient positioning. Nonsurgical treatments, such 
as decompression of intraluminal content using a nasogastric tube, percutaneous drainage, and 
fluid balance optimization, play crucial roles. Additionally, point-of-care ultrasonography aids in 
the diagnosis and treatment of intra-abdominal hypertension. Emphasizing the importance of reg-
ular measurements, timely decompressive laparotomy is a definitive, but complex, treatment op-
tion. Balancing the urgency of surgical intervention against potential postoperative complications 
is challenging. 

Key Words: abdominal compartment syndrome; critical care; intra-abdominal hypertension; mul-
tiple organ failure  
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of patients [4]. 

In this review, we discuss the measurement of IAP, risk fac-

tors for IAH, and compartment syndrome. In 2013, the World 

Society of Abdominal Syndromes published the updated 

consensus definitions and clinical practice guidelines for IAH 

and ACS. Since then, IAH and ACS treatments have been de-

veloped and revised based on these guidelines. Based on these 

guidelines, we provide further insights into early detection, 

preventive therapeutic measures, and definitive treatments 

when these conditions manifest.  

Search Strategy and Selection Criteria  
Relevant articles were obtained through comprehensive 

searches of the Medline PubMed, Embase, and Cochrane 

Databases for the period ending 24 June, 2023. These databas-

es were searched using keywords such as (Intra-abdominal 

pressure) OR (Intraabdominal pressure) OR IAP OR (Intra-ab-

dominal hypertension) OR (Intraabdominal hypertension) 

OR IAH OR (abdominal compartment syndrome) OR ACS OR 

(intra-abdominal pressure measurement) OR (intraabdominal 

pressure measurement). 

PATHOPHYSIOLOGY 

In individuals without pathological conditions, IAP is 0 mm Hg. 

During standard respiratory functions, positive pressure venti-

lation exerts a direct impact on IAP. Baseline IAP is 5 mm; but 

certain conditions, including coughing, obesity, and pregnan-

cy, elevate the baseline. Notably, the factors that increase IAP 

can be categorized into five distinct groups: (1) Elasticity of 

abdominal wall and diaphragm (diminished abdominal wall 

compliance), (2) Increased intraluminal content, (3) Increased 

abdominal content, (4) Systemic condition causing capillary 

leak/fluid resuscitation, (5) Underlying causes. 

The risk factors associated with each of these categories are 

detailed in Table 1. Compliance is forcibly restricted by me-

chanical ventilation, resulting in an IAP nearly double that of 

patients with spontaneous breathing [3]. Additionally, among 

the intra-abdominal organs, the movable wall area is confined 

to the abdominal wall and diaphragm [5]. The elasticity of 

abdominal lesions is notably reduced and compromised after 

surgical intervention [5-7] in which there is a reduction in the 

intra-abdominal volume domain, which could significantly 

influence its effects [8]. 

Within the intra-abdominal compartment, the viscera play 

a predominant role in influencing pressure dynamics. The 

dimensions of the bowel, coupled with the volume of its intra-

luminal content, can significantly affect pressure. 

Interventions during resuscitation, particularly extensive flu-

id resuscitation, can cause capillary leakage. This, in conjunc-

tion with fluid resuscitation-induced systemic alterations, can 

contribute to an escalation in IAP [9,10]. Considering potential 

underlying etiologies is imperative. In patients presenting with 

elevated IAP attributable to underlying etiologies, there is an 

inherent predisposition toward the development of ACS. 

DIAGNOSIS 

Monitoring IAP is crucial for detecting the risk of ACS esca-

lation. In patients undergoing treatment, early signs of IAH 

should be identified using IAP measurements before these 

signs manifest as organ failure or other symptoms. Although 

IAH grading is not an absolute criterion, higher IAH grades are 

associated with higher mortality rates [11]. In addition to IAP 

monitoring, early recognition of ACS through clinical signs and 

risk factors can significantly reduce the associated morbidity 

and mortality rates. Therefore, IAP monitoring is essential for 

ICU patients with risk factors. 

MEASUREMENTS 

Bladder pressure measurement is a straightforward and min-

imally invasive technique for reliably estimating IAP. This 

method relies on the principle that changes in IAP are reflect-

ed in intravesical pressure. As 90% of patients in the ICU are 

■ Intra-abdominal hypertension can progress to critical 
abdominal compartment syndrome and significantly 
contribute to multi-organ failure.

■ Close observation and an understanding of the factors 
that cause increased abdominal pressure are crucial.

■ Regular intra-abdominal pressure measurements com-
bined with timely assessment of potential organ failure 
are essential, emphasizing the importance of tailoring 
medical treatments and interventions.

■ Balancing non-surgical treatments with the need for 
surgical intervention, particularly decompressive lapa-
rotomy, is a primary challenge in the care of patients at 
risk of intra-abdominal hypertension due to abdominal 
compartment syndrome.

KEY MESSAGES
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Table 1. Risk factors of IAH and ACS by category with associated references
Category Risk factor Reference
Elasticity of abdominal wall and diaphragm (diminished 

abdominal wall compliance)
Abdominal surgery [14]
Major trauma [15]
Major burns [16]
Prone positioning [17]
High PEEP [18]

Increased intraluminal content Gastroparesis/gastric distention [19]
Ileus [20]a)

Colonic pseudo-obstruction [21]a)

Volvulus [22]a)

Increased abdominal content Acute pancreatitis [23]
Distended abdomen [24]
Hemoperitoneum/intra-peritoneal fluid collections [25,26]
Intra-abdominal infection/abscess [27]
Intra-abdominal or retroperitoneal mass [28]
Laparoscopy with excessive insufflation pressure [29]
Liver cirrhosis with ascites [30]
Peritoneal dialysis [31]

Systemic condition due to capillary leak/fluid resuscitation Acidosis [11]
Massive fluid resuscitation or massive transfusion [32]
Extracorporeal membrane oxygenation [33]
Sepsis [34]

Underlying cause Head elevation state in bed [35]
Obesity [36]
Peritonitis [37]
Pregnancy [38]

IAH: intra-abdominal hypertension; ACS: abdominal compartment syndrome; PEEP: positive end-expiratory pressure.
a) References from case series.

equipped with a Foley catheter, this allows for convenient 

measurement directly during Foley insertion without the need 

for additional invasive procedures. The IAP is recorded in 

mm Hg. Care should be taken to avoid measurement during 

moments when IAP may acutely increase due to actions such 

as sneezing, laughing, shouting, coughing, or performing the 

Valsalva maneuver. Measurements should be made at the 

end of expiration with the patient in a supine position. The 

transducer needs to be zeroed at the level of the mid-axillary 

line, and the patient needs to be free from abdominal muscle 

contractions caused by conditions such as peritonitis (Figure 1) 

[12,13].  

Understanding that the definition of ACS does not rely 

solely on the absolute values of IAP is crucial. Instead, the 

diagnosis of IAH should always be considered in conjunction 

with the potential for new organ dysfunction. Even if patients 

with IAH exhibit the same IAP levels, the risk of ACS can vary 

significantly owing to individual variables, such as blood pres-

sure and abdominal wall compliance. Factors such as preg-

nancy, cirrhosis with ascites, and severe obesity can influence 

abdominal wall compliance, and consequently, the likelihood 

of ACS [12]. 

Abdominal perfusion pressure (APP) has been proposed as 

a more accurate predictive variable of visceral perfusion and 

a better endpoint for resuscitation than either IAP or mean 

arterial pressure alone. APP is the value obtained by sub-

tracting IAP from mean arterial pressure (APP=mean arterial 

pressure–IAP). However, although there is evidence suggesting 

that APP may be a more accurate predictor of visceral perfu-

sion and, potentially, a better endpoint for resuscitation than 

IAP or MAP alone, relevant randomized controlled trials or 

meta-analyses supporting this view conclusively are lacking. 

The observational studies available are predominantly of low 

quality due to bias and indirectness and mainly involve het-

erogeneous populations of ICU patients. These studies suggest 

that a reduced APP may be a poor independent prognostic 
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factor, but the effects of interventions to improve APP on clin-

ical outcomes are unclear. Therefore, the World Society of the 

Abdominal Compartment Syndrome (WSACS) withheld a 

recommendation on the use of APP in managing critically ill or 

injured patients until further high-quality interventional trials 

are conducted [12]. 

PRIMARY IAH OR ACS DEFINITIONS 

Definitions of primary, secondary, and recurrent IAH or ACS 

are shown in Figure 2. These typically arise from direct ab-

dominal trauma, abdominal surgery, mass-like lesions, or 

other causes of ascites. Secondary IAH or ACS originate from 

non-abdominal or non-pelvic sources, such as massive fluid 

resuscitation, major burns, or elevated IAP due to sepsis. Re-

current IAH or ACS refers to the re-emergence of elevated IAP 

after treatment in any given situation. 

IAH ASSESSMENT: INFLUENCE OF RISK 
FACTORS 

Although the causes of increased IAP can be categorized into 

four distinct groups, noting that elevated IAP is rarely caused 

by a single factor is important. Considering that multiple fac-

tors often interact in a complex manner, considering their mul-

tifaceted nature when developing treatment plans is essential. 

Risk factors and their corresponding references are detailed in 

Table 1 [14-38]. 

Figure 1. Intra-abdominal hypertension (IAH) grade definition. The red section in the figure indicates the potential range for the onset of 
abdominal compartment syndrome (ACS). As illustrated, ACS can manifest in any situation of IAH; however, the probability increases as the grade 
escalates [12].

Figure 2. Intra-abdominal hypertension (IAH) or abdominal compartment 
syndrome (ACS) definition from the consensus definitions of the 2013 
World Society of the Abdominal Compartment Syndrome [12].

• �IAH and ACS conditions resulting from abdominopelvic injuries or 
diseases, where early surgical or interventional radiological intervention is 
often required

• �IAH and ACS not originating from the abdominopelvic region

• �Redevelopment after previous surgical or medical treatment of primary or 
secondary IAH or ACS

Primary IAH or ACS

Secondary IAH or ACS

Recurrent IAH or ACS

ACS
Sustained IAP >20 mm Hg

associated with new organ dysfunction

IAH
Sustained IAP >12 mm Hg

Grade IV = 
IAP >25 mm Hg

Grade III =
IAP 21 to 25 mm Hg

Grade II =
IAP 16 to 20 mm Hg

Grade I =
IAP 12 to 15 mm Hg
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PROGRESSION OF IAH TO ACS AND ITS 
IMPACT ON VARIOUS ORGANS 

An increase in IAP can lead to IAH and ACS, both of which 

can result in organ failure. This can manifest as both cause 

and consequence. Extensive research is currently underway to 

understand the far-reaching effects of elevated IAP. Isolated, 

transient elevation in IAP is seldom associated with signifi-

cant organ failure in patients [39]. Persistent IAH can progress 

to organ failure. ACS is characterized by the onset of organ 

dysfunction due to a sustained increase in IAP. ICU patients 

with IAH commonly transition to multi-organ dysfunction 

not solely from elevated IAP, but also from other concurrent 

factors, such as sepsis. Therefore, monitoring IAP consistently 

to determine IAH persistence is essential. Distinguishing be-

tween organ dysfunction caused by IAH and that from other 

causes is crucial. Multi-organ dysfunction resulting from ACS 

progresses at an alarmingly rapid rate. However, the prompt 

resolution of ACS offers an opportunity to reverse these cata-

strophic outcomes [40]. In critically ill patients, rigorous and 

continuous monitoring of IAP is necessary to predict potential 

organ dysfunction attributable to IAH. 

IMPACT ON THE KIDNEYS 

Although ACS affects a multitude of organs, the kidneys are 

most often affected. This is largely because changes in kidney 

function are readily reflected as a decrease in urine output. 

Most initial treatments for acute kidney injury involve aggres-

sive volume replacement, which significantly contributes to 

elevated IAP [41,42].  

IMPACT ON THE RESPIRATORY SYSTEM 

The respiratory system is also significantly affected. IAH induc-

es a decrease in lung volume, which further impairs thoracic 

wall compliance [18]. Additionally, independent risk factors 

for ventilator-associated pneumonia were identified. Papa-

krivou et al. [43] found that the bacterial strains detected in 

patients with ventilator-associated pneumonia and IAH were 

predominantly intestinal flora, Klebsiella, Proteus mirabilis, 

and Escherichia coli. In contrast, in patients with ventilator-as-

sociated pneumonia and normal IAP, Pseudomonas aerugi-

nosa, Acinetobacter baumannii, and Staphylococcus aureus 

were mainly detected. This suggests the possibility of bacterial 

translocation in patients with IAH. 

IMPACT ON CIRCULATION 

IAH significantly affects hemodynamics. An increase in IAP el-

evates intrathoracic pressure and impedes venous return from 

the inferior vena cava. Additionally, an increase in abdominal 

pressure inherently increases afterload and results in a de-

crease in stroke volume. This leads to an increase in end-dia-

stolic pressure, which, in turn, diminishes cardiac filling. The 

outcome is a reduction in systemic cardiac output, manifesting 

as decreased blood pressure and impaired circulation [44,45]. 

IMPACT ON INTRACRANIAL PRESSURE 

IAH reduces the backflow of the venous plexus into the spinal 

canal. An increase in intrathoracic pressure elevates the cen-

tral venous pressure, leading to diminished venous circulation 

through the jugular vein. This increases intracranial pressure 

[46,47]. 

IMPACT ON GASTROINTESTINAL TRACT AND 
HEPATOBILIARY SYSTEM 

Functions of the intestine and liver are also affected by IAH. 

An increase in abdominal pressure directly affects the intes-

tine, reducing splanchnic perfusion. Consequently, intestinal 

permeability increases, leading to mucosal barrier failure. This 

can trigger bacterial translocation, potentially causing organ 

failure [48]. Additionally, IAH leads to decreased gastrointesti-

nal motility [49]. This reduced motility, both a cause and effect, 

can induce conditions such as ileus, which can further exac-

erbate IAH. Effects on the biliary system were also assessed. 

With the onset of IAH, there is a significant reduction in blood 

flow to the portal vein and inferior vena cava along with an 

increase in pressure. As a result of this sustained impact, cell 

damage and reparative responses can be observed in the liver 

[50,51]. While organ failures can occur individually, they often 

manifest in a multi-organ fashion [52]. 

TREATMENT AND MONITORING 

Periodic measurement of IAP in patients at risk of ACS in the 

context of IAH is crucial. In addressing IAP monitoring for ICU 

patients, we suggest a strategy with nuances that account for 

the presence and number of risk factors related to IAH and 

ACS. The WSACS does not universally mandate IAP monitor-

ing for all ICU patients but does stress its importance in those 
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with identifiable risk factors for IAH/ACS. The WSACS does 

recommend the use of the trans-bladder method for accurate 

IAP measurement and a protocolized approach to monitoring 

and management to enhance patient outcomes. 

We recommend IAP monitoring for any ICU patient showing 

at least one known risk factor for IAH/ACS. This is based on 

the understanding that presence of a single risk factor signifi-

cantly increases the risk of IAH/ACS, thus necessitating early 

and careful monitoring. Furthermore, in patients with two or 

more risk factors for IAH/ACS, we propose an enhanced level 

of IAP monitoring. This is due to the compounded risk from 

multiple factors and demands a more comprehensive moni-

toring strategy for prompt detection and effective intervention. 

This proactive approach is vital to reduce the incidence and 

impact of these conditions. Titration of medical treatments 

and interventions is of paramount importance (Figure 3).  

The principle of this treatment is associated with five therapy 

categories that address factors that increase IAP. Recognizing 

patients in the early stages of low-grade IAH (i.e., grades I and 

II) allows for the prevention of and response to ACS through 

non-surgical treatments. However, regardless of the grade, the 

duration of IAH can directly affect a patient's prognosis, espe-

cially when IAH with organ failure occurs. Therefore, correc-

tion is crucial in such situations [39]. Close observation during 

these processes and the verification of organ failure are vital. 

ELASTICITY OF ABDOMINAL WALL AND 
DIAPHRAGM (DIMINISHED ABDOMINAL 
WALL COMPLIANCE) 

Appropriate sedation and analgesia may be beneficial for pain 

control. The efficacy of neuromuscular blockade in relation to 

the elasticity of the abdominal wall and diaphragm has been 

established [53]. However, continuous use of neuromuscular 

blockade is challenging. In De Laet's study [53], although neu-

romuscular blockade demonstrated a temporary reduction 

in IAP, definitive results in improving patient urine output or 

survival rates were not achieved. Therefore, neuromuscular 

blockade should be considered for treatment as a bridge to 

decompressive laparotomy. For patients with burns, escharot-

omy has been confirmed to improve the elasticity of the ab-

dominal wall and alleviate ACS [54,55]. During treatment, this 

procedure should be considered alongside decompressive 

laparotomy. 

INCREASED INTRALUMINAL AND ABDOMINAL 
CONTENT 

In patients with underlying diseases or an increased volume 

of intraperitoneal fluid due to fluid therapy, temporary relief 

from elevated abdominal pressure can be provided through 

methods such as percutaneous drainage before resorting to 

resuscitative laparotomy [56]. From the initial stages of such 

Figure 3. Management of intra-abdominal hypertension/abdominal compartment syndrome. IAP: intra-abdominal pressure.

IAP >12 mm Hg 
Measure IAP every

6-8 hours

Close observation of 
the cause of increased 

abdominal pressure and 
investigation of organ 

failure

Titrate medical treatment 
and intervention

Decompressive laparotomy

Point-of-care 
ultrasonography
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non-invasive treatments, the recent addition of point-of-care 

ultrasonography to treat IAH is also crucial. The use of point-

of-care ultrasonography for diagnostic and therapeutic ap-

proaches can be holistically applied to IAH treatment. Pereira 

et al. [36] used this for the initial treatment of patients with 

IAH/ACS. This procedure aided in adjusting the position of the 

nasogastric tube in the pyloric area to facilitate drainage and in 

assessing bowel movements and the need for further interven-

tions, such as an enema. Percutaneous decompression can be 

considered by verifying the amount of intra-abdominal fluid 

(Figure 3). 

SYSTEMIC CONDITION DUE TO CAPILLARY 
LEAK OR FLUID RESUSCITATION 

By performing inferior vena cava and cardiac echography, 

the degree of fluid overload and cardiac function can be ap-

proached by adjusting the patient's fluid balance accordingly. 

The World Society of Abdominal Syndromes management 

algorithm recommends checking intraluminal contents, veri-

fying the degree of abdominal wall compliance improvement, 

and confirming renal hepatic artery and portal-venous blood 

flow perfusion. Additionally, early veno-veno hemofiltration 

reduces IAP and diminishes the decline in organ function [57]. 

Cheatham et al. [35] demonstrated a significant elevation in 

IAP when subjects were in a supine position compared to a 30° 

head elevation. While the study did not elucidate the impact 

of these measurements on organ failure beyond a simple in-

crease in values, the findings did indicate that measurements 

taken other than in the supine position might not reflect the 

true values accurately. This suggests that there may be a need 

to re-evaluate IAP measurements when the head is elevated. 

Furthermore, in IAH, the passive leg raising test, which is used 

to anticipate a patient's fluid response, can produce many 

false negatives. Therefore, verification and caution are needed 

when treating shock [58,59]. 

DECOMPRESSIVE LAPAROTOMY 

When ACS occurs, the most definitive treatment method, 

decompressive laparotomy, must not be delayed. In such cas-

es, an open abdomen may be a therapeutic option. Among 

the rescue therapy methods for an open abdomen, negative 

wound therapy, which is commonly implemented, has been 

reported to have minimal impact on IAP measurements [60]. 

Although surgical intervention remains the definitive solu-

tion for certain clinical conditions, many patients may not be 

hemodynamically stable for immediate surgery. The rapid 

restoration of systemic perfusion following open abdominal 

procedures is essential. However, prolonged maintenance of 

an open abdomen can lead to postoperative complications. 

Furthermore, the resuscitation phase after open surgery 

does not always lead to immediate recovery. There may be 

instances in which extensive fluid resuscitation is required for 

a certain period, leading to deliberations regarding the timing 

of abdominal closure. Nonetheless, once the primary treat-

ment goal is accomplished, prompt closure of the abdominal 

wall (including the fascia) should be attempted because of 

the potential complications and increased difficulty of future 

closures. However, care is needed as forcing fascial closure can 

increase the risk of ACS recurrence. In some cases, the abdo-

men may close while the fascia is excluded. This can lead to 

herniation. Alternatively, subsequent surgery may be required. 

This could involve applying a mesh or separation and suturing 

of the abdominal fascia along the midline to reconstruct the 

abdominal wall [61]. 

CONCLUSIONS 

IAH presents multifaceted challenges in patient care and has 

the potential to progress to life-threatening ACS. Regular mon-

itoring of IAP, interventions aided by point-of-care ultrasonog-

raphy, and timely decompressive laparotomy are pivotal for 

mitigating the associated risks and ensuring optimal patient 

outcomes. 
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INTRODUCTION 

Skeletal muscle dysfunction is a common issue in intensive care units (ICUs), which can re-

sult from ICU admission or be the underlying cause. Muscle weakness and loss of function 

are common manifestations of this condition [1]. The history of this condition dates to Hip-

pocrates, who described “spontaneous lassitude" and muscle atrophy in patients dying from 

infection and cancer [2]. Osler also observed weakness in critical illness early [3]. In 1977, 

a status asthmaticus patient who received greater doses of hydrocortisone and concurrent 

neuromuscular inhibition was reported to have developed myopathy [4]. Since then, Bolton 

and his colleagues have conducted significant research on ICU patients with polyneuropathy 

[5]. In the past 20 years, advances in post-ICU survival have led to a deeper understanding of 

frailty acquired in the ICU. Healthcare professionals, patients, and families are all aware of the 

Intensive care unit-acquired weakness (ICU-AW) is a serious complication in critically ill patients. 
Therefore, timely and accurate diagnosis and monitoring of ICU-AW are crucial for effectively pre-
venting its associated morbidity and mortality. This article provides a comprehensive review of ICU-
AW, focusing on the different methods used for its diagnosis and monitoring. Additionally, it high-
lights the role of bedside ultrasound in muscle assessment and early detection of ICU-AW. Further-
more, the article explores potential strategies for preventing ICU-AW. Healthcare providers who 
manage critically ill patients utilize diagnostic approaches such as physical exams, imaging, and 
assessment tools to identify ICU-AW. However, each method has its own limitations. The diagnosis 
of ICU-AW needs improvement due to the lack of a consensus on the appropriate approach for its 
detection. Nevertheless, bedside ultrasound has proven to be the most reliable and cost-effective 
tool for muscle assessment in the ICU. Combining the Sequential Organ Failure Assessment (SOFA) 
score, Acute Physiology and Chronic Health Evaluation (APACHE) II score assessment, and ultra-
sound can be a convenient approach for the early detection of ICU-AW. This approach can facili-
tate timely intervention and prevent catastrophic consequences. However, further studies are 
needed to strengthen the evidence. 

Key Words: computed tomography; critical illness; diagnosis; intensive care units; muscle weak-
ness; ultrasound  
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severity of neuromuscular damage in the growing number of 

patients receiving post-ICU rehabilitation [6]. ICU-Acquired 

Weakness (ICU-AW) is defined as the weakness and inability 

to move against resistance in critically ill patients, manifesting 

as widespread and symmetrical weakness affecting both the 

extremities and the respiratory muscles following the onset 

of a severe medical condition, with no discernible underlying 

cause other than the critical illness itself along with Medical 

Research Council (MRC) sum score of less than 48/60 or Dom-

inant-hand grip dynamometry scores of less than 11 kg (in-

terquartile range [IQR], 10–40 kg) in males and less than 7 kg 

(IQR, 0–7.3 kg) in females [2,7]. Healthcare professionals need 

to know when to suspect ICU-AW, what risk factors to identify, 

how to diagnose it, what the prognosis is, and how to improve 

recovery to lower the prevalence of the disorder. [6].  

METHODS 

To ensure a thorough and reliable literature review, various 

steps were taken. Initially, an extensive search was conducted 

on peer-reviewed journals using a diverse set of keywords such 

as "bioimpedance," "computed tomography," "dual-energy 

X-ray absorptiometry," "intensive care unit-acquired weak-

ness," "muscle assessment," and "ultrasound." The search was 

limited to peer-reviewed journals and excluded conference 

papers or reports. Two databases, namely PubMed and Google 

Scholar were used for the search. Additionally, the reference 

section of each identified article was examined to find more 

relevant articles. The search included articles published be-

tween 2000 and 2022. 

EPIDEMIOLOGY 

ICUs globally care for 13–20 million patients annually [8], with 

ICU-AW occurring in 25%–31% of medical and 57%–74% of 

surgical ICUs [9]. The Incidence varies by patient characteris-

tics [10], and can develop rapidly, even within hours of admis-

sion or mechanical ventilation [11-13], ICU-AW can persist for 

years, especially in patients ventilated for over 4–7 days, and is 

common in elderly patients (up to 70%) [1,14]. 

CLASSIFICATION 

ICU-AW can impact the entire neuromuscular system, causing 

critical illness polyneuropathy (CIP) in the peripheral nerves, 

critical illness myopathy (CIM) in the muscle, or critical ill-

ness neuromyopathy (CINMB), which is a combination of 

both. These conditions can result in symmetrical weakness 

and atrophy of the muscles, with CIP primarily affecting lower 

limbs. In contrast, CIM acts the proximal areas and can lead to 

respiratory muscle weakness, and descriptions of CINMB have 

been observed to be transient with flaccid areflexic weakness 

affecting all four limbs, facial and ocular muscles without sen-

sory impairment, occurring 2 to 10 days after discontinuing 

non-depolarizing neuromuscular blocking agents [6,7,15]. 

However, muscle weakness, called ICU-AW, more frequently 

appears as a secondary problem while patients receive treat-

ment for more serious illnesses. ICU-AW is clinically detect-

able in critically ill patients without a plausible explanation. 

These conditions could significantly impact long-term patient 

outcomes if not addressed [6]. 

RISK FACTORS 

There are many risk factors (Figure 1), including that ICU-AW 

is strongly linked with continuous APACHE II scores ≥15. Ad-

ditionally, corticosteroids, aminoglycosides, and neuromuscu-

lar blocking agents have been demonstrated to be significantly 

associated with ICU-AW [16]. Although there is no significant 

association between Sequential Organ Failure Assessment 

(SOFA) and ICU-AW, the SOFA score is >7, the first-week total 

SOFA score is >45, the duration of dysfunction in two organs, 

and neurologic failure appeared to be independent risk vari-

ables for ICU-AW in every single research [17]. Individuals 

■ Intensive care unit-acquired weakness (ICU-AW) is a 
common and potentially life-threatening complication 
in critically ill patients, and early detection is crucial for 
timely intervention.

■ Bedside ultrasound is the most reliable and cost-effective 
tool for muscle assessment and detection of ICU-AW, and 
a combination of Sequential Organ Failure Assessment 
and Acute Physiology and Chronic Health Evaluation II 
scores with ultrasound can be a convenient approach for 
early detection and monitoring of ICU-AW.

■ As there is no treatment, prevention of ICU-AW is so 
important and can be achieved through early mobility, 
avoiding hyperglycemia, optimizing nutrition, and mini-
mizing sedation.

KEY MESSAGES
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with sepsis were more vulnerable to muscle weakness caused 

by sepsis-induced myopathy or axonal neuropathy [18]. 

Pro-inflammatory cytokines have been identified to control 

muscle mass, so it is important to control sepsis early [19]. It 

was concluded that no significant association existed between 

days of norepinephrine administration and ICU-AW [20]. But 

treatment with norepinephrine was found to be a substantial 

risk for developing ICU-AW in the single study on multivari-

able analysis [21]. Several other risk factors were presented, 

including the female sex, as women were more vulnerable 

than men, possibly because of their less muscle mass. In every 

study, hyperosmolarity, hyperglycemia, high lactate, and du-

ration of mechanical ventilation and parenteral nutrition were 

associated with an increased risk of developing ICU-AW [16]. 

PATHOPHYSIOLOGY 

ICU-AW pathogenesis still needs to be better understood. Two 

main factors contribute to this condition: decreased muscle 

mass and reduced muscle function. In critical illness, muscle 

mass loss occurs due to a reduction in protein production 

and an increase in protein degradation by the ubiquitin-pro-

teasome system. This catabolic state is characterized by 

decreased anabolic hormone effect, increased catabolic hor-

mones, and immobilization, all contributing to muscle wast-

ing [17]. Structural muscle changes, such as inflammation or 

necrosis, substantial infiltration of muscle with adipose tissue, 

and fibrosis, are commonly observed in severely ill individuals 

[22]. Microcirculatory disturbances can also jeopardize oxygen 

supply and perfusion, leading to chronic membrane depolar-

ization of terminal motor axons, neuronal damage, and axonal 

degeneration [23,24]. 

Bioenergetic failure caused by cellular damage worsened 

by inflammation, hyperglycemia, and free radical damage can 

compromise mitochondrial energy synthesis. Dysfunction-

al mitochondria generate reactive oxygen species and free 

radicals, leading to a macromolecular and organelle damage 

cycle [24]. Impaired autophagy activation during acute dis-

ease allows damage to accumulate to mitochondria and other 

cellular components, leading to degenerative alterations that 

impair muscle function [22,24-26]. The inactivation of sodium 

channels in neuronal and muscle cell membranes leads to re-

versible hypo- or inexcitability. Altered excitation-contraction 

coupling and intracellular calcium homeostasis contribute to 

reduced muscle contractility [24]. 

Recent research suggests that failure of coordinated repeat-

ed firing within motor neurons may occur early, involving 

the central nervous system. This failure may occur before the 

electrical breakdown of axons and nerve-muscle coupling 

[27]. Muscle inactivity during ICU stays leads to a rapid decline 

in protein synthesis and proteolysis in respiratory and limb 

muscles, indicating early disturbances in proteostasis (Figure 

1). These effects are independent of muscle function or type, 

emphasizing the need for therapeutic interventions to prevent 

skeletal muscle wasting in critical care patients. Studies show 

that anabolic signaling and protein synthesis decrease rapidly 

while key proteolytic systems activate during ICU care [28]. 

SHORT AND LONG-TERM CONSEQUENCES 

ICU-AW can cause a variety of short- and long-term negative 

effects (Figure 1). 

Short-Term Consequences 
A higher risk of ICU death has been independently linked to 

the onset and severity of ICU-AW, which has been linked to 

limb muscle loss. Although not conclusive, it has also been 

seen in diaphragm malfunction [29]. Additionally, it has been 

discovered that respiratory muscle and limb weakness are 

separate predictors of a protracted need for artificial ventila-

tion [30]. Elevated extubation failure rates in medical patients 

were independently correlated with limb muscular weakness 

[31]. Reintubation was required in 50% of them after extuba-

tion failed; of them, 50% died in the ICU. Additionally, muscle 

weakness is linked to longer ICU and hospital stays and costs 

[29]. Furthermore, neuromuscular weakening has been cited 

as a major factor causing ICU-acquired swallowing difficulties, 

such as post-extubation dysphagia [32]. Effective coughing 

may be hampered by abdominal muscular weakness [15]. 

More patients were sent to rehabilitation facilities, and worse 

short-term results were linked to ICU-acquired frailty. 

Long-Term Consequences 
The survivors of critical illnesses have a higher chance of dying 

later in life [26,33], which is exacerbated in patients suffering 

from ICU-acquired frailty. A lower compound muscle action 

potential on ICU day 8, regardless of clinical weakness identi-

fied by the MRC total score [34], and respiratory muscle weak-

ness demonstrated by a low maximal inspiratory pressure field 

[35] was also independently associated with greater 1-year 

mortality. A 5-year survival rate is also linked to a low (MRC 

sum score of 48) at hospital discharge [36]. Five years follow-
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ing ICU admission, a diverse sample of patients with critical 

illness demonstrated decreased physical quality of life, signifi-

cantly shortened 6-minute walking distance (6-MWD), and 

lower handgrip force [33]. A significant independent predictor 

for long-term weakness, various illnesses, and poor quality 

of life after ICU discharge appeared to be the development of 

weakness [37]. A myogenic origin of ICU-AW seemed to have 

a more favorable outcome in nearly full recovery than a neu-

rogenic origin, which left 50 to 75% of patients with persisting 

weakness or even tetraparesis [29,38]. 

DETECTION OF ICU-AW 

The consensus across various studies is that early identifica-

tion of ICU-AW is important in its prevention. However, there 

is no precise designated day for such assessments. Based on 

consensus, patients who remain in the ICU beyond the 8th day 

from admission, referred to as "long-stay patients," undergo 

a systematic evaluation to assess awakening and coopera-

tion. So, it is preferred that as soon as admission to ICU, we 

start with SOFA and APACHE screening accompanied by an 

ultrasound assessment in the first week is the most beneficial 

approach [11,39]. Early detection, diagnosis, and successful 

prevention are crucial measures to reduce ICU-AW incidence, 

given the absence of an effective treatment for this condition. 

The importance of timely identification and management of 

ICU-AW must be considered [40]. A cross-sectional survey 

study conducted in 2021 focused on assessing ICU-AW in 

some low-income countries; insufficient diagnosis and early 

identification of ICU-AW are common due to staff-related, pa-

tient-related, and management-related factors. Staff obstacles 

include limited understanding, lack of guidelines for high-risk 

patients, and low priority for ICU-AW. Patient-related barriers 

involve cognitive decline, inability to participate, unconscious-

ness, and excessive sedation. Management-related challenges 

are perceived as low priority and inadequate staffing for ICU-

AW assessment. However, achieving a clinical diagnosis, per-

forming appropriate testing, and maintaining clear commu-

nication with patients and ICU colleagues is crucial [14]. This 

study also found that the MRC scores (79%), Manual Muscle 

Tests scale (73%), and electrophysiological assessments (70%) 

were the top three preferred tools for assessing ICU-AW [14]. 

The most used voluntary methodology for evaluating ICU-

AW is the 6-grade MRC sum score [2,15,41,42]. A score below 

48 on the 6-grade MRC sum score indicates clinically evident 

muscle weakness. In contrast, a score below 36 suggests severe 

muscle weakness. However, it can be challenging to differenti-

ate between higher scores [43]. Compared to the conventional 

6-grade assessment, a modified 4-grade score demonstrated 

improved reliability in identifying ICU-AW. However, this 

approach still needs to undergo validation [44]. Hand-held 

dynamometry is commonly utilized to assess handgrip and 

quadriceps strength. However, concerns have been raised 

regarding its ability to provide a continuous quantitative mea-

sure [15,42,45]. Less commonly employed tools for assessing 

ICU-AW include the Scored Physical Function in Intensive 

Care Test, Functional Status Score for the ICU, and Chelsea 

critical care physical assessment tool. However, their use is less 

widespread [46]. The 6-MWD test is another assessment tool 

that measures patients' functional capacity and is utilized to 

evaluate their motor function [47]. Electrophysiological assess-

ments are possible even when patients are unconscious and 

can distinguish between CIP and CIM. However, this approach 

is time-consuming, and expertise in this area may be limited. 

Additionally, the significant co-occurrence of CIP and CIM 

can further complicate the differential diagnosis [41,48]. Direct 

muscle stimulation helps distinguish between CIP and CIM. 

Imaging techniques can measure muscle mass and quality, 

but the 4-compartment model is not practical in clinical set-

tings. Clinicians must rely on accessible methods for assess-

ing muscle mass and quality [49]. Numerous methods have 

been developed for identifying ICU-AW. However, in practical 

terms, the diagnosis relies primarily on clinical tests and elec-

trophysiological studies after excluding underlying causes of 

neuromuscular disorders [29]. 

Dual-energy X-ray absorptiometry (DXA), magnetic reso-

nance imaging (MRI), computed tomography (CT), and bio-

electrical impedance analysis (BIA) are all methods to measure 

and quantify muscle size and quality [50]. MRIs and CTs are 

gold standards for evaluating muscle quality and quantity [50]. 

However, they are expensive, require extensive measurements, 

are not portable, and cannot assess larger individuals, along 

with radiation exposure [50]. DXA is a fast and simple method 

for measuring lean mass, which comprises both skeletal mus-

cle mass and non-skeletal elements such as skin, connective 

tissue, and the fat-free portion of adipose tissue cells. However, 

DXA has some limitations, including high costs, exposure to 

radiation, limited equipment availability, and immobility of 

the patient [51,52]. BIA is an indirect method that uses electri-

cal impedance to estimate muscle, lean, or fat-free mass. It in-

volves running a low-level electrical current through the body 

and measuring the resistance, which is then used to calculate 
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the amount of muscle present in the body. However, several 

variables, including the instrument itself, the electrodes, the 

operator, the participant, and the surrounding environment, 

can affect the precision and reliability of the measurements. 

Therefore, BIA measurements must be interpreted cautiously 

and in conjunction with other assessment methods to obtain 

more accurate muscle mass estimation [52-54]. 

IMAGING 

Computed Tomography 
CT analysis offers precise body composition data divided into 

lean and fat tissue depots. Unlike other techniques that only 

measure overall lean body mass, CT can provide more de-

tailed information [55]. Single-slice scans can predict whole-

body muscular and fat mass in healthy and cancer-bearing 

populations. Still, this association needs to be better under-

stood in ICU patients and can vary from image to image [55]. 

An important bone landmark is the third lumbar vertebra for 

measuring skeletal muscle mass [56]. Skeletal muscle bound-

aries are identified based on Hounsfield units (HUs) and spe-

cialized software, including ImageJ and Slice-O-Matic, can be 

utilized to determine the muscle cross-sectional area (CSA) 

[57]. CSA indicates how much the tissue attenuates the X-ray 

beam during the scan. Attenuation of muscle, a measure of 

muscle density, is associated with lipid deposition in skeletal 

muscle. It acts as a proxy for muscle quality [55,58]. Both CSA 

and muscle attenuation have a strong prognostic value, with 

lower values linked to poorer outcomes. Analysts' variability is 

generally less than 2% [59]. 

CT scans can provide valuable information on body compo-

sition but have limitations. One of the main drawbacks is the 

high radiation exposure during prospective CT scans. Conse-

quently, CT can only be used to measure body composition 

if a CT scan has been performed for a medical condition [60]. 

Additionally, the thickness of slices and patient placement 

are crucial variables to consider. A patient's position during 

the scan and the relaxation state of muscles in the L3 region 

can influence the number of slices in the L3 and CSAs during 

the scan [60]. Another concern is that HUs can be altered by 

various factors, even though they primarily represent tissue 

attenuation. While some researchers have used average CT 

HUs to assess muscle quality, the validity of this method is still 

being determined and requires further research with muscle 

biopsies [61]. 

Dual-Energy X-Ray Absorptiometry 
DXA is an advanced method for assessing body fat, lean mus-

cle mass, and bone mineral mass that relies on X-ray attenu-

ation principles like those used in CT but with considerably 

lower radiation exposure [62-65]. A DXA scan is preferred over 

a CT scan because of its safety and ease of access [66]. Howev-

er, DXA scans only pass the energy beam down one side of the 

body, resulting in a planar image. DXA imaging uses two sep-

arate energy spectra—a "high" and a "low" energy level —to 

detect attenuation [67]. By calculating the RST in which R value 

represents the ratio of photon attenuation of soft tissue which 

is defined as the ratio of soft tissue attenuation at two photon 

energies (e.g., 40 keV and 70 keV), it can be predicted what 

the percentage of body mass is composed of the percentage of 

body fat (%fat) [67]. 

Common technological limitations in DXA include issues 

related to patient location, as well as differences between 

devices and software [68]. Physical limitations include the 

patient's height and weight, their level of hydration, and the 

timing of the scan about daily activities such as meal timing, 

bathroom habits, and exercise [69-71]. While slight variations 

in hydration are generally not thought to affect body composi-

tion measurements, disease-related fluid accumulation such 

as ascites or oedema can impact the results [70-72]. Addition-

ally, this procedure is highly costly [49]. 

Bioimpedance 
Bioimpedance is a technique for estimating body composition 

involving devices that fall into three categories: single-frequen-

cy, multiple-frequency, and spectroscopy. All these devices 

work by applying a low-intensity alternating electric current 

via surface electrodes at one or more radio frequencies. 

This current helps to determine the body's conductive and 

non-conductive tissue and fluid components [52,73]. The rate 

of the applied current varies based on the body's composition, 

including total body water, fat-free mass, or fat mass. Tissues 

rich in water and electrolytes, such as blood and muscle, con-

duct the current well, while tissues with more fat, bone, and 

air-filled spaces conduct the current poorly [49]. 

Bioimpedance involves measuring the body's resistance and 

reactance to a weak electrical current at different radio frequen-

cies, which depends on the body's composition. Reactance 

refers to how the current interacts with membrane surfaces, 

while resistance generally refers to the current's ability to travel 

through fluid and tissues like cell membranes [73]. Equations 

based on impedance measurements estimate fluid and other 
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body composition compartments [52]. Bioimpedance mea-

surements are useful for estimating metabolic activity and can 

be used therapeutically [74]. 

Bioimpedance, like DXA, is a reliable and convenient meth-

od for accumulating normative body composition data using 

single-frequency measurements. It can also measure nutri-

tion-related markers beyond body composition, such as the 50-

kHz phase angle, 200/5-kHz impedance ratio, and bioimped-

ance vector analysis [75]. Bioimpedance-generated estimates 

of body composition are subject to several assumptions that 

may not hold in a clinical setting, including fluid status, tissue 

hydration, and body geometry [76]. Obesity and fluid overload 

further complicate these methods' accuracy. Although BIS al-

gorithms use different constants customized for each patient, 

they may still introduce errors. While improved algorithms can 

be applied in a research setting, applying them at the bedside 

presents significant challenges [49]. Currently, bioimpedance 

is the most convenient and precise tool for measuring body 

composition at the patient's bedside. However, notable varia-

tions between the different techniques need to be considered. 

Irrespective of the approach, standardized procedures are im-

perative when performing bioimpedance measurements. For 

investigations, it is recommended that only one technician use 

the same device and equation/algorithm [76]. 

Magnetic Resonance Imaging 
MRI is a method for determining muscle CSA and volume that 

is non-invasive and free of radioactivity, and it provides excel-

lent tissue differentiation capabilities. As a result, MRI is re-

garded as the standard for evaluating changes in muscle size. 

However, MRI imaging requires highly trained personnel and 

is limited by the cost of operations, availability and time-con-

suming post-acquisition processing [77]. 

Ultrasound 
Clinical assessment is supplemented with volition and neu-

rophysiology testing to diagnose ICU-AW. However, when pa-

tients receive mechanical ventilation, many are administered 

strong sedatives during the initial stages of critical illness. As a 

consequence, diagnosing ICU-AW may be delayed [78]. Ultra-

sound is a promising diagnostic tool for identifying individuals 

at risk of ICU-AW. It is a low-cost, non-invasive, widely avail-

able, and efficient imaging technique that can assess skeletal 

and respiratory muscles. The five main parameters used for 

ultrasound muscle assessment include muscle thickness, CSA, 

pennation angle, fascicle length, and echo intensity. Further-

more, researchers have identified four new potential param-

eters for ultrasound muscle assessment. These parameters 

include muscle volume, measuring muscle stiffness through 

elastography, evaluating the ability of a muscle to contract by 

comparing its CSA at rest and during maximal contraction, 

and assessing the microcirculation of a muscle [79]. 

Assessment of peripheral skeletal muscle 
Research has shown that sarcopenia, which refers to the de-

terioration of muscle mass and strength with age, is more 

prominent in the lower limb muscles than in the upper limb 

muscles. Furthermore, there is a strong correlation between 

muscle strength and the CSA of the rectus femoris (RF) mus-

cle. Studies conducted in ICU have shown that muscle mass 

can decrease rapidly, with a 10% decline in the RF' CSA within 

7 days [80]. 

Assessment of respiratory muscles by ultrasound 
Ultrasound technology has been used to assess respiratory 

muscles since Kai Haber et al., first utilized it to evaluate dia-

phragmatic motion in patients with intra-abdominal illnesses 

[81]. The diaphragm is the most significant respiratory muscle, 

accounting for almost 70% of total lung capacity [82]. Dia-

phragm excursion (DE) and diaphragm thickening fraction 

(TFdi) are the two most used ultrasonography markers for 

assessing diaphragm function. DE represents the distance 

the diaphragm extends from the end of expiration to the end 

of inspiration. TFdi represents the percentage by which the 

diaphragm thickens during inspiration. A healthy individual 

breathing deeply typically has a DE of 4.7–7.6 cm and a TFdi of 

42%–78%. Although DE and TFdi are commonly considered 

indicators of extubation outcomes, their accuracy has been 

debated [83]. 

For successful extubation, compensatory action from the 

intercostal, sternocleidomastoid, abdominal muscles, and 

other accessory respiratory muscles is necessary when the 

diaphragm is not functioning properly. Thus, muscle ultra-

sonography to assess respiratory muscle weakness should 

include these additional muscles, particularly the parasternal 

intercostal muscles, which play an important role as supple-

mentary inspiratory muscles. TFic, the thickening fraction 

of the parasternal intercostal muscle during inspiration, in-

dicates respiratory muscle function when the diaphragm is 

ineffective [83]. 

The parasternal intercostal muscle's thickness at end-ex-

piration is 3.3 mm in healthy males and 2.2 mm in healthy 



416 https://www.accjournal.org Acute and Critical Care 2023 November 38(4):409-424

Elkalawy H, et al.  Muscle assessment in ICU: techniques & prevention

females, with a typical TFic of 3% [84]. In Dres et al.'s study [84], 

which examined the relationship between TFic and respirato-

ry stress, diaphragm function, and spontaneous breathing trial 

(SBT) outcomes, patients with lower levels of pressure support, 

diaphragm dysfunction, or SBT failure exhibited greater TFic 

than healthy individuals. Mechanically ventilated patients' 

TFic decreased with increasing pressure support, indicating 

a dose-response relationship between TFic and respiratory 

load. The predictive ability of TFdi >28.7% for extubation out-

comes was comparable to that of TFic >9.5% in sensitivity and 

accuracy. While TFic and TFic/TFdi may not have significantly 

improved DE and TFdi as predictors of extubation outcomes, 

they provide healthcare providers with an alternative method 

and contribute to understanding the patient's balance be-

tween respiratory volume and capacity [83]. Evaluating the 

severity of respiratory problems can help determine when 

tracheostomies will be necessary and when mechanical ven-

tilation will be weaned. If mechanical ventilation is prolonged 

or extubation fails, a tracheostomy may be required, while 

noninvasive mechanical ventilation and mechanically assisted 

coughing can help safely extubate patients with difficulty ex-

tubating [85]. Although ICU-AW complications are associated 

with higher mortality rates [86], longer ICU and hospital stays 

[87,88], and increased costs, it is often reversible within three 

weeks [89], though recovery may be incomplete [90,91], and 

prognosis may vary depending on the electrophysiological 

subtype, with CIP having a worse recovery prognosis com-

pared to CIM [38,92]. The abdominal expiratory and lower 

limb muscles can also be evaluated by ultrasound to predict 

extubation outcomes in addition to the diaphragm and inter-

costals, especially for patients with suboptimal diaphragm or 

parasternal intercostal muscle function [93]. Muscle ultraso-

nography has yet to be extensively studied in diagnosing and 

predicting the prognosis of ICU-AW. Still, one study found that 

using ultrasound to measure the CSA of the RF and comparing 

it with frailty can effectively forecast the outcome of critically ill  

patients [94]. Another study observed that a larger CSA of the 

RF muscle on admission was associated with less muscle atro-

phy and fibre necrosis [95]. Additionally, the size of the quad-

riceps muscle as determined by ultrasound, has been linked 

with an increased risk of unplanned readmissions or mortality. 

Nevertheless, research has indicated that using ultrasound to 

measure muscle thickness (TH) for multiple muscles is not an 

accurate diagnostic tool [96]. According to a study in 2021 by 

Zhang et al. [39], changes in muscle ultrasound measurements 

using MRC criteria can effectively diagnose ICU-AW. The most 

effective cutoff ratios were a reduction of over 15% for muscle 

thickness (ΔTH day 10) and over 12% for CSA (ΔCSA day 10) 

in the lower extremity on the right side. As a result, muscle ul-

trasound can be considered a useful supplementary diagnos-

tic tool for ICU-AW [39]. Although certain muscle parameter 

changes within 10 days effectively predict ICU-AW, SOFA and 

APACHE II scores during ICU admission are more advanta-

geous in predicting ICU-AW occurrence. The latter scores are 

more time-efficient and easier to implement, with similar re-

ceiver operating characteristic-area under curve (ROC-AUC) 

scores compared to the changes in muscle parameters [97,98], 

even though muscle parameter changes over 10 days effec-

tively predict ICU-AW, relying exclusively on them may not 

be necessary. At the same time, there are many validated pre-

dictors of ICU-AW; the SOFA and APACHE II scores can serve 

as indicators of multiple high-risk factors combined, making 

them more time-efficient and easier to implement. However, 

previous studies have shown that the SOFA and APACHE II 

scores alone are inadequate diagnostic tools [11,99]. Therefore, 

it is necessary to validate these findings further, considering 

the small sample size of the current study [39]. Table 1 shows 

the criteria for diagnosing ICU-AW from various imaging tests 

[100-107]. 

Preventive and Therapeutic Measures of ICU-AW 
Unfortunately, there is still no cure for ICU-AW, while pre-

vention has been successful when focusing on particular risk 

factors. 

Avoiding Hyperglycemia 
In two large trials, intensive insulin therapy with blood glu-

cose levels below 110 mg/dl has been shown to reduce the 

risk of CIP and CIM, resulting in shorter periods of mechani-

cal ventilation, shorter stays in the ICU, and a lower mortality 

rate over 180 days [20,108,109]. A study on Guillain-Barre syn-

drome also found blood glucose control to improve functional 

outcomes [6]. 

Avoiding Early Parenteral Nutrition 
The optimal approach to nutritional management in the ICU, 

particularly in relation to early parenteral nutrition, is not ful-

ly comprehended. There is a recognized concern that using 

parenteral nutrition might have unfavorable consequences on 

ICU-AW risk, making enteral nutrition a more favorable choice 

[110]. Notably, it's intriguing to note that obesity offers some 

protection against ICU-AW risk. This safeguarding effect could 
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likely be attributed to the presence of ketone bodies [111]. 

Amount of Calories 
Even after adjusting for the severity of the illness, obtaining 

80% of the recommended calories was related to lower mor-

tality. However, significance needed to be recovered when 

accounting for the amount of proteins. This study shows 

that delivery of ≥80% of prescribed protein is associated with 

substantially reduced mortality, independently of energy in-

take. Furthermore, in the more severely injured or ill patients 

who stay in the ICU for 12 or more days, achieving ≥80% of 

prescribed protein also predicted a shorter time to discharge 

alive, an outcome that was independent of energy intake. The 

converse, that greater energy intake affected outcomes posi-

tively when adjusting for protein intake, could not be demon-

strated. they could not see any beneficial association between 

greater energy intake and outcomes. Efforts to achieve >80% of 

the prescribed protein intake are warranted. However, further 

studies are needed to determine the optimal amount of pro-

tein that critically ill patients require to maximize their chances 

of survival and recovery [112]. Muscle atrophy and weakness 

have been linked to the caloric deficit caused by critical ill-

ness-related anorexia and gastrointestinal dysfunction [113]. 

Number of Proteins and Route of Nutrition 
Early and complete enteral feeding is recommended to pre-

vent muscle atrophy in critically ill patients, with parenteral 

supplementation as an option if necessary. Increasing protein 

supply in nutritional support is important to counter muscle 

protein depletion. Delaying the administration of parenteral 

nutrition beyond the first week may protect against ICU- AW, 

but the optimal timing for its introduction is uncertain [114-

116]. 

Quality of Protein 
It is advisable to consider the specific types of proteins or ami-

no acids proven particularly advantageous in preserving mus-

cle mass. A third or more of the proteins that make up muscle 

mass are branched-chain amino acids. Despite this, admin-

istering branched-chain amino acids has not improved the 

prognosis. The most extensively researched branched-chain 

amino acid is leucine. Research has linked its metabolites, 

alpha-isocaproate and beta-hydroxy-beta-methyl butyrate 

(HMB), to reduced protein catabolism under acute stress con-

ditions and to ergogenic effects in muscle [117]. HMB has been 

demonstrated to minimize proteolysis and muscle damage, 

enhance lean mass and strength in young and older adults 

when accompanied by a physical exercise program [118-120], 

Table 1. Criteria for diagnosing ICU-AW from various imaging tests
Different types of imaging Diagnostic criteria
Computed tomography Through measured Fat volume: the total volume ratio to provide the overall fat percentage as a surrogate for 

muscle atrophy. Fat volume was defined as the summated volume of pixels with attenuation coefficients 
between –50 and –250 Hounsfield units, the known attenuation range for fat [100].

Dual-energy X-ray absorptiometry Percent fat mass increased, whereas the lean mass decreased for the whole body, trunk, and legs [101].
Bioimpedance Bioimpedance equation was developed for fat-free mass and may produce substantial scaling errors when 

compared against total body water measures. Studies that focus on evaluating a bioimpedance method’s ability 
to measure changes in muscle volume or mass [102].

Magnetic resonance imaging Extensive muscle atrophy, fatty infiltration (replacement of muscle with fat), and edema (fluid accumulation) 
within muscles show hyperintensity, which was more florid in the lower limbs and pelvic muscles. There is 
a lesser extent of involvement in the upper limbs, possibly due to a smaller volume of muscles in the upper 
extremity [103].

Ultrasound • �Decrease of muscle strength relates to muscle volume, the latter may be inferred from its CSA. Some authors 
tried to predict CSA directly from muscle thickness [104].

• Change in muscle composition can be gathered by quantification of muscle echogenicity [105].
• �The angle of insertion of muscle fibers into the aponeurosis. This angle provides information about muscle 

strength, as the greater the pennation angle, the more the contractile material packed within a given volume and 
by inference, the higher is the muscle’s capacity to generate force. The loss of pennation angle seemed to have 
high diagnostic accuracy for ICU-AW and could be assessed before patients became able to perform volitional 
tests, allowing for earlier diagnosis. Even if these results are considered as an exploratory background for more 
focused studies, the monitoring of changes to muscle architecture may lead to timely detection and better 
quantification of muscle loss [106,107].

 ICU-AW: intensive care unit-acquired weakness; CSA: cross-sectional area.
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and prevent muscle loss associated with bed confinement in 

healthy participants [121]. Obesity is found to have a protective 

effect on the risk of ICU-AW, which may be due to the presence 

of ketone bodies [111]. 

Minimizing Sedation and Early Mobilization 
Early movement and physical therapy can lower the risk of 

ICU-AW. At the same time, daily sedative infusion stoppage 

can shorten mechanical ventilation and ICU stay, indirectly 

reducing the risk of ICU-AW [122]. High-frequency physiother-

apy in the ICU has been suggested to improve quality of life at 

6 months. Early rehabilitation has been found to strengthen 

only short-term physical-related outcomes. There is low-qual-

ity evidence for a reduced likelihood of ICU-AW compared 

to standard treatment or no early rehabilitation [123]. The 

current ICU approach emphasizes early mobilization through 

exercises, but more clinical trials are needed while considering 

patient pain. One-third of ICU-AW patients die in the acute 

phase, another third regain mobility within 4 months, and 

many experience long-term sensory loss, atrophy, or focal 

weakness [124]. 

Neuromuscular Electrical Stimulation 
The use of Neuromuscular electrical stimulation (NMES) as a 

substitute for mobilization has been suggested. Despite a few 

small randomized controlled trials (RCTs) being carried out 

on critically ill patients with NMES of varying frequency, in-

tensity, and duration, with some encouraging results, a recent 

systematic review and meta-analysis concluded that there was 

no significant difference between standard care and NMES in 

terms of muscular strength or reliance on mechanical ventila-

tion and intensive care [125].  

Drugs  
(1) Anabolic hormones: although anabolic hormones such as 

growth hormone, insulin like growth factor -1, and nandrolone 

can increase muscle mass, they do not qualify as first-line 

therapy due to complications. Their use may be restricted to 

chronic critically ill patients [126]. (2) Beta-blockers: these are 

effective but only for oral use (propranolol). Inotropic medi-

cations which emphasize muscular dysfunction rather than 

atrophy by boosting intracellular calcium flux, beta-adrenergic 

agonists (fenoterol, not albuterol) have beneficial inotropic ef-

fects. Additionally, individuals with chronic bronchitis (chronic 

obstructive pulmonary disease) who had mechanical ventila-

tion with the infusion of dopamine reported positive outcomes 

(diaphragmatic perfusion and cardiac output). Levosimendan, 

a calcium sensitizer, increases neuromechanical effectiveness 

and reduces contraction fatigue. These treatments were all 

identified in a systematic assessment of initially promising 

pharmaceutical approaches as unsuitable for routine use [127]. 

(3) Inflammatory modulation: treatment with intravenous 

immunoglobulins (IVIg) was linked to a lower incidence of 

ICU-AW, according to a retrospective review [128]. A RCT was 

conducted to determine whether early treatment with IgM-en-

riched IVIg could reduce ICU-AW in patients with multi-organ 

failure. Still, the problem was prematurely stopped due to the 

interventions [129]. (4) Cytokines are produced less when NF-

kB is inhibited. On the other hand, although toll-like receptor 

4's proteolytic effects are known, using a blocker of these re-

ceptors (eritoran) did not help septic patients' prognoses. New 

perspectives have been opened with the identification of novel 

inflammatory mediators such as GFD-15 [130]. 

(5) Contradictory effects of corticosteroids include the fact 

that. In contrast, low dosages of methylprednisolone (5 mg/

kg) increase diaphragmatic dysfunction. In comparison, large 

doses of the drug (30 mg/kg) seem to shield the diaphragm 

from the negative effects of mechanical ventilation [131]. (6) 

Mesenchymal stem cell therapy has been shown to restore 

mitochondrial function in satellite cells in a mouse model of 

sepsis [132]. 

CONCLUSIONS 

ICU-AW is a common and potentially life-threatening com-

plication in ICU patients which can be prevented through 

reducing sedation, insulin therapy, and early mobilization. 

Although multiple methods have been developed for the de-

tection of ICU-AW, each method has its own advantages and 

limitations. The bedside ultrasound has proven to be the most 

reliable, safe, and cost-effective tool for muscle assessment 

and detection of ICU-AW. The combination of the SOFA score, 

Acute Physiology and Chronic Health Evaluation (APACHE) 

II score assessment, and Ultrasound can be a convenient 

approach for the early detection of ICU-AW. This approach 

can facilitate timely intervention and prevent the catastroph-

ic consequences associated with ICU-AW. However, further 

studies are necessary to reinforce the evidence supporting 

this approach. 
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INTRODUCTION 

Coronavirus disease 2019 (COVID-19) is an infectious respiratory disease caused by the novel 

corona virus severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). The COVID-19 

pandemic disrupted healthcare systems around the world [1,2]. The large number of critically 

ill patients necessitated the rapid expansion of intensive care unit (ICU) bed capacity, which 

is commonly called as expanded ICU. In addition, there was a request from non-ICU units to 

strengthen human and logistical resources. 

As a result, it was not easy to properly adhere to the guidelines for the prevention of health-

Background: Coronavirus disease 2019 (COVID-19) pandemic disrupted adherences to health-
care-associated infection (HAI) prevention protocols. Herein, we studied the characteristics of all 
HAIs occurring in critically ill COVID-19 patients. 
Methods: A retrospective, single-center cohort of critical COVID-19 patients during 2021. Micro-
biological samples were collected if HAI was suspected. We analyzed all factors that could poten-
tially induce HAI, using septic shock and mortality as endpoints. 
Results: Sixty-four among 161 included patients (39.7%) presented a total of 117 HAIs with an 
incidence density of 69.2 per 1,000 hospitalization days. Compared to the prior COVID-19 period 
(2013–2019), the identification of HAI increased in 2021. HAIs were classified into ventilator-asso-
ciated pneumonia (VAP; n=38), bloodstream infection (n=32), urinary tract infection (n=24), cath-
eter-related infection (n=12), and fungal infection (n=11). All HAIs occurred significantly earlier in 
the post–COVID-19 period (VAP: 6 vs. 10 days, P=0.045, in 2017 and 2021). Acinetobacter bau-
mannii (39.5%) and Klebsiella pneumoniae (27%) were the most commonly isolated pathogens 
that exhibited a multidrug-resistant (MDR) profile, observed in 89% and 64.5%, respectively. The 
HAI factors were laboratory abnormalities (odds ratio [OR], 6.4; 95% confidence interval [CI], 2.3–
26.0), cumulative steroid dose (OR, 1.9; 95% CI, 1.3–4.0), and invasive procedures (OR, 20.7; 95% 
CI, 5.3–64.0). HAI was an independent factor of mortality (OR, 8.5; P=0.004). 
Conclusions: During the COVID-19 era, the incidence of HAIs increased and MDR isolates re-
mained frequent. A severe biological inflammatory syndrome, invasive devices, and elevated cumu-
lative steroid dosages were related to HAIs. HAI was a significant death factor. 
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care-associated infections (HAIs). Several studies reported 

that the proportion of HAIs during the pandemic was higher 

compared to the period before the pandemic [3,4]. Indeed, pa-

tients with COVID-19 who required intensive care were more 

vulnerable to HAIs due to the use of invasive mechanical ven-

tilation, co morbidities, immune suppression induced by both 

the SARS-CoV-2 infection and the severe disease itself, the 

use of immunomodulators (e.g., steroids) and other invasive 

life-sustaining procedures [5,6]. These factors inevitably had a 

detrimental impact on patient outcomes. 

In this study, we sought to determine the incidence rates, the 

causative microorganisms with antimicrobial resistance pro-

files, the risk factors, and the impact of HAIs diagnosed in ICU 

patients hospitalized for critical COVID-19. Additionally, we 

compared the epidemiology of HAIs in the era of COVID-19 

versus that before the onset of the pandemic. 

MATERIALS AND METHODS 

Study Design and Ethical Status 
This retrospective, single-center study was conducted in the 

medical ICU of a tertiary teaching hospital over a 9-month 

period (from January 2021 to September 2021). During this pe-

riod, this facility experienced three significant peaks (January 

2021, April 2021, and June/July 2021) of COVID-19 infections. 

Additionally, the ICU underwent logistical modifications to 

receive only critically ill COVID-19 patients. 

The study was approved by the local Ethics Committee of La 

Rabta Hospital (No. 2021-I). Given the retrospective nature of 

this study, the need for written informed consent was waived. 

Study Population 
All eligible patients were 18yearsor older, were diagnosed with 

COVID-19 and required intensive care. SARS-CoV-2 infection 

was confirmed by a positive reverse transcription polymerase 

chain reaction test [7] from a nasopharyngeal swab. The pa-

tients who were discharged or who died within 48 hours of 

admission and those who had an infection that was not associ-

ated with healthcare were excluded from this study. 

Main Endpoint 
First, we determined the incidence rate of HAIs (at all locations 

combined and for each kind of HAI), described the microbio-

logical characteristics, and compared the current epidemiol-

ogy to that in the pre–COVID-19 era. Second, we studied the 

risk factors contributing to the occurrence of HAIs. Third, we 

assessed the impact of the HAI on the outcome parameters 

(namely septic shock, ventilator-free days, length of stay, and 

mortality). The comparison of the HAI epidemiology between 

the post–COVID-19 period versus the pre–COVID-19 period 

was performed based on the results of a study conducted in 

2013 and published in 2017 [8] and to the unpublished local 

data of 2018 and 2019. 

Microbiological Sampling Policy 
In the presence of clinical or biological suspicion of HAI, the 

following microbiological cultures were prepared: a cytobac-

teriological examination of sputum was performed in patients 

with spontaneous breathing or via the tracheal aspiration (TA) 

of ventilated patients. For all patients with a suspected HAI, 

blood cultures were used to determine an aerobic or anaerobic 

environment, in addition to a cytobacteriological examination 

of urine (CBEU). Simultaneously, a fungal investigation was 

performed, including a blood culture on Sabouraud's medium 

and a colonization index on five sites (buccal, nasal, rectal, ax-

illary, and inguinal). 

Microbiologic Methods for Organism Identification 
The Vitek 2 automated system (bioMérieux) was used for 

isolate identification and antimicrobial susceptibility testing. 

Minimum inhibitory concentrations were established accord-

ing to the European Committee on Antimicrobial Suscepti-

bility Testing breakpoints. For the identification of Candida 

albicans, the chlamydosporulation test on AT (Agar, Tween) 

or PCB (Potato, Carrot, Bile) medium was used. For non-albi-

cans species, identification was based on the morphological 

appearance on AT or PCB media and on the Auxacolor sugar 

■ Compared to the pre-coronavirus disease 2019 era, venti-
lator-associated pneumonia, bloodstream infections, and 
urinary tract infections increased, while catheter-related 
infections decreased.

■ The use of invasive devices, the presence of medical dis-
orders, and higher cumulative steroid doses were inde-
pendently related to healthcare-associated infections in 
COVID-19 patients.

■ The risk of mortality among COVID-19 patients present-
ing HAIs increased by a factor of eight compared to those 
without any HAIs.

KEY MESSAGES
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assimilation gallery (Bio-Rad). 

Definitions 
Infections were considered health care associated if they oc-

curred within a minimum of 48 hours following admission to 

the ICU. The following HAIs were diagnosed: ventilator-as-

sociated pneumonia (VAP), hospital-acquired pneumonia, 

urinary tract infection (UTI), bloodstream infection (BI), cath-

eter-related infection (CRI), and suspected or proven invasive 

candidiasis. A documented bacterial infection was defined as 

the presence of a bacterium at a significant concentration (>106 

in TA for VAP, >103 in the catheter culture for CRI, and >105 in 

the CBEU for UTI) and responsible for clinical or biological 

signs of sepsis. 

Multidrug-resistant (MDR) bacteria were defined as all mi-

croorganisms resistant to at least one agent among three or 

more antimicrobial classes [9] and microorganisms known 

to have specific mechanisms of antibiotic resistance, such as 

methicillin-resistant Staphylococcus aureus (MRSA). 

Collected Data 
For each patient admitted for COVID-19, with an ICU-stay lon-

ger than 48 hours, the following information was collected and 

recorded in an electronic database: basic characteristics (age, 

sex, body mass index, ICU stay during the year prior to the 

current hospital admission, history of infection treated with 

antimicrobials during the year previous to admission, origin 

and length of stay before ICU admission, co morbidities, se-

verity scores, biological data, use of invasive procedures, bac-

teriological and fungal results, and outcome data. Among the 

factors related to HAI, we studied the steroid cumulative dose 

that corresponded to dexamethasone at a dose of 6 mg/day for 

the entire duration of treatment. 

To note that in the COVID-19, HAI+ group, outcome param-

eters of shock, pulmonary embolism, and other complications 

were considered when they occurred after HAI onset. This 

approach was used to avoid biasing the cause-and-effect link 

(HAI/complication) due to chronological factors. 

Statistical Analyses 
Descriptive quantitative variables were expressed as mean and 

standard deviation or median and interquartile range, accord-

ing to the distribution. Categorical variables were reported as 

numbers and percentages. The groups (with HAI versus with-

out HAI) were compared using parametric or non-parametric 

tests, according to the distribution of the data. The time scale 

of analysis was the period from the time of ICU admission 

until the date of discharge from the ICU or death. The HAI 

incidence rate was calculated as the number of HAI episodes 

per 1,000 days of ICU hospitalization for all included patients. 

The VAP incidence rate was calculated as the total number of 

VAP episodes during the study period divided by 1,000 days 

of ventilation for all patients included. The UTI incidence rate 

was calculated as the total number of UTI episodes  during the 

study period divided by 1,000 days of bladder catheterization 

for all patients included. Comparisons of means (such as the 

time to onset of the different HAIs) were performed using the 

non-parametric Kruskal-Wallis test. 

Risk factors for HAIs and those of mortality were both ex-

plored using logistic regression modeling. This multivariate 

analysis method involved factors with a P-value less than0.05 

in the univariate analysis (COVID-19 patients with HAIs 

versus those without HAIs for the first analysis and between 

COVID-19 survivors vs. COVID-19 no survivors for the sec-

ond). Each measure was expressed as an odds ratio (OR) with 

the corresponding 95% confidence interval (CI). All statistical 

tests were two-sided, and P<0.05 was selected to indicate sta-

tistical significance. Statistical analysis was performed using 

IBM SPSS ver. 20 software (IBM Corp.). 

RESULTS 

During the study period, 161 patients were included in the 

analysis. Among them, 64 (39.7%) presented 117 HAIs, result-

ing in an incidence density of 69.2 per 1,000 of hospitalization 

days, as illustrated in Figure 1. 

Clinical Characteristics 
The included patients had an average age of 58 years and 

were predominately male. The most frequently reported 

co morbidities were hypertension and diabetes. Nearly 

three-quarters of the patients had received antibiotics in 

the 3 months prior to admission, and 52% of the patients re-

quired invasive ventilation. Regarding steroids, for all infect-

ed patients, dexamethasone was administered at a dosage of 

6 mg/day, but the duration of this regimen differed between 

patients. Thus, we present this result as a cumulative dose 

(mg per day). All clinical data (baseline and during fol-

low-up) are provided in Table 1. 

HAI Epidemiology 
The most frequent HAI was due to VAP, accounting for 32.5% 
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Figure 1. Study diagram. ICU: intensive care unit; COVID-19: 
coronavirus disease 2019; HAI: healthcare-associated infection; VAP: 
ventilator-associated pneumonia; UTI: urinary tract infection; CRI: 
catheter-related infection.

Table 1. Clinical characteristics
Variable Value (n=161)
Age (yr) 58 (48–69)
Male: female 95:66
Origin
  Emergency room 95 (59)
LOS before ICU (day) 3 (2–5)
Comorbidity
  Hypertension 61 (38)
  Diabetes mellitus 55 (34)
  Cardiac failure 12 (7.5)
  Dyslipidemia 33 (20.5)
  Chronic respiratory failure 7 (4.5)
  Chronic renal failure 15 (9.5)
Severity score
  SAPS II 30 (22–48)
  APACHE II 16 (10–24)
  SOFA 4 (3–4)
Hospitalization in a care structure the 

previous year
11 (7)

Antibiotics in the previous 3 months 117 (73)
CT scan lesions >50% 105 (65)
Invasive ventilation 84 (52)
Invasive device
  Venous catheter 88 (55)
  Arterial catheter 46 (28.5)
  Bladder catheterization 91 (57)
Antibiotic duration (day) 4 (2–8)
Steroid cumulative days (mg per day) 66 (48–90)
ECMO 2

Values are presented as median (interquartile range) or number (%).
LOS: length of stay; ICU: intensive care unit; SAPS: Simplified Acute 
Physiology Score; APACHE: Acute Physiology and Chronic Health Evaluation; 
SOFA: Sequential Organ Failure Assessment; CT: computed tomography; 
ECMO: extracorporeal membrane oxygenation.

(n=38/117) of cases, occurring at a median time of 6 days 

after admission [3-9]. The second most frequent HAI was 

BI (n=32/117, 27.5%), which occurred at a median time of 7 

days [4-12]. The predominant isolates in all HAIs were Acine-

tobacter baumannii and Klebsiella pneumoniae (39.5% and 

27% of cases, respectively). A. baumannii had a profile of sen-

sitivity to colistin in 89% of cases, and K. pneumoniae had an 

extended-spectrum beta-lactamase antibiotic-resistant profile 

in 64.5% of cases and carbapenem resistance in 26% of cases. 

Proportions of MDR among the other isolated species were 

Pseudomonas aeruginosa (45%), Enterobacteriaceae species 

other than K. pneumoniae (39%), Staphylococcus aureus (44%), 

and Enterococci (26%). 

For fungal infections, 11 cases of candidemia were recorded, 

and Candida albicans was the exclusive isolate. A colonization 

index assessment was performed in 88 patients and was re-

peated two to three times (weekly) for 36 patients who stayed 

longer than 1 week. A total of 144 colonization indexes was 

obtained, of which 82 (57%) were positive, 48 were poorly col-

onized (colonization index <0.5), and 34 were ≥ 0.5. The most 

colonized sites were oral (n=60), anal (n=33), and nasal (n=29). 

Candida albicans was most frequently isolated (54%), followed 

by Candida glabrata (23%). 

Compared to the epidemiology before COVID-19 (in 2013, 

2018, and 2019), there was an increase in the incidence density 

of HAIs, particularly regarding VAP and bacteremia. Converse-

ly, the incidence of CRI decreased from 2013 to 2021 (Figure 

2). The time to onset for all types of HAI was shorter in the 

COVID-19 period (Figure 2). The distribution of microorgan-

isms involved in infections was similar between the two peri-

ods (before and during the COVID-19 era). However, during 

the COVID-19 period, we observed larger proportions of A. 

baumannii and K. pneumoniae, decreases of P. Aeruginosa and 

Staphylococci, and an increase of Escherichia coli (Figure 3).  

176 Patients hospitalized in ICU for critical COVID-19
(From Jan to Sep 2021)

Patients without HAI 
97 COVID-19, HAI- 

15 Excluded
9 Coinfection with COVID-19
6 �Death within 48 hours of ICU 

admission

Patients with at least 1 HAI
64 COVID-19, HAI+

117 HAI
32 Bloodstream infection
38 VAP 
24 UTI
12 CRI 
11 Candidemia 

161 Included patients
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Impact on Outcome 
Patients who exhibited HAIs showed more frequent septic 

shock, greater numbers of ventilator days and ICU days, and 

higher mortality (Table 3). The analysis of mortality found that 

HAI was an independent factor of death in critical COVID-19 

patients with an OR of 8.49 and a 95% CI of 2.56–32.00. Other 

poor prognosis cofactors were observed, including stage 3 

acute respiratory distress syndrome, invasive ventilation, and 

septic shock, as shown in Table 4. 

DISCUSSION 

Compared to the pre–COVID-19 era, this study demonstrated 

a notable increase in HAIs in critical COVID-19 patients. Spe-

cifically, there were significant increases in VAP, UTIs, and BIs. 

Additionally, all types of HAIs had shorter onset during the 

COVID-19 period. A. baumannii and K. pneumoniae were the 

most commonly identified microorganisms. Invasive devices, 

biological disorders, and cumulative steroid dose were the 

independent factors of HAIs. COVID-19 patients presenting 

HAIs showed a higher incidence of septic shock and required 

greater ventilator days and ICU days. Mortality was significant-

ly higher and HAI was an independent factor associated with 

HAI Risk Factors 
Univariate analysis identified 13 variables as significant with 

P<0.05: age, hypertension, immunosuppression, hyperglyce-

mia, elevated C-reactive protein (CRP), lymphopenia, reduced 

ratio of arterial blood (PaO2) to fraction of inhaled oxygen (FiO2) 

(P/F ratio), computed tomography (CT) lesions >50%, invasive 

ventilation, cumulative steroid dose, venous catheter, arterial 

catheter, and bladder catheterization (Table 2).  

Given the limited number of patients (n=161) and the large 

number of variables to be included in the multivariate analysis 

(13 variables), we grouped certain variables into categories. 

The resulting six categories were as follows: age, comorbidities 

(hypertension and immunosuppression), laboratory abnor-

malities (hyperglycemia, elevated CRP, lymphopenia, reduced 

P/F), CT lesions > 50%, cumulative steroid dose, and invasive 

procedures (invasive ventilation, venous catheter, arterial 

catheter, and bladder catheterization). The factors associated 

with HAIs in COVID-19 patients in an ICU were biological 

abnormalities (OR, 6.4; 95% CI, 2.3–26.0), cumulative steroid 

dose > 60 mg per day (OR, 1.9; 95% CI, 1.3–4.0), and invasive 

procedures (OR, 20.7; 95% CI, 5.3–64.0). 

Figure 2. Incidence density (A) and time to onset (B) of healthcare-associated infections (HAIs) before and during the coronavirus disease 2019 
(COVID-19) era. 2013 results from [8]; 2018 and 2019 results: not published data. HD: hospitalization day; VAP: ventilator-associated pneumonia; 
VD: ventilator day; CRI: catheter-related infection; CD: catheter day; UTI: urinary tract infection; BCD: bladder catheterization day; FI: fungal 
infection.
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death (OR, 8.49; 95% CI, 2.56–32.00). 

HAIs represent one of the most common adverse events in 

healthcare establishments [9-13]. At the onset of the COVID-19 

pandemic, there was a reduction in HAIs, perhaps due to the 

strengthening of hygiene measures, mainly the use of hydroal-

coholic gels [14].However, the massive influx of critical cases 

and the rapid reorganization of ICUs reduced the focus on tra-

ditional measures that reduce HAIs. We mentioned above that 

our unit underwent logistical and functional change during the 

pandemic. These changes briefly consisted of a rapid increase 

in ICU beds and the recruitment of caregivers from non-ICU 

services (all logistical and functional changes are presented in 

the Supplementary Material 1). We suggest that these changes 

might affect HAI models and contribute to the increase in HAI 

incidence. Moreover, the predominance of Acinetobacter and 

Klebsiella may represent an indirect witness to the failure of 

hygiene rules. In fact, their transmission essentially occurs via 

handling, inert surfaces, and invasive ventilation equipment. 

Furthermore, the higher density of patients likely contributed 

to an increase in the spread of these bacteria. 

The increase in HAI incidence in COVID-19 patients has 

been previously described [15-17].The percentage of HAI 

among all patients in our series (39.7%) was similar to that of 

Somers et al. [17] in ventilated patients (40%). VAP occurred 

in 32.5% of our population, which was consistent with several 

previous results: 32.3% in a Chinese report [18] and 38% in a 

Spanish study [19]. A higher value was reported by an Italian 

study at 50% [20]. We explained the increase in VAP during 

COVID-19 by the respiratory tropism of the virus and the fre-

quent use of ventilation, sedation, and neuromuscular block-

ing agents [21,22].  

Our rate of BI (27.5%) was similar to that reported by Gras-

selli et al. (23.6%) [20] but was higher than that of a French 

study (14.9%) [23]. For UTIs, we showed an incidence of 22.2%. 

This was significantly higher than those reported by Grassel-

li et al. [20]: 7.7% [20], Falcone et al. [24]: 9.8%, and Bardi et 

al. [25]: 5%. Our incidence of CRI at 10.25% was close to that 

reported in the Italian study cited above (9.5%) [20], higher 

than that of Falcone et al. (6.6%)[24], and lower than that of 

Bardi et al.(20%) [25]. The changes and variability in the appli-

cation of hygiene protocols may represent the main factor in 

explaining these gaps in incidences between countries. Never-

theless, these changes should be interpreted according to the 

COVID-19 situation (e.g., a surge in patients, medical supple-

ment status), length of stay and exposure to invasive devices, 

the quality of programs for the prevention of HAIs, among 

other factors. 

Unlike what we found for microorganisms, where Gram-neg-

ative bacilli predominated, the most commonly identified were 

S. aureus, both methicillin-susceptible and methicillin-resistant 

Figure 3. Distribution of microorganisms before and during corona virus disease 2019 (COVID-19) in percent (%). 2013 results from [8]; 2018 and 
2019 results: not published data.
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S. aureus followed by Pseudomonas in other reports [16,17,26]. 

Invasive procedures were strongly associated with HAIs. In fact, 

a patient is often infected by their own germs during invasive 

care (surgical procedures, invasive ventilation, vascular cathe-

terization, urinary catheterization, etc.), and caregivers act as 

a vector of transmission. Otherwise, the association between 

CRP and HAI was observed by Falcone et al. [24], where a CRP 

on admission >7 mg/dl increased the risk of HAI with an OR 

of 3.59 and a 95% CI of 1.7–7.7 (P=0.001). High white blood 

cell and procalcitonin levels were associated with HAI with re-

spective OR of 8.38 (95% CI, 1.07–65.55; P=0.04) and 4.92 (95% 

CI, 1.39–17.33; P=0.013) [27]. Hyperglycemia may be a conse-

quence of a systemic inflammatory response and may serve as 

a marker of immunocompetence [28,29]. Consistent with our 

result, some reports found that hyperglycemia represents a 

risk factor for HAI [28,29]. 

The other factor we identified as influential was steroids. The 

latter exerts an inhibitory effect on the acquired and innate 

immune system. Therefore, this increases the risk of infection 

depending on the dose and time. Steroids should be used in 

a targeted manner, particularly in the context of infectious 

pathologies. Several studies reported that mortality increased 

when HAI occurred in critically ill patients [16,18,19,25,30]. Pa-

tients with HAI had longer ventilation days (OR, 3.31; 95% CI, 

1.67–6.56; P=0.001), longer ICU stays (OR, 1.90; 95% CI, 1.06–

3.40; P=0.03), and a higher 60-day mortality (OR, 1.86; 95% CI, 

1.05–3.29; P=0.03) in a large multicenter study [16]. Mortality 

Table 2. Comparison of all variables according to the occurrence of 
HAI (univariate analysis)

Variable COVID-19, 
HAI+ (n=64)

COVID-19, 
HAI– (n=97) P-value

Clinical variable
  Age (yr) 60 (52–71) 55 (44–63) 0.02
  Male:female 36:28 59:38 0.62
  ER origin 38 (60) 57 (59) 1.00
  Stay before ICU (day) 3 (1–5) 3 (2–6) 0.06
  Comorbidity
    Hypertension 34 (53) 27 (28) 0.002
    Diabetes 27 (42) 28 (29) 0.09
    Heart failure 6 (9) 6 (6)  0.54
    Dyslipidemia 11 (17) 22 (23)   0.43
    Chronic respiratory failure 5 (8) 3 (3)  0.15
    Chronic renal failure 8 (13) 7 (7)   0.27
    Immunosuppression 6 (9) 2 (2)  0.05
  SOFA score 4 (3–4) 4 (3–4) 0.18
  Antimicrobials in the 

previous 3 months
43 (67) 74 (76) 0.21

Laboratory and CT variable
  Hyperglycemia on admission 48 (75) 36 (37) <0.001
  D-dimers (µg/L) 1,305 

(677–2,640)
1,086 

(651–1,777)
0.19

  CRP (mg/L) 134 (75–238) 104 (48–170) 0.02
  WBC (x103/ml) 9.2 (6.6–13.9) 8.4 (6.4–11.8) 0.12
  Lymphocytes (cells/ml) 590 

(442–860)
750 

(540–1,090)
0.01

  P/F ratio 75.5 (63–91) 92 (67–131) 0.02
  CT scan lesions >50% 51 (80) 54 (56) 0.01
Therapeutic variable
  Invasive ventilation 56 (88) 28 (29) <0.001
  Antimicrobial duration (day) 4 (3–7) 4 (2–6) 0.70
  Steroid cumulative dose  

(mg/day)
72 (54–102) 60 (42–72) 0.001

ECMO 1 1 1.00
  Venous catheter 58 (90) 30 (31) <0.001
    Femoral 57 31 <0.001
    Under keyboard 4 1 0.08
    Chinstrap 17 3 <0.001
  Arterial catheter 36 (56) 10 (11) <0.001
    Femoral 4 1 0.07
    Radial 33 8 <0.001
  Bladder catheterization 61 (96) 30 (31) <0.001

Values are presented as median (interquartile range) or number (%).
HAI: healthcare-associated infection; COVID-19: corona virus disease 2019; 
ER: emergency room; ICU: intensive care unit; SOFA: Sequential Organ 
Failure Assessment; CT: computed tomography; CRP: C-reactive protein; 
WBC: white blood cell; P/F ratio: ratio of arterial blood (PaO2) to fraction of 
inhaled oxygen (FiO2); ECMO: extracorporeal membrane oxygenation.

Table 3. Impact of HAIs on outcome

Outcome parameter COVID-19, 
HAI+ (n=64)

COVID-19, 
HAI– (n=97) P-value

Shock 45 (70.0) 18 (18.5) <0.001
  Septic 41 (64.0) 13 (13.4) <0.001
  Cardiogenic 1 (1.5) 5 0.020
  Mixed 3 (4.6) 0 -
Pulmonary embolism 7 (11.0) 4 (4.0) 0.110
Other complication 4 (6.3) 2 (2.0) 0.009
  Myocarditis 0 1 -
  Arrhythmia 2 0 -
  Coronary insufficiency 1 1 -
  Vein thrombosis 1 0 -
Ventilator day 6 (3–0) 2 (1–4) <0.001
ICU LOS 12 (5–19) 8 (3–13) 0.002
Mortality 54 (84.3) 33 (34.0) <0.001

Values are presented as number (%) or median (interquartile range).
HAI: healthcare-associated infection; COVID-19: corona virus disease 2019; 
ICU: intensive care unit; LOS: length of stay.
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was twice as likely when HAI was complicated by septic shock, 

whereas uncomplicated infections did not affect mortality [20]. 

Septic shock was also a factor of mortality in our series (OR, 9.8; 

95% CI, 4.0–38.7). 

Our study reports original results focused on the particular 

context of the COVID-19 outbreak. This work enriches our 

national registry on HAIs. The comparison with previous ep-

idemiology adds a point of strength. However, this work has 

certain limitations: first, the retrospective and single-center 

design could influence the validity of our conclusions. Second, 

the small sample size could affect the multivariate analysis be-

cause we grouped several variables into categories to compen-

sate for the small sample size. Third, the lack of cost estimates 

regarding HAIs may be considered a limitation. 

We concluded that the rate of HAIs increased from the pre–

COVID-19 period to the COVID-19 pandemic period and this 

was mostly related to increased VAP and UTI complications. 

MDR isolates continued to be the pathogens most frequently 

responsible for these infections. The most highly related fac-

tors were severe biological inflammatory syndrome, invasive 

devices, and elevated cumulative steroid dose. We found that 

an HAI amplified the risk of death by a factor of eight. These 

findings indicate the need to develop a continuous surveil-

lance system to identify and fight HAIs and strengthen proce-

dures in the event of a pandemic.  
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Table 4. Factors related to mortality
Variable Survivor (n=74) Non survivor (n=87) P-value Multivariable analysis, OR (95% CI)
HAI 10 (13.5) 54 (62.0) <0.001 8.5 (2.6–32.0) (P=0.004)
Male:female (ratio) 46:28 (1.64) 49:38 (1.28) 0.520 -
Age (yr) 56 (49–67) 61 (53–71) 0.006 NS
SOFA score 3.5 (2–4) 4.0 (3–4) 0.040 NS
P/F ratio 96 (75–135) 73 (61–90) <0.001 NS
Stage 3 ARDS 33 (44.6) 72 (83.0) <0.001 7.2 (2.1–26.6) (P=0.007)
Invasive ventilation 5 (6.7) 79 (91.0) <0.001 23.5 (9.9–84.0) (P<0.001)
Septic shock 5 (6.7) 49 (56.5) <0.001 9.8 (4.0–38.7) (P=0.002)

Values are presented as number (%)or median (interquartile range).
OR: odds ratio; CI: confidence interval; HAI: healthcare-associated infection; SOFA: Sequential Organ Failure Assessment; P/F ratio: ratio of arterial blood (PaO2) to 
fraction of inhaled oxygen (FiO2); ARDS: acute respiratory distress syndrome.
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Background: Concerns regarding positive-pressure-ventilation for the treatment of coronavirus 
disease 2019 (COVID-19) hypoxemia led the search for alternative oxygenation techniques. This 
study aimed to assess one such method, dual oxygenation, i.e., the addition of a reservoir mask 
(RM) on top of a high-flow nasal cannula (HFNC). 
Methods: In this retrospective cohort study, the records of all patients hospitalized with COVID-19 
during 2020–2022 were reviewed. Patients over the age of 18 years with hypoxemia necessitating 
HFNC were included. Exclusion criteria were positive-pressure-ventilation for any indication other 
than hypoxemic respiratory failure, transfer to another facility while still on HFNC and “do-not-in-
tubate/resuscitate” orders. The primary outcome was mortality within 30 days from the first appli-
cation of HFNC. Secondary outcomes were intubation and admission to the intensive care unit. 
Results: Of 659 patients included in the final analysis, 316 were treated with dual oxygenation 
and 343 with HFNC alone. Propensity for treatment was estimated based on background diagno-
ses, laboratories and vital signs upon admission, gender and glucocorticoid dose. Inverse probability 
of treatment weighted regression including age, body mass index, Sequential Organ Failure Assess-
ment (SOFA) score and respiratory rate oxygenation index showed treatment with dual oxygen-
ation to be associated with lower 30-day mortality (adjusted hazard ratio, 0.615; 95% confidence 
interval, 0.469–0.809). Differences in the secondary outcomes did not reach statistical significance. 
Conclusions: Our study suggests that the addition of RM on top of HFNC may be associated with 
decreased mortality in patients with severe COVID-19 hypoxemia. 
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INTRODUCTION 

Hypoxemic respiratory failure is the most feared complication of novel coronavirus (corona-

virus disease 2019 [COVID-19]) pneumonia [1]. Affecting more than 14% of patients hospi-

talized with COVID-19, this is the leading cause of both intensive care unit (ICU) admissions 

and mortality in this population [2]. Positive pressure ventilation—both invasive and nonin-
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vasive—has been long accepted as the most effective method 

of improving oxygenation [3]. Nonetheless, various concerns 

regarding the availability of these treatments (including short-

ages in ventilators and skilled operators), have lead the quest 

for alternative methods of oxygenation [4], aimed at alleviating 

the burden of invasive and noninvasive positive pressure ven-

tilation and theirs potential complications. 

One such method, often denominated as “dual oxygenation” 

and vastly implemented in our tertiary care medical center, 

is the addition of a reservoir mask (RM) on top of a high-flow 

nasal cannula (HFNC). HFNC has been extensively shown to 

improve oxygenation by reducing effective dead space venti-

lation and markedly increasing the fraction of inspired oxygen 

(FiO2) [5], as well as significantly increasing the end expirato-

ry pressure [6]. This modality was also shown to reduce 30-

day mortality compared to other noninvasive measures [7]. 

Some alterations to the flow rate and oxygen concentrations 

of HFNC [8], the effect of manipulating the delivery device [9], 

opening to shutting the patient’s mouth [6] or the addition 

of a surgical mask on top of the HFNC have been empirically 

evaluated [10]. This study aimed to evaluate the effects of dual 

oxygenation, i.e., the addition of RM on top of HFNC aiming to 

increase the amount of oxygen delivered to the alveoli in the 

attempt to avoid the need for invasive ventilation, compared 

to HFNC alone, on clinically significant outcome measures in 

the treatment of COVID-19 associated hypoxemic respiratory 

failure. 

MATERIALS AND METHODS 

This human study was approved by the Institutional Eth-

ics Committee of  Rambam Medical Center (No. 0228-21- 

RMC-D). The requirement for consent was waived by the eth-

ics committee due to the retrospective nature of this study.

This retrospective cohort study aimed to compare the 

treatment of severely hypoxemic COVID-19 patients with ei-

ther HFNC alone (control) or dual oxygenation (HFNC with 

the addition of a RM). The study was conducted in Rambam 

Healthcare Campus, a tertiary level care 1,100 beds medical 

center, situated in Haifa, Israel. The Electronic Health Registry 

files of all patients hospitalized between January 1, 2020, and 

December 31, 2022, in any one of eight dedicated COVID-19 

wards were reviewed. To be included, a patient had to have 

had (1) a positive polymerase chain reaction test for COVID-19 

performed within 2 days of hospital admission, (2) severe hy-

poxemia requiring the use of HFNC, defined as pulse oxygen 

saturation (SpO2) persistently below 90% despite maximal flow 

(15 L/min) on RM, and (3) 18 years of age or older. Exclusion 

criteria were (1) positive pressure ventilation (either noninva-

sive or invasive) initiated for any reason other than refractory 

hypoxemia (e.g., general anesthesia), (2) transfer to another 

facility while still on HFNC, and (3) patients with do-not-re-

suscitate (DNR) or do-not-intubate (DNI) orders at any point 

during the hospitalization. 

All patients were continuously monitored by pulse-oximetry. 

For HFNC, a flow of 40 L/min heated to 37 °C and humidified 

to 100% was used, at FiO2 of 40%–100%, titrated to achieve cap-

illary SpO2 of 90%–95%. RM was added via a non-rebreather 

mask at a fixed oxygen flow of 15 L/min at ambient tempera-

ture. Invasive mechanical intubation was performed at the 

attending physician’s discretion, mostly because of decreasing 

SpO2 despite maximal non-invasive respiratory support. The 

primary outcome was mortality within 30 days from the first 

application of HFNC. Secondary outcomes were the initiation 

of invasive intermittent positive pressure ventilation (i.e., intu-

bation) and admission to an ICU. 

Statistical Analysis 
Standard descriptive statistics were used to summarize pop-

ulation characteristics. Survival analysis was performed us-

ing the Gehan-Breslow-Wilcoxon method and visualized by 

means of a Kaplan-Meier survival plot. Cox regression was 

performed for multivariate survival analysis. Propensity for the 

treatment group was calculated by logistic regression, based 

on a priori selected variables. Inverse probability of treatment 

weighting was selected due to the similar sample sizes of 

the intervention (dual) and control (HFNC alone) groups. A 

two-sided P <0.05 was considered statistically significant for all 

tests. Assuming patients treated with dual oxygenation to com-

prise at least 40% of the analyzed population the minimal total 

■ We investigated a simple, readily available, safe, and yet 
not sufficiently researched oxygenation method: the 
addition of a reservoir mask on top of high flow oxygen 
cannula.

■ Our data suggest this rudimentary intervention can be 
associated with decreased 30-day mortality.

■ These findings could be extremely important for clini-
cians and incentivize further studies.

KEY MESSAGES
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sample size needed to detect a relative hazard of 0.8 or lower 

(with β=0.2) for the primary outcome of 30 days mortality was 

calculated to be 657. Statistical analysis was performed using 

IBM SPSS software ver. 24.0 (IBM Corp.).  

RESULTS 

Of 5,324 patients hospitalized with COVID-19 during the study 

period, 721 (13.5%) were treated with HFNC. Nine patients 

(1.2%) were excluded for being intubated for surgery, 17 (2.4%) 

were transferred to another facility while still requiring high-

flow oxygenation, and 36 (5%) had DNR or DNI orders. A total 

of 659 patients were included in the final analysis: 343 (52%) 

were treated with HFNC alone (controls) and 316 patients 

(48%) were treated with dual oxygenation (the combination of 

HFNC and RM), as summarised in Figure 1. The characteris-

tics of both groups are presented in Table 1. 

The background diagnoses of solid and hematological ma-

lignancies, heart failure and dyslipidemia were significantly 

(P<0.05) more prevalent in the dual oxygenation group. Pa-

tients treated with dual oxygenation had higher mean white 

blood cells count (5.6±12.9 vs. 3.8±7.4 ×103/μl, P=0.019), blood 

lactate (0.7±1.0 vs. 1.0±1.1 mMol/L, P<0.001) and C-reactive 

protein levels (6.6±9.9 vs. 9.1±10.7 mg/dl, P=0.002). The respi-

ratory rate oxygenation (ROX) index measured at 6 hours after 

the initial application of HFNC was significantly higher in the 

dual oxygenation group (4.7±1.4 vs. 4.4±1.1, P=0.003). There 

were no significant differences between the two groups in the 

lowest Sequential Organ Failure Assessment (SOFA) score 

during hospitalization, as well as length of treatment or total 

dose of corticosteroids administered. Rates of, time to and du-

ration of noninvasive bilevel positive airway pressure support, 

days spent using HFNC, and body mass indexes were similar 

in both groups. 

At 30 days from the initial application of HFNC, the primary 

outcome of all-cause mortality was significantly lower in the 

dual oxygenation group (104 [32.9%] vs. 146 [42.6%], P=0.011). 

The lower proportion of invasive positive pressure ventilation 

in the dual oxygenation group within 30 days from HFNC ini-

tiation (46 [14.6%] vs. 65 [19%], P=0.132) did not reach statis-

tical significance. Rates of ICU admission within 30 days from 

HFNC initiation were similar between groups (93 [29.3%] and 

100 [29.2%], P=0.938). Survival analysis of both primary and 

secondary outcomes are visualized Figure 2. 

Assessing for potential confounders, propensity for the 

treatment group (dual vs. control) was scored using a set of 

antecedently selected independent variables. These included 

gender, background diagnoses (solid and hematological ma-

lignancy, hypertension, heart failure, ischemic heart disease, 

atrial fibrillation, dyslipidemia, diabetes, dialysis, smoking, 

asthma, and chronic obstructive pulmonary disease), labo-

ratories upon admission (neutrophil and lymphocyte counts, 

lactate, C-reactive protein, D-dimer, bilirubin and serum creat-

inine), vital signs on presentation (pulse, blood pressure, SpO2, 

respiratory rate and temperature) and the total dose of gluco-

corticoids administered. This scoring was used to inversely 

weight the probability of treatment group when analyzing 

the primary outcome of overall survival at 30 days. Next, Cox 

All adult patients hospitalized with COVID-19 confirmed PCR 
within 2 days from admission
(Jan 1, 2020–Dec 31, 2022)

n=5,324  4,603 Not treated with high-flow oxygenation

62 Excluded
  9 Intubated for surgery (1.2%)
17 �Transferred to another facility while still requiring high-

flow oxygenation (2.4%)
36 DNR/DNI orders (5%)

721 Inclusion criteria met

659 Patients included in the final analysis

Preliminary data survey

Manual EHR survey

Final analysis

Figure 1. Flowchart of the study. COVID-19: coronavirus disease 2019; PCR: polymerase chain reaction; DNR: do-not-resuscitate; DNI: do-not-
intubate.
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Table 1. Study patients characteristics
Variable HFNC alone (control, n=343) Dual (HFNC+RM, n=316) P-value
Female 131 (38.2) 110 (34.8) 0.368
Age (yr) 66.5±15.6 68.0±15.7 0.198
History
  Solid malignancy 72 (20.9) 93 (29.4) 0.012
  Hematological malignancy 24 (7.0) 39 (12.3) 0.020
  Heart failure 103 (30.0) 135 (42.7) 0.001
  Hemodialysis 21 (6.1) 32 (10.1) 0.059
  COPD 31 (9.0) 23 (7.3) 0.411
  Asthma 13 (3.8) 17 (5.4) 0.328
  Smoking 43 (12.5) 48 (15.2) 0.324
  Atrial fibrillation 50 (14.6) 58 (18.4) 0.191
  Dyslipidemia 146 (42.6) 165 (52.2) 0.013
  Hypertension 82 (23.9) 109 (34.5) 0.003
  Ischemic heart disease 90 (26.2) 98 (31.0) 0.175
  Diabetes mellitus 135 (39.4) 131 (41.5) 0.584
Laboratory results upon admission
  White blood cells (x103/μl) 3.8±7.4 5.6±12.9 0.019
  Neutrophiles (x103/µl) 6.9±4.2 7.2±5.3 0.563
  Lymphocytes (x103/µl) 1.9±14.2 2.3±13.3 0.779
  Hemoglobin (mg/dl) 12.0±2.3 12.3±2.3 0.153
  Lactate (mMol/L) 0.7±1.0 1.0±1.1 <0.001
  C-reactive protein (mg/dl) 6.6±9.9 9.1±10.7 0.002
  D-dimer (mg/ml) 1,321±1,083 1,489±1,182 0.198
  Bilirubin (mg/dl) 0.6±0.4 0.6±0.6 0.420
  Serum creatinine (mg/dl) 1.5±1.5 1.4±1.4 0.511
Glucocorticoid length of treatment (day) 5.9±3.8 6.0±3.7 0.882
Glucocorticoid cumulative dose (prednisone equivalent in mg) 237±153 238±148 0.879
Highest SOFA score during hospitalization 4.7±1.7 4.7±1.8 0.983
Highest ROX index within 12 hours from HFNC initiation 4.4±1.1 4.7±1.4 0.003
Body mass index (kg/m2) 29.0±5.8 29.6±6.2 0.240
Day on HFNC 13 (4 to 22)  13 (4 to 24) 0.266
BiPAP 84 (24.5) 68 (21.5) 0.366
Day to BiPAP initiation 0 (0 to 4) –1 (–2 to 2) 0.389
Day on BiPAP 3 3 (1 to 6) 3 (1 to 5) 0.635
Deceased 30 days after first application of HFNC 146 (42.6) 104 (32.9) 0.011
Intubated 30 days after first application of HFNC 65 (19) 46 (14.6) 0.132
Admitted to the ICU within 30 days after first application of HFNC 100 (29.2) 93 (29.3) 0.938

Values are presented as number (%), mean±standard deviation, or median (interquartile range).
HFNC: high-flow nasal cannula; RM: reservoir mask; COPD: chronic obstructive pulmonary disease; SOFA: Sequential Organ Failure Assessment; ROX: respiratory 
rate oxygenation; BiPAP: bilevel positive airway pressure support; ICU: intensive care unit.

proportional weighted hazard model was constructed. Age, 

body mass index, highest SOFA score during hospitalization 

and ROX index at 6 hours after the initiation of HFNC were 

included in the model. Dual oxygenation remained an inde-

pendent predictor of 30 days mortality (adjusted hazard ratio, 

0.615; 95% confidence interval, 0.469–0.809), as presented in 

Supplementary Table 1. The inverse probability of treatment 

weighted survival is depicted in Figure 3. 

DISCUSSION 

Our study demonstrated a decreased 30 days mortality in pa-

tients treated with the addition of RM on top of HFNC. This 

association remained unchanged after accounting for multiple 
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Figure 2. Kaplan-Mayer survival curves from first high-flow nasal 
cannula (HFNC) to death (A), the initiation of invasive positive 
pressure ventilation (i.e., intubation) (B), and admission to the 
intensive care unit (ICU) (C). RM: reservoir mask.
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potential confounders, including age, smoking status, body 

mass index, underlying diseases (and particularly chronic 

lung diseases), laboratories and vital signs at presentation and 

severity as reflected by the SOFA score and ROX index. Several 

mechanistic explanations could be offered to elucidate these 

results. 

First, flow addition might be of importance. While 40 L/min 

is much higher than the typical minute ventilation, this ventila-

tory volume is inspired over a period of time that is significantly 

shorter, leading to high-peak inspiratory flows (PIF). Patients 

in respiratory failure demonstrated PIFs of over 42 L/min on 

average and up to 120 L/min [11]. Conversely, the O2 infra-

structure in our hospital only allows for up to 40 L/min flow of 

pure oxygen, lower than the maximal flow of most available 

HFNC devices, that support minute flow of up to 60 L/min. In 

other words, 15 L/min of RM added to the HFNC of 40 L/min 

(increasing flow by 37.5) may be significant in view of the high 

PIF in respiratory failure [12,13]. In a recent bench and healthy 

volunteers model, increasing the flow from 40 to 60 also in-

creased the positive end expiratory pressure, which might ex-

plain improved oxygenation [6]. 

Second, not unlike the addition of a surgical mask (shown in 

a small study to improve oxygenation) [10] or simply adding a 

venturi mask with no flow [14], the RM adds a physical barri-

Figure 3. Propensity score weighted Cox regression for 30 days 
survival. Predicting variables included respiratory support method 
(dual vs. high-flow nasal cannula [HFNC] alone), age, respiratory rate 
oxygenation (ROX) index, Sequential Organ Failure Assessment score, 
and body mass index. RM: reservoir mask.
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er. All high flow devices in our center rely on nasal prongs for 

delivery. Shifts to the hemoglobin dissociation curve [15], and 

the rise of PaCO2 [16] have all been suggested to explain these 

findings. It seems, nonetheless, that the most likely mecha-

nism is the decrease of room air entrainment in the presence 

of a physical barrier. PEEP was significantly lowered when the 

subjects opened their mouths [6]—a posture typical of the 

air hungry patient. This was shown in volunteers subjected 

to strenuous exercise to simulate the increased ventilation 

in severe respiratory failure (shown to breathe through their 

mouth) [17]. Partial arterial pressure of O2 was significantly 

increased (with PaCO2 unchanged) when a barrier was ap-

plied [10]. FIO2 delivery was shown to decrease significantly 

in severe respiratory failure, a finding attributed to room air 

entrainment, in a recent meta-analysis [18]. It seems the sim-

ple barrier of the RM helps funnel the high flow from the nasal 

prongs to the mouth, contributing especially in severe respi-

ratory distress where patients are more likely to breathe with 

their mouth open. 

The decrease in room air entrainment might be even more 

significant when a highly compliant reservoir is added [9]. The 

large diameter and proximity of the reservoir bag minimize 

the resistance of this source of effectively pure oxygen during 

inspiration [7]. Since, as discussed above, the limiting factor in 

respiratory failure seems to be flow rather than volume, even 

the modest volume (but high flow) reservoir bag could help 

address the increased PIF needs of patients with respiratory 

failure. 

This study has several important limitations. Firstly, the 

retrospective design inherently raises the risk of biases, par-

ticularly since no randomization was performed and no strict 

protocol detailing the criteria for adding RM to HFNC was 

followed. As a result, criteria for adding RM or ICU admission 

varied greatly between physicians and during various phases 

of the pandemic, as did criteria for intubation or ICU admis-

sion. Secondly, no consistent data was available regarding 

important physiological parameters (oxygenation, respiratory 

effort, etc.) immediately before and after the addition of RM, 

leaving our inference of the mechanism by which this inter-

vention improves oxygenation to be very limited, relying on 

previous much smaller studies. Similarly, we could not ascer-

tain the extent and duration to which the patient’s mouth was 

open. Lastly, mortality in this cohort was high. While sadly not 

atypical of the pandemic, such rates are not expected in all re-

spiratory failure patients. 

In conclusion, this study demonstrates the potential efficacy 

of the addition of RM on top of HFNC in COVID-19 patients 

with severe hypoxemia, resulting in improved overall survival. 

This cheap, widely available, and safe treatment may warrant 

further studies. 
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Background: Stenotrophomonas maltophilia has been increasingly recognized as an opportunis-
tic pathogen associated with high morbidity and mortality. Data on the prognostic factors associ-
ated with S. maltophilia pneumonia in patients admitted to intensive care unit (ICU) are lacking. 
Methods: We conducted a retrospective analysis of data from 117 patients with S. maltophilia 
pneumonia admitted to the ICUs of two tertiary referral hospitals in South Korea between Janu-
ary 2011 and December 2022. To assess risk factors associated with in-hospital mortality, multi-
variable logistic regression analyses were performed. 
Results: The median age of the study population was 71 years. Ventilator-associated pneumonia 
was 76.1% of cases, and the median length of ICU stay before the first isolation of S. maltophilia 
was 15 days. The overall in-hospital mortality rate was 82.1%, and factors independently associ-
ated with mortality were age (odds ratio [OR], 1.05; 95% confidence interval [CI], 1.00–1.09; 
P=0.046), Sequential Organ Failure Assessment (SOFA) score (OR, 1.21; 95%; CI, 1.02–1.43; 
P=0.025), corticosteroid use (OR, 4.19; 95% CI, 1.26–13.91; P=0.019), and polymicrobial infection 
(OR, 95% CI 0.07–0.69). However, the impact of appropriate antibiotic therapy on mortality was 
insignificant. In a subgroup of patients who received appropriate antibiotic therapy (n=58), anti-
biotic treatment modality-related variables, including combination or empirical therapy, also 
showed no significant association with survival. 
Conclusions: Patients with S. maltophilia pneumonia in ICU have high mortality rates. Older age, 
higher SOFA score, and corticosteroid use were independently associated with increased in-hos-
pital mortality, whereas polymicrobial infection was associated with lower mortality. The effect of 
appropriate antibiotic therapy on prognosis was insignificant. 

Key Words: anti-bacterial agents; intensive care units; pneumonia; risk factors; Stenotrophomon-
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INTRODUCTION 

Stenotrophomonas maltophilia is a Gram-negative multidrug-resistant bacterium that has 
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emerged as a significant opportunistic pathogen of global 

concern [1]. S. maltophilia infections primarily present as a 

respiratory tract infection, with significant morbidity in vulner-

able patients, including immunocompromised and debilitated 

patients [2]. Varying degrees of mortality have been reported 

in patients with S. maltophilia pneumonia, with rates reach-

ing as high as 70% [2]. Owing to intrinsic resistance to various 

antibiotics, limitations in antimicrobial susceptibility testing 

(AST), and lack of clinical data, the treatment of S. maltophilia 

infection is a significant challenge for clinicians [3]. 

Factors commonly encountered in patients admitted to 

intensive care unit (ICU), such as severe illness, invasive pro-

cedures, and exposure to broad-spectrum antibiotics, have 

been reported to be associated with ICU-acquired S. malto-

philia pneumonia, which is a significant risk factor for ICU 

death [4]. Previous studies have shown that the frequency of 

S. maltophilia pneumonia in ICU tends to increase over time 

[4]; moreover, in a recent study on patients with pneumonia 

in ICUs of medical centers in the United States, S. maltophilia 

was one of the top six commonly identified pathogens [5]. 

Additionally, there has been an increase in resistance rates to 

drugs that have classically shown good susceptibility [3]. De-

spite this emerging clinical relevance, S. maltophilia has been 

considerably less studied than other Gram-negative bacteria 

[3], and clinical data on S. maltophilia pneumonia in the ICU 

setting are lacking. 

In the present study, we aimed to retrospectively analyze 

patients with S. maltophilia pneumonia in the ICU to describe 

their clinical features and investigate factors, including antibi-

otic therapy, associated with mortality. 

MATERIALS AND METHODS 

This study was approved by the Institutional Review Board of 

each institution, which waived the requirement for informed 

consent owing to the retrospective nature of the study. 

Study Design and Participants 
This retrospective study was conducted at two tertiary referral 

centers, the Kyungpook National University Hospital and the 

Kyungpook National University Chilgok Hospital, in Daegu, 

Korea. Information on consecutive adult patients admitted 

to the ICUs, including both medical and surgical ICUs, at two 

hospitals between January 1, 2011, and December 31, 2022, 

was collected, and patients with S. maltophilia cultured from 

respiratory specimens during their ICU stay were selected. 

The exclusion criteria included patients with no pneumonia 

events throughout their stay in the ICU, those who died or 

were discharged on the day of specimen collection, those with 

inadequate specimens, and those with S. maltophilia coloni-

zation (Figure 1). Clinical features were compared by dividing 

patients into two groups based on the occurrence of in-hospi-

tal death, which is the outcome of interest in the current study. 

Definitions 
S. maltophilia pneumonia was diagnosed when there was a 

positive microbiologic culture from a respiratory specimen 

and concurrent clinical and radiological signs consistent with 

pneumonia, defined as new or progressive lung infiltrates on 

chest radiograph plus at least two of the following clinical cri-

teria: (1) body temperature of >38.0 °C or <36.0 °C, (2) white 

blood cell count of ≥12,000/mm3 or ≤4,000/mm3, and (3) mac-

roscopically purulent tracheal aspirate or sputum, referring 

to some of the criteria proposed by U.S. Centers for Disease 

■ In critically ill patients with Stenotrophomonas maltophil-
ia pneumonia, older age, higher Sequential Organ Failure 
Assessment (SOFA) score, and corticosteroid use were 
associated with increased mortality, whereas polymicro-
bial infection was associated with better prognosis.

■ The effect of appropriate antibiotic therapy on mortality 
was insignificant.

KEY MESSAGES

Figure 1. Flowchart of the study. ICU: intensive care unit.

336 Adult patients with a positive Stenotrophomonas 
maltophilia respiratory culture during their ICU stay

Exclusion
39 No pneumonia events
11 Discharged on the day of culture collection
84 Inadequate specimens
85 S. maltophilia colonization

21 Survivors 96 Nonsurvivors

117 Patients with S. maltophilia pneumonia
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Control and Prevention [6]. Cases with a positive respiratory 

sample but not meeting the abovementioned pneumonia 

criteria were considered as S. maltophilia colonization and 

excluded from the final analysis. Ventilator-associated pneu-

monia (VAP) was defined as pneumonia in patients who had 

received at least 48 hours of mechanical ventilation [7]. The 

respiratory specimen was considered to be adequate with the 

following threshold: (1) quantitative culture of bronchoalveo-

lar lavage (≥104 colony-forming unit [CFU]/mL), (2) quantita-

tive culture of bronchoscopic or endotracheal aspirates (≥105 

CFU/mL), (3) semi-quantitative culture of endotracheal aspi-

rates (moderate or higher), or (4) sputum with <10 epithelial 

cells in a low power field. 

Immunosuppression was defined as patients with at least 

one of the following: neutropenia (absolute neutrophil count 

or total white blood cell count of <500/mm3), hematologic ma-

lignancy or human immunodeficiency virus positive with CD4 

count of <200, a history of splenectomy, solid organ or hema-

topoietic stem cell transplant, cytotoxic chemotherapy, immu-

nosuppressant, or receiving daily corticosteroid therapy with a 

dose of ≥20 mg of prednisone or equivalent for ≥14 days) [6,8]. 

Polymicrobial infection was defined as the detection of other 

bacteria at the same time as the first isolation of S. maltophil-

ia or within 1 week thereafter. Corticosteroid administration 

was referred to as at least one dose of ≥10 mg of prednisone or 

equivalent within the same time frame (within 1 week of index 

culture collection). 

Appropriate antibiotic therapy was defined as a case 

where at least one antibiotic showing sensitivity in the AST 

was administered for 48 hours or longer, and simultaneous 

administration of two or more antibiotics was referred to as 

combination therapy. Among patients who received appropri-

ate antibiotic therapy, those who started treatment before S. 

maltophilia was first identified were defined as empiric thera-

py, and the remaining cases were defined as definitive therapy. 

Data Collection 
Patients’ baseline characteristics, including demographics, co-

morbid conditions, and laboratory test results, were obtained 

from electronic medical records. Prior antibiotic exposure 

within the last 90 days was investigated, and variables indica-

tive of severity at the time of admission to ICU, including Acute 

Physiological and Chronic Health Evaluation (APACHE) II 

and Sequential Organ Failure Assessment (SOFA) scores, were 

reviewed. The use of vasopressors prior to S. maltophilia infec-

tion was recorded. 

To evaluate the severity of illness at the beginning of S. 

maltophilia infection, SOFA scores on the day of index culture 

collection were examined. For several drugs, AST results of the 

identified strains were recorded. Information on the presence 

of polymicrobial infection and isolation of S. maltophilia from 

normally sterile sites, including blood, abdominal fluid, pleu-

ral fluid, and cerebrospinal fluid, was collected. Moreover, the 

frequency of corticosteroid administration was recorded. 

In addition to appropriate antibiotic therapy, the following 

variables related to treatment were investigated: monotherapy; 

combination therapy; use of trimethoprim-sulfamethoxazole 

(TMP-SMX), levofloxacin, and minocycline; empiric therapy; 

definitive therapy; and time interval from S. maltophilia diag-

nosis to initiation of appropriate antibiotics. 

Statistical Analysis 
Continuous variables were expressed as medians (interquartile 

range [IQR]), whereas categorical variables were expressed 

as numbers (percentage). Comparisons between two groups 

were performed using Mann-Whitney U-tests for continuous 

variables and chi-square or Fisher’s exact tests for categorical 

variables. To investigate the independent factors associated 

with in-hospital death, a multivariable analysis was performed 

using a logistic regression model. Variables showing statisti-

cally significant differences between the groups in univariate 

analysis or those considered clinically significant were sub-

jected to multivariable analysis, and the backward elimination 

method was used to define the independent risk factors. Sta-

tistical analysis was performed using RStudio (R version 4.2.1). 

Two-sided P-value of <0.05 was considered to indicate statisti-

cally significant.  

RESULTS 

Initially, 336 patients with a positive S. maltophilia respira-

tory culture during their ICU stay were identified. Among 

them, those with no pneumonia events throughout their ICU 

stay (n=39), those who died or were discharged on the day of 

culture collection (n=11), those with inadequate specimens 

(n=84), and those with S. maltophilia colonization (n=85) were 

excluded. Subsequently, the data of 117 patients were ana-

lyzed. S. maltophilia was cultured from endotracheal aspirate 

(n=107), bronchoalveolar lavage (n=5), and sputum (n=5), 

with 4 cases additionally displaying concurrent bacteremia. 

The overall in-hospital mortality rate was 82.1% (n=96). The 

median duration of mechanical ventilation for all patients was 
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22 days, with no significant difference between the in-hospital 

survivors and nonsurvivors (median [IQR], 28 days [12–40] vs. 

20 days [9– 35]; P=0.146). 

Baseline Characteristics 
The baseline and clinical characteristics of patients are pre-

sented in Table 1. The median age of the study population 

was 71 years, which was significantly lower in survivors than 

in nonsurvivors (median [IQR], 64 years [55–72] vs. 72 years 

[65–80]; P=0.027). Comorbid conditions and prior antibiotic 

exposure were comparable between the two groups. The me-

dian APACHE II and SOFA scores of all patients at ICU admis-

sion were 17 and 8, respectively, with no significant difference 

between the two groups. Initial laboratory test results were 

similar between the two groups, except for the levels of lactic 

acid (1.4 mmol/L [1.2–3.1] vs. 3.0 mmol/L [1.7–6.0]; P=0.033) 

(Table 2). 

Variables Related to S. maltophilia Infection and 
Treatment Details 
Variables related to S. maltophilia infection and its treatment 

details are displayed in Table 3. VAP accounted for 76.1% 

(n=89) of all patients, and the median length of ICU stay before 

the first isolation of S. maltophilia was 15 days, with no signifi-

cant difference between the groups. Additionally, SOFA scores 

on the day of the first S. maltophilia culture collection were 

comparable between the groups. Survivors had a significantly 

higher frequency of polymicrobial infection than nonsurvivors 

(n=15 [71.4%] vs. n=32 [33.3%]; P=0.003). 

Among patients with corticosteroid administration, the 

number of survivors was significantly lower than that of non-

survivors (n=5 [23.8%] vs. n=50 [52.1%]; P=0.035). No signif-

Table 1. Demographic and baseline characteristics
Variable Total (n=117) Survivor (n=21) Nonsurvivor (n=96) P-value
Age (yr) 71 (63–78) 64 (55–72) 72 (65–80) 0.027
Male 75 (64.1) 13 (61.9) 62 (64.6) >0.999
Body mass index (kg/m2) 22.8 (19.8–25.0) 22.5 (20.1–24.2) 22.8 (19.8–25.1) 0.577
Comorbid condition
  Chronic pulmonary disease 18 (15.4) 3 (14.3) 15 (15.6) >0.999
  Hypertension 55 (47.0) 10 (47.6) 45 (46.9) >0.999
  Diabetes mellitus 39 (33.3) 7 (33.3) 32 (33.3) >0.999
  Cardiovascular disease 22 (18.8) 6 (28.6) 16 (16.7) 0.339
  Cerebrovascular disease 14 (12.0) 2 (9.5) 12 (12.5) 0.992
  Chronic kidney disease 20 (17.1) 2 (9.5) 18 (18.8) 0.486
  Chronic liver disease 2 (1.7) 0 2 (2.1) >0.999
  Connective tissue disease 3 (2.6) 0 3 (3.1) 0.953
  Cancer 28 (23.9) 2 (9.5) 26 (27.1) 0.154
  Immunosuppression 20 (17.1) 1 (4.8) 19 (19.8) 0.181
Previous antibiotic exposure
  Antipseudomonal penicillin or cephalosporin 41 (35.0) 5 (23.8) 36 (37.5) 0.348
  Carbapenem 34 (29.1) 4 (19.0) 30 (31.2) 0.395
  Aminoglycosides 5 (4.3) 2 (9.5) 3 (3.1) 0.473
  Fluoroquinolones 29 (24.8) 4 (19.0) 25 (26.0) 0.694
  Glycopeptides 28 (23.9) 3 (14.3) 25 (26.0) 0.389
Reason for ICU admission
  Medical condition 106 (90.6) 19 (90.5) 87 (90.6) >0.999
  Postoperative care 11 (9.4) 2 (9.5) 9 (9.4) >0.999
Severity score on ICU admission
  APACHE II 17 (14–22) 16 (14–20) 18 (14–23) 0.362
  SOFA 8 (5–10) 7 (4–9) 8 (5–11) 0.235
Vasopressor use 102 (87.2) 18 (85.7) 84 (87.5) >0.999

Values are presented as median (interquartile range) or number (%).
ICU: intensive care unit; APACHE: Acute Physiological and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment.
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Table 2. Initial laboratory findings
Variable n Total Survivor (n=21) Nonsurvivor (n=96) P-value
White blood cell (×103/L) 117 11.5 (7.6–16.3) 11.2 (6.7–21.0) 11.6 (7.8–15.6) 0.607
Neutrophil–lymphocyte ratio 116 11.9 (5.0–24.2) 8.7 (5.3–32.9) 13.4 (4.8–23.9) >0.999
Hematocrit (%) 117 32.1 (28.1–36.9) 33.0 (29.6–36.4) 31.8 (27.8–37.0) 0.486
C-reactive protein (mg/dl) 115 9.3 (2.8–19.2) 10.7 (1.4–19.1) 9.2 (3.7–19.3) 0.612
Albumin (g/dl) 116 2.8 (2.5–3.2) 2.6 (2.1–3.2) 2.8 (2.5–3.2) 0.143
Procalcitonin (mmol/L) 64 0.8 (0.2–6.9) 0.7 (0.3–6.2) 0.8 (0.2–7.5) 0.877
LDH (U/L) 63 495 (323–750) 445 (247–518) 514 (335–886) 0.105
Lactic acid (mmol/L) 65 2.6 (1.6–5.5) 1.4 (1.2–3.1) 3.0 (1.7–6.0) 0.033
D-dimer (µg/ml) 70 7.3 (3.7–19.8) 7.3 (5.4–10.9) 7.5 (3.0–20.0) >0.999
Ferritin (ng/ml) 24 839.7 (277.2–1,481.3) 871.5 (689.7–923.0) 709.2 (221.2–1,903.0) 0.970

Values are presented as median (interquartile range).
LDH: lactate dehydrogenase.

Table 3. Variables regarding Stenotrophomonas maltophilia infection and treatment details
Variable Total (n=117) Survivor (n=21) Nonsurvivor (n=96) P-value
Ventilator-associated pneumonia 89 (76.1) 15 (71.4) 74 (77.1) 0.789
Length of ICU stay before S. maltophilia infection (day) 15 (10–27) 16 (10–30) 15 (10–27) 0.935
SOFA score on the day of index culture collection 7 (5–10) 7 (4–9) 7 (5–12) 0.131
Polymicrobial infection 47 (40.2) 15 (71.4) 32 (33.3) 0.003
S. maltophilia isolation from normally sterile sitesa) 10 (8.5) 1 (4.8) 9 (9.4) 0.799
Corticosteroid use 55 (57.0) 5 (23.8) 50 (52.1) 0.035
Appropriate antibiotic therapy 58 (49.6) 10 (47.6) 48 (50.0) >0.999
Monotherapy 48 (41.0) 9 (42.9) 39 (40.6) >0.999
Combination therapy 10 (8.5) 1 (4.8) 9 (9.4) 0.799
Empiric therapy 18 (15.4) 2 (9.5) 16 (16.7) 0.626
Definitive therapy 40 (34.2) 8 (38.1) 32 (33.3) 0.871
Time interval between S. maltophilia isolation and 

antibiotic treatment (day)
1 (0–4) 1 (0–4) 0 (0–4) 0.417

TMP–SMX use 20 (17.1) 3 (14.3) 17 (17.7) 0.954
Levofloxacin use 37 (31.6) 6 (28.6) 31 (32.3) 0.942
Minocycline use 18 (15.4) 2 (9.5) 16 (16.7) 0.626

Values are presented as number (%) or median (interquartile range).
ICU: intensive care unit; SOFA: Sequential Organ Failure Assessment; TMP–SMX: trimethoprim–sulfamethoxazole.
a) Including blood, abdominal fluid, pleural fluid, and cerebrospinal fluid.

icant differences were observed between the two groups in 

terms of antibiotic treatment modality-related variables and 

appropriate antibiotic therapy. 

Antibiotic Susceptibility 
For the four main drugs, AST results of 115 patients are de-

picted in Figure 2A. The proportion of cases susceptible to 

TMP– SMX was the highest at 92.2%, followed by that of cases 

susceptible to levofloxacin (59.1%), minocycline (41.7%), and 

ceftazidime (20%). The proportion of cases showing resistant 

or intermediate results were for ceftazidime and levofloxacin 

was 48.7% and 24.4%, respectively, which tended to be higher 

than that of cases showing resistant or intermediate results for 

TMP–SMX (7.8%) and minocycline (4.3%). 

Polymicrobial Infections 
In 40.2% (n=47) of patients, other microorganisms were iden-

tified at the time of S. maltophilia isolation or within the first 

week of isolation. The distribution of coisolates is depicted in 

Figure 2B. Acinetobacter species showed the highest frequency 

(n=19), followed by Staphylococcus aureus (n=10), Klebsiella 

pneumoniae (n=10), and Pseudomonas aeruginosa (n=9). 
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Escherichia coli was isolated in two cases, and Sphingomonas 

paucimobilis, Klebsiella oxytoca, Enterococcus faecium, Entero-

bacter aerogenes, and Achromobacter xylosoxidans were isolat-

ed in one case each.  

Risk Factors Associated with In-Hospital Mortality 
The following factors were included in the multivariable anal-

ysis: age, APACHE II, vasopressor use, SOFA score on the day 

of index culture collection, polymicrobial infection, cortico-

steroid use, and appropriate antibiotic therapy. Consequent-

ly, age (odds ratio [OR], 1.05; 95% confidence interval [CI], 

1.00–1.09; P=0.046), SOFA score (OR, 1.21; 95%; CI, 1.02–1.43; 

P=0.025), corticosteroid use (OR, 4.19; 95% CI, 1.26–13.91; 

P=0.019) and polymicrobial infection (OR, 0.22; 95% CI, 

Figure 2. (A) Antibiotic susceptibility of Stenotrophomonas maltophilia strains isolated from the respiratory tract specimen of critically ill patients 
(n=115). Susceptibility results for each antibiotic are expressed as a percentage of all cases. (B) Frequency distribution of coisolates in patients 
with polymicrobial infection (n=47). Results are sorted by frequency, with duplicates allowed. TMP–SMX: trimethoprim–sulfamethoxazole.
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0.07–0.69; P=0.009) were independent factors associated with 

in-hospital death, whereas appropriate antibiotic therapy did 

not modify mortality (Table 4). 

A multivariable analysis performed in a subgroup of patients 

who received appropriate antibiotic therapy (n=58) showed 

that vasopressor use (P=0.044), polymicrobial infection 

(P=0.025), and corticosteroid use (P=0.046) were associated 

with in-hospital mortality. However, additionally included 

antibiotic treatment modality-related variables such as combi-

nation, empirical treatment, time interval from S. maltophilia 

diagnosis to initiation of appropriate antibiotics, and use of 

specific antibiotics, had no significant effect on survival (Sup-

plementary Table 1). 

In addition, a subgroup analysis was conducted for patients 

receiving corticosteroids (n=55). At the start of corticosteroid 

treatment, methylprednisolone was the most frequently pre-

scribed, accounting for over half (56.4%) of cases, and it was 

administered at a median daily dosage of 0.9 mg/kg. Septic 

shock was the most common reason for corticosteroid use, 

followed by acute respiratory distress syndrome and severe 

pneumonia (Supplementary Table 2). The same multivariable 

analysis was performed including the aforementioned factors 

in this subgroup, but no statistically significant prognostic fac-

tors were found (Supplementary Table 3). 

DISCUSSION 

In this cohort of 117 critically ill patients with S. maltophilia 

pneumonia, the in-hospital mortality rate was approximately 

82%. Factors that were independently associated with in-hos-

pital death were age, SOFA score, corticosteroid use, and 

polymicrobial infection. However, the effects of appropriate 

antibiotic therapy, as well as empiric or combination therapy, 

on mortality were not significant. 

Previous studies on critically ill patients with S. maltophilia 

pneumonia have reported hospital or ICU mortality rates of 

approximately 50%–70% [9-13], which are mostly lower than 

those of our study patients. Although the high mortality rate 

in the present study cannot be clearly explained by our data 

alone, it may be attributed to the fact that our patients had a 

median age of 71 years, surpassing the median age range of 61 

to 65 years in previous studies [9,11-13]. While not identified 

as a prognostic factor in our study, the comparatively lower 

proportion of patients (49.6%) receiving appropriate antibi-

otic therapy, in contrast to the approximately 60%–73% range 

reported in prior studies [9-11,13], could have also exerted an 

influence. Furthermore, the outcomes of the current study 

might have been adversely influenced by the incorporation of 

patients with S. maltophilia pneumonia, using comparatively 

stringent criteria that eliminated colonization cases. This is 

in contrast to earlier studies which encompassed not only 

S. maltophilia infections but also instances of colonization 

[10,12]. 

As a general treatment approach for S. maltophilia infec-

tions, antibiotics including TMP–SMX, minocycline, and levo-

floxacin, are recommended as monotherapy or combination 

therapy depending on severity; however, there are limited clin-

ical data to strongly support a specific treatment strategy [14]. 

In particular, data on the impact of appropriate antibiotic ther-

apy on the prognosis of relatively severe S. maltophilia pneu-

monia in ICU are lacking, and most studies show conflicting 

results [9,13,15]. In a study including patients with VAP caused 

by S. maltophilia, Ibn Saied et al. [13] reported that adequate 

treatment did not improve prognosis, which is similar to our 

study finding, whereas other studies involving critically ill pa-

tients with S. maltophilia pneumonia showed a significant as-

sociation between appropriate antibiotic therapy and reduced 

mortality [9,15]. Regarding antibiotic treatment modalities, 

Table 4. Variables associated with in-hospital death assessed via multivariable logistic regression analysis

Variable
Univariate analysis Multivariable analysis

OR 95% CI P-value OR 95% CI P-value
Age (yr) 1.04 1.00–1.09 0.043 1.05 1.00–1.09 0.046
APACHE II score 1.04 0.97–1.12 0.300
Vasopressor use 1.17 0.25–4.14 0.800
SOFA score on the day of index culture collection 1.13 0.99–1.30 0.082 1.21 1.02–1.43 0.025
Polymicrobial infection 0.20 0.07–0.54 0.002 0.22 0.07–0.69 0.009
Corticosteroid use 3.48 1.25–11.3 0.024 4.19 1.26–13.91 0.019
Appropriate antibiotic therapy 1.10 0.43–2.87 0.800

OR: odds ratio; CI: confidence interval; APACHE: Acute Physiological and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment.
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neither empiric nor combination therapy had a significant 

effect on survival in the current study, which is consistent with 

several recent studies [9,11,13]. 

In agreement with previous studies [9,11,12], compared with 

other antibiotics, S. maltophilia strains in our study showed 

the highest percentage of susceptibility in TMP–SMX. More-

over, the study by Puech et al. proposed TMP-SMX as the only 

agent with a survival benefit in patients with VAP caused by S. 

maltophilia. However, our study did not identify a benefit in 

terms of clinical outcomes for any particular antibiotic. Since 

there are data showing favorable outcomes related to adequate 

antibiotics in critically ill patients with S. maltophilia pneumo-

nia [9,15], the need for appropriate antibiotic therapy cannot 

be denied in clinical practice; however, our findings suggest a 

more conservative approach to antibiotic treatment strategy 

rather than preemptive administration of a specific antibiotic 

before confirming AST results or the combination of two or 

more drugs. 

In our study, a higher SOFA score was one of the predictors 

of mortality. This finding is consistent with previous data, 

wherein the SOFA score on the day of pneumonia onset or S. 

maltophilia isolation was independently associated with mor-

tality of S. maltophilia infection in the ICU setting [9,11,12]. 

These results, combined with the fact that antibiotic treatment 

targeting S. maltophilia did not modify the survival of our pa-

tients, may support the idea that S. maltophilia isolation rep-

resents a precarious underlying condition with a poor progno-

sis, rather than being highly virulent per se [11,16]. 

Corticosteroids were administered at a significantly higher 

rate to nonsurvivors compared to survivors in the present 

study. The effect of corticosteroids has not been reported in 

previous studies of critically ill patients with S. maltophilia 

pneumonia. Corticosteroid therapy could be considered an 

adjunctive treatment option in some severe cases for various 

indications [17-19]. However, the benefits and harms of corti-

costeroids seem to be inconsistent depending on the specific 

causative agent of pneumonia [20-22]. Based on our findings, 

we suggest that corticosteroids be used cautiously and only 

when essential in patients in the ICU with suspected or di-

agnosed S. maltophilia pneumonia. However, notably, this 

retrospective study may have a bias, including a higher use of 

corticosteroids in more severe cases such as shock and respi-

ratory failure. Therefore, the significance of corticosteroid use 

in our findings requires caution in interpretation, and future 

well-designed prospective studies on this topic are warranted. 

In our study, polymicrobial infection was another prognos-

tic factor, associated with reduced in-hospital mortality. The 

reported proportion of polymicrobial infection in cohorts of 

critically ill patients with S. maltophilia is slightly higher than 

ours, ranging from 45% to 58% [9,11,12]. Its prognostic rele-

vance seems to be inconsistent with our results, with some 

studies showing no significant difference between mono and 

polymicrobial infection in terms of mortality [9,11] and one 

study presenting a worse prognosis in patients with polymi-

crobial infection [12]. Given the heterogeneity in the type 

and distribution of coisolates in those studies [9,11,12] and 

the potential interactions between S. maltophilia and certain 

strains [23,24], clearly elucidating the significance of polymi-

crobial infection as a prognostic factor in critically ill patients 

with S. maltophilia based on the current small-scale study 

is difficult. Conversely, a recent study on multidrug-resis-

tant Acinetobacter baumannii VAP reported a similar result 

to ours, which showed a lower mortality rate in the case of 

polymicrobial infection than that in monomicrobial, and the 

attenuation of virulence due to competition with coexisting 

pathogens in a polymicrobial setting was suggested as a pos-

sible explanation [25]. 

Taken together, our results suggest that when S. maltophilia 

pneumonia is suspected in an ICU environment, high-risk pa-

tients, including those with older age and high severity scores, 

should be carefully screened and reevaluated for excessive 

use of antibiotics or corticosteroids. Furthermore, considering 

the high mortality rate of such patients and unknown efficacy 

of appropriate antibiotic therapy, various measures for pre-

venting S. maltophilia infection and transmission, including 

barrier precautions during patient care, antibiotic stewardship, 

and appropriate maintenance of hospital environment and 

medical equipment [2], should be meticulously implemented. 

The present study has several limitations. Considering the 

retrospective nature of this study, there may have been biases 

that were not identified. First of all, it should be considered that 

not all of the S. maltophilia pneumonia defined in our study 

may represent true infections. Approximately 40% of cases in 

our study had polymicrobial infections, with coisolates varying 

in species and frequency. Even after adjustment for polymi-

crobial infection, detailed information on antibiotics suscep-

tibility testing or targeted antibiotic therapy for coisolates was 

not obtained. Furthermore, in such cases with polymicrobial 

infections, it is difficult to determine which microorganism is 

the actual causative agent of pneumonia. This may have influ-

enced our results, where appropriate antibiotic therapy was 

not associated with mortality. Second, the presence of acute 
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illness in organs other than the lungs during ICU stay was not 

considered in our analysis. Third, although steroid treatment 

was a prognostic factor in this study, we evaluated steroid use 

in a relatively narrow window of time: within the first week of 

index culture collection. Corticosteroids administered during 

other periods may also have affected clinical outcomes. 

Another limitation is that this study was conducted with a 

limited number of patients at institutions located in a single 

region. In addition, the smaller size of the subgroups may 

have compromised the reliability of our results. 

In conclusion, patients with S. maltophilia pneumonia 

in ICU settings have high mortality rates. Older age, higher 

SOFA score, and corticosteroid use were independently as-

sociated with increased in-hospital mortality, whereas poly-

microbial infection was associated with lower mortality. The 

effect of appropriate antibiotic therapy on the prognosis was 

not significant. 
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INTRODUCTION 

Fournier’s gangrene (FG) is a rare but serious bacterial infection that affects the genital and 

perineal regions of the body [1]. It is also known as necrotizing fasciitis of the perineum and 

can be life-threatening if left untreated. This condition is more common in men than in wom-

en [2], and usually occurs in people with weakened immune systems or other underlying 

health conditions [3]. It is often caused by bacteria such as Escherichia coli, Klebsiella, and 

Pseudomonas aeruginosa [4]. 

The symptoms of FG typically begin with pain, swelling, redness in the genital or perineal 

Background: The use of biomarkers to predict patient outcomes may be crucial for patients ad-
mitted to the intensive care unit (ICU) following surgery because biomarkers guide clinicians in 
tailoring treatment plans accordingly. Therefore, we aimed to identify potential biomarkers to pre-
dict the prognosis of patients with Fournier’s gangrene (FG) admitted to the ICU after surgery.
Methods: We enrolled patients with FG admitted to our hospital between January 2013 and De-
cember 2022. We retrospectively analyzed patient characteristics, factors related to management, 
scores known to be associated with the prognosis of FG, and laboratory data.
Results: The study population included 28 survivors and 13 nonsurvivors. The initial serum lactate 
level taken in the emergency department; white blood cell, neutrophil, and platelet counts; delta 
neutrophil index and international normalized ratio; albumin, glucose, HCO3, and postoperative 
lactate levels; and the laboratory risk indicator for necrotizing fasciitis differed between survivors 
and nonsurvivors. Postoperative lactate and initial albumin levels were independent predictors of 
mortality in patients with FG. The postoperative lactate level was the best indicator of mortality 
(area under the curve, 0.877; 95% confidence interval, 0.711–1.000). The optimal cutoff postoper-
ative lactate level for predicting mortality was 3.0 mmol/L (sensitivity, 80.0%; specificity, 95.0%).
Conclusions: Postoperative lactate and initial albumin levels could be potential predictors of mor-
tality in patients with FG admitted to the ICU after surgery, and the optimal cutoff postoperative 
lactate and initial albumin levels to predict mortality were 3.0 mmol/L and 3.05 g/dl, respectively.
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areas, and fever. As the infection progresses, the affected tissue 

may become necrotic, leading to skin and muscle death and 

the formation of pus and gas in the affected area. If left untreat-

ed or delayed, FG can lead to various complications such as 

sepsis, shock, organ failure, and even death [5]. Patients with 

FG and critical illnesses typically require prompt and aggres-

sive treatment, including antibiotics, surgical debridement, 

and intensive care management. 

Although many studies have evaluated biomarkers to pre-

dict disease prognosis [3,6-8], relatively fewer studies have 

evaluated patients admitted to the intensive care unit (ICU) 

after surgery. Although patients admitted to the ICU receive 

medically advanced management, the mortality rate associ-

ated FG is still high. The use of biomarkers to predict patient 

outcomes may be particularly crucial for patients admitted to 

the ICU following surgery. Therefore, we conducted this study 

to identify possible biomarkers that can predict the prognosis 

of patients with FG admitted to the ICU after surgery. 

MATERIALS AND METHODS 

This retrospective study was approved by the Institutional 

Review Board of Wonju Severance Christian Hospital (No. 

CR323018). Since the data were analyzed retrospectively and 

the identities of the patients were hidden, the requirement for 

informed consent was waived.

Patient Selection 
A total of 84 patients (age ≥18 years) with FG were admitted 

via the emergency department in Wonju Severance Christian 

Hospital between January 2013 and December 2022. Medical 

records and initial computed tomography scans of these pa-

tients were reviewed retrospectively. Thirty-three patients who 

did not undergo surgery and/or were not admitted to the ICU 

were excluded. Patients with isolated scrotal and perianal ab-

scesses without necrotizing fasciitis of the perineal or inguinal 

areas were also excluded. Thus, after excluding a total of 43 pa-

tients, the remaining 41 patients with FG were included in this 

study (Figure 1). 

Management of FG in Wonju Severance Christian Hospital 
Surgical intervention and medical resuscitation were per-

formed to manage the patients with FG. Medical management 

included initial fluid resuscitation, since patients may present 

with septic shock. Vasopressors may be added when patients 

with low blood pressure are unresponsive to fluid resuscita-

tion. The initiation of empirical broad-spectrum antibiotic 

treatment while awaiting the culture sensitivity results is also 

important. Targeted antibiotic therapy to cover the organisms 

associated with FG should be initiated after obtaining the 

antibiotic-sensitivity results. Radical wide excision of necrotic 

tissue was performed as an essential element of surgical in-

tervention for patients with FG. Irrigation and drainage were 

also performed. Patients with suspected significant sphincter-

ic involvement underwent stoma formation to prevent fecal 

wound contamination. The stoma site was determined intra-

operatively. 

Definitions and Data Collection 
The medical charts of the enrolled patients were retrospec-

tively reviewed. Patient characteristics, including clinical data 

(age, sex, body mass index, underlying diseases, mean blood 

pressure, pulse rate, body temperature, septic shock at the 

initial presentation, surgical treatment, stoma formation, cys-

tostomy formation), laboratory findings (initial lactate level 

taken in the emergency department, postoperative lactate 

■ The use of biomarkers to predict patient outcomes may 
be particularly crucial for patients admitted to the inten-
sive care unit (ICU) following surgery.

■ Postoperative lactate and initial albumin levels could be 
potential predictors of mortality in patients with Fourni-
er’s gangrene admitted to the ICU after surgery.

KEY MESSAGES

Figure 1. Flowchart of the study.

84 Patients (age ≥18 years) with Fournier’s gangrene

Excluded
33 �Patients who did not undergo surgery and/or 

were not admitted to the intensive care unit 
10 �Patients with isolated scrotal and perianal 

abscesses without necrotizing fasciitis of the 
perineal or inguinal areas

28 Survivors 13 Nonsurvivors
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level and lactate clearance; white blood cell [WBC], neutro-

phil, lymphocyte, and platelet counts; delta neutrophil index 

[DNI] and international normalized ratio [INR]; and C-reactive 

protein [CRP], procalcitonin, creatinine, and albumin levels), 

hospital length of stay (LOS), ICU LOS, and overall mortality. 

The Fournier’s Gangrene Severity Index (FGSI) was calculated 

using the formula described by Laor et al. [9]. Data for nine 

parameters, including body temperature, pulse rate, respira-

tory rate, hematocrit, leukocyte counts, and serum sodium, 

potassium, creatinine, and bicarbonate levels, were collected 

for calculation. The Uludag Fournier’s Gangrene severity index 

(UFGSI) proposed by Yilmazlar et al. [10] was also calculated. 

Age and disease dissemination scores were added to the FGSI 

to calculate UFGSI. Scoring was performed during initial pre-

sentation at the emergency department. The total WBC count 

and the hemoglobin, sodium, glucose, serum creatinine, and 

CRP levels were used to calculate the laboratory risk indicator 

for necrotizing fasciitis (LRINEC) [11]. The neutrophil-to-lym-

phocyte ratio was calculated. 

Statistical Analysis 
Continuous variables are presented as mean (standard devia-

tion) or median (interquartile range), and a comparative anal-

ysis was performed using Student t-test or the Mann-Whitney 

test. Categorical variables were analyzed using the chi-square 

test with Yates’ correction for continuity and Fisher’s exact 

test. Multivariate analysis was performed using logistic regres-

sion to identify independent risk factors. A receiver operating 

characteristic (ROC) curve was constructed and the Youden 

Index method was used to determine the optimal cutoff val-

ues for predicting mortality. Statistical analyses were per-

formed using R statistical software (ver. 4.1.0; R Foundation 

for Statistical Computing, Vienna, Austria). Statistical signifi-

cance was set at P<0.05. 

RESULTS 

Patient Characteristics in the Survivor and Nonsurvivor 
Groups 
There was a significant difference in the mean age observed 

between the survivor group and the nonsurvivor group 

(59.9±13.5 vs. 63.7±14.2, P=0.421). The proportion of male 

patients did not differ between the two groups (25 [89.3%] 

vs. 10 [76.9%], P=0.361). The nonsurvivor group showed 

significantly more patients with liver diseases (6 [10.3%] vs. 

9 [33.3%], P=0.015). A significant difference was observed in 

the initial lactate level (2.1±1.6 vs. 7.0±4.8 mmol/L, P=0.004), 

postoperative lactate level (1.8±0.9 vs. 5.8±4.3 mmol/L,  

P=0.016), initial WBC count (16.1±9.4 vs. 9.0±6.0 ×109/L,  

P=0.006), initial neutrophil count (14.5±9.0 vs. 7.9±5.5 ×109/L,  

P=0.006), initial platelet count (208.9±128.7 vs. 112.2±111.3 

×109/L, P=0.020), DNI (7.9%±10.1% vs. 27.6%±24.4%, 

P=0.014), albumin level (3.2±0.8 vs. 2.4±0.5 g/dl, P<0.001), 

INR (1.2±0.2 vs. 1.7±0.7, P=0.043), glucose level (209.9±141.0 

vs. 128.3±48.0 mg/dl, P=0.009), and HCO3 level (22.6±4.4 vs. 

17.1±6.9 mmol/L, P=0.018) between the survivor and non-

survivor groups. The nonsurvivor group demonstrated a sig-

nificantly higher LRINEC score (7.5±2.8 vs. 5.7±1.5, P=0.010) 

compared to the survivor group. Table 1 provides a compre-

hensive description of all the details. 

Identification of Independent Risk Factors for 
Predicting Mortality in Patients with FG 
A logistic regression analysis was conducted to assess indepen-

dent risk factors, which encompassed variables such as age, 

sex, body mass index, initial lactate level, postoperative lac-

tate level, WBC count, neutrophil count, platelet count, DNI, 

albumin level, INR, glucose level, HCO3 level, and LRINEC. 

The following risk factors were independently correlated with 

mortality: postoperative lactate level (odds ratio [OR], 2.87; 

95% confidence interval [CI], 1.18–7.02; P=0.021), and initial 

albumin level (OR, 0.07; 95% CI, 0.01–0.49; P=0.007) (Table 2). 

Microbial Pathogens Identified in Cases of FG 
In this study, E. coli was the predominant organism identified 

among the enrolled patients (n=15, 21.1%). Additionally, oth-

er organisms such as Klebsiella species (18.3%), Streptococci 

(15.5%), and Enterococci (14.1%) were also detected (Table 3). 

Optimal Cutoff Values of the Postoperative Lactate and 
Initial Albumin Levels 
ROC curves were generated for postoperative lactate and ini-

tial albumin levels to predict mortality in patients diagnosed 

with FG. The area under the curve (AUC) for postoperative lac-

tate was 0.877 (95% CI, 0.711–1.000), while for initial albumin, 

it was 0.827 (95% CI, 0.738–0.997). The optimal cutoff value for 

postoperative lactate was determined as 3.0 mmol/L, with a 

sensitivity of 80.0% and specificity of 95.0%. Similarly, the opti-

mal cutoff value for initial albumin was 3.05 g/dl, with a sensi-

tivity of 92.3% and specificity of 57.1%. Detailed results can be 

found in Table 4 and Figure 2. 
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Table 1. Patient characteristics in the survivor and nonsurvivor groups
Variable Survivor (n=28) Nonsurvivor (n=13) P-value
Age (yr) 60±14 64±14 0.421
Male 25 (89.3) 10 (76.9) 0.361a)

Body mass index (kg/m2) 25.1±5.9 21.7±3.5 0.028
Underlying disease
  Hypertension 15 (53.6) 3 (23.1) 0.136
  Diabetes mellitus 12 (42.9) 7 (53.8) 0.749
  Liver disease 5 (17.9) 6 (46.2) 0.073a)

  Renal disease 4 (14.3) 1 (7.7) 0.998a)

  Pulmonary disease 0 1 (7.7) 0.317a)

Blood pressure (mm Hg) 82.5±18.9 77.1±16.9 0.366
Pulse rate 101.6±23.0 111.8±26.1 0.239
Body temperature (°C) 37.5±0.9 37.2±1.2 0.379
Septic shock at the initial presentation 5 (17.9) 3 (23.1) 0.692
Stoma formation 15 (53.6) 7 (53.8) 0.999
Cystostomy 2 (7.1) 0 0.999a)

Laboratory finding
  Initial lactate (mmol/L) 2.1±1.6 7.0±4.8 0.004
  Postoperative lactate (mmol/L) 1.8±0.9 5.8±4.3 0.016
  Lactate clearance 0.5±1.6 2.0±3.2 0.168
  Initial WBC count (×109/L) 16.1±9.4 9.0±6.0 0.006
  Initial neutrophil count (×109/L) 14.5±9.0 7.9±5.5 0.006
  Initial lymphocyte count (×109/L) 0.7±0.4 0.5±0.2 0.067
  Initial hemoglobin (g/dl) 11.7±2.2 10.9±2.6 0.367
  Initial platelet count (×109/L) 208.9±128.7 112.2±111.3 0.020
  Initial DNI (%) 7.9±10.1 27.6±24.4 0.014
  Initial CRP level (mg/dl) 21.7±9.6 20.0±16.4 0.731
  Initial PCT level (ng/ml) 5.4±7.0 13.8±12.8 0.119
  Initial albumin level (g/dl) 3.2±0.8 2.4±0.5 <0.001
  Initial INR 1.2±0.2 1.7±0.7 0.043
  Initial creatinine level (mg/dl) 2.1±2.1 2.6±2.0 0.439
  Initial glucose level (mg/dl) 209.9±141.0 128.3±48.0 0.009
  Initial HCO3 level (mmol/L) 22.6±4.4 17.1±6.9 0.018
FGSI 7.0±3.6 8.6±5.0 0.301
UFGSI 9.7±3.7 11.9±6.2 0.250
LRINEC 5.7±1.5 7.5±2.8 0.010
Neutrophil-lymphocyte ratio 24.5±19.0 16.5±14.0 0.142
Hospital length of stay (day) 55.9±52.0 37.2±43.2 0.240
ICU length of stay (day) 5.0±4.2 22.5±40.7 0.149

Values are presented as mean±standard deviation or number (%).
WBC: white blood cell; DNI: delta neutrophil index; CRP: C-reactive protein; PCT: procalcitonin; INR: international normalized ratio; FGSI: Fournier’s gangrene 
severity index; UFGSI: Uludag Fournier’s gangrene severity index; LRINEC: laboratory risk indicator for necrotizing fasciitis; ICU: intensive care unit.
a) Fisher’s exact test.

DISCUSSION 

Our results showed that the postoperative lactate and preop-

erative albumin levels were major predictors in ICU patients 

with FG. The optimal cutoff values for serum postoperative 

lactate and initial albumin levels were 3.0 mmol/L (sensitivi-

ty, 80.0%; specificity, 95.0%) and 3.05 g/dl (sensitivity, 92.3%; 

specificity, 57.1%), respectively. 
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Table 2. Multivariate analysis using a logistic regression model to predict mortality

Variable
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Male 2.50 (0.43–14.54) 0.308
Initial lactate (mmol/L) 1.71 (1.16–2.54) 0.007
Initial WBC count (×109/L) 1.00 (1.00–1.00) 0.027
Initial neutrophil count (×109/L) 1.00 (1.00–1.00) 0.028
Initial platelet count (×109/L) 0.99 (0.99–1.00) 0.034
Initial DNI (%) 1.07 (1.02–1.12) 0.007
Initial INR 31.02 (1.54–622.99) 0.025
Initial glucose level (mg/dl) 0.99 (0.98–1.00) 0.083
Initial HCO3 level (mmol/L) 0.83 (0.71–0.96) 0.012
Age (yr) 1.02 (0.97–1.08) 0.401 0.99 (0.92–1.07) 0.856
Postoperative lactate (mmol/L) 2.87 (1.18–7.02) 0.021 2.87 (1.18–7.02) 0.021
Initial albumin level (g/dl) 0.09 (0.02–0.48) 0.005 0.07 (0.01–0.49) 0.007
LRINEC 1.41 (1.01–2.00) 0.044 1.47 (0.97–2.22) 0.066

HR: hazard ratio; CI: confidence interval; WBC: white blood cell; DNI: delta neutrophil index; INR: international normalized ratio; LRINEC: laboratory risk indicator 
for necrotizing fasciitis.

Table 3. Causative bacterial organisms for Fournier’s gangrene
Bacterial organism Total (n=71)
Escherichia coli 15 (21.1)
Klebsiella species 13 (18.3)
Streptococci 11 (15.5)
Enterococci 10 (14.1)
Staphylococci 10 (14.1)
Acinetobacter species 3 (4.2)
Pseudomonas 2 (2.8)
Candida species 2 (2.8)
Gram positive rods 1 (1.4)
Others 4 (5.6)

Values are presented as number (%).

The serum lactate level is a widely utilized biomarker in 

critically ill patients that indicates the degree of tissue hypox-

ia and anaerobic metabolism [12]. Under conditions such 

as sepsis, shock, and respiratory failure, inadequate oxygen 

supply to tissues triggers anaerobic metabolism, resulting 

in lactate accumulation in the bloodstream [13]. Significant 

differences were observed in the initial lactate levels between 

survivors and nonsurvivors during the univariate analysis, but 

not in the multivariate analysis. In contrast, the postoperative 

lactate levels can be influenced by resuscitation after initial 

evaluation and surgical excision. Therefore, the postoperative 

lactate level may be a more accurate biomarker to predict 

mortality than the initial lactate level because the postoper-

Table 4. Characteristics of postoperative lactate and initial albumin 
levels

Variable Optimal 
cutoff value

Sensitivity 
(%)

Specificity 
(%) AUC (95% CI)

Postoperative lactate 
(mmol/L)

3.00 80.0 95.0 0.877 
(0.711–1.000)

Initial albumin (g/dl) 3.05 92.3 57.1 0.827 
(0.738–0.997)

AUC: area under the curve; CI: confidence interval.

Figure 2. Receiver operating characteristics curves for the lactate 
level and the albumin level between the survivors and nonsurvivors.
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ative lactate level reflects the patient’s condition after initial 

treatment. 

Although the AUC of the serum albumin level was lower 

than that of the postoperative lactate level, the serum albu-

min level emerged as an independent predictor of mortality 

in patients diagnosed with FG. Hypoalbuminemia can occur 

in critically ill patients and is influenced by various factors, 

including physiological responses triggered by infection [14]. 

Serum albumin levels can be affected by changes in albumin 

synthesis and catabolism as well as increased endothelial per-

meability leading to albumin loss into the extravascular space 

[14]. The latter mechanism seems to play a substantial role in 

hypoalbuminemia observed in patients with metabolic stress, 

leading to the redistribution of albumin from the intravascular 

to the interstitial compartment. Additionally, serum albumin 

levels can reflect a patient's nutritional status and immune 

function [15]. Therefore, hypoalbuminemia may contribute 

to disease progression and, conversely, a worsened disease 

course may further reduce serum albumin levels. A previous 

study indicated that hypoalbuminemia could serve as a pre-

dictive factor for mortality in patients diagnosed with FG [16]. 

In this study, despite the significant difference observed in 

LRINEC scores between survivors and nonsurvivors during 

the univariate analysis and its inclusion in the regression 

model, LRINEC was not identified as an independent pre-

dictor of mortality. Wong et al. [11], who constructed the 

LRINEC, demonstrated that it is considered a robust scoring 

system that can effectively identify even clinically early cases 

of necrotizing fasciitis. The LRINEC includes six laboratory 

markers that are important for critically ill patients. However, 

the patients enrolled to construct this scoring system may be 

not systemically ill patients with severe necrotizing fasciitis. 

Insufficient information was available to understand the pa-

tient’s condition. Because our study was based on critically ill 

patients admitted to the ICU, the LRINEC may not be accurate 

for predicting mortality. Previous studies have identified oth-

er scores for FG, such as the FGSI and the UFGSI, as possible 

predictive markers of poor outcomes [4,17-20]. However, in 

this study, FGSI and UFGSI scores did not differ between sur-

vivors and nonsurvivors. The observed differences in results 

between our study and previous studies are likely influenced 

by the combination of low FG prevalence, small sample sizes 

in both our study and previous studies, and the specific pa-

tient selection criteria focusing on ICU-admitted patients in 

our research. Data from 80 patients were used to construct 

the UFGSI, but mortality occurred in only 17 patients. In ad-

dition, only 21 of these 80 patients were admitted to the ICU 

[18]. Therefore, the UFGSI may show limited ability to predict 

outcomes in critically ill patients. 

The DNI is a laboratory parameter that examines leukocyte 

differentials by utilizing two independent channels, namely 

the myeloperoxidase channel and the lobularity/nuclear 

density channel [21]. The DNI is derived by quantifying the 

variance between leukocyte differentials measured in the my-

eloperoxidase and lobularity/nuclear density channels, pro-

viding an indication of the proportion of immature granulo-

cytes present in the bloodstream [21]. Numerous studies have 

demonstrated that the DNI can serve as a valuable biomarker 

in predicting disease severity and prognosis in patients with 

diverse infectious conditions or sepsis [3,22,23]. However, the 

DNI was not an independent predictor in this study, although 

it was significantly higher in nonsurvivors in the univariate 

analysis. In this study, because the target patient group was 

analyzed only for patients admitted to an ICU, we assumed 

that the difference in DNI between patients was not signifi-

cant. 

Several limitations need to be considered in this study. 

Firstly, there was a possibility of selection bias due to its ret-

rospective nature. Secondly, the sample size was relatively 

small since only patients from a single center were included, 

which may have affected the representativeness of the en-

rolled patients. Thirdly, potential variations in the timing and 

approaches to patient management might have been present 

due to the involvement of different physicians treating the 

enrolled patients throughout the study period. Lastly, as the 

analysis encompassed patient data collected over an extend-

ed duration, certain confounding factors, such as advance-

ments in ICU care over time, may not have been adequately 

addressed. 

In conclusion, the postoperative lactate and initial albumin 

levels could be potential predictors of mortality in patients 

with FG who were admitted to the ICU after surgery, and the 

optimal cutoff postoperative lactate and initial albumin levels 

to predict mortality were 3.0 mmol/L and 3.05 g/dl, respec-

tively. To validate our findings, it is essential to conduct large-

scale multicenter prospective studies. 
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Background: Mechanical ventilation (MV) is a necessary life-saving measure for critically ill pa-
tients. Ventilator-associated events (VAEs) are potentially avoidable complications associated with 
MV that can double the rate of death. Oral care and oropharyngeal suctioning, although neglected 
procedures, play a vital role in the prevention of VAE.
Methods: A randomized controlled trial was conducted in the intensive care units to compare the 
effect of fourth hourly oropharyngeal suctioning with the standard oral care protocol on VAE 
among patients on MV. One hundred twenty mechanically ventilated patients who were freshly 
intubated and expected to be on ventilator support for the next 72 hours were randomly allocated 
to the control or intervention groups. The intervention was fourth hourly oropharyngeal suctioning 
along with the standard oral care procedure. The control group received standard oral care (i.e., 
thrice a day) and on-demand oral suctioning. On the 3rd and 7th days following the intervention, 
endotracheal aspirates were sent to rule out ventilator-associated pneumonia.
Results: Both groups were homogenous at baseline with respect to their clinical characteristics. 
The intervention group had fewer VAEs (56.7%) than the control group (78.3%) which was signifi-
cant at P<0.01. A significant reduction in the status of “positive culture” on ET aspirate also been 
observed following the 3rd day of the intervention (P<0.001).
Conclusions: One of the most basic preventive strategies is providing oral care. Oropharyngeal 
suctioning is also an important component of oral care that prevents microaspiration. Hence, 
fourth-hourly oropharyngeal suctioning with standard oral care significantly reduces the incidence 
of VAE.

Key Words: critical illness; incidence; intensive care units; mechanical ventilators; randomized 
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INTRODUCTION 

Mechanical ventilation (MV) is a necessary life-saving mea-

sure for critically ill patients. However, it is associated with 

considerable, yet preventable complications. MV is not a cura-

tive intervention; however, it supports the patient until he/she 

recovers the ability to breathe independently. Intubation with 

an endotracheal tube (ETT) keeps the glottis open, leaving 

only the inflated cuff to protect against aspiration of contam-

inated oral secretions and gastric contents into the lungs [1]. 

Therefore, MV predisposes the patient to an increased risk of 

ventilator-associated events (VAEs) due to aspiration, resulting 

in more complications and poor outcomes. 

Among all potential complications of MV, ventilator-asso-

ciated pneumonia (VAP) is considered the leading cause of 

mortality and is a potentially preventable iatrogenic illness. 

However, most of the diagnostic criteria for VAP are not ob-

jective or specific. In addition, VAP surveillance has limited 

accuracy. Hence, the Centers for Disease Control (CDC) de-

veloped a new surveillance definition of the VAE algorithm in 

January 2013 based on objective, streamlined, and potentially 

automatable criteria that identify a broad range of conditions 

and complications occurring in mechanically-ventilated adult 

patients [2,3]. 

There are three definition tiers within the VAE algorithm in-

cluding ventilator-associated conditions (VACs), infection-re-

lated VAC (IVAC), and possible VAP (PVAP) [2]. However, the 

algorithm is not meant for clinical use in the management of 

mechanically ventilated patients. Instead, it was created as 

a surveillance system to improve the reliability of detecting 

VAP and other mechanical ventilator-associated complica-

tions quickly and easily [4]. A VAC is the first level among the 

three tiers. A VAC is defined by worsening respiratory status 

including hypoxemia based on an increase in daily minimum 

FiO2 ≥0.20 or positive end-expiratory pressure (PEEP) ≥3 cm 

H2O sustained for at least 2 calendar days following a baseline 

period (2 calendar days) of stability or improvement. An IVAC 

requires the VAC criteria, followed by an abnormal leukocyte 

count (≥12,000/≤4,000 cells/mm3) or temperature (>38 °C/<36 

°C) along with treatment with any new antimicrobial agent. 

Further progression to the third level leads to probable or pos-

sible VAP, which is suggested by the presence of a pulmonary 

source of infection [5,6]. 

The use of comprehensive oral care protocols can signifi-

cantly reduce VAP rates [6]. In 2001, Bergmans et al. [7] provid-

ed evidence that the key to preventing VAP is the prevention 

of bacterial colonization of the oropharynx. Therefore, the 

removal of the colonized accumulations from the oropharynx 

can prevent the development of VAP-related complications. 

The development of VAEs can lead to a significant increase 

in ventilator days, hospital stays, days of antibiotics, and higher 

hospital morbidity and mortality compared to those of patients 

without VAEs [8,9]. Proper airway care is crucial to minimize 

the devastating side effects of an artificial airway and prevent 

VAE development. Therefore, the current study aims to assess 

the effectiveness of fourth hourly oropharyngeal suctioning 

with standard oral care on VAE development. 

MATERIALS AND METHODS 

A randomized controlled trial design was adopted for the 

study. Data were collected from seven intensive care units 

(ICU) at a tertiary care hospital in the public health sector of 

South India for a period of 8 months (January-August 2022). 

Sampling and Randomization 
The participants were selected using a convenience sampling 

technique. We anticipated a 20% reduction of VAP among pa-

tients undergoing oropharyngeal suctioning compared to the 

control group. With 80% power and a 5% level of significance, 

the sample size of 54 participants in each group was estimated 

using a comparison of two independent proportions. After 

considering a 10% attrition rate, a total of 120 participants were 

enrolled [10]. Adult patients who were ≥18 years, expected to 

be mechanically ventilated for at least the next 72 hours, on 

enteral feeding (nasogastric or orogastric tube feeding), and 

receiving an H2 receptor blocker/proton pump inhibitors were 

enrolled within 24 hours of intubation. Patients who were 

intubated for aspiration pneumonitis, reintubated, contraindi-

cated for oral care, facial/oral surgeries, or who were receiving 

total parenteral nutrition were excluded from the study. 

■ Oropharyngeal suctioning is an important component of 
the oral care protocol that can reduce the development of 
ventilator-associated events by preventing microaspira-
tion.

■ Fourth hourly oropharyngeal suctioning along with 
standard oral care was effective and is recommended to 
reduce the development of ventilator-associated events.

KEY MESSAGES
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Stratified block randomization was used using the strata of 

sex (male, female) and Acute Physiology and Chronic Health 

Evaluation (APACHE) II score (≤25, >25). A random alloca-

tion sequence was generated by a statistician outside of the 

research team. Allocation concealment was performed using 

sequentially numbered opaque sealed envelopes (consort dia-

gram) (Figure 1). 

Ethical Considerations 
Permission was obtained for the current study from the In-

stitute Nursing Research Monitoring Committee (CON/

NRMC/ M.Sc./2020/MSN/3) and the Institute Ethics Com-

mittee for human studies (CON/IEC/M.Sc./2020/MSN/3). 

The study was registered under Clinical Trial Registry India 

(CTRI/2022/01/039460). The procedures were performed in 

accordance with the ethical standards of the institution, as well 

as the Declaration of Helsinki (revised in 2013). After a brief 

explanation to the Legally authorized representative (LAR) of 

each enrolled patient regarding the study, informed consent 

was obtained from the LAR (as the patients were unable to 

give consent because of their critical condition and inability/

unconsciousness). Patient data were stored confidentially. 

Confidentiality, the anonymity of the subjects, and the right 

to withdraw from the study were explained to the LAR before 

data collection. 

Intervention and Data Collection 
Before the intervention, the patient’s vital signs were assessed, 

Figure 1. Consort diagram. ICU: intensive care unit; APACHE: Acute Physiology and Chronic Health Evaluation; VAE: ventilator-associated event.

164 Assessed for eligibility
(Intubated patients in ICU)

60 Allocated to intervention group
(4th hourly oropharyngeal suctioning 

along with standard oral care)

  6 Lost to follow-up on 3rd day
45 Lost to follow-up on 7th day
Patient expired, extubated or shifted to 
tracheostomy tube or patient shifted 
out to other facility

60 Analyzed

60 Allocated to control group
(Standard oral care and oral suctioning 

on demand basis)

11 Lost to follow-up on 3rd day
42 Lost to follow-up on 7th day
Patient expired, extubated or shifted to 
tracheostomy tube or patient shifted 
out to other facility

60 Analyzed

120 Stratified block randomization using the strata: 
sex and APACHE II score

Enrollment

Allocation
Sequentially numbered 

opaque sealed envelopes

Follow-up
Daily monitoring of VAE events for 7 
days: 3rd and 7th day microbiological 

report of endotracheal aspirates

Analysis
Analysis Intention-to-treat basis

44 Excluded
�44 �Not meeting inclusion criteria  

(Patient exceeded 24 hours of intubation, 
planned to extubate after 24 hours, reintubation, 
intubated for aspiration pneumonia, etc.)

  0 Declined to participate
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including oxygen saturation, respiratory rate, and pulse rate. 

The ventilator parameters and oxygenation were also record-

ed. The patient was placed in the lateral position, and under 

a strict aseptic technique, a suction catheter was advanced 

through the mouth towards the trachea approximately 3– 

4 inches. Suction was then applied for a maximum of up to 

10–15 seconds with a suction pressure of 100–120 mm Hg. A 

break of 30 seconds to 1 minute was provided before the next 

insertion. This procedure was repeated every fourth hour, 

along with oral care using chlorhexidine solution, for 7 days af-

ter enrollment, or until the patient got extubated or transferred 

to another setting. In contrast, the participants in the control 

group received oral suctioning when it was required and stan-

dard oral care (oral care with chlorhexidine thrice a day). Both 

groups received endotracheal suctioning every hour and when 

required as per unit protocol. 

Each participant was classified as VAE-positive or -negative 

using the CDC algorithm [3]. The daily minimum FiO2 and 

PEEP were recorded after a period of sustainability for two 

days. Any value increase indicates worsening oxygenation, 

which reflects VAC. An IVAC was defined by a temperature >38 

°C/<36 °C with or without a WBC count ≥12,000/≤4,000 cells/

mm3 and a newly started antimicrobial agent with or without 

worsening of oxygenation. On day 3 and day 7, tracheal speci-

mens were collected into sterile mucus traps from both groups 

following standard protocol in order to isolate any microorgan-

isms or rule out VAP. Many participants were lost to follow-up 

because of extubation, placement of a tracheostomy, transfer 

out of the ICU, leaving against medical advice, or death. The 

day when VAC/IVAC/PVAP criteria were met was considered 

the time of VAE development. Throughout the trial, the inves-

tigator continuously ensured that the ETT cuff pressure was 

maintained between 25 and 30 mm Hg, and the head of the 

bed was elevated to 30°. Detection bias was avoided because 

the outcome assessment was performed by another investiga-

tor who was blinded to the study group. 

Data Analysis 
All statistical analyses were done using SPSS ver. 25.0 (IBM 

Corp.) on an intention-to-treat basis to reduce attrition bias. 

The categorical variables (such as sex, education, type of ETT, 

the incidence of VAE, etc.) were expressed as frequencies and 

percentages. The continuous data (such as age, body mass 

index, ETT cuff pressure, duration of intubation, etc.) were ex-

pressed as means with standard deviations, or medians with 

interquartile ranges. Comparison of the baseline character-

istics between the groups was done using the chi-square test, 

Fisher’s exact test, Mann-Whitney U-test, and independent 

Student t-test. The number of VAE-positive participants was 

compared between the groups using the chi-square test or 

Fisher’s exact test. Kaplan-Meier survival analysis was per-

formed to determine the time to VAE. Differences between 

the survival curves across each group were tested for signifi-

cance by the log-rank statistic. 

RESULTS 

The study gathered data from a total of 120 participants from 

seven ICUs. The groups were homogeneous with regard to 

religion, nativity, occupation, and education. The mean ages 

in the intervention and control groups were 50.75 years and 

48.85 years, respectively. In terms of sex, both groups had male 

preponderance. The majority of the participants were intubat-

ed with a size 7.5 ETT in both groups. The groups were similar 

with regard to the duration of intubation before enrollment 

(P=0.224), their APACHE II score (P=0.148), type of intubation 

(P=0.273), and type of suction (P=1.000) (Table 1). 

There was a significant difference in positive microbiological 

culture reports between the intervention group (48.3%) and 

control group (71.7%) following the 3rd day of the intervention 

(P<0.001). However, only a few participants (intervention, 9; 

control, 7) reached day 7, as most of them were either extubat-

ed, transitioned to a tracheostomy, transferred out to another 

setting or died (Table 2). The total duration of MV (in hours) 

was 83.5 (60.0–145.3) in the intervention group and 78.5 (59.3–

139.0) in the control group, which was statistically non-signif-

icant. The number of days in the ICU was 9 (5.25–14.0) in the 

intervention group, and 7 (4.25–12.75) in the control group. 

Fewer participants (56.70%) developed VAE in the interven-

tion group than did in the control group (78.30%) (P=0.011). 

There were also fewer PVAP incidences in the intervention 

group (51.67%) than in the control group (71.67%), although 

the difference was not statistically significant (P=0.06). There 

was no statistically significant difference observed between 

VAC and IVAC. Although there was a trend for lower VAC cases 

in the intervention group as compared to in the control group, 

the number of IVAC events was similar in both groups (Table 

3). There was no association between VAE and some of the se-

lected clinical variables such as temperature, APACHE II score, 

random blood sugar, type of suction, type of intubation, etc. 

(Table 4). 

The characterizations of the participants’ survival times are 
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Table 1. Comparison of intubation and ventilation-related parameters between intervention and control groups (N=120)
Variable Intervention (n=60) Control (n=60) P-value
Size of ETT (mm) 0.522a)

  6.5 0 1 (1.7)
  7 7 (11.7) 7 (11.7)
  7.5 33 (55.0) 28 (46.7)
  8 20 (33.3) 24 (40.0)
Duration of hospital stay (day) 3.0 (2.0–4.8) 3.0 (2.0–4.0) 0.593b)

Daily minimum FiO2 (%) 40.0 (40.0–57.5) 40.0 (40.0–60.0) 0.827b)

Daily minimum PEEP (cm H2O) 5.0 (5.0–6.0) 5.0 (5.0–5.0) 0.254b)

Type of intubation 0.273c)

  Emergency 28 (46.7) 34 (56.7)
  Elective 32 (53.3) 26 (43.3)
Type of suction 1.000c)

  Open 36 (60.0) 36 (60.0)
  Closed 24 (40.0) 24 (40.0)
DOI (before enrollment) (hr) 12.8±6.4 14.2±6.5 0.224d)

APACHE II scored) 16.0±6.1 16.8±6.9 0.500d)

Values are presented as number (%), median (interquartile range), or mean±standard deviation.
ETT: endotracheal tube; FiO2: fraction of inspired oxygen; PEEP: positive end-expiratory pressure; DOI: duration of intubation; APACHE: Acute Physiology and 
Chronic Health Evaluation.
a) Fisher’s exact test; b) Mann-Whitney U-test; c) Chi-square test; d) Independent Student t-test.

Table 2. Microbiology profiles by day and group (N=120)
Microbiology report Intervention Control P-value
Day 3 <0.001a)

  Culture positive 29 (48.3) 43 (71.7)
  Culture negative 25 (41.7) 6 (10.0)
Day 7 0.666b)

  Culture positive 8 (13.3) 5 (8.3)
  Culture negative 1 (1.7) 2 (3.3)

Values are presented as number (%).
a) Chi-square test; b) Fisher’s exact test.

Table 3. Comparison of ventilator-associated events (N=120)
Event Intervention Control P-value
Ventilator-associated condition 0.114a)

  Yes 1 (1.7) 6 (10.0)
  No 59 (98.3) 54 (90.0)
Infection-related ventilator-

associated condition 
1.000b)

  Yes 9 (15.0) 9 (15.0)
  No 51 (85.0) 51 (85.0)
Possible ventilator-associated 

pneumonia 
0.069b)

  Yes 31 (51.7) 43 (71.7)
  No 29 (48.3) 17 (28.3)
Ventilator-associated event 0.011b)

  Yes 34 (56.7) 47 (78.3)
  No 26 (43.3) 13 (21.7)

Values are presented as number (%).
a) Fisher’s exact test; b) Chi-square test.

shown in Table 5 and Figure 2. The median time to VAE was 4 

days (95% confidence interval [CI,] 3.780–4.220 days) in the in-

tervention group and 4 days (95% CI, 3.677–4.323 days) in the 

control group. The Kaplan-Meier survival curves and log-rank 

test analysis also revealed no significant difference in the time 

to VAE (in days) based on the intervention. 

DISCUSSION 

Aspiration of oral secretions one of the most common causes 

of pneumonia in mechanically ventilated patients [11]. In pa-

tients with oral ETT intubation, approximately 7.5 ml of secre-

tions can accumulate in the oropharynx in 4 hours [1], which 

can be microaspirated. Therefore, removal of these secretions 

is necessary to prevent aspiration. The oral cavity is also an 

important source of bacteria; the ETT can act as a conduit 

from the oral cavity to the lung by which bacteria travel and 

cause VAP. Therefore, providing oral care to patients on MV 

can significantly reduce the relative risk of VAP development 



465https://www.accjournal.orgAcute and Critical Care 2023 November 38(4):460-468

Borah K, et al.  Effect of four hourly oropharyngeal suctioning on VAE

Table 4. Association between ventilator-associated events and selected clinical parameters (N=120)

Parameter
Ventilator-associated event

P-value
Present Absent

Type of intubation 0.446a)

  Emergency 41 (66.1) 21 (33.9)
  Elective 40 (69.0) 18 (31.0)
Type of suction 0.359a)

  Open 50 (69.4) 22 (30.6)
  Closed 31 (64.6) 17 (35.4)
Duration of intubation before enrollment (hr) 13.96±6.05 12.49±7.15 0.241b)

Duration of hospital stay (day) 3.0 (2.0–4.0) 3.0 (2.0–5.0) 0.610c)

Daily minimum FiO2 (%) 40.0 (40.0–60.0) 40.0 (40.0–60.0) 0.995c)

Daily minimum positive end-expiratory pressure (cm H2O) 5.0 (5.0–5.50) 5.0 (5.0–5.0) 0.765c)

APACHE II score 16.0 (12.0–21.0) 16.0 (11.0–21.0) 0.770c)

Body temperature (°C) 36.7 (36.7–37.2) 36.7 (36.7–37.2) 0.456c)

Respiratory rate (/min) 21.0 (18.0–27.0) 20.0 (15.0–27.0) 0.560c)

Random blood sugar (mg/dl) 142.0 (111.5–206.5) 152.0 (109.0–191.0) 0.860c)

White blood cell (/mm3) 15.0 (10.0–19.0) 16.0 (12.0–21.0) 0.257c)

Values are presented as number (%), mean±standard deviation, or median (interquartile range).
APACHE: Acute Physiology and Chronic Health Evaluation.
a) Chi-square; b) Independent Student t-test; c) Mann-Whitney U-test.

Table 5. Survival time (time to ventilator-associated events) of participants (N=120)
Day to ventilator-associated events

P-valuea)

Median estimate Standard error
95% Confidence interval

Lower Upper
Intervention 4 0.112 3.780 4.220 0.770
Control 4 0.165 3.677 4.323

a) Mantel-Cox log-rank test.

Figure 2. Kaplan-Meier survival curve. TOG: type of group; VAE: 
ventilator-associated event.
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[12]. Despite its importance, oral care is commonly neglected 

in mechanically ventilated patients. Therefore, practicing an 

evidence-based oral care program can improve oral health, re-

duce the incidence of VAP statistically [10], and thereby lower 

the incidence of VAE. 

One promising study which implemented the deep oropha-

ryngeal suctioning to reduce oropharyngeal secretion pooling 

as the intervention (along with routine oral care with chlor-

hexidine), has identified decreased and incidence of aspira-

tion and VAE [13]. Similarly, the current study also found that 

implementing fourth hourly oropharyngeal suctioning along 

with standard oral care reduces the incidence of development 

of VAE in the intervention group. The findings were consistent 

with the study conducted by Garcia et al. [6], who reported 

that suctioning every sixth hour along with other oral care 

measures can reduce the rate of VAP. In contrast to the pres-

P=0.77
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ent study findings, Atashi et al. [14] showed that deep mouth 

and throat suctioning every 4th, 6th, 8th, 12th hour along with 

other measures (depending upon the oral condition) did not 

decrease the incidence of VAP. 

The CDC endorsed a new surveillance strategy based on 

VAE to assess complications in patients receiving MV. The 

VAE surveillance shifts the focus away from infectious etiol-

ogies like VAP toward other common complications related 

to a ventilator [3]. However, in this study, VAE surveillance 

corresponds to VAP surveillance because the data matched 

with the VAP rates assessed by the hospital infection control 

committee. 

The APACHE II is a score that estimates the severity of dis-

ease and mortality of ICU patients. Studies show that the risk 

of developing VAP increases with an increase in the APACHE 

II score [15]. In contrast, our study and that of Nakahashi et al. 

[16] found that the APACHE II score had no association with 

the VAE and no-VAE groups. Previous studies have shown that 

the closed type of suctioning is associated with a lower risk 

of VAP development than is open suction [17,18]. In contrast, 

Hamishekar et al. [19] did not find significant differences in 

VAP development using closed or open suctioning. Similarly, 

the current study also did not find any difference in VAE events 

among the open and closed suctioning groups. 

Oral care interventions such as oropharyngeal suctioning 

are performed by nurses to reduce ventilator complications. 

Many studies have been conducted to evaluate the relation-

ship between oral care interventions and the prevention of 

VAP. However, few studies have evaluated the relationship 

between oral care interventions and VAE using the new sur-

veillance protocol. VAE and VAP are two separate but related 

conditions; therefore, reducing VAP will ultimately minimize 

the incidence of VAE. A study assessing the effect of 4th hourly 

oropharyngeal aspiration on the incidence of VAP revealed 

a significant difference in VAP incidence in the intervention 

(14.89%) and control (39.58%) groups [20]. However, a surveil-

lance study illustrates that oral care with chlorhexidine can 

lower the VAP rates, but is unlikely to minimize VAE [21]. In 

contrast with this, the current study reported a significant ef-

fect of 4th hourly oropharyngeal suctioning on VAE incidence, 

and a lower incidence of VAC and PVAP in the intervention 

group. The positivity of microbiological cultures from endotra-

cheal aspiration on the 3rd day was significantly higher in the 

control group than it was in the intervention group (P<0.001). 

However, a similar study did not find a significant difference 

in the microbiology reports after the 3rd or 5th day of their 

intervention [14]. Yet Gershonovitch et al. [22] described that 

after oropharyngeal suctioning, oral care with 0.12% chlor-

hexidine, a thorough toothbrushing, and cleansing of the oral 

cavity, there were fewer cases of VAP in the intervention group 

(16.19%) than in the control group (25.9%) (P=0.084). 

VAE are closely related to patient outcomes, such as the 

length of hospital stay, number of ventilator-free days, and 

mortality [23,24]. However, we found no significant difference 

in the length of ICU stay or MV duration between the groups. 

Moreover, the duration of MV and ICU stay in the intervention 

group was minimally longer than that of the control group. 

This finding might have been attributed to mortality events 

in both the groups and patients leaving against medical ad-

vice. Survival analysis also shows no difference in the time to 

the VAE between the groups. These findings may also be due 

to a lack of representation in terms of sample size, and loss to 

follow-up until the completion of the intervention period. 

The limitations of the study include its smaller sample size, 

and performance at a single tertiary care center. Patient fol-

low-up for mortality was not performed. Therefore, a large-

scale multi-center study with long-term health outcomes may 

also be conducted for better generalization of the study find-

ings for the proposed intervention. 

VAE are the most common complications of MV. A patient’s 

normal defense mechanisms are compromised during me-

chanically ventilation, making the patient prone to complica-

tions related to ventilation itself. One of the most basic preven-

tive strategies against these complications is to provide oral 

care and oropharyngeal suctioning in particular. We found 

that 4th hourly oropharyngeal suctioning along with standard 

oral care can be effectively reduce VAE. 
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INTRODUCTION 

Palliative care is an integrated health approach aimed at relieving suffering in those with 

serious health problems by identifying and treating physical, psychological, social, or spir-

itual problems [1]. According to the World Health Organization, 40 million people require 

Background: There is a growing need for palliative care globally due to the rapid aging of the 
population and improvement in cancer survival rates. Adequate knowledge and a positive atti-
tude are vital for palliative care nurses. The study’s purpose was to examine nurses’ knowledge 
and attitudes toward palliative care. 
Methods: A cross-sectional design with convenience sampling was used. The study included 182 
intensive care unit (ICU) nurses from Jordanian hospitals in all sectors. Self-administered ques-
tionnaires were used to assess nurses' knowledge and attitudes toward palliative care. Descriptive 
statistics, analysis of variance, and the Kruskal-Wallis H test were used to analyze the data. 
Results: We measured nurses’ knowledge using the Palliative Care Quiz for Nursing, and we mea-
sured nurses' attitudes using the Frommelt Attitude Toward Care of the Dying scale. The mean 
total knowledge and attitude scores were 8.88 (standard deviation [SD], 2.52) and 103.14 (SD, 
12.31), respectively. The lowest level of knowledge was in psychosocial and spiritual care 
(mean±SD, 0.51±0.70). The percentage of nurses with unfavorable attitudes was 53.3%. Signifi-
cant differences in knowledge and attitude levels were observed according to educational level, 
experience, and hospital type. 
Conclusions: ICU nurses have insufficient knowledge and inappropriate attitudes toward pallia-
tive care. Knowledge of psychological and spiritual aspects of palliative care was particularly 
lacking as were appropriate attitudes towards communication with dying patients. Improving 
knowledge and attitudes toward palliative care in nursing schools and hospitals would help over-
come this problem. 
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palliative care each year, 78% of whom reside in low- and mid-

dle-income nations. This need for palliative care is expected 

to increase due to the increase in the older population and the 

burden of communicable and non-communicable diseases [2]. 

Only one in ten of those requiring palliative care services are 

receiving these services [3]. Previous studies found that early 

delivery of palliative care reduces hospital admissions and 

healthcare costs [4,5]. 

A multidisciplinary team provides palliative care, including 

nurses, physicians, physiotherapists, pharmacists, and others 

[6]. Among healthcare professionals, nurses spend the greatest 

amount of time with patients suffering serious illnesses and 

their families [7]. Nurses' knowledge and attitudes toward pal-

liative care affect their willingness and competence to provide 

quality patient care [8-10]. However, many studies have shown 

that nurses have insufficient knowledge and unfavorable atti-

tudes towards palliative care [11-14]. 

We used the Palliative Care Quiz for Nursing (PCQN) to as-

sess nurses' knowledge about palliative care. Other research-

ers have also used the PCQN to quantify nurses’ palliative care 

knowledge. Iranmanesh et al. [11] assessed palliative care 

knowledge among a sample of oncology and intensive care 

unit (ICU) nurses in Iran and found the PCQN mean score 

was 7.59 (standard deviation [SD], 2.28), indicating that nurs-

es had insufficient knowledge. The management of pain and 

other symptoms dimension (46.07%) had the most accurate 

responses. The psychological and spiritual care factor had 

the fewest correct responses (19.3%). Aso, no correlation was 

found between nurses' knowledge and attitudes toward palli-

ative care [15]. Another study using the PCQN was conducted 

in Greece. The knowledge level of nurses in a major public 

hospital was assessed. The mean PCQN score was 8.9 (SD, 

2.6), indicating poor knowledge. The same study found that 

nurses' palliative care knowledge was significantly associated 

with gender, age, work experience, and level of education [16]. 

In a study conducted in Ethiopia, most nurses had insufficient 

palliative care knowledge; the mean PCQN score was 9.34. 

Nurses' experience was associated with nurses’ palliative care 

knowledge [17]. In China, in a study that included nurses from 

oncology departments, the PCQN mean was 10.3 (SD, 1.9), 

which was increased to 11.1 (SD, 2.2) as a result of a palliative 

care training intervention [12]. Another study that included 

nurses working in a facility for the elderly in Ireland found 

that the mean PCQN score was 11.85 (SD, 2.82). The study 

also examined nurses' attitudes toward palliative care using 

the thanatophobia scale and found that palliative knowledge 

significantly correlated with attitudes towards palliative care 

and years of experience [13]. In a survey that included nurses 

from Addis Ababa hospitals, only 30.5% had solid palliative 

care knowledge [18]. Another study conducted in Iran found 

that 19.3%, 56.1%, and 24.6% of the nurses were reported to 

have good, moderate, and poor levels of palliative care knowl-

edge, respectively [19]. The PCQN was also used in a study 

that included 122 nurses in Nepal. There the mean PCQN was 

8.82 (SD, 1.95). Only 29.5% had adequate knowledge; the re-

maining 70.5% had poor knowledge. No significant correlation 

was found between nurses' knowledge and attitudes toward 

palliative care [14] in that study. However, Chover-Sierra et al. 

[20] examined the palliative care knowledge of nurses in Spain 

and found that nurses had sufficient knowledge. Significant 

differences in palliative care knowledge were found in relation 

to nurses’ level of education and experience in palliative care. 

Similarly, another study that included nurses from Ethiopia 

found that 62.8% had good palliative care knowledge [21]. The 

results of these studies indicate a wide range of nursing knowl-

edge in different settings, policies, and cultures. Therefore, we 

believe in the importance of examining the level of knowledge 

of ICU nurses in Jordanian hospitals. 

We used the Frommelt Attitude Toward Care of the Dying 

(FATCOD) scale to measure nurses' attitudes toward palliative 

care. This scale has been used in many other studies. Hao et 

al. [12] found that the FATCOD mean increased from 100.6 

(SD, 7.9) to 102.9 (SD, 8.9) after the application of a training 

intervention. In another study, the mean total FATCOD score 

was 74.98 (SD, 8.18); 85.3% of the nurses had favorable atti-

tudes toward palliative care, and only 14.7% had unfavorable 

attitudes toward palliative care. Nursing attitudes toward pal-

liative care were significantly associated with the nurse’s level 

of education [19]. Kassa et al. [18] found that 259 (76%) nurses 

■ Intensive care unit (ICU) nurses in this study have insuf-
ficient palliative care knowledge, and >50% of the nurses 
had unfavorable attitudes toward palliative care.

■ Attitudes of ICU nurses toward end-of-life care positively 
and highly correlated with their palliative care knowl-
edge.

■ Nurses’ palliative care knowledge significantly differed 
based on their level of education, hospital sector, and ICU 
years of experience.

KEY MESSAGES
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had a favorable attitude toward palliative care. Hospital type 

and nurses' education level were also significantly associated 

with the nurses' attitudes. However, another study conducted 

in Ethiopia found that the mean total FATCOD score was 79.58 

(SD, 6.33). More than half (51.8%) of the nurses held unfavor-

able attitudes toward palliative care. Nurses' experience was 

significantly associated with nurses’ attitudes toward palliative 

care [17]. Also, another study in which nursing attitudes were 

associated with years of experience, found that 43.7% of the 

nurses had unfavorable attitudes toward palliative care [21]. In 

a study conducted in Nepal, most nurses (71.3%) had unfavor-

able attitudes toward palliative care. The mean FATCOD score 

was 107.36 (SD, 9.17) [14]. Nurses’ attitudes toward palliative 

care were inconsistent in previous studies, ranging from unfa-

vorable to favorable attitudes. This indicates the need to exam-

ine attitudes and factors that may affect these attitudes within 

a Middle Eastern cultural context. 

In Jordan, the introduction of palliative care was started 

along with the launching of the Jordan Palliative Care Initiative 

in 2001. As a result of this initiative, nurses were recognized as 

part of the multidisciplinary palliative care team and received 

training and educational activities related to palliative care. 

Despite that initiative, no national palliative care policy is cur-

rently in place in Jordan. This leaves many cancer patients in 

Jordan without access to necessary palliative care services [22]. 

In Jordan, only a few studies have examined knowledge and 

attitudes toward palliative care; and those studies were among 

nursing students. Al Qadire [23] used the PCQN to examine 

nursing students' palliative care knowledge. The mean PCQN 

was low (mean, 8.0; SD, 3.1). Another study by Zahran et al. [24] 

assessed nursing students' attitudes toward death and caring 

for dying patients. Nursing students held positive attitudes 

toward studied concepts. Examining nurses' knowledge and 

attitudes toward palliative care is essential to inform policy-

makers and nurse managers on areas that need improvement. 

Thus, this study aimed to examine ICU nurses’ palliative care 

knowledge and their attitudes toward end-of-life (EOL) care 

and to determine if the two are correlated. Moreover, this study 

assessed the differences in ICU nurses' palliative care knowl-

edge and their attitudes toward EOL care based on selected 

characteristics of the nurses. 

MATERIALS AND METHODS 

Design and Setting 
A correlational cross-sectional design was used in this study. 

The study was conducted in Jordanian hospitals. Jordanian 

hospitals are classified based on the healthcare sector: private 

hospitals (57%), governmental hospitals (30%), military hospi-

tals (11%), and university hospitals (2%.) All Jordanian hospi-

tals that contain ICUs were targeted in this study. 

Sample and Sampling 
A convenience sampling technique was used to include 182 

ICU nurses from Jordanian hospitals. The inclusion criteria for 

nurses were being a full-time registered nurse and having at 

least 1 year of ICU experience. The G-power program 3.0.10. 

was used to calculate the required sample size. The F test was 

utilized using an alpha level of 0.05, a medium effect size of 

0.25, and a power of 0.8. The estimated required sample size 

was at least 180 ICU nurses. 

Ethical Considerations 
The Scientific and Research Committee at the affiliated insti-

tution approved the study. Since the data collection took place 

through an electronic self-administered questionnaire using 

networking and snowballing, institutional approval for this 

study was not required. The survey included a description that 

provides the participant information about the study purpose, 

data collection procedure, and rights of the participants, fol-

lowed by a consent statement that required participant com-

pletion before answering the instrument questions. Partici-

pation was entirely voluntary, and participants were assured 

that their responses would be confidential. Confidentiality 

was ensured throughout the study. Data were secured in a 

password-protected computer. The front page of the question-

naire contains the study objectives, confidentiality issues, and 

anonymity and privacy statements for the respondents. The 

authors granted permission for the use of the questionnaires. 

Data Collection 
Data collection began after obtaining ethical approval. A 

computerized self-administered questionnaire was used to 

collect the data. Networking and snowballing techniques 

were used to reach the target population. Also, nurses' so-

cial media groups were used to distribute the questionnaire. 

Google Forms was used for data collection, and all submitted 

questionnaires were automatically saved in the researcher's 

private Google Drive. Data collection took place between 

March 2021 and October 2021. 
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Measures 
Demographic information 
This information was acquired through questions on partici-

pants' age, years of experience in the ICU, total years of experi-

ence, gender, level of education, and hospital sector. 

Palliative care knowledge 
This was measured using the PCQN developed by Ross et al. 

[25]. The PCQN comprises 20 questions with three possible 

responses: true, false, or do not know. Scores were obtained 

by summing the correct answers. The range of total possible 

scores was from 0 to 20. Higher scores corresponded to higher 

levels of palliative care knowledge. The PCQN is subdivided 

into three theoretical dimensions: pain and symptoms man-

agement (items 2–4, 6–8, 10, 13–16, 18, and 20), philosophy 

and principles of palliative care (items 1, 9, 12, and 17), and 

psychosocial and spiritual care (items 5, 11, and 19) [25,26]. 

The tool's validity and reliability were previously ensured; a 

0.78 internal consistency was demonstrated [25]. In this study, 

Cronbach's alpha coefficient was 0.72. 

Attitudes toward EOL care 
This was measured using the Frommelt Attitude Toward Care 

of the Dying (FATCOD) scale developed by Frommelt [27]. 

The tool is composed of 30 items using a five-point Likert scale 

to indicate respondents' attitudes toward caring for dying 

patients. The scale consists of an equal number of positively 

and negatively worded statements. The response options were 

strongly disagree, disagree, uncertain, agree, and strongly 

agree (1, 2, 3, 4, and 5, respectively) for positive items. Nega-

tive items were reverse coded and appear in Table 1. The total 

possible score ranges from 30 to 150. A higher score indicated 

a more positive attitude toward caring for dying patients. The 

scale showed a satisfactory Cronbach's alpha coefficient of 0.75 

[28]. In this study, Cronbach's alpha coefficient was 0.82. 

Data Analysis 
Data were analyzed using the IBM SPSS ver. 24 (IBM Corp.). 

Preliminary data analysis was conducted to describe the 

demographic data of the study sample via the mean and SD. 

The t-test, analysis of variance, and Kruskal-Wallis H test were 

used to examine and compare participants' knowledge of 

palliative care, attitudes toward EOL care, and demographic 

factors. 

RESULTS 

The sample comprised 182 ICU nurses. The individuals' av-

erage age was 30.3 years (SD, 6.2 years), and their average 

experience in the ICU was 4.9 years (SD, 4.4 years). The ma-

jority were females (51.1%), had a bachelor's degree (75.8%), 

and worked in a private hospital (54.9%). Table 2 shows more 

details about participants' demographics and other relevant 

characteristics. 

Table 3 shows the responses of ICU nurses toward palliative 

care knowledge. The mean total PCQN score was 8.88 (SD, 

2.52). The majority of the nurses correctly answered that adju-

vant therapies are important in managing pain (80%), individ-

uals who are taking opioids should also follow a bowel regime 

(79.1%), and morphine is the standard used to compare the 

analgesic effect of other opioids (77.5%). This shows that the 

three highest reported correct responses were related to the 

pain and symptoms management domain. Most nurses incor-

rectly answered questions about caregiver “burnout” (12.6%); 

family presence during death (14.3%); and the relationship 

between the degree of loss feelings and type of bond, distant or 

close, to the deceased (14.3%). 

Table 1 demonstrates the attitudes of ICU nurses toward 

EOL care. The mean total FATCOD score was 103.14 (SD, 

12.31). The most positive (favorable) attitudes among the ICU 

nurses included talking about permitting dying patients more 

resilient schedule of visits (77.5%), family involvement in pro-

viding care to the patient (76.9%), the importance for the dying 

person to verbalize his/her feelings (76.9%), and the impor-

tance of the learning experience gained from giving nursing 

care to the dying person (76.4%). However, the most negative 

(unfavorable) attitudes appeared when nurses agreed with not 

feeling comfortable seeing the terminally ill patient when en-

tering his/her room (64.8%). Also, the nurses did not feel com-

fortable talking with dying patients about death (55.5%), nurs-

es felt upset if their dying patients lose hope (57.1%), and the 

nurses believed that someone else should talk with the dying 

patients about death (54.4%). The percentage of disagreement 

with a positive attitude was 53.3%. 

ICU nurses' knowledge of palliative care and their attitudes 

toward EOL care were significantly and positively correlated 

(r=0.215, P<0.01). In addition, Table 4 demonstrates the dif-

ferences in palliative care knowledge and attitudes toward 

EOL care according to ICU nurses' demographics. Palliative 

care knowledge significantly differed based on the level of 

education, hospital sector, and ICU years of experience, while 
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Table 1. Attitudes of ICU nurses toward end-of-life care (FATCOD scale) (n=182)

Item Disagreement (strongly 
disagree & disagree) Neutral Agreement (agree & 

strongly agree)
1. Giving nursing care to the dying person is a worthwhile learning experience. 25 (13.7) 18 (9.9) 139 (76.4)
2. Death is not the worst thing that can happen to a person. 41 (22.5) 54 (29.7) 87 (47.8)
3. I would be uncomfortable talking about impending death with the dying person.a) 28 (15.4) 53 (29.1) 101 (55.5)
4. Nursing care for the patient's family should continue throughout the period of grief 

and bereavement.
24 (13.2) 29 (15.9) 129 (70.9)

5. I would not want to be assigned to care for a dying person.a) 69 (37.9) 58 (31.9) 55 (30.2)
6. The nurse should not be the one to talk about death with the dying person.a) 36 (19.8) 47 (25.8) 99 (54.4)
7. The length of time required to give nursing care to a dying person would frustrate me.a) 60 (33.0) 52 (28.6) 70 (38.5)
8. I would be upset when the dying person I was caring for gave up hope of getting better.a) 21 (11.5) 57 (31.3) 104 (57.1)
9. It is difficult to form a close relationship with the family of a dying person.a) 59 (32.4) 36 (19.8) 87 (47.8)
10. There are times when death is welcomed by the dying person. 50 (27.5) 45 (24.7) 87 (47.8)
11. When a patient asks, "Nurse am I dying?", I think it is best to change the subject to 

something cheerful.a)
58 (31.9) 32 (17.6) 92 (50.5)

12. The family should be involved in the physical care of the dying person. 25 (13.7) 17 (9.3) 140 (76.9)
13. I would hope the person I'm caring for dies when I am not present.a) 45 (24.7) 58 (31.9) 79 (43.4)
14. I am afraid to become friends with a dying person.a) 47 (25.8) 43 (23.6) 92 (50.5)
15. I would feel like running away when the person actually died.a) 69 (37.9) 41 (22.5) 72 (39.6)
16. Families need emotional support to accept the behavior changes of the dying person. 19 (10.4) 25 (13.7) 99 (54.4)
17. As a patient nears death, the nurse should withdraw from his/her involvement with 

the patient.a)
87 (47.8) 34 (18.7) 61 (33.5)

18. Families should be concerned about helping their dying member make the best of his/
her remaining life.

18 (9.9) 28 (15.4) 8136 (74.7)

19. The dying person should not be allowed to make decisions about his/her physical care.a) 92 (50.5) 41 (22.5) 49 (26.9)
20. Families should maintain as normal an environment as possible for their dying 

member.
18 (9.9) 29 (15.9) 135 (74.2)

21. It is beneficial for the dying person to verbalize his/her feelings. 14 (7.7) 28 (15.4) 140 (76.9)
22. Nursing care should extend to the family of the dying person. 23 (12.6) 35 (19.2) 124 (68.1)
23. Nurses should permit dying persons to have flexible visiting schedules. 15 (8.2) 26 (14.3) 141 (77.5)
24. The dying person and his/her family should be the in-charge decision-makers. 28 (15.4) 47 (25.8) 107 (58.8)
25. Addiction to pain relieving medication should not be a nursing concern when dealing 

with a dying person.
41 (22.5) 51 (28.0) 90 (49.5)

26. I would be uncomfortable if I entered the room of a terminally ill person and found 
him/her crying.a)

32 (17.6) 32 (17.6) 117 (64.8)

27. Dying persons should be given honest answers about their condition. 20 (11.0) 62 (34.1) 100 (54.9)
28. Educating families about death and dying is not a nursing responsibility.a) 57 (31.3) 58 (31.9) 67 (36.8)
29. Family members who stay close to a dying person often interfere with the 

professionals’ job with the patient.a)
38 (20.9) 56 (30.8) 88 (48.4)

30. It is possible for nurses to help patients prepare for death. 28 (15.4) 58 (31.9) 96 (52.7)
Scale Mean±SD Median (IQR)
  FATCOD total score 103.14±12.31 103.00 (97.00–109.25)

Values are presented as number (%) unless otherwise indicated.
ICU: intensive care unit; FATCOD: Frommelt Attitude Toward Care of the Dying; SD: standard deviation; IQR: interquartile range.
a) Negative items were reverse coded.

attitudes toward EOL care significantly differed based on the 

level of education and hospital sector. Finally, palliative care 

knowledge and attitudes toward EOL did not significantly dif-

fer based on the nurses’ gender. 

DISCUSSION 

This study examined palliative care knowledge and attitudes 

of ICU nurses in Jordanian hospitals. The results showed that 
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Table 2. Participants characteristics (n=182)
Characteristics Value (n=182)
Age (yr) 30.3±6.2
  <30 97 (53.3)
  30–39 66 (36.3)
  ≥40 19 (10.4)
Total years of nursing experience 7.8±6.0
ICU years of experience 4.9±4.4
  1 51 (28.0)
  2–5 73 (40.1)
  6–9 28 (15.4)
  ≥10 30 (16.5)
Sex
  Male 89 (48.9)
  Female 93 (51.1)
Level of education
  Diploma 5 (2.7)
  Bachelor 139 (75.8)
  Master 34 (18.7)
  PhD 5 (2.7)
Hospital sector
  Governmental 51 (28.0)
  Private 100 (54.9)
  Military 11 (6.0)
  Educational 20 (11.0)

Values are presented as mean±standard deviation or number (%).
ICU: intensive care unit; PhD: doctor of philosophy. 

these nurses have insufficient levels of knowledge. However, 

the levels of pain and symptom management knowledge were 

the highest across the three dimensions. The majority of the 

nurses had unfavorable attitudes about palliative care, in-

cluding communication with a dying patient and the nursing 

role in talking about death. Palliative care knowledge differed 

significantly according to the level of education, hospital type, 

and years of experience. Attitudes toward palliative care dif-

fered significantly based on the level of education and hospi-

tal type. 

ICU nurses’ knowledge of palliative care in this study was 

consistent with the findings of Iranmanesh et al. [11], Razban 

et al. [15], Maria et al. [16], and Etafa et al. [17] on samples 

of nurses in Iran, Greece, and Ethiopia. All results of these 

studies agreed with the current study by reporting insufficient 

palliative care knowledge. In Jordan, the undergraduate nurs-

ing curriculum does not address palliative care subjects and 

topics. These topics are sometimes integrated into other un-

dergraduate nursing subjects. This might explain the nurses' 

insufficient knowledge of palliative care. In addition, palliative 

care services are provided by only two institutions in the capi-

tal, Amman, which indicates the scarcity of these services and 

the lack of knowledge about these services [29]. 

The current results revealed that the highest levels of palli-

ative care knowledge concerned pain and symptom manage-

ment, which was consistent with a previous study on pallia-

tive care knowledge among nurses in Jordan [30]. In addition, 

Iranian nurses also showed the highest levels of knowledge 

in pain and symptom management [15]. This finding could 

be attributed to the country's emphasis in nursing education 

on the physical examination that includes managing pain 

and other symptoms. The poorest knowledge level was in the 

psychosocial and spiritual care dimension. This indicates 

the lack of addressing these issues in the nursing schools and 

hospitals in the country. 

The majority of the nurses had unfavorable attitudes to-

ward palliative care. This finding was consistent with the atti-

tudes among nurses in Ethiopia [17]. However, while nurses 

in the current study showed the most favorable attitudes in 

some areas of palliative care, such as family involvement in 

the physical care and the benefits of verbalizing the feelings 

of a dying person, Etafa et al. [17] indicated better attitudes 

than ours in the same areas. These favorable attitudes can 

be attributed to nurses’ understanding of the importance of 

family members' presence and the significance of the dying 

person’s expression of their feelings. Arab culture supports 

the involvement of family members in caring for a dying 

person in the family, which indicates the nurses’ high level 

of acceptance of this attitude. The percentage of nurses who 

felt uncomfortable discussing imminent death with a dying 

individual in the current study was smaller than the propor-

tion of these poor attitudes observed by Etafa et al. [17]. This 

outcome can be explained by the evidence that healthcare 

providers are generally not encouraged to talk about death 

as these providers feel that dealing with death is a negative 

side of their profession. Talking about death is perceived as 

destroying the patient's hope and bringing guilt to the pro-

viders. In addition, healthcare providers are hesitant to give 

bad news to their patients because of the inability to predict 

the patients' reactions [31]. 

Nurses with a PhD level of education, nurses with 2–5 

years of ICU experience, and nurses who work in educational 

hospitals showed the significantly highest levels of EOL pal-

liative care knowledge. A previous study [16] indicated that 

nurses with Master's degrees and nurses with an experience 

of more than 10 years showed the significantly highest levels 

of knowledge. In our study, we expected that a higher level 
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Table 3. Palliative care knowledge of ICU nurses (PCQN scale) (n=182)
Item Correct answer Wrong answer
1. Palliative care is appropriate only in situations where there is evidence of a downhill trajectory or 

deterioration. (F)
56 (30.8) 126 (69.2)

2. Morphine is the standard used to compare the analgesic effect of other opioids. (T) 141 (77.5) 41 (22.5)
3. The extent of the disease determines the method of pain treatment. (F) 31 (17.0) 151 (83.0)
4. Adjuvant therapies are important in managing pain. (T) 147 (80.8) 35 (19.2)
5. It is crucial for family members to remain at the bedside until death occurs. (F) 26 (14.3) 156 (85.7)
6. During the last days of life, the drowsiness associated with electrolyte imbalance may decrease the 

need for sedation. (T)
101 (55.5) 81 (44.5)

7. Drug addiction is a major problem when morphine is used on a long-term basis for the 
management of pain. (F)

75 (41.2) 107 (58.8)

8. Individuals who are taking opioids should also follow a bowel regime. (T) 144 (79.1) 38 (20.9)
9. The provision of palliative care requires emotional detachment. (F) 83 (45.6) 99 (54.4)
10. During the terminal stages of an illness, drugs that can cause respiratory depression are 

appropriate for the treatment for severe dyspnea. (T)
69 (37.9) 113 (62.1)

11. Men generally reconcile their grief more quickly than women. (F) 40 (22.0) 142 (78.0)
12. The philosophy of palliative care is compatible with that of aggressive treatment. (T) 99 (54.4) 83 (45.6)
13. The use of placebos is appropriate in the treatment of some types of pain. (F) 79 (43.4) 103 (56.6)
14. In high doses, codeine causes more nausea and vomiting than morphine. (T) 113 (62.1) 69 (37.9)
15. Suffering and physical pain are synonymous. (F) 42 (23.1) 140 (76.9)
16. Demerol is not an effective analgesic in the control of chronic pain. (T) 90 (49.5) 92 (50.5)
17. The accumulation of losses renders burnout inevitable for those who seek work in palliative care. (F) 23 (12.6) 159 (87.4)
18. Manifestations of chronic pain are different from those of acute pain. (T) 125 (68.7) 57 (31.3)
19. The loss of a distant or contentious relationship is easier to resolve than the loss of one that is 

close or intimate. (F)
26 (14.3) 156 (85.7)

20. The pain threshold is lowered by anxiety or fatigue. (T) 107 (58.8) 75 (41.2)
Scales/subscales Mean±SD Median (IQR)
  PCQN total score 8.88±2.52 9.00 (7.75–11.00)
  Philosophy and principles of palliative care 1.43±0.84 1.00 (1.00–2.00)
  Pain and symptoms management 6.95±2.19 7.00 (6.00–9.00)
  Psychosocial and spiritual care 0.51±0.70 0.00 (0.00–1.00)

Values are presented as number (%) unless otherwise indicated.
ICU: intensive care unit; PCQN: Palliative Care Quiz for Nursing; F: false; T: true; SD: standard deviation; IQR: interquartile range.

of education would bring more knowledge. However, the 

knowledge differences based on experience were inconsistent 

with previous research. This study also indicated that nurses 

with PhD degrees and who work in private hospitals showed 

significantly better attitudes toward EOL care. The significant 

association between knowledge and attitudes helps explain 

the better attitude among nurses with PhD degrees. Last, the 

single private hospital in Jordan that provides specialized 

palliative care is included in the study. This could contribute 

to the finding that nurses in private hospitals showed better 

attitudes [29]. 

One of the study's drawbacks was utilizing self-adminis-

tered questionnaires through an online survey. The study 

employed a cross-sectional design, which prevented identi-

fication of causal relationships. Future qualitative research 

might help understand this phenomenon. The knowledge 

and attitudes of nurses with a doctoral degree were higher 

than nurses with lower educational levels. However, this re-

sult should be carefully interpreted as the number of nurses 

with a doctoral degree in this study was small. 

This study showed that ICU nurses have insufficient pallia-

tive care knowledge and inappropriate attitudes. The lowest 

levels of knowledge were in psychological and spiritual care, 

while the poor attitudes were found in communication with a 

dying patient, particularly in talking about death. Improving 

palliative care knowledge would help enhance appropriate 

attitudes toward palliative care. Nursing educational insti-

tutions should focus on palliative care within the nursing 
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Table 4. Comparison of PCQN and FATCOD scores across participants' characteristics (n=182)
Characteristics n Mean±SD Rank mean Kruskal-Wallis H df P-value
PCQN score
  Age (yr) 0.05 2 0.977
    <30 97 8.9±2.5  92.2
    30–39 66  8.8±2.6  90.9
    ≥40 19  9.0±2.6  89.9
  Level of education 7.80 3 0.050
    Diploma 5 10.2±2.1   120.6
    Bachelor 138  8.7±2.6     88.4
    Master 34  9.0±2.0    91.4
    PhD 5  11.6±2.2  147.6
  ICU's years of experience 12.33 3 0.006
    1 51 8.1±2.2    71.7
    2–5 73 9.3±2.9   103.5
    6–9 28 9.5±1.6   101.0
    ≥10 30 8.7±2.4   87.1
  Type of hospital 9.44 3 0.024
    Governmental 51 8.1±2.7     75.5
    Private 100 9.3±2.4     99.8
    Military 11 8.2±2.2     72.8
    Educational 20 9.4±2.2  101.4
FATCOD score
  Age (yr) 2.86 2 0.239
    < 30 97 103.7±9.8     94.3
    30–39 66 101.1±15.0     83.7
    ≥40 19 107.4±12.7   104.5
  Level of education 12.98 3 0.005
    Diploma 5 102.4±5.2   85.3
    Bachelor 138 102.6±12.8   89.7
    Master 34 102.8±9.7    87.4
    PhD 5 122.2±3.2  174.9
  ICU's years of experience 1.54 3 0.673
    1 51 102.0±9.1  86.2
    2–5 73 103.5±14.7  94.1
    6–9 28 103.9±9.2  99.3
    ≥10 30 103.6±13.5  86.9
  Type of hospital 7.86 3 0.049
    Governmental 51 101.6±12.0     84.5
    Private 100 105.0±13.4  100.8
    Military 11 100.0±10.2    75.5
    Educational 20 100.2±6.9     71.7

PCQN: Palliative Care Quiz for Nursing; PhD: doctor of philosophy; FATCOD: Frommelt Attitude Toward Care of the Dying; SD: standard deviation; ICU: intensive 
care unit.

curricula. In addition, hospitals are required to add palliative 

care topics to their continuous education strategies to ensure 

that nurses have adequate competency to provide this type of 

nursing care. Future studies that compare nurses who work in 

hospitals offering palliative care services to nurses from hospi-

tals that do not provide these services are needed. 
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INTRODUCTION 

Delirium is a neuropsychiatric syndrome characterized by cognitive dysfunction, a decreased 

ability to maintain attention, and unorganized thinking owing to several factors [1]. The inci-

dence rate of delirium is 20%–30% among patients hospitalized in the general ward and 36%–

44% among older post-surgery patients [2,3]. However, the incidence rate among patients in 

intensive care units (ICUs) can approach 70%–90% [4-6]. Delirium has been associated with a 

prolonged hospital stay, more frequent complications, increased cost of care and duration of 

mechanical ventilator use, chronic impairment of cognitive function, and mortality [6-8].  

Several studies reported that an estimated 30%–40% of delirium cases are preventable [2,9]. 

However, preventive measures are often not implemented because of advanced patient age, 

Background: Delirium occurs at high rates among patients in intensive care units and increases 
the risk of morbidity and mortality. The purpose of this study was to investigate the effects of en-
vironmental interventions on delirium. 
Methods: This prospective cohort study enrolled 192 patients admitted to the surgical intensive 
care unit (SICU) during the pre-intervention (June 2013 to October 2013) and post-intervention 
(June 2014 to October 2014) periods. Environmental interventions involved a cognitive assessment, 
an orientation, and a comfortable environment including proper sleep conditions. The primary out-
comes were the prevalence, duration, and onset of delirium. 
Results: There were no statistically significant differences in incidence rate, time of delirium onset, 
general characteristics, and mortality between the pre-intervention and post-intervention groups. 
The durations of delirium were 14.4±19.1 and 7.7±7.3 days in the pre-intervention and post-inter-
vention groups, respectively, a significant reduction (P=0.027). The lengths of SICU stay were 
20.0±22.9 and 12.6±8.7 days for the pre-intervention and post-intervention groups, respectively, 
also a significant reduction (P=0.030). 
Conclusions: The implementation of an environmental intervention program reduced the duration 
of delirium and length of stay in the SICU for critically ill surgical patients. 

Key Words: critical care; delirium; intensive care unit; length of stay

The effects of environmental interventions for delirium in 
critically ill surgical patients

Hak-Jae Lee1,*, Yoon-Joong Jung2,*, Nak-Joon Choi3, Suk-Kyung Hong1 

1Division of Acute Care Surgery, Department of Surgery, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea 
2Department of Critical Care Nursing, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea 
3Division of Acute Care Surgery, Department of Surgery, Korea University Guro Hospital, Seoul, Korea 

Received: July 28, 2023
Revised: November 4, 2023
Accepted: November 10, 2023

Corresponding author
Suk-Kyung Hong 
Division of Acute Care Surgery, 
Department of Surgery, Asan Medical 
Center, University of Ulsan College of 
Medicine, 88 Olympic-ro 43-gil, 
Songpa-gu, Seoul 05505, Korea 
Tel: +82-2-3010-5989 
Fax: +82-2-2045-4060 
Email: skhong94@amc.seoul.kr

*These authors contributed equally to 
this study.

Original Article

Acute and Critical Care 2023 November 38(4):479-487
https://doi.org/10.4266/acc.2023.00990

https://doi.org/10.4266/acc.2023.00990


480 https://www.accjournal.org Acute and Critical Care 2023 November 38(4):479-487

Lee HJ, et al.  Environmental intervention for delirium

poor baseline cognition, and patient fragility. Inouye [1] iden-

tified four predisposing factors (cognitive impairment, severe 

illness, visual impairment, and dehydration) and five precipi-

tating factors (polypharmacy, catheterization, use of restraints, 

malnutrition, and any iatrogenic event) associated with the 

development of delirium [6,10]. Their results suggest that pa-

tients with high baseline vulnerability can develop delirium in 

response to weak precipitants. 

The most frequently debated factor that influences deliri-

um onset is the ICU environment [2]. Crucial factors relevant 

to the development of delirium include (1) separation from 

family and acquaintances, (2) a mechanized environment for 

treatment, (3) noise, (4) bright lights, (5) insufficient sleep, (6) 

no guaranteed privacy, (7) an environment without windows, 

where the day is indistinguishable from the night, and (8) 

movement limitations owing to the numerous catheters re-

quired for monitoring and treatment [11]. 

In the ICU, the main treatment of delirium involves pharma-

cological intervention [12,13]. Non-pharmacological interven-

tion requires a multi-disciplinary approach; therefore, imple-

menting non-pharmacological interventions in ICU settings 

can be challenging. However, several studies have reported 

that non-pharmacological interventions can prevent delirium 

in ICU patients more effectively than pharmacological inter-

ventions [6,13-15]. Delirium frequently occurs in the surgical 

intensive care unit (SICU) and has been reported to have a 

negative effect on prognosis in several studies [16]. However, 

there are not many studies demonstrating the effectiveness of 

environmental interventions specifically in critically ill surgical 

patients, a group that experiences a high incidence of delirium. 

In the present study, we describe results of non- pharmacolog-

ical environmental interventions targeting critically ill patients 

admitted to the SICU and investigated whether these interven-

tions improved outcomes associated with delirium. 

MATERIALS AND METHODS 

Study Design 
This prospective, pre-post intervention cohort study was per-

formed to assess the impact of an environmental intervention 

program on critically ill surgical patients (such as those with 

postoperative trauma and sepsis) who were admitted to the 

SICU of Asan Medical Center, a tertiary academic teaching 

hospital with over 2,000 beds. The SICU has 14 beds and is 

attended by physicians (1 attending, 3 fellows) and registered 

nurses (staff to patient ratio, 1:2). 

This study was approved by the Institutional Review Board 

of Asan Medical Center (No. 2014-0344). In the intervention 

group, we obtained written informed consent from the pa-

tients and/or the closest family member if a patient could not 

provide consent. In the control group, we collected data retro-

spectively and proceeded with a waiver of informed consent. 

This trial is registered at ClinicalTrials.gov (NCT04042649). 

Study Population 
The present study enrolled patients admitted to the SICU 

during the pre-intervention period (June 2013 to October 2013) 

and post-intervention period (June 2014 to October 2014). En-

vironmental interventions had been applied in the SICU since 

March 2014, and a 3-month window was decided to consider 

trial and error in the early stages of the intervention protocol. 

Inclusion criteria were patients (1) 18 years or older, (2) who 

understood the purpose of this study and agreed to participate, 

and (3) who stayed in the SICU for at least 48 hours. Exclusion 

criteria were patients who (1) remained unresponsive (defined 

as a Richmond Agitation-Sedation Scale [RASS] score less than 

–4), (2) could not be assessed by the Confusion Assessment 

Method for the ICU (CAM-ICU) owing to severe visual or 

hearing disturbance, (3) had a history of severe psychiatric or 

neurologic deficits (including delirium before ICU admission), 

(4) required isolation due to transplantation or immunologi-

cal compromise, (5) were discharged from the ICU within 48 

hours, (6) were re-admitted to the ICU, (7) were younger than 

18 years, and (8) were admitted to the SICU through another 

ICU, because patient transfer also affects delirium. 

Delirium Diagnosis 
The Society of Critical Care Medicine recommends using the 

CAM-ICU, developed for critically ill patients, to diagnose de-

lirium [17]. The CAM-ICU has high reliability (93%–100%) and 

validity (98%–100%), as well as high internal validity [18,19]. 

The CAM-ICU can be easily administered to critically ill pa-

tients on mechanical ventilation [20]. The nurse in charge of 

each patient applied the CAM-ICU tool using the same meth-

■ Environmental interventions can help reduce the dura-
tion of delirium.

■ Environmental interventions in the intensive care unit 
are safe and effective.

KEY MESSAGES
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od during the pre- and post-intervention periods and con-

firmed the development of delirium on each shift (three times 

per day). To increase accuracy, the presence of delirium was 

also confirmed by the head nurse. In addition, medical staff 

training was reinforced via quality improvement (QI) activities. 

Delirium Prevention QI Program 
The interdisciplinary QI team comprised SICU attending staff, 

a clinical nurse practitioner, an SICU nurse unit manager, and 

bedside registered nurses. First, environmental factors that 

could be improved were identified. During the post-interven-

tion period, we conducted team education on the environ-

mental intervention protocol, analyzed risk factors, and pro-

vided feedback on the subsequent outcomes (Figure 1). The 

environmental interventions were not conducted during the 

pre-intervention period. However, during the post-interven-

tion period, they were implemented for all patients admitted 

to the SICU, regardless of delirium diagnosis, and intervention 

activities were reinforced based on a checklist for task perfor-

mance. Environmental interventions were performed from 

the day after SICU admission to discharge from the SICU. The 

environmental intervention protocol was carried out as de-

scribed in Figure 2. On the day after SICU admission, a calen-

dar was placed at a site with easy visibility, while an accurate 

and clear-cut orientation was provided from time, place, and 

person on every shift. In addition, pictures of the family or 

close friends were posted, and patients listened to music or 

watched portable television. A call bell was installed within 

hands-reach for patients for whom oral communication was 

difficult owing to tracheal intubation or tracheostomy. Com-

munication was improved by providing glasses and hearing 

aids to patients with visual and hearing impairments, respec-

tively. A proper sleep environment to improve and promote 

sleep during the night was created by minimizing nonessential 

medical activities and providing earplugs and eye masks to be 

worn as desired [17]. 

Outcomes and Data Collection 
The primary outcomes were prevalence, time to onset, and 

duration of delirium. Secondary outcomes were number of 

days of ventilator use, length of SICU stay, length of stay (LOS) 

at the hospital, rate of SICU readmission, and ICU and in-hos-

pital mortality rates. The relevant data were collected through 

the electronic medical record system. Average sleep time was 

Figure 1. Delirium prevention quality improvement program. ICU: intensive care unit; NICE: National Institute for Health and Care Excellence.

Step 1. Team education on delirium

Step 2. Analyze risk factors

Step 3. Implementation of environmental intervention

Step 4. Audit and feedback of team performance throughout the intervention periods

1) Education of nurses on delirium prevention programs
The lecture involved reviewing cases rather than a lecture on delirium. After the clinical nurse practitioner conducted the 
whole training, the group was divided into six subgroups of five to six individuals. Individual education was performed to 
supplement any relevant information not covered in the lectures.
2) Caregiver education on delirium prevention programs
Following admission, research team leaders educated patient caregivers using the "Prevention of delirium in the critically 
ill" pamphlet.

Patients who were 65 years old, admitted via another ICU, visually impaired, in shock or requiring open rooms or restraints 
were considered as being at high risk of delirium.

The Delirium Prevention Program was organized by selecting environmental intervention items from the 2010 NICE 
Delirium Clinical Guideline (Figure. 2 algorithm).

Each shift nurse performed an environmental intervention on the patient and completed the Delirium Prevention Program 
checklist stored in front of the bed.
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gathered through nursing records, while the history of sleep 

disorders and the use of sleeping pills were collected through 

medical records to determine whether patients had a prior 

history of treatment before admission to the SICU. Data from 

the pre-intervention period were collected retrospectively, 

while data from the post-intervention period were collected 

prospectively after obtaining IRB approval. 

Statistical Analysis 
All statistical analyses were performed using IBM SPSS 21.0 

(IBM Corp.). The chi-square test and t-test were used to ana-

lyze the general characteristics and clinical outcomes of target 

groups. A two-sided P-value less than 0.05 was considered sta-

tistically significant.    

RESULTS  

Study Population and Characteristics 
A total of 463 patients was admitted to the SICU during the 

study period. However, 271 patients were excluded based on 

the predefined criteria. We enrolled a total of 192 patients; 101 

patients were in the pre-intervention (control) group with-

out environmental interventions, and 91 patients were in the 

post-intervention (intervention) group with environmental in-

tervention. During the study period, five patients in the pre-in-

tervention group and three in the post-intervention group 

dropped out owing to sudden exacerbation of their general 

condition, with an RASS score of –4 or –5. The final analysis in-

cluded 96 patients in the pre-intervention group and 88 in the 

post-intervention group. There were no significant differences 

between baseline measures of the two groups (Table 1). Of the 

final cohort, 69 (71.9%) patients in the pre-intervention group 

and 61 (69.3%) in the post-intervention group developed de-

lirium (Figure 3). No significant differences were observed 

between the pre- and post-intervention groups in any general 

characteristics, including sex, age, severity, or ventilator use 

(Table 2). 

Figure 2. Environmental intervention protocol. CAM-ICU: Confusion Assessment Method for the intensive care unit.

Table 1. General characteristics of included patients (n=184)
Characteristics Pre-intervention (n=96) Post-intervention (n=88) P-value
Male 77 (80.2) 61 (69.3) 0.125
Age (yr) 62±14 64±16 0.334
  >65 yr 61 (63.5) 54 (61.4) 0.879
Average sleep time (hr) 6.5±1.6 6.5±1.7 0.154
Sleep disorder 7 (7.3) 6 (6.8) 1.000
Use of sleeping pills 3 (3.1) 6 (6.8) 0.413
Visual disturbance 70 (72.9) 54 (61.4) 0.130
Hearing disturbance 8 (8.3) 11 (12.5) 0.493
APACHE II score 13.7±7.0 15.3±6.4 0.534
Incidence of delirium 69 (71.9) 61 (69.3) 0.750

Values are presented as number (%) or mean±standard deviation.
APACHE: Acute Physiology and Chronic Health Evaluation.

• Delirium screening (CAM-ICU)
• �Provide orientation (time, person, place) and information of environments (Utilize calendar)
• Apply verbal and non-verbal communication skills
• Delirium education for family members upon admission

• �Assess visual and hearing impairment; if necessary, provide eye glasses and hearing aids
• �Provide a comfortable environment (pictures of family or friends, television, music)
• �Enforce the sleep-wake cycle (night light, minimum nursing activities at night)

Delirium
screening &
orientation

Environmental
interventions
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Figure 3. Flow diagram of study participants. RASS: Richmond Agitation-Sedation Scale; ICU: intensive care unit; SICU: surgical intensive care 
unit.

262 Pre-intervention 
(Jun–Oct 2013) 

110 Exclusion criteria 
10 RASS: –4 or –5 
29 �Severe visual or auditory disturbance, or 

neurologic problem (including delirium before 
ICU admission)

17 Experienced an isolation room 
22 Discharged from the SICU within 48 hr 
11 Readmission 
  3 Younger than 18 yr
18 Admission to the SICU through another ICU

161 Exclusion criteria
15 RASS: –4 or –5 
38 �Severe visual or auditory disturbance, or 

neurologic problem (including delirium before 
ICU admission)

18 Experienced an isolation room 
40 Discharged from the SICU within 48 hr 
23 Readmission
  6 Younger than 18 yr
21 Admission to the SICU through another ICU

101 Allocated control group 

5 Dropout 

96 Analyzed 

27 ICU discharge without 
delirium

69 Patients with delirium

201 Post-intervention
(Jun–Oct 2014)

91 Allocated intervention group 

3 Dropout

88 Analyzed

27 ICU discharge without 
delirium

61 Patients with delirium

Clinical Outcomes before and after Environmental 
Interventions 
No significant difference was observed between the pre- and 

post-intervention groups regarding the prevalence of patients 

who developed delirium (71.9% vs. 69.3%, P=0.75). No dif-

ference in the time of delirium onset was observed between 

the groups (2.6±2.4 days vs. 2.1±1.8 days, P=0.242). However, 

the duration of delirium was 14.4±19.1 days for patients in 

the pre-intervention group and 7.7±7.3 days for those in the 

post-intervention group, a significant reduction (P=0.027). Re-

garding secondary outcomes, the number of days of ventilator 

use tended to be lower for patients in the post- intervention 

group than for those in the pre-intervention group (15.3±22.9 

days vs. 9.8±11.7 days, P=0.088). The LOS in the SICU was 

20.0±22.9 days for patients in the pre-intervention group and 

12.6±8.7 days for patients in the post-intervention group, a 

significant reduction (P=0.030). However, no significant differ-

ences in LOS in the general ward or the ICU or in the in-hos-

pital or 6-month mortality rates were detected between the 

groups (Table 3). 

DISCUSSION 

The development of delirium predicts increases in the length 

of ICU and hospital stay, cost of care, and mortality. Therefore, 

many studies have aimed at preventing delirium. Our study re-

vealed that environmental intervention could reduce the dura-

tion of delirium. We found that the mean duration of delirium 

after the environmental intervention was reduced from 14.4 to 

7.7 days. As the duration of delirium decreased, the total num-

ber of days spent in the SICU decreased from 20.0 to 12.6 days. 

Pisani et al. [21] reported that longer durations of delirium re-

sulted in higher 1-year mortality rates, with annual increases of 

10%. In addition, Ely et al. [7] showed that delirium in ICU pa-

tients with mechanical ventilation is associated with increased 

6-month mortality. Although our study did not detect any dif-

ferences in mortality rates, shortening the duration of delirium 

could significantly reduce the days of ICU stay and the length 
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Table 2. General characteristics of delirium patients (n=130)
Characteristics Pre-intervention (n=69) Post-intervention (n=61) P-value
Male 57 (82.6) 42 (68.9) 0.066
Age (yr) 67±11  67±14 0.934
  >65 yr 44 (63.8) 43 (70.5) 0.416
Average sleep time (hr) 6.4±1.4 6.5±1.5 0.601
Sleep disorder 5 (7.2) 4 (6.6) 0.877
Use of sleeping pills 2 (2.9) 6 (9.8) 0.100
Visual disturbance 52 (75.4) 39 (63.9) 0.156
Hearing disturbance 7 (10.1) 7 (11.5) 0.807
Route of admission 0.152
  Emergency room 32 (46.3) 26 (42.7)
  Operation room 29 (42.0) 27 (44.3)
  General ward 8 (11.7) 8 (13.1)
Reason for admission 0.865
  Postoperative monitoring 26 (37.7) 21 (34.4)
  Respiratory failure 18 (26.1) 16 (26.2)
  Sepsis 19 (27.5) 18 (29.5)
  Bleeding 2 (2.9) 3 (4.9)
  Others 4 (5.8) 3(4.9)
APACHE II score 15.3±6.8 17.4±5.9 0.066
Mechanical ventilation 65 (94.2) 60 (98.4) 0.219
Use of restraint 65 (94.2) 58 (95.1) 0.825
Hemodialysis 12 (17.4) 7 (11.5) 0.341
Shock 35 (50.7) 36 (60.0) 0.291
Sedative drug 64 (92.8) 58 (95.1) 0.581
  Use of benzodiazepine 16 (23.2) 9 (15.5) 0.279

Values are presented as number (%) or mean±standard deviation.
APACHE: Acute Physiology and Chronic Health Evaluation.

Table 3. Clinical outcomes pre- and post-intervention (n=130)
Characteristics Pre-intervention (n=69) Post-intervention (n=61) P-value
Primary outcome
  Time of delirium onset (day) 2.6±2.4 2.1±1.8 0.242
  Duration of delirium (day) 14.4±19.1 7.7±7.3 0.027
Secondary outcome
  Day of ventilator use 15.3±22.9 9.8±11.7 0.088
  Length of ICU stay (day) 20.0±22.9 12.6±8.7 0.030
  Length of GW stay (day) 25.9±32.9 29.7±41.1 0.561
  Readmission to SICU 11 (15.9) 9 (14.7) 0.549
  Length of hospital stay (day) 52.0±42.6 46.8±43.3 0.435
  SICU mortality 8 (11.6) 9 (14.7) 0.257
  In-hospital mortality 9 (13.0) 12 (19.7) 0.248
  6-Month mortality 12 (17.4) 12 (19.7) 0.914

Values are presented as mean±standard deviation or number (%).
ICU: intensive care unit; GW: general ward; SICU: surgical intensive care unit.
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of mechanical ventilation. Prolonged ICU stays can increase 

the risk of complications, including aspiration, pressure ulcers, 

ventilator-associated pneumonia, and post-intensive care syn-

drome [22]. As environmental intervention decreases ICU stay, 

it plays a crucial role in critical care. 

Several studies have reported that the incidence of delirium 

can be reduced by environmental interventions that minimize 

the risk factors for delirium [5,6,23]. Vidán et al. [24] reported 

that non-pharmacologic interventions can reduce the inci-

dence of delirium by 30%–40%. Similarly, in patients with a 

hip fracture, Björkelund et al. [25] documented a substantial 

reduction in the incidence of delirium (from 34% to 22%) with 

interventions such as hydration, oxygenation, analgesia, and 

optimization in the care environment. However, our results 

differ from those of other studies in a number of important 

aspects. In our study, the incidence of delirium was not sig-

nificantly different before and after interventions. As with pre-

vious studies, for our patients, delirium developed within 2–3 

days after SICU admission [3,26]. This short period was insuf-

ficient to observe the effect of environmental intervention on 

delirium onset. It is necessary to identify and minimize the risk 

factors associated with delirium onset, but there was a limita-

tion in reducing incidence because most delirium occurred so 

soon after initial admission to the ICU. 

Herein, the mean duration of delirium was 14 days, which is 

considerably longer than that reported in other studies (mean 

duration, 3–5 days) [3,27]. The duration of delirium depends 

on the severity of delirium and the composition of the ICU. In 

other studies, many patients were in the ICU for postoperative 

care after elective surgery; however, in our study, sepsis and 

respiratory failure patients accounted for most cases, which 

suggests that environmental intervention could substantially 

impact high-severity cases. 

In addition to orientation and communication assistance, 

we focused on a proper sleep environment. Critically ill pa-

tients experience poor sleep, which worsens delirium. One 

study in the SICU found that patients only slept for 2 hours 

per day [28]. In the present study, a proper sleep environment 

was established by minimizing nonessential medical activities 

and providing earplugs and eye masks to be worn as desired. 

Before implementing the protocol, we performed radiography 

examinations, blood sampling, and weight measurements at 

night. After implementing the protocol, these tests were per-

formed before sleep or in the morning to ensure a consistent 

sleep/wake cycle. However, there was no significant difference 

observed in the change in sleep duration between the pre-in-

tervention and post-intervention groups. There was a limita-

tion in appropriately assessing the quality of sleep. Future eval-

uation of sleep quality and additional analysis are necessary. 

The main strength of our study is that specially trained 

nurses who were CAM-ICU educated examined the patients 

on every shift and verified delirium diagnoses three times per 

day. Early detection of delirium is an important factor in its 

treatment [17,29]. In previous reports, delirium was diagnosed 

once daily using the CAM-ICU or other diagnostic tools [3,27]. 

However, we performed the CAM-ICU thrice daily to improve 

the sensitivity of the delirium diagnosis; this increased sen-

sitivity may positively affect the outcome of environmental 

interventions. Even before the intervention, delirium was eval-

uated using CAM-ICU, but the QI activities provided contin-

uous education and increased validity and accuracy. Another 

strength of this study is that it was conducted only on critical ill 

surgical patients, who tend to have a high incidence of deliri-

um. We prospectively analyzed the prevalence of delirium and 

the effectiveness of environmental interventions by comparing 

patients before and after intervention. 

Nevertheless, there are some limitations to this study. First, 

use of the “before” and “after” design should be noted. No sig-

nificant difference was observed between the characteristics of 

patients in the “before” and “after” groups. Second, our study 

was conducted at a single institution. As a relatively short-

term study conducted within a single institution, it may have 

limitations in representing all critically ill patients. Addition-

ally, the severity of the patients at our hospital may differ from 

those in other ICUs, making it challenging to generalize our 

findings. Also, the characteristics of the ICU, such as bed type 

being open-type or isolated-type, may have introduced bias. 

According to Zaal et al. [27], switching from an open-type ICU 

bed to a single-bed room can reduce the duration of delirium. 

Therefore, subgroup analysis may be required depending on 

the type of ICU bed. Finally, patient comorbidities may affect 

the occurrence of delirium and the LOS in the ICU, but cor-

rection for these confounding variables may not be sufficient. 

Future evaluation and additional analysis of risk factors related 

to delirium may be necessary. 

Delirium is one of the main causes of prolonged ICU stay. 

Based on our findings, environmental intervention could be a 

useful tool for decreasing the duration of delirium in critically 

ill surgical patients. The tested environmental interventions 

are economical, safe, and effective. To implement an environ-

mental intervention protocol, it is necessary to identify the risk 

factors of delirium and to introduce environmental changes 
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that can be realized and adapted to the actual circumstances 

of each hospital.  
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INTRODUCTION 

Delirium is an acute cerebral dysfunction that can be caused by systemic illness or a medical 

treatment, especially in a critical care setting. It is sometimes referred to as intensive care unit 

psychosis or toxic psychosis [1,2]. According to the International Statistical Classification of 

Diseases and Related Health Problems 10th revision (ICD-10) in 2015, delirium is also de-

fined as disturbances in consciousness, attention, perception, thinking, memory, emotion, 

and sleep-wake schedule [3]. The prevalence rate of delirium in critically ill children ranges 

Background: Delirium in critically ill children can result in long-term morbidity. Our main objec-
tives were to evaluate the effectiveness of a new protocol on the reduction, prevalence, and dura-
tion of delirium and to identify associated risk factors. 
Methods: The effectiveness of the protocol was evaluated by a chart review in all critically ill chil-
dren aged 1 month to 15 years during the study period. A Cornell Assessment of Pediatric Delirium 
score ≥9 was considered positive for delirium. Data on delirium prevalence and duration from the 
pre-implementation and post-implementation phases were compared. Univariate and multivariate 
analyses were used to identify the risk factors of delirium. 
Results: A total of 120 children was analyzed (58 children in the pre-implementation group and 
62 children in the post-implementation group). Fifty children (41.7%) screened positive for deliri-
um. Age less than 2 years, delayed development, use of mechanical ventilation, and pediatric in-
tensive care unit (PICU) stay >7 days were significantly associated with delirium. The proportion of 
children screened positive was not significantly different after the implementation (before, 39.7% 
vs. after, 43.5%; P=0.713). Subgroup analyses revealed a significant reduction in the duration of 
delirium in children with admission diagnosis of cardiovascular problems and after cardiothoracic 
surgery. 
Conclusions: The newly implemented protocol was able to reduce the duration of delirium in chil-
dren with admission diagnosis of cardiovascular problems and after cardiothoracic surgery. More 
studies should be conducted to reduce delirium to prevent long-term morbidity after PICU dis-
charge. 
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from 10% to 56%, with higher rates among children younger 

than 2 years [1-2,4-10]. 

Delirium can be classified into three subtypes: hyperactive, 

hypoactive, or mixed [1-2,11]. Children experiencing delirium 

have more frequent severe perceptual disturbances, mood 

lability, agitation, and visual hallucinations [11]. Critically ill 

children with delirium are associated with longer pediatric 

intensive care unit (PICU) and hospital stays, neurocognitive 

dysfunction, post-traumatic stress disorder, and higher rates 

of mortality [1,10]. Moreover, with a longer duration of delir-

ium, more frequent severe cognitive and memory problems 

develop among children surviving critical illness [12,13]. Thus, 

delirium in critically ill children is a major health issue that can 

result in long-term morbidity. 

Studies by Patel et al. in 2017 [14] and Jesus et al. [15] in 2020 

suggested systematic approaches for the management of de-

lirium in children who are critically ill. The first step of these 

approaches is to recognize and manage the underlying con-

ditions and iatrogenic factors leading to delirium. Then, per-

form a stepwise approach using environmental modification, 

nonpharmacologic intervention, and then pharmacologic 

intervention [14,15]. A mnemonic known as “BRAIN MAPS” is 

used as a part of the assessment, evaluation, and treatment in 

the delirium clinical pathway and is recommended by the So-

ciety of Critical Care Medicine. BRAIN MAPS involves bringing 

oxygen (B), reducing or removing deliriogenic drugs such as 

benzodiazepines or anticholinergics (R), atmosphere mod-

ification (A), infection/inflammation control and reducing 

immobilization (I), treatment of new organ dysfunction and 

metabolic disturbances (NM), awakening schedule (A), pain 

(P), and sedation control (S) [16-18]. There is limited evidence 

of the effectiveness of such approaches in reducing delirium in 

critically ill children. Furthermore, there is no local guideline 

in Thailand on the management of delirium in critically ill chil-

dren. Thus, the main objective of this study was to evaluate the 

effectiveness of the newly devised delirium care map protocol 

in the reduction of delirium in critically ill children in terms of 

both prevalence and duration, PICU stay, and ventilator days. 

The secondary objective was to identify the risk factors associ-

ated with delirium in critically ill children. 

MATERIALS AND METHODS 

This study was approved by the Ethics Committee of Thamma-

sat University Hospital, Thammasat University, Thailand (No. 

MTU-EC-PE-0-246/65). Informed consent was waived due to 

the retrospective review of the implemented protocol. 

Study Design and Participants 
A chart review of all children aged 1 month to 15 years who 

were admitted to the PICU from March to October 2022 was 

conducted. Our PICU is a mixed medical-surgical tertiary, 

single-patient room intensive care unit that receives approxi-

mately 25–30 patients per month. The nurse-to-patient ratio is 

1:1 or 1:2 based on the severity of the patient’s condition. 

Intervention 
From March 2022, the Cornell Assessment of Pediatric Delir-

ium (CAPD) has been used as a screening tool for delirium in 

our critical care unit. The CAPD was conducted in all patients 

admitted to the PICU every 8 hours at the start of the nursing 

shift. Before this, no screening tool for delirium was used in 

the unit. All pediatric critical care nurses were trained by at-

tending pediatric intensivists and senior critical care nurses 

who were familiar with the screening tool. Good interrater 

reliability of 0.85 was obtained before initiation of the routine 

assessment. The CAPD is a valid screening tool with excellent 

sensitivity and specificity for critically ill children of all ages 

and can be conducted in patients with developmental delays. 

CAPD consists of eight questions aiming to assess conscious-

ness, cognition, orientation, psychomotor activity, and affect/

distress. The score was given on a Likert scale of 0–4 (0=always, 

1=often, 2=sometimes, 3=rarely, and 4=never) based on the 

assessment. The CAPD is faster, needing less than 2 minutes to 

complete [1]. A CAPD score ≥9 is considered positive for delir-

ium. Deeply sedated patients (Richmond Agitation-Sedation 

scale [RASS] <–4 or State Behavioral Scale [SBS] <–2) were not 

■ A total of 50 children (41.7%) screened positive for deliri-
um.

■ Age less than 2 years, delayed development, use of me-
chanical ventilation, and pediatric intensive care unit stay 
>7 days were significantly associated with delirium.

■ The proportion of children with positive screening was 
not significantly different after the implementation (be-
fore, 39.7% vs. after, 43.5%; P=0.713).

■ Subgroup analyses revealed a significant reduction in the 
duration of delirium in children with an admission diag-
nosis of cardiovascular problems and after cardiothoracic 
surgery.

KEY MESSAGES
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assessed until awake. RASS is a 10-point scale for the evalua-

tion of agitation and sedation ranging from +4 (combative) to 

–5 (unarousable) [19]. The SBS is also used for evaluation of 

sedation and agitation in mechanically ventilated children in 

our unit. This is a 6-point scale ranging from +2 (agitated) to –3 

(unresponsive) [20]. These scales are currently used as a stan-

dard practice for evaluation of sedation and agitation in our 

PICU (RASS in non-mechanically ventilated children, SBS in 

mechanically ventilated children). 

The delirium care map protocol based on the mnemonic 

“BRAIN MAPS” was outlined as a quality improvement project 

of the hospital by pediatric intensivists and pediatric critical 

care nurses in June 2022 to decrease the proportion and du-

ration of patients with delirium (Figure 1). The components 

Figure 1. Protocol for delirium care of critically ill children. PICU: pediatric intensive care unit; SBS: State Behavioral Scale; RASS: Richmond 
Agitation-Sedation Scale; CAPD: Cornell Assessment of Pediatric Delirium; WAT-1: withdrawal assessment tool; EKG: electrocardiogram; QTC: 
corrected QT interval.

Delirium care map in the PICU

CAPD ≥9 
points

No

No

Yes

Yes

Patients aged 1 month to 15 years 
admitted to the PICU

Evaluate CAPD every 8 hours
except SBS <-2 or RASS <-4

Routine care
-�Environmental adjustment 
-�Adjust sleep routine (turning the light 
on-off according to day-light routine)

-�Bringing in familiar object and songs, 
increasing family interaction

-�Use eyeglasses/hearing aid (if have)
-Early mobilization
-�Encourage the child to know the time of 
the day

-�Reduce nighttime activity and procedures

Evaluation and treatment according to BRAIN MAPS

B - Bring oxygen (evaluate for desaturation, low cardiac output, or anemia) 
R - Remove/reduce drugs (anticholinergics and benzodiazepines) 
A - Atmosphere

- Environmental adjustment
- Encourage sleep routine (turning the light on-off according to day-light routine)
- �Bringing in familiar or transitional object; use music according to the child's 

preferences.
- Use eyeglasses/hearing aid (if have)
- Encourage the child to know the time of the day
- �Reduce nighttime noises and activity and procedures 
- Reduce physical restraint/use only when necessary

I - �Infection/mobilization/inflammation (infectious workup and treatment as swell as early 
mobilization)

NM - New organ dysfunction and metabolic disturbance
A - Awake (routine awake and sleep cycle; consider using earplug and eyepatch) 

- Consider melatonin in patient with sleeping difficulty
P - Pain (adjustment of pain medication according to age-specific pain scale) 
S - Sedation (adjustment of sedative medication according to age-specific scale) 

Evaluate WAT-1 score in patient with risks of withdrawal and treat according to 
withdrawal protocol

- Treat according to BRAIN MAPS 
- Consider pharmacologic management
- �EKG 12 leads (for possible QTC 

prolongation)
- �Consider consultation with 

developmental behavioral pediatrician 
or pediatric psychiatrist

- �Consider short-course atypical 
antipsychotic medication

Treat according to
BRAIN MAPS

Combative patient, difficult to care 
patient, or possible infliction of self-harm
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of the protocol mostly focus on the non-pharmacologic man-

agement of delirium, adjustment of the PICU environment, 

and treatment of the underlying conditions. Pharmacologic 

treatment of delirium was reserved only for patients who were 

combative or at risk of self-harm. A 1-month training period 

was required before implementation to ensure consistency 

and compliance with the protocol. Thus, the patients who 

were admitted from March 1, 2022, to June 30, 2022, were 

considered as a pre-implementation group, and the patients 

admitted from July 1, 2022, to October 31, 2022, served as the 

post-implementation group. To ensure the effectiveness of the 

protocol, screening and protocol compliance were randomly 

assessed. All demographic data, as well as admission diagno-

sis, underlying comorbidities, delirium duration, PICU dura-

tion, sedation, the neuromuscular blocking agent used, and 

ventilator days, were recorded. 

Statistical Analyses 
Delirium duration was calculated as the number of shifts with 

CAPD ≥9 points multiplied by 8 hours (shift duration). For in-

stance, if a child screened positive for delirium 10 times during 

the PICU stay, the duration was recorded as 80 hours. Delayed 

development was defined using the red flags described by the 

American Academy of Pediatrics [21]. All demographic data, 

PICU length of stay, and ventilator days were analyzed using 

descriptive statistics. The prevalence of delirium was reported 

as a percentage. Data on delirium from the pre-implementa-

tion and post-implementation phases were compared with the 

expectation of reductions in delirium rates and duration. The 

Mann-Whitney U-test was used to compare quantitative data 

among intervention groups. Univariate analyses were used to 

identify the risk factors of delirium. Statistically significant fac-

tors from the univariate analyses were used for the adjustment 

during multivariate analyses. A P-value <0.05 was considered 

statistically significant. All statistical analyses were performed 

using IBM SPSS ver. 24 (IBM Corp.). 

RESULTS 

Demographic Data 
The demographic data are presented in Table 1. A total of 120 

children was admitted to the PICU during the study period. 

All children were included in the analysis. Fifty-eight children 

were allocated to the pre-implementation group and the 

remaining 62 children were allocated to the post-implemen-

tation group (Figure 2). The median age for the overall cohort 

was 3.1 years (interquartile range [IQR], 0.9–6.8), and 43 chil-

dren (35.8%) were younger than 2 years. Approximately 56.7% 

of the participants were male. 

Cardiovascular comorbidity served as the main underlying 

condition in the cohort (41.7%), followed by neurologic co-

morbidity (7.5%) and gastrointestinal comorbidity (5.8%). A 

total of 37 children (30.8%) had developmental delays and 56 

children (46.7%) were admitted to the PICU for postoperative 

care. Among the children admitted for postoperative care, 

the major type of surgery was cardiothoracic surgery (32/56, 

57%). The most common admission diagnoses were cardio-

vascular (38.2%) and gastrointestinal (13.3%) problems. The 

median Pediatric Risk for Mortality (PRISMI) III score [22] 

was 2.0 (IQR, 0.0–5.0). Inotropic medications were used in 

47 children (39.2%) with a median vasoactive inotropic score 

(VIS) [23] of 14.0 (IQR, 7.0–24.0). Extracorporeal membrane 

oxygenator support (ECMO) was compulsory in four children 

(3.3%), one (1.7%) during the pre-implementation phase, and 

three (4.8%) in the post-implementation phase. A total of 48 

children (40.0%) was mechanically ventilated with a median 

duration of 2.5 days (IQR, 1.0–8.8 days). Continuous infusion 

of sedatives and neuromuscular blocker (NMB) were used in 

42 (35.0%) and nine (7.5%) children, respectively. Five children 

(4.2%) exhibited signs of withdrawal. The median PICU stay 

was 3.0 days (IQR, 1.0–8.0 days), and 35 children (29.2%) re-

quired PICU admission for greater than 7 days. Three children 

(2.5%) died during the study period. The overall demographic 

data including age, gender, underlying condition, admission 

diagnoses, developmental status, PRISM III score, VIS, ino-

120 All children aged 1 month to 15 years admitted to 
PICU at Thammasat University Hospital during the study 

No patient excluded

120 Study population

58 Pre-implementation 62 Post-Implementation

Figure 2. The flowchart for the study. All patients were followed until 
pediatric intensive care unit (PICU) discharge and were included for 
the final analysis.
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Table 1. Demographic data among intervention groups
Factor All patients (n=120) Pre-intervention (n=58) Post-intervention (n=62) P-value
Median age (yr) 3.1 (0.9–6.8) 3.1 (0.9–5.0) 3.0 (0.6–7.8) 0.985
Age <2 yr 43 (35.8) 20 (34.5) 23 (37.1) 0.850
Male 68 (56.7) 33 (56.9) 35 (56.5) 1.000
Underlying disease 0.817
  None 23 (19.2) 12 (20.7) 11 (17.8)
  Cardiovascular 50 (41.7) 22 (37.9) 28 (45.2)
  Neurologic 9 (7.5) 7 (12.1) 2 (3.2)
  Genetic 4 (3.3) 2 (3.4) 2 (3.2)
  Gastrointestinal 7 (5.8) 3 (5.2) 4 (6.5)
  Hematology and oncology 7 (5.8) 3 (5.2) 4 (6.5)
  Renal 2 (1.7) 1 (1.7) 1 (1.6)
  Pulmonology 5 (4.2) 2 (3.4) 3 (4.8)
  Trauma 1 (0.8) 1 (1.7) -
  Allergy 7 (5.8) 5 (8.7) 2 (3.2)
  Endocrine 2 (1.7) - 2 (3.2)
  Rheumatology 1 (0.8) - 1 (1.6)
  Infectious disease 2 (1.7) - 2 (3.2)
Admission diagnosis 0.165
  Cardiovascular 46 (38.2) 20 (34.6) 26 (41.9)
  Gastrointestinal 16 (13.3) 8 (13.8) 8 (12.9)
  Pulmonology 15 (12.5) 8 (13.8) 7 (11.3)
  Neurologic 12 (10.3) 7 (12.1) 5 (8.1)
  Asthmatic attack 10 (8.3) 9 (15.5) 1 (1.6)
  Renal 6 (5.0) 2 (3.4) 4 (6.5)
  Endocrine 6 (5.0) 1 (1.7) 5 (8.1)
  Septic shock 2 (1.7) 2 (3.4) -
  Oncology 2 (1.7) 1 (1.7) 1 (1.6)
  Trauma 1 (0.8) - 1 (1.6)
  Dental 1 (0.8) - 1 (1.6)
  Genetic 1 (0.8) - 1 (1.6)
  Orthopedics 1 (0.8) - 1 (1.6)
  Rheumatology 1 (0.8) - 1 (1.6)
Delayed development 37 (30.8) 18 (31.0) 19 (30.6) 1.000
All-cause postoperative care 56 (46.7) 26 (44.8) 30 (48.4) 0.718
Median PRISM III 2.0 (0.0–5.0) 0.0 (0.0–5.0) 2.0 (0.0–7.0) 0.294
Median CAPD 7.0 (3.0–12.0) 7.0 (2.0–11.2) 7.0 (3.0–12.0) 0.874
Delirium 50 (41.7) 23 (39.7) 27 (43.5) 0.713
Delirium duration (hr) 40.0 (24.0–74.0) 56.0 (32.0–72.0) 32.0 (18.0–80.0) 0.274
Inotropes 47 (39.2) 21 (36.2) 26 (41.9) 0.577
Median vasoactive inotropic score [23] 14.0 (7.0–24.0) 16.0 (5.0–25.0) 13.0 (7.8–21.4) 0.192
ECMO support 4 (3.3) 1 (1.7) 3 (4.8) 0.619
Respiratory support 0.453
  None 25 (20.8) 9 (15.5) 16 (25.8)
  Cannula 23 (19.2) 12 (20.7) 11 (17.7)
  HFNC 24 (20.0) 14 (24.1) 10 (16.1)
  MV 48 (40.0) 23 (39.7) 25 (40.3)
Median MV days 2.5 (1.0–8.8) 3.0 (1.0–9.0) 2.0 (1.0–5.5) 1.000
MV >7 days 13/48 (27.1) 9/23 (39.1) 4/25 (16.0) 0.106
Sedation 42 (35.0) 19 (32.8) 23 (37.1) 0.703
Sedation >7 days 11/42 (26.2) 7/19 (36.8) 4/23 (17.4) 0.180
NMB 9 (7.5) 4 (6.9) 5 (8.1) 1.000
Withdrawal 5 (4.2) 3 (5.2) 2 (3.2) 0.672
Median PICU days 3.0 (1.0–8.0) 3.0 (1.0–7.2) 3.0 (1.0–8.0) 0.436
PICU >7 days 35 (29.2) 16 (27.6) 19 (30.6) 0.841
Mortality 3 (2.5) 1 (1.7) 2 (3.2) 1.000

Values are presented as median (interquartile range) or number (%).
PRISM: Pediatric Risk for Mortality [22]; CAPD: Cornell assessment for pediatric delirium; ECMO: extracorporeal membrane oxygenator; HFNC: high-flow nasal 
cannula; MV: mechanical ventilation; NMB: neuromuscular blocker; PICU: pediatric intensive care unit.
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Table 2. Associating factors for positive delirium screening

Factor Delirium 
(n=50)

No delirium 
(n=70) P-value

Median age (yr) 2.2 (0.8–6.5) 3.6 (1.4–8.0) 0.115
Age <2 yr 24 (48.0) 19 (27.1) 0.022
Male 29 (58.0) 39 (55.7) 0.853
Underlying disease 0.819
  None 9 (18.0) 14 (20.0)
  Cardiovascular 28 (56.0) 22 (31.5)
  Neurologic 3 (6.0) 6 (8.6)
  Genetic 2 (4.0) 2 (2.9)
  Gastrointestinal - 7 (10.0)
  Hematology and oncology 2 (4.0) 5 (7.1)
  Renal 1 (2.0) 1 (1.4)
  Pulmonology 2 (4.0) 3 (4.3)
  Trauma - 1 (1.4)
  Allergy 2 (4.0) 5 (7.1)
  Endocrine - 2 (2.9)
  Rheumatology - 1 (1.4)
  Infectious disease 1 (2.0) 1 (1.4)
Admission diagnosis 0.026
  Cardiovascular 28 (56.0) 18 (25.8)
  Gastrointestinal 2 (4.0) 14 (20.0)
  Pulmonology 8 (16.0) 7 (10.0)
  Neurologic 4 (8.0) 8 (11.5)
  Asthmatic attack 1 (2.0) 9 (12.9)
  Renal 2 (4.0) 4 (5.7)
  Endocrine 1 (2.0) 5 (7.1)
  Septic shock 1 (2.0) 1 (1.4)
  Oncology 1 (2.0) 1 (1.4)
  Trauma 1 (2.0) -
  Dental - 1 (1.4)
  Genetic 1 (2.0) -
  Orthopedics - 1 (1.4)
  Rheumatology - 1 (1.4)
  Delayed development 26 (52.0) 11 (15.7) <0.001
All-cause postoperative care 23 (46.0) 33 (47.1) 1.000
PRISM III 3.0 (0–7.2) 0 (0–4.0) 0.006
CAPD 12.5 (11.0–17.0) 3.0 (0–5.2) <0.001
Inotropes 29 (58.0) 18 (25.7) 0.001
Vasoactive inotropic score [23] 14.0 (8.0–25.0) 14.5 (5.0–21.4) 0.853
ECMO support 4 (8.0) - 0.028
Respiratory support <0.001
  None 6 (12.0) 19 (27.1)
  Cannula 4 (8.0) 19 (27.1)
  HFNC 7 (14.0) 17 (24.3)
  MV 33 (66.0) 15 (21.5)
MV duration 5.0 (2.0–9.0) 1.0 (1.0–1.5) 0.013
MV >7 days 12/33 (36.4) 1/15 (6.7) 0.040
Sedation 29 (58.0) 13 (18.6) <0.001
Sedation >7 days 10/29 (34.5) 1/13 (7.7) 0.127
Neuromuscular blocker 9 (18.0) - <0.001
Withdrawal 5 (10.0) - 0.011
Median PICU stay 7.5 (3.0–13.0) 2.0 (1.0–4.0) <0.001
PICU >7 days 28 (56.0) 7 (10.0) <0.001
Mortality 1 (2.0) 2 (2.7) 1.000

Values are presented as median (interquartile range) or number (%).
PRISM: Pediatric Risk for Mortality [22]; CAPD: Cornell assessment for pediatric 
delirium; ECMO: extracorporeal membrane oxygenator; HFNC: high-flow nasal 
cannula; MV: mechanical ventilation; PICU: pediatric intensive care unit.

tropic support, ECMO support, respiratory support, sedation 

use, NMB use, and withdrawal were not significantly different 

between intervention groups. 

Outcomes of Delirium Care Protocol 
The compliance rate of the screening was 95%. The bundle 

compliance was randomly examined and found to be 70%. 

The most difficult components with which to comply were 

a sleeping routine and reduction of night-time noises. Pa-

rental visits were limited to 30 minutes each day to comply 

with the hospital policy. A total of 50 children (41.7%) had 

positive delirium screening. The median CAPD score for the 

overall cohort was 7.0 (3.0–12.0). The proportion of children 

with positive CAPD screening was not significantly different 

among groups (39.7% during the pre-intervention phase vs. 

43.5% during the post-intervention phase; P=0.713). The me-

dian delirium duration during the post-intervention phase 

seemed to be shorter than the pre-intervention phase, but 

the difference was not significant (32.0 hours [IQR, 18.0–8.0] 

vs. 56.0 hours [IQR, 32.0–72.0], P=0.274). No children re-

ceived atypical antipsychotics during the study period. The 

median CAPD score, mechanical ventilator support days, 

PICU stays, and mortality rates were not statistically different 

between the groups (Table 1). 

In a subgroup analysis of children with the admission di-

agnosis of cardiovascular problems, there was a significant 

reduction in the duration of delirium after implementation of 

the protocol, from 64.0 hours (IQR, 54–80 hours) to 32.0 hours 

(IQR, 22–68 hours) (P=0.001). A similar result was found in 

children after cardiothoracic surgery (60.0 hours [IQR, 50–70] 

vs. 28.0 hours [IQR, 24–58], P=0.02). 

Factors Associated with Positive Delirium Screening 
Table 2 outlines the factors associated with delirium among 

participants. The proportion of children younger than 2 years 

was significantly higher in the positive delirium screening 

group (48.0% vs. 27.1%, P=0.022). There was also a significantly 

larger proportion of children with delayed development in 

the delirium group (52.0% vs. 15.7%, P<0.001). Children with 

positive screening for delirium had significantly higher medi-

an PRISM III scores, median CAPD scores, longer mechanical 

ventilation support days, and longer PICU stays. All children 

who required ECMO and NMB had positive delirium screen-

ing. Withdrawal was only found in children with delirium. The 

proportions of children with admission diagnosis of cardiovas-

cular problems, who required mechanical ventilation, contin-
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uous infusion of sedation, PICU stay >7 days, and mechanical 

ventilation >7 days were significantly larger in the delirium 

group. Median age, sex, underlying comorbidity, postoperative 

status, and mortality were not significantly different among 

groups. 

The univariate and multivariate analyses of associating fac-

tors are presented in Tables 3 and 4. Age younger than 2 years, 

delayed development, admission diagnosis of cardiovascular 

problem, inotropic support, mechanical ventilator, mechan-

ical ventilation >7 days, use of sedation and NMB, and PICU 

stay >7 days were associated with positive delirium screening 

(P<0.05) according to univariate analyses. After adjustment for 

significant factors, age younger than 2 years, delayed devel-

opment, and PICU stay >7 days were associated with positive 

delirium screening with adjusted odds ratio (aOR) of 3.41 (95% 

confidence interval [CI], 1.19–9.73), 5.03 (95% CI, 1.73–14.59), 

and 11.58 (95% CI, 2.90–46.23), respectively. 

DISCUSSION 

The prevalence rate of delirium in this cohort was substantially 

high at 41.7%. This was comparable to previous studies, with 

the prevalence of delirium ranging from 10% to 57% [1,2,4-

10]. We also demonstrated that age less than 2 years, delayed 

development, use of mechanical ventilation, and a PICU stay 

>7 days were significantly associated with delirium in critically 

ill children. These findings were consistent with the previously 

Table 3. Univariate analyses for associating factors of positive delirium 
screening

Factor Crude odds ratio 
(95% CI) P-value

Age <2 yr 2.48 (1.15–5.32) 0.022
Male 1.10 (0.53–2.28) 0.853
Presence of UD 1.14 (0.45–2.88) 0.819
All-cause postoperative care 0.96 (0.46–1.98) 1.000
Cardiovascular admission diagnosis 3.61 (1.66–7.83) 0.001
Delayed development 5.81 (2.48–13.59) <0.001
Inotropic support 3.99 (1.84–8.67) 0.001
MV 7.12 (3.14–16.12) <0.001
Prolonged MV >7 days 8.00 (0.93–68.62) 0.040
Sedation 6.06 (2.66–13.80) <0.001
Prolonged sedation >7 days 6.32 (0.72–55.81) 0.127
Neuromuscular blocker 32.28 (1.83–569.05) <0.001
Prolonged PICU stay >7 days 11.46 (4.39–29.91) <0.001

CI: confidence interval; UD: underlying disease; MV: mechanical ventilation; 
PICU: pediatric intensive care unit.

Table 4. Multivariate analyses for associating factors of positive 
delirium screening

Factor Adjusted odds ratio 
(95% CI) P-value

Age <2 yr 3.41 (1.19–9.73) 0.014
Cardiovascular admission diagnosis 2.92 (0.78–10.91) 0.112
Delayed development 5.03 (1.73–14.59) 0.004
Inotropic support 0.26 (0.05–1.36) 0.112
MV 4.32 (0.47–40.12) 0.197
Prolonged MV >7 daysa) - -
Sedation 2.05 (0.18–23.75) 0.565
Prolonged sedation >7 days - -
Neuromuscular blockera) - -
Prolonged PICU stay >7 days 11.58 (2.90–46.23) 0.001

Adjusted for age <2 years, inotropic support, MV, prolonged PICU stay, and 
sedation.
CI: confidence interval; MV: mechanical ventilation; PICU: pediatric intensive 
care unit; UD: underlying disease.
a) Prolonged MV and neuromuscular blocker were not used for the final 
adjustment due to inadequate cells for the non-delirium group.

reported studies by Silver et al. [5] and Traube et al. [1]. 

A large study in critically ill adults revealed that the multi-

modal ABCDEF bundle was associated with a lower likelihood 

of delirium with an aOR of 0.60 (95% CI, 0.49–0.72) [24]. There 

were limited data on the effectiveness of the multimodal pro-

tocol for the management of delirium in critically ill children 

[25-27]. The implementation of our new delirium protocol was 

unable to significantly reduce the prevalence and duration 

of delirium in the overall study cohort. Nevertheless, in the 

subgroup analysis of children with the admission diagnosis of 

cardiovascular problems, there was a significant decline in the 

duration of delirium from 64.0 hours (IQR, 54–80 hours) to 32 

hours (IQR, 22–68 hours) (P=0.001). The same was found in 

children after cardiothoracic surgery (60.0 hours [IQR, 50–70 

hours] vs. 28.0 hours [IQR, 24–58 hours], P=0.02). Several 

studies have demonstrated that young children are among the 

most vulnerable groups to develop delirium during critical 

illness, especially after cardiothoracic surgery [28,29]. Simi-

lar findings were demonstrated in a recent study by Michel 

et al. [25], outlining a non-significant reduction of delirium 

prevalence after implementation of the delirium bundles but 

a significant reduction among children after cardiothoracic 

surgery. Unlike in our study, Michel et al. [25] showed a signif-

icant reduction of delirium in subgroups of children younger 

than 5 years. We were only able to illustrate a reduction in the 

duration of delirium in children with an admission diagnosis 

of cardiovascular problems and those after cardiothoracic 
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surgery. This might be due to the complex environment in the 

PICU setting and the multifactorial etiologies of delirium. Nev-

ertheless, a reduction in the duration of delirium could allevi-

ate the possible cognitive and memory problems after PICU 

discharge [12,13]. 

A prolonged stay in the PICU with the use of sedation and 

mechanical ventilation was associated with the development 

of delirium [1,5]. Approximately 29.2% of children in our co-

hort required a PICU stay >7 days, 40% required mechanical 

ventilation, and 35% required continuous infusion of sedation. 

Furthermore, children with positive screening for delirium 

had significantly higher median PRISM III scores, signifying 

the higher severity and complexity of the conditions. These 

factors might lead to continuous exposure of factors leading 

to delirium. Another factor limiting the effectiveness of the 

delirium protocol might be the pre-existing early mobilization 

protocol within the unit. A study by Simone et al. [27] showed 

that sequential implementation of delirium, sedation, and 

early mobility protocol can reduce the prevalence of delirium. 

An early mobilization protocol was implemented at our center 

in June 2020, and might have obscured the magnitude of the 

overall protocol effectiveness. 

This study was one of the first aiming to reduce the preva-

lence of delirium in critically ill children by implementing the 

delirium care map protocol. A major strength of this study was 

that the compliance rate of the screening was as high as 95%. 

Furthermore, the compliance rate of the patients randomly 

examined every month was also high at approximately 70%. 

This compliance rate was comparable with the study by Mi-

chel et al. [25] (compliance screening rate of 95% and bundle 

adherence rate of 72%) and significantly higher than the study 

by Franken et al. [26] (compliance screening rate of 9%; no 

report on the compliance rate of the protocol). With the high 

compliance rate in both screening and protocol adherence, 

the true effectiveness of the protocol could be evaluated. 

Nonetheless, the most difficult protocol components to com-

ply with were the reduction of night-time noises and encour-

agement of a sleep routine. Due to the nature of the university 

hospital, night-time admission and procedures as well as 

noises were difficult to control, regardless of the single-room 

patient status, which might compromise the effectiveness of 

the protocol. Furthermore, the limited time for a parental visit 

might also play a role in a non-significant change in the prev-

alence of delirium. 

The other limitations of this study should also be outlined. 

This was a single-center study in a tertiary care university hos-

pital. Thus, it might not be generalized to all hospital settings. 

A limited sample size within this cohort made it difficult to 

perform a subgroup analysis in different groups of children 

with different conditions. Nevertheless, this sample size was 

adequately powered for a reduction in the prevalence of 

delirium by 20% with β error of 0.2 and alpha error of 0.05. 

Regardless of these limitations, this is a pilot study for larger 

multicenter studies. More studies, especially multicenter stud-

ies, are also warranted to evaluate long-term cognitive decline 

and memory problems in children with delirium, as well as the 

validation and long-term effectiveness of the protocol. 

Delirium is substantially prevalent among critically ill chil-

dren in our cohort. The newly implemented protocol was able 

to reduce the duration of delirium in children with an admis-

sion diagnosis of cardiovascular problems and children after 

cardiothoracic surgery. More studies should be conducted to 

reduce delirium and prevent long-term morbidity in critically 

ill children after PICU discharge. 
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INTRODUCTION 

It is imperative to identify patient deterioration as early as possible to prevent significant 

delays in diagnosis and treatment that might result in life-threatening consequences such 

as cardiac arrest, unanticipated intensive care unit (ICU) admission, and even death [1-5]. 

Thus, an increasing number of hospitals have implemented a rapid response system (RRS) to 

Background: Various rapid response systems have been developed to detect clinical deterioration 
in patients. Few studies have evaluated single-parameter systems in children compared to scoring 
systems. Therefore, in this study we evaluated a single-parameter system called the acute response 
system (ARS). 
Methods: This retrospective study was performed at a tertiary children’s hospital. Patients under 
18 years old admitted from January 2012 to August 2023 were enrolled. ARS parameters such as 
systolic blood pressure, heart rate, respiratory rate, oxygen saturation, and whether the ARS was 
activated were collected. We divided patients into two groups according to activation status and 
then compared the occurrence of critical events (cardiopulmonary resuscitation or unexpected in-
tensive care unit admission). We evaluated the ability of ARS to predict critical events and calcu-
lated compliance. We also analyzed the correlation between each parameter that activates ARS 
and critical events. 
Results: The critical events prediction performance of ARS has a specificity of 98.5%, a sensitivity 
of 24.0%, a negative predictive value of 99.6%, and a positive predictive value of 8.1%. The com-
pliance rate was 15.6%. Statistically significant increases in the risk of critical events were ob-
served for all abnormal criteria except low heart rate. There was no significant difference in the in-
cidence of critical events. 
Conclusions: ARS, a single parameter system, had good specificity and negative predictive value 
for predicting critical events; however, sensitivity and positive predictive value were not good, and 
medical staff compliance was poor. 

Key Words: cardiac arrest; early warning score; hospital rapid response team; intensive care units; 
pediatrics  
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detect early warning signs from patients and use preemptive 

measures to prevent major adverse events from occurring [6].  

An RRS consists of two components: the afferent compo-

nent, which is for early recognition of clinical deterioration in 

a patient, and the efferent component, which is the process of 

timely therapeutic intervention [7]. The afferent component 

of RRS can be largely divided into two different types based 

on its triggering method: a single-parameter-based activation 

and a scoring system-based activation [8,9]. A single-parame-

ter system is activated when at least one parameter exceeds a 

predefined threshold. This system is generally easier to imple-

ment in hospitals because it only requires a certain number of 

simple criteria to be defined. However, alarm fatigue could be 

a potential problem when a single-parameter system is used 

because even a single value out of its normal range can trigger 

the RRS, potentially causing an unnecessarily large volume of 

false-positive activations [10-14]. In contrast, RRS activation 

through a scoring system is dependent upon an accumulation 

of scores that reflect the severity of the physiological abnor-

malities, and it is triggered only when it exceeds a certain 

score. This type of system avoids the high false-positive acti-

vation rate of the single-parameter system because it uses not 

only one parameter but a sum of scores from various parame-

ters to be activated. However, scoring-based systems are more 

complicated than single-parameter systems; they are more 

difficult to implement and operate in most hospitals [15-19]. 

The efficacy of the RRS for the two different activation types 

has long been a topic of debate, but mostly in adult studies. 

Only a few pediatric studies on pediatric RRS can be found, 

and most of those focus only on the scoring-based RRS, 

commonly referred to as the pediatric early warning system 

(PEWS). Notably, a large-scale randomized clinical trial was 

conducted in Canada in 2015, and a comprehensive review of 

66 studies with 27 unique identification tools was performed 

in the United Kingdom in 2019 to assess the effectiveness and 

validity of PEWS [5,8]. A few additional prospective studies 

estimated the sensitivity of RRS, but they were all based on 

different types of PEWS [16-18]. Reports on single-parameter 

RRS, especially for the pediatric population, are scarce. One 

Korean study used a single variable, which was heart rate 

(HR) [6], and another Korean study used changes in HR and 

respiratory rate (RR) as variables for their RRS [20]. They were 

both small-scale, single-center retrospective studies that are 

designed to evaluate the efficacy of the single-parameter RRS 

itself. Therefore, they were not representative of comprehen-

sive evaluations of RRS activation based on a single-parameter 

system [6,20]. 

Therefore, as the institution that pioneered the Korean RRS 

both in adults and children, 11 years ago, we conducted a 

comprehensive evaluation including predictive performance 

for single-parameter-based RRS in children. Despite the retro-

spective nature of this study, our accumulated data and over 

ten years of experience will enable us to reach a meaningful 

conclusion. 

MATERIALS AND METHODS 

Ethics Statement 
This study was reviewed and approved by the Institutional Re-

view Board of Seoul National University Hospital (No. H-1904-

161-1031). Informed consent was waived because of the retro-

spective nature of the study. 

Study Setting and the RRS 
This retrospective observational study was conducted at a 

single tertiary children’s hospital with 350 beds. Patients un-

der the age of 18 years who were admitted to the general ward 

from January 2012 to August 2023 were included. In this chil-

dren’s hospital, the single-parameter RRS was developed and 

implemented since 2010 under the name acute response sys-

tem (ARS). Based on the system developed by Tibball et al. [2] 

in 2005 [6], thresholds by age group for each of the following 

seven parameters were set: systolic blood pressure (SBP), HR, 

RR, oxygen saturation measured by pulse oxygen saturation 

(SpO2), decreased perfusion, change in mentality, and urine 

output. The RRS was activated when at least one of the param-

eters exceeded the threshold. After ARS activation, a decision 

to either maintain or deactivate was made when a patient’s 

■ The single-parameter acute reactive system has good 
negative predictive ability for the occurrence of critical 
events but has low positive predictive ability.

■ There was no significant difference in the frequency of 
critical events based on whether acute response system 
(ARS) was activated.

■ Development of trigger tools for improving the predictive 
ability of ARS is necessary, and there is a need for suffi-
cient infrastructure in the intensive care unit to care for 
clinical deterioration that is not detected in advance.

KEY MESSAGES
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condition improved or when the patient was admitted to the 

pediatric ICU (PICU). The ARS thresholds by age group are 

shown in Table 1. 

Data Collection and Preprocessing 
The data set used in the analysis was provided by the data 

warehouse of the hospital information system. A patient’s age, 

sex, SBP, diastolic blood pressure, HR, RR, body temperature 

(BT), and SpO2 were measured during hospitalization, and the 

time of vital sign measurement along with the location of the 

patient were recorded. Vital signs measured outside of general 

wards, such as operating rooms or ICUs, were excluded from 

the analysis. The collected vital signs that fell into the catego-

ry of non-physiologic range were excluded from the analysis 

because of the possibility of keystroke errors in the process of 

inputting the value of vital signs. Non-physiologic range was 

defined as follows: HR >300 beats/min or <30 beats/min, RR 

>120 breaths/min or <5 breaths/min, SBP >300 mm Hg or <30 

mm Hg, and BT >42 °C or <30 °C. Cases where vital sign values 

were recorded as strings or ranges rather than numbers were 

also excluded from the analysis. 

Outcomes 
The primary outcome of this study was to evaluate the perfor-

mance of the ARS, which is defined as the predictive power of 

critical events. A critical event was defined as an unexpected 

PICU transfer or cardiopulmonary resuscitation (CPR) occur-

rence in a general ward. Unexpected PICU transfer was de-

fined as PICU admission due to an acutely worsening clinical 

condition, excluding PICU admission for routinely planned 

postoperative care or planned procedures. A positive predic-

tion of the ARS was defined as a case where a critical event 

occurred within 48 hours after the ARS was activated. 

The secondary outcomes were compliance of the medical 

staff in activating the ARS, degree of contribution of each pa-

rameter to ARS activation, correlation between parameters 

and the occurrence of actual critical events, and the frequency 

of critical events by year. Compliance for ARS activation was 

evaluated by calculating the cases where ARS was not activat-

ed when it was required. In cases where compliance was low, 

we also analyzed the performance of predicting critical events 

when compliance was assumed to be 100%. 

Statistical Analyses 
To evaluate the critical event prediction performance of the 

ARS, all vital sign measurements were divided into an acti-

vation group and a non-activation group depending on the 

actual activation status of the ARS. The occurrence of critical 

events was compared for each group. Sensitivity, specificity, 

positive predictive value (PPV), and negative predictive value 

(NPV) were analyzed for this evaluation. 

Identifying the instances where ARS should have been acti-

vated—in other words, missed ARS activation—is necessary to 

calculate the degree of compliance with ARS. Among the sev-

en parameters for ARS activation, SBP, HR, RR, and SpO2 are 

parameters that can be collected from past medical records. 

However, parameters such as perfusion, mental change, and 

urine output reduction are not easy to collect retrospectively. 

Thus, we evaluated missed ARS activation cases using only 

the four reliably available parameters (SBP, HR, RR, and SpO2). 

Possible underestimation due to the utilization of only four 

parameters in identifying missed ARS activation cases may be 

an important consideration during interpretation. Additional-

ly, patients with underlying heart disease may have a baseline 

SpO2 at rest lower than that of normal children, opening the 

possibility that the recorded SpO2 value alone will not accu-

rately reflect compliance of the ARS activation. Therefore, 

patients with underlying heart disease were excluded from the 

compliance analysis.  

To analyze the relevance between critical events and trig-

gered parameters, the following subgroups were created based 

on the activation criteria of each parameter: low SBP group, 

Table 1. ARS activation criteria by parameter and age group

Age group HR (beats/min) RR (breaths/min) SBP (mm Hg) SpO2 (%) Decreased 
perfusion Mental change Urine output 

(ml/kg/hr)
<3 mo <100 or >180 <25 or >60 <60 <90 Yes Changed <1
4–<24 mo <100 or >180 <20 or >50 <70 <1
2–<5 yr <90 or >150 <15 or >40 <75 <0.5
5–<10 yr <80 or >140 <15 or >35 <80 <0.5
≥10 yr <60 or >130 <13 or >35 <90 <0.5

ARS: acute response system; HR: heart rate; RR: respiratory rate; SBP: systolic blood pressure; SpO2: pulse oxygen saturation.
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low HR group, high HR group, low RR group, high RR group, 

and low SpO2 group. Logistic regression analysis was used to 

analyze the association of critical events within each group. 

Results are expressed as odds ratios (ORs) with 95% confi-

dence intervals (CIs). Categorical and continuous variables are 

presented as numbers (%) and medians (interquartile range), 

respectively. Data preprocessing and statistical analyses were 

performed using R software version 4.3.0 (R Foundation for 

Statistical Computing). P-values <0.05 were considered statis-

tically significant. 

RESULTS 

Baseline Characteristics 
During the study period, 94,219 patients were admitted 

177,077 times, and a total of 20,493,885 vital signs were mea-

sured. After applying the exclusion criteria, 7,663,326 vital 

sign measurements were included in the analyses (Figure 1). 

Patient age was 5 years (interquartile range, 1–11 years), and 

58.1% were boys. Other baseline characteristics of each group 

are summarized in Table 2. 

Main Outcomes 
The positive predictive power of the ARS for predicting critical 

events was excellent, with a specificity of 98.5% and an NPV of 

99.6%. However, the sensitivity and PPV of the ARS were low, 

at 24.0% and 8.1%, respectively (Figure 2A). The compliance 

rate of ARS activation was 15.6%, which was very poor (Figure 

2B). When the positive predictions were calculated with the as-

sumption of 100% compliance, the NPV came out to be 99.6%, 

which is the same as for low compliance. Sensitivity, on the 

other hand, increased significantly, from 26.8% to 88.5%, while 

the specificity decreased from 98.5% to 38.5%, and the PPV 

decreased from 8.1% to 1.8% (Figure 2A and C). A subgroup 

analysis was performed to evaluate the association between 

occurrence of critical events and characteristics of ARS param-

eters. Univariable and multivariable logistic regression analy-

ses showed that the occurrence of critical events significantly 

increased in most groups (low SBP group, high HR group, low 

RR group, high RR group, and low SpO2 group). However, the 

low HR group showed a significant decrease in the occurrence 

of critical events (Table 3). 

The incidences of CPR events and unexpected PICU admis-

sions per 1,000 patient-days were 1.84 and 0.13, respectively. 

The annual incidences of CPR events and unexpected PICU 

admissions per 1,000 patient-days in the activated ARS group 

were 0.069 and 0.871, respectively, while in the non-activat-

ed ARS group, these rates were 0.063 and 0.965, respectively. 

There were 58 CPR events in the non-activated ARS group, 

with the highest occurrence (29.3%) in the cardiology ward 

and the cardiothoracic surgery ward. The frequency of CPR 

events in locations other than the general ward was signifi-

cantly different, with eight CPR events in the non-activated 

ARS group and only one CPR event in the activated ARS group 

(Supplementary Table 1). There was no difference in the 

incidence of unexpected PICU admissions and CPR events 

between the non-activated ARS group and the activated ARS 

group. The reduction in occurrence of CPR events was higher 

in the activated ARS group, but the reduction in unexpected 

PICU admissions was higher in the non-activated ARS group. 

Meanwhile, unexpected PICU admissions showed minimal 

variation within the activated ARS group (Figure 3). 

DISCUSSION 

In this study, we analyzed the performance of a pediatric sin-

gle-parameter RRS in predicting critical events and clinical 

characteristics experienced during its activation. Prediction 

of critical events showed good specificity and NPV, while sen-

sitivity and PPV were low. In operating the ARS, a single-pa-

rameter RRS, the authors expected that, because the system 

Figure 1. Flowchart of the study. The acute response system (ARS) 
activation group indicates that medical staff activated ARS during 
vital sign measurements, regardless of whether the criteria for ARS 
were met. The ARS non-activation group refers to cases where 
medical staff did not activate ARS during vital sign measurements, 
regardless of whether the criteria for ARS were met. ICU: intensive 
care unit; ED: emergency department.

20,493,885 Vital signs measured

12,065,411 �Vital signs measured in the ICU, ED, 
and operating room 

    757,094 Age ≥18 yr 
        8,054 String value entered in vital signs

7,663,326 vital signs

123,988 ARS 
activation group 

7,539,338 ARS 
non-activation group
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Table 2. Characteristics of each group according to the ARS activation
Variable Total 

(n=7,663,326)
ARS non-activation group 

(n=7,539,338)
ARS activation group 

(n=123,988)
Age (yr) 5 (1–11) 5 (1–11) 6 (2–10) 
Age group
  0–<3 mo 474,630 (6.2) 470,387 (6.2) 4.243 (3.4)
  3–<24 mo 1,669,518 (21.8) 1,645,913 (21.8) 23,274 (19.0)
  2–<5 yr 1,325,109 (17.3) 1,298,835 (17.2) 26,274 (21.2)
  5–<10 yar 1,754,663 (22.9) 1,718,786 (22.8) 35,877 (28.9)
  ≥10 yr 2,439,406 (31.8) 2,405,417 (31.9) 33,989 (27.4)
Male 4,454,132 (58.1) 4,381,075 (58.1) 73,057 (58.9)
Vital sign
  SBP (mm Hg) 104 (94–114) 104 (94–114) 103 (90–115)
  DBP (mm Hg) 60 (51–70) 60 (51–70) 60 (50–72)
  HR (beats/min) 108 (90–129) 108 (90–129) 118 (78–143)
  RR (breaths/min) 24 (20–30) 24 (20–30) 32 (24–46)
  SpO2 (%) 100 (98–100) 100 (98–100) 98 (95–100)
  BT (°C) 36.9 (36.5–37.3) 36.8 (36.5–37.3) 37.1 (36.6–37.8)
Abnormal ARS criteria
  Low HR 350,863 (4.6) 312,870 (4.1) 37,993 (30.6)
  High HR 233,251 (3.0) 202,456 (2.7) 30,795 (24.8)
  Low SBP 91,800 (1.2) 80,180 (1.1) 11,620 (9.4)
  Low RR 10,451 (0.1) 8,206 (0.1) 2,245 (1.8)
  High RR 105,918 (1.4) 64,727 (0.9) 41,191 (33.2)
  Low SpO2 161,371 (2.1) 149,619 (2.0) 11,752 (9.5)
  Decreased perfusion 26 (0.0) - 26 (0.0)
  Decreased urination 0 - 0
  Mental change 0 - 0
Warda)

  Neurology 1,208,113 (15.8) 1,194,031 (15.8) 14,082 (11.4)
  Cardiology 1,020,942 (13.3) 1,007,496 (13.4) 13,446 (10.8)
  Gastroenterology 1,000,084 (13.1) 993,421 (13.2) 6,663 (5.4)
  Nephrology/rheumatology 934,375 (12.2) 921,627 (12.2) 12,748 (10.3)
  Hemato-oncology 1,027,024 (13.4) 980,969 (13.0) 46,055 (37.1)
  Other pediatric diseases 965,845 (12.6) 938,405 (12.4) 27,440 (22.1)
  Psychiatrics 87,178 (1.1) 87,171 (1.2) 7 (0.0)
  Minor surgery 1,297,579 (16.9) 1,296,187 (17.2) 1,392 (1.1)
  Other locations 122,186 (1.6) 120,031 (1.6) 2,155 (1.7)

Values are presented as median (interquartile range) or number (%).
ARS: acute response system; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; RR: respiratory rate; SpO2: pulse oxygen saturation; BT: 
body temperature.
a) Each ward and its corresponding department are follows: Neurology - neurology department and neurosurgery; Cardiology - cardiology department and 
thoracic surgery; Gastroenterology - gastroenterology department and general surgery; Nephrology - nephrology department and urosurgery, Other pediatric 
diseases - endocrinology department, pulmonology department, and infection department; Minor surgery - orthopedics and ophthalmology; Other locations – 
radiology imaging unit, hemodialysis unit, endoscopy unit and etc.

was activated with only one anomaly, ARS activation could 

increase the alarm fatigue of the medical staff, especially when  

the patient’s condition was not serious. Even if the workload 

of medical staff is high, this system was maintained with the 

idea that patients who are deteriorating should not be ignored, 

i.e., even if the PPV was low, the sensitivity was expected to 

remain high. However, PPV and sensitivity were low at 21.4%. 

There may be two reasons for low sensitivity. The first is that 
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Figure 2. Effectiveness of the acute response system (ARS) and compliance with ARS activation. The ability to predict critical events by activating 
ARS in the real ward (A) and calculated compliance of the system (B). The ability of the ARS to predict critical events (C). Success in prediction is 
considered a critical event, defined as an unexpected pediatric intensive care unit admission or cardiopulmonary resuscitation event, occurring 
within 48 hours of ARS activation. NPV: negative predictive value; PPV: positive predictive value.

Table 3. Association between ARS activation criteria and actual critical event occurrence

Variable
Univariable analysis Multivariable analysis

OR (95% CI) P-value OR (95% CI) P-value
HR group
  Normal Reference Reference
  Low 0.853 (0.808–0.900) <0.001 0.593 (0.539–0.651) <0.001
  High 5.280 (5.129–5.435) <0.001 4.592 (4.378–4.815) <0.001
RR group
  Normal Reference Reference
  Low 4.051 (3.522–4.660) <0.001 1.845 (1.550–2.195) <0.001
  High 14.398 (14.001–14.806) <0.001 4.922 (4.734–5.117) <0.001
SBP group
  Normal Reference Reference
  Low SBP 2.965 (2.811–3.127) <0.001 2.558 (2.337–2.800) <0.001
SpO2 group
  Normal Reference Reference
  Low SpO2 3.536 (3.420–3.656) <0.001 1.354 (1.276–1.436) <0.001

ARS: acute response system; OR: odd ratio; CI: confidence interval; HR: heart rate; RR: respiratory rate; SBP: systolic blood pressure; SpO2: pulse oxygen 
saturation.

Yes No

Yes 10,013 31,755

No 113,975 7,507,583
Critical event

Specificity: 98.5%
Sensitivity: 24.0%
NPV: 99.6%
PPV: 8.1%

ARS activationAA

Yes No

Yes 108,558 589,408

No 1,984 5,942,434
ARS activation

criteria met
Compliance: 15.6%

ARS activationBB

Yes No

Yes 16,017 25,751

No 880,139 6,741,419
Critical event

Specificity: 38.3%
Sensitivity: 88.5%
NPV: 99.6%
PPV: 1.8%

ARS activation criteria metCC

the activation criteria are inadequate, and the other is that 

compliance for ARS activation is low. We think that the second 

reason is more important than the first because the NPV was 

high at 99.6%, and we believe this is supported by the fact that 

ARS activation compliance of the medical staff was very low at 

15.6%. 

The ARS is activated when an abnormal value for each pa-

rameter is measured: the nurse in charge enters the abnormal 
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Figure 3. The annual changes in the number of critical events. The annual trends based on whether the acute response system (ARS) was 
activated within 48 hours of a critical event. Cardiopulmonary resuscitation (CPR) event (A) and unexpected pediatric intensive care unit (PICU) 
admission (B). ARS was divided into an ARS activation group and a non-activation group according to whether ARS was activated within 48 hours 
prior to the occurrence of critical events.

value into the medical record first, and the attending doctor 

confirms it. Therefore, low compliance is due to the structural 

fact that, even if there is an abnormal value that is outside the 

criteria, it cannot be activated unless the nurse or doctor in 

charge confirms it. Considering that the purpose of the ARS is 

to detect and intervene in a patient’s deterioration at an early 

stage, it may be somewhat contradictory to require the prima-

ry care provider to confirm the ARS activation process. This is 

supported by the fact that when the ARS is simplified, which 

assumes 100% compliance with medical staff, the sensitivity 

increases dramatically (from 24.0% to 88.5%), even though the 

PPV becomes lower. The NPV remained unchanged at 99.6%, 

which is very high, suggesting that the medical staff's compli-

ance with the application of single-parameter RRS may cause 

serious problems. 

It is also interesting that the occurrence of critical events 

was significantly higher for abnormal parameters, whereas 

the occurrence of critical events was lower for HR below the 

criteria than for normal HR (Table 3). These results are con-

sistent with a retrospective observational study in children 

that reported that RRS activation for bradycardia alone did not 

lead to adverse outcomes [6]. On the other hand, one adult 

study reported lower HR in the older age group compared with 

patients under 65 years old before cardiac arrest, suggesting 

that HR may be affected by other factors such as age as well 

as patient deterioration [21]. Even considering these results 

from the literature, it is difficult to fully explain how low HR 

was associated with lower occurrence of critical events than 

normal HR. Therefore, we think that it can be explained by the 

phenomenon of lower HR at rest, i.e., if the patient was not in 

a stressful situation, low HR may explain low occurrence of 

critical events. However, it does not explain why low RR was 

associated with high occurrence of critical events; thus, further 

analysis is needed. On the other hand, higher than normal 

HR and RR were associated with higher occurrence of critical 

events, a result consistent with previous literature [22]. 

On the other hand, our study did not show a significant dif-

ference in occurrence of critical events in the ARS activation 

group and the non-activation group. This was contrary to the 

results of a systematic review of RRS in children, which found 

that RRS introduction lowered incidence by predicting critical 

events [23]. Furthermore, the results differed from the results 

of Tibballs et al.’s study [2], which is the basis of our ARS. We 

suspect that low compliance may have contributed to this con-

flicting result. For effective RRS, it is important that the patient 

is cared for in the PICU, but if the patient is in the early stage of 

deterioration, they will not be electively admitted to the PICU 

due to the lack of free beds. This may also be one of the expla-

nations for the above result. Several previous literatures have 

suggested that the effectiveness of RRS may depend on the 

medical environment in which it is performed [8,24,25]. 

This study has several limitations. First it was conducted in 

a single center. Therefore, the medical specific environment of 

this hospital, such as the availability of beds in the PICU, likely 

affects the results and limits generalizability to other centers. 

However, this limitation is currently unavoidable because few 
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hospitals have introduced pediatric RRS, and moreover, it is 

the only center in Korea that has operated with a single pa-

rameter system for over 11 years. Second, there were almost 

no mental changes, perfusions, or urine output data among 

the ARS activators. We think it is more likely that this is due 

to low compliance, rather than that there were no cases with 

these characteristics. Seven parameters were needed to detect 

patient deterioration, which may have affected the outcome 

because our analysis relied on a half-system with only partial 

information. Lastly, in the process of calculating compliance, 

we used a simplified version consisting of four subdivided 

groups: SBP, HR, RR, and SpO2. Therefore, there was room for 

underestimation in cases where ARS should have been activat-

ed. However, as mentioned earlier, there were few cases of ac-

tual activation due to mental changes, etc., thus the bias effect 

is not likely to be significant, which suggests the conclusion 

that compliance was bad. 

In conclusion, this study showed that prediction of critical 

events by the ARS was excellent, but the sensitivity and PPV 

were poor. Additionally, the medical staff’s compliance during 

the ARS activation process was also poor. There is a need for 

further studies of RRS that are more independent of subjective 

physician decision-making and consider a comprehensive set 

of factors. 

CONFLICT OF INTEREST 

No potential conflict of interest relevant to this article was re-

ported. 

FUNDING 

None. 

ACKNOWLEDGMENTS 

None. 

ORCID 

Yong Hyuk Jeon� https://orcid.org/0000-0003-3341-5985 

Bongjin Lee� https://orcid.org/0000-0001-7878-9644 

You Sun Kim� https://orcid.org/0000-0002-7687-2687 

Won Jin Jang� https://orcid.org/0009-0000-3885-2928 

June Dong Park� https://orcid.org/0000-0001-8113-1384 

AUTHOR CONTRIBUTIONS 

Conceptualization: BL, YSK. Data curation: YHJ, BL. Formal 

analysis: YHJ. Methodology: YHJ, BL. Visualization: YHJ. Writ-

ing– original draft: YHJ. Writing–review & editing: BL, YSK, 

WJJ, JDP. 

SUPPLEMENTARY MATERIALS 

Supplementary materials can be found via https://doi.org/ 

10.4266/acc.2023.01354. 

REFERENCES  

1.	 Vincent JL, Einav S, Pearse R, Jaber S, Kranke P, Overdyk FJ, et 

al. Improving detection of patient deterioration in the general 

hospital ward environment. Eur J Anaesthesiol 2018;35:325-33. 

2.	 Tibballs J, Kinney S, Duke T, Oakley E, Hennessy M. Reduc-

tion of paediatric in-patient cardiac arrest and death with a 

medical emergency team: preliminary results. Arch Dis Child 

2005;90:1148-52.  

3.	 Simchen E, Sprung CL, Galai N, Zitser-Gurevich Y, Bar-Lavi Y, 

Gurman G, et al. Survival of critically ill patients hospitalized in 

and out of intensive care units under paucity of intensive care 

unit beds. Crit Care Med 2004;32:1654-61. 

4.	 Al-Moteri M, Plummer V, Cooper S, Symmons M. Clinical 

deterioration of ward patients in the presence of antecedents: 

a systematic review and narrative synthesis. Aust Crit Care 

2019;32:411-20.  

5.	 Parshuram CS, Dryden-Palmer K, Farrell C, Gottesman R, Gray 

M, Hutchison JS, et al. Effect of a pediatric early warning system 

on all-cause mortality in hospitalized pediatric patients: the EP-

OCH Randomized Clinical Trial. JAMA 2018;319:1002-12.  

6.	 Choi YH, Lee HS, Lee BJ, Suh DI, Park JD. Effectiveness of bra-

dycardia as a single parameter in the pediatric acute response 

system. Korean J Crit Care Med 2014;29:297-303. 

7.	 Hall KK, Lim A, Gale B. The use of rapid response teams to re-

duce failure to rescue events: a systematic review. J Patient Saf 

2020;16(3S Suppl 1):S3-7. 

8.	 Trubey R, Huang C, Lugg-Widger FV, Hood K, Allen D, Edwards 

D, et al. Validity and effectiveness of paediatric early warning 

systems and track and trigger tools for identifying and reducing 

clinical deterioration in hospitalised children: a systematic re-

view. BMJ Open 2019;9:e022105. 

9.	 Edwards ED, Powell CV, Mason BW, Oliver A. Prospective co-

hort study to test the predictability of the Cardiff and Vale paedi-

https://doi.org/10.1097/eja.0000000000000798
https://doi.org/10.1097/eja.0000000000000798
https://doi.org/10.1097/eja.0000000000000798
https://doi.org/10.1136/adc.2004.069401
https://doi.org/10.1136/adc.2004.069401
https://doi.org/10.1136/adc.2004.069401
https://doi.org/10.1136/adc.2004.069401
https://doi.org/10.1097/01.ccm.0000133021.22188.35
https://doi.org/10.1097/01.ccm.0000133021.22188.35
https://doi.org/10.1097/01.ccm.0000133021.22188.35
https://doi.org/10.1097/01.ccm.0000133021.22188.35
https://doi.org/10.1016/j.aucc.2018.06.004
https://doi.org/10.1016/j.aucc.2018.06.004
https://doi.org/10.1016/j.aucc.2018.06.004
https://doi.org/10.1001/jama.2018.0948
https://doi.org/10.1001/jama.2018.0948
https://doi.org/10.1001/jama.2018.0948
https://doi.org/10.1001/jama.2018.0948
https://doi.org/10.4266/kjccm.2014.29.4.297
https://doi.org/10.4266/kjccm.2014.29.4.297
https://doi.org/10.4266/kjccm.2014.29.4.297
https://doi.org/10.1097/pts.0000000000000748
https://doi.org/10.1097/pts.0000000000000748
https://doi.org/10.1097/pts.0000000000000748
https://doi.org/10.1136/bmjopen-2018-022105
https://doi.org/10.1136/bmjopen-2018-022105
https://doi.org/10.1136/bmjopen-2018-022105
https://doi.org/10.1136/bmjopen-2018-022105
https://doi.org/10.1136/adc.2008.142026
https://doi.org/10.1136/adc.2008.142026


506 https://www.accjournal.org Acute and Critical Care 2023 November 38(4):498-506

Jeon YH, et al.  Experience of pediatric rapid response system

atric early warning system. Arch Dis Child 2009;94:602-6. 

10.	 Smith GB, Prytherch DR, Schmidt PE, Featherstone PI, Higgins 

B. A review, and performance evaluation, of single-parameter 

“track and trigger” systems. Resuscitation 2008;79:11-21. 

11.	 Bell MB, Konrad D, Granath F, Ekbom A, Martling CR. Preva-

lence and sensitivity of MET-criteria in a Scandinavian Univer-

sity Hospital. Resuscitation 2006;70:66-73. 

12.	 National Institute for Health and Care Excellence. Acutely ill 

adults in hospital: recognising and responding to deterioration 

[Internet]. National Institute for Health and Care Excellence; 

2007 [cited 2023 Nov 1]. Available from: https://www.nice.org.

uk/guidance/cg50

13.	 Subbe CP, Slater A, Menon D, Gemmell L. Validation of physio-

logical scoring systems in the accident and emergency depart-

ment. Emerg Med J 2006;23:841-5. 

14.	 Hillman K, Chen J, Cretikos M, Bellomo R, Brown D, Doig G, et 

al. Introduction of the medical emergency team (MET) system: 

a cluster-randomised controlled trial. Lancet 2005;365:2091-7. 

15.	 Skaletzky SM, Raszynski A, Totapally BR. Validation of a mod-

ified pediatric early warning system score: a retrospective 

case-control study. Clin Pediatr (Phila) 2012;51:431-5. 

16.	 Parshuram CS, Duncan HP, Joffe AR, Farrell CA, Lacroix JR, 

Middaugh KL, et al. Multicentre validation of the bedside pae-

diatric early warning system score: a severity of illness score to 

detect evolving critical illness in hospitalised children. Crit Care 

2011;15:R184. 

17.	 Akre M, Finkelstein M, Erickson M, Liu M, Vanderbilt L, Billman 

G. Sensitivity of the pediatric early warning score to identify pa-

tient deterioration. Pediatrics 2010;125:e763-9. 

18.	 Tucker KM, Brewer TL, Baker RB, Demeritt B, Vossmeyer MT. 

Prospective evaluation of a pediatric inpatient early warning 

scoring system. J Spec Pediatr Nurs 2009;14:79-85. 

19.	 Duncan H, Hutchison J, Parshuram CS. The Pediatric Early 

Warning System score: a severity of illness score to predict 

urgent medical need in hospitalized children. J Crit Care 

2006;21:271-8. 

20.	 Kim L, Yun KS, Park JD, Lee B. Effect of diurnal variation of heart 

rate and respiratory rate on activation of rapid response system 

and clinical outcome in hospitalized children. Children (Basel) 

2023;10:167. 

21.	 Churpek MM, Yuen TC, Winslow C, Hall J, Edelson DP. Differ-

ences in vital signs between elderly and nonelderly patients 

prior to ward cardiac arrest. Crit Care Med 2015;43:816-22. 

22.	 Rothschild JM, Gandara E, Woolf S, Williams DH, Bates DW. 

Single-parameter early warning criteria to predict life-threaten-

ing adverse events. J Patient Saf 2010;6:97-101. 

23.	 Chong SL, Goh MS, Ong GY, Acworth J, Sultana R, Yao SH, et al. 

Do paediatric early warning systems reduce mortality and crit-

ical deterioration events among children?: a systematic review 

and meta-analysis. Resusc Plus 2022;11:100262. 

24.	 Wee BY, Lee JH, Mok YH, Chong SL. A narrative review of heart 

rate and variability in sepsis. Ann Transl Med 2020;8:768. 

25.	 Chapman SM, Wray J, Oulton K, Pagel C, Ray S, Peters MJ. 

‘The Score Matters’: wide variations in predictive performance 

of 18 paediatric track and trigger systems. Arch Dis Child 

2017;102:487-95.  

https://doi.org/10.1136/adc.2008.142026
https://doi.org/10.1016/j.resuscitation.2008.05.004
https://doi.org/10.1016/j.resuscitation.2008.05.004
https://doi.org/10.1016/j.resuscitation.2008.05.004
https://doi.org/10.1016/j.resuscitation.2005.11.011
https://doi.org/10.1016/j.resuscitation.2005.11.011
https://doi.org/10.1016/j.resuscitation.2005.11.011
https://www.nice.org.uk/guidance/cg50
https://www.nice.org.uk/guidance/cg50
https://doi.org/10.1136/emj.2006.035816
https://doi.org/10.1136/emj.2006.035816
https://doi.org/10.1136/emj.2006.035816
https://doi.org/10.1016/s0140-6736(05)66733-5
https://doi.org/10.1016/s0140-6736(05)66733-5
https://doi.org/10.1016/s0140-6736(05)66733-5
https://doi.org/10.1177/0009922811430342
https://doi.org/10.1177/0009922811430342
https://doi.org/10.1177/0009922811430342
https://doi.org/10.1186/cc10337
https://doi.org/10.1186/cc10337
https://doi.org/10.1186/cc10337
https://doi.org/10.1186/cc10337
https://doi.org/10.1542/peds.2009-0338
https://doi.org/10.1542/peds.2009-0338
https://doi.org/10.1542/peds.2009-0338
https://doi.org/10.1111/j.1744-6155.2008.00178.x
https://doi.org/10.1111/j.1744-6155.2008.00178.x
https://doi.org/10.1111/j.1744-6155.2008.00178.x
https://doi.org/10.1016/j.jcrc.2006.06.007
https://doi.org/10.1016/j.jcrc.2006.06.007
https://doi.org/10.1016/j.jcrc.2006.06.007
https://doi.org/10.1016/j.jcrc.2006.06.007
https://doi.org/10.3390/children10010167
https://doi.org/10.3390/children10010167
https://doi.org/10.3390/children10010167
https://doi.org/10.3390/children10010167
https://doi.org/10.1097/ccm.0000000000000818
https://doi.org/10.1097/ccm.0000000000000818
https://doi.org/10.1097/ccm.0000000000000818
https://doi.org/10.1097/pts.0b013e3181dcaf32
https://doi.org/10.1097/pts.0b013e3181dcaf32
https://doi.org/10.1097/pts.0b013e3181dcaf32
https://doi.org/10.1016/j.resplu.2022.100262
https://doi.org/10.1016/j.resplu.2022.100262
https://doi.org/10.1016/j.resplu.2022.100262
https://doi.org/10.1016/j.resplu.2022.100262
https://doi.org/10.21037/atm-20-148
https://doi.org/10.21037/atm-20-148
https://doi.org/10.1136/archdischild-2016-311088
https://doi.org/10.1136/archdischild-2016-311088
https://doi.org/10.1136/archdischild-2016-311088
https://doi.org/10.1136/archdischild-2016-311088


Copyright © 2023 The Korean Society of Critical 
Care Medicine 

This is an Open Access article distributed under 
the terms of Creative Attributions Non-Com-
mercial License (https://creativecommons.org/
li-censes/by-nc/4.0/) which permits unrestricted 
noncommercial use, distribution, and reproduc-
tion in any medium, provided the original work 
is properly cited.

507https://www.accjournal.org

| pISSN 2586-6052 | eISSN 2586-6060

The emergence of coronavirus disease 2019 (COVID-19) has created unprecedented 

challenges in respiratory care, necessitating the exploration of novel therapeutic interven-

tions. Because the disease suddenly emerged and spread at a very rapid pace, numerous 

attempts were made to find the most appropriate respiratory support treatment [1]. Nonin-

vasive respiratory support with reservoir mask oxygenation is usually considered the first-

line choice for acute hypoxemic respiratory failure with COVID-19 pneumonia. A high-flow 

nasal cannula (HFNC) provides humidified and heated oxygen with increased tidal volume 

and end expiratory volume. In contrast, HFNC offers decreased dead space, respiratory 

rate, and work of breathing [2]. 

In this issue of Acute and Critical Care, Gur et al. [3] reported that dual oxygenation of 

reservoir mask and HFNC lowered 30-day mortality in patients with COVID-19 pneumo-

nia. The value of this study is that addition of a reservoir mask to HFNC has been shown 

as one potential treatment option for COVID-19 pneumonia patients with hypoxemia. Al-

though this study was retrospective and not randomized, it demonstrated its worth through 

success despite a propensity of variables such as gender, background diagnoses, laboratory 

findings, vital signs, and total administrated dose of glucocorticoids. 

However, there was no significant difference in secondary outcomes and use of dual re-

spiratory support modalities. Additionally, there are concerns that HFNC may increase the 

risk of cross-infection among healthcare providers and patients via aerosol and contamina-

tion of the HFNC circuit [4]. While the benefits of combined HFNC and reservoir mask oxy-

genation are compelling, high-level evidence supporting dual oxygenation remains limited 

[1]. Combined treatment of dual oxygenation presents a nuanced strategy in the manage-

ment of COVID-19 pneumonia-related hypoxemic respiratory failure. Robust clinical trials 

are essential to establish its safety and efficacy in diverse patient populations. 

Nevertheless, the combination of reservoir mask oxygenation and HFNC allows flexibil-

ity in adapting to the dynamic clinical course of COVID-19 pneumonia [5]. This enhanced 

oxygenation has the potential to alleviate hypoxemic respiratory failure more effectively 

than either therapy alone. The ability to adjust oxygen delivery based on individual patient 

needs may enhance treatment efficacy [6]. The potential advantages in terms of oxygen-

ation and patient comfort, including resource implications, require further empirical val-

idation [7]. During the pandemic, medical staff around the world experienced difficulties 

due to COVID-19, and an even more serious crisis may occur in the future. Consensus 
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guidelines for application of equivalence methodologies 

when treating COVID-19 with different phenotypes are under 

debate [8]. Continued research is essential to elucidate the 

true benefits and risks of this dual modality and to guide cli-

nicians to optimize respiratory support for affected patients, 

even if only to guard against evolved forms of infection. 
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Myoclonic status epilepticus (MSE) is most frequently associated with cardiac arrest and 

is often considered a sign of severe neurologic injury [1-3]. To our knowledge, MSE has not 

previously been described as a result of hyperpyrexia. Here we present the case of a man 

with coronavirus disease 2019 (COVID-19) who developed MSE following prolonged hy-

perpyrexia. 

CASE REPORT 

A 56-year-old man with a history of hypertension and poorly controlled diabetes mellitus 

complicated by chronic osteomyelitis presented to the hospital with 1 week of lethargy and 

poor appetite and 2 days of diarrhea. He was febrile at 38.3°C, had a heart rate of 150 to 180 

bpm, and SpO2 of 87% on a non-rebreather. Nasopharyngeal polymerase chain reaction 

testing returned a positive result for COVID-19. One hour after hospital arrival, he became 

acutely dyspneic and hypoxic. He was intubated for hypoxemic respiratory failure and 

Myoclonic status epilepticus (MSE) is a sign of severe neurologic injury in cardiac arrest patients. 
To our knowledge, MSE has not been described as a result of prolonged hyperpyrexia. A 56-year-
old man with coronavirus disease 2019 presented with acute respiratory distress syndrome, sep-
tic/hypovolemic shock, and presumed community-acquired pneumonia. Five days after presenta-
tion, he developed a sustained fever of 42.1°C that did not respond to acetaminophen or ice wa-
ter gastric lavage. After several hours, he was placed on surface cooling. Three hours after fever 
resolution, new multifocal myoclonus was noted in the patient’s arms and trunk. Electroencepha-
lography showed midline spikes consistent with MSE, which resolved with 40 mg/kg of levetirac-
etam. This case demonstrates that severe hyperthermia can cause cortical injury significant 
enough to trigger MSE and should be treated emergently using the most aggressive measures 
available. Providers should have a low threshold for electroencephalography in intubated patients 
with a recent history of hyperpyrexia. 

Key Words: brain injury; coronavirus disease 2019; fever; hyperthermia; myoclonus; status epi-
lepticus  
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treated for acute respiratory distress syndrome, mixed septic/

hypovolemic shock, and presumed community-acquired 

pneumonia. He was administered dexamethasone, remde-

sivir, ceftriaxone, vancomycin, and doxycycline. 

Five days after his initial presentation, the patient became 

febrile at a maximum temperature of 42.1°C with new leu-

kocytosis of 24,700/µL, up from 7,600/µL. He was given ac-

etaminophen and ice water gastric lavage and transferred to 

surface cooling after several hours given a lack of response 

to the aforementioned measures. He sustained a fever above 

41°C for 6 total hours. His creatine kinase concentration was 

1,763 units/L, up from 301 units/L, and results of urinalysis 

and blood culture were unremarkable. Treatment was broad-

ened to include vancomycin, ceftriaxone, and ampicillin for 

empiric central nervous system (CNS) coverage. Lumbar 

puncture performed during his fever showed an opening 

pressure of 25 mm Hg, three erythrocytes, two nucleated 

cells, a protein concentration of 40.7 mg/dL, and a glucose 

level of 143 mg/dl (serum glucose level, 211 mg/dl). Chest 

X-ray showed diffuse pulmonary opacities, unchanged from 

prior imaging. The lowest recorded blood oxygen level (SpO2) 

was 92%. His sputum culture ultimately grew Stenotro-

phomonas, and he was placed on a trimethoprim and sulfa-

methoxazole combination regimen. 

Three hours after his fever resolved, the patient showed 

new multifocal myoclonus in his arms and trunk. He was 

unresponsive to painful stimuli. Arterial blood gas was no-

table at pH 7.4, partial pressure of carbon dioxide of 39 mm 

Hg, and partial pressure of oxygen of 130 mm Hg. Electroen-

cephalography showed midline spikes consistent with MSE 

(Figure 1), which resolved with 40 mg/kg of levetiracetam. 

He was maintained on 750 mg of levetiracetam twice daily 

and was treated with acetaminophen for fever suppression 

and surface cooling with a target temperature of 36°C due to 

a concern for cortical injury related to his hyperpyrexia. Sur-

face cooling was discontinued after 72 hours. Neuron-spe-

cific enolase peaked at 81.3 ng/ml the day after the fever and 

returned to within the normal range 2 days later. 

Magnetic resonance imaging of the brain was not per-

formed until 12 days post-fever due to patient instability and 

did not demonstrate any signs of cortical or metabolic injury 

(Figure 2). Forty days after his episode of MSE, the patient 

began following simple commands with his eyes, but he 

experienced no further neurologic recovery. His course was 

complicated by multiorgan failure and multiple brain in-

farcts, and he passed away 75 days after hospital admission. 

DISCUSSION 

MSE has been reported in diverse settings, including meta-

bolic encephalopathy, degenerative CNS disorders, gener-

alized epilepsy, and drug reactions [3,4]. However, it is most 

frequently associated with cardiac arrest [1-3]. MSE in cardiac 

arrest patients is considered a poor prognostic indicator and 

is associated with a high fatality rate [1-3]. Despite its grim 

prognosis, there are several case reports of recovery following 

Figure 1. Electroencephalogram taken after fever resolution shows midline spikes.
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MSE [3,5]. Unfortunately, our patient experienced minimal 

neurologic recovery and passed away following a prolonged 

hospital stay. MSE is frequently refractory to anti-epileptic 

therapy, which diverges from the experience in our patient, 

who responded well to levetiracetam [1-3]. 

Given his new leukocytosis at the time of fever and the 

sputum culture positive for Stenotrophomonas, our patient’s 

hyperpyrexia was likely secondary to pneumonia. Previous 

case reports have described MSE secondary to COVID-19 

pneumonia and anoxia [3,5]. Although it is possible that the 

MSE in this patient was caused by severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) infection or pneumo-

nia, our patient’s normal SpO2 and arterial blood gas values 

together with lack of other metabolic derangements and the 

tight temporal correlation between fever and MSE onset all 

suggest that hyperpyrexia was the primary cause. 

To our knowledge, MSE has not previously been described 

as a result of prolonged hyperpyrexia. Nonetheless, there is 

increasing recognition that hyperthermia of any etiology can 

cause neurologic injury [6,7]. Hyperthermia-induced injury 

is most common in the cerebellum but can affect many com-

ponents of the CNS, including the basal ganglia, brainstem, 

and cerebral cortex [6]. The mechanism of neurologic injury 

is likely multifactorial. Hyperthermia has been shown to di-

rectly affect neurons through variable mechanisms, including 

denaturation, apoptosis, mitochondrial damage, and excito-

toxicity from elevated levels of excitatory neurotransmitters in 

vitro and in animal models [6,7]. Other potential mechanisms 

demonstrated in animal and human models include disrup-

tion of the blood–brain barrier, changes in cerebral blood 

flow, and inflammatory cytokine response [6,8,9]. 

The pro-inflammatory cytokine response might be of par-

ticular importance in patients with COVID-19. Both infection 

by SARS-CoV-2 and hyperthermia cause a pro-inflammatory 

cascade that leads to the release of inflammatory cytokines, 

including tumor necrosis factor, interleukin (IL)-1, and IL-6 

[6,8-10]. An elevated IL-6 concentration in particular is as-

sociated with a greater severity of symptoms in patients with 

heat stroke or COVID-19 [6,8-10]. Our patient likely suffered a 

double burden of cytokine release from his underlying SARS-

CoV-2 infection and his high fever.  

This case demonstrates that severe hyperthermia can cause 

cortical injury significant enough to trigger MSE. Hyperther-

mia to the extent seen in our patient should be treated emer-

gently with the most aggressive measures available due to 

the possibility of devastating neurological injury. Our patient 

ultimately responded to surface cooling, which was initiated 

only after failure of more conservative procedures. Finally, 

Figure 2. (A, B) Brain magnetic resonance imaging taken 12 days after fever resolution did not demonstrate cortical or metabolic injury.
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providers should have a low threshold for electroencepha-

lography in intubated patients with a recent history of severe 

hyperthermia. 
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Figure 1. (A) Multiple dot-like black erythematous lesions measuring 1–3 cm throughout the body. (B) 
Chest computed tomography revealing multiple nodules in both lungs. (C) Diffusion-weighted brain 
magnetic resonance imaging of lesions with high signal intensity, appearing as multiple scattered 
dots, in both fronto-parieto-temporal lobes. (D) Apical view of the four chambers on transthoracic 
echocardiography showing vegetation in the tricuspid valve indicated by yellow arrowheads.
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A 47-year-old man was transferred to our hospital with meth-

icillin-resistant Staphylococcus aureus (MRSA) bacteremia. 

On admission, the patient had multiple 1–3-cm-sized black 

dotlike erythematous lesions throughout the body (Figure 

1A). In addition, he had multiple patchy consolidations in 

both lung fields (Figure 1B) and multifocal dots scattered in 

both fronto-parieto-temporal lobes (Figure 1C). On the 2nd 

day of admission, transthoracic echocardiography revealed a 

2.25×1.5-cm-sized friable mass in the tricuspid septal leaflet 

(Figure 1D, Supplementary Videos 1 and 2). MRSA was iso-

lated from the patient’s blood and skin lesions. Unexpectedly, 

no intracardiac shunt was shown on transthoracic and trans-

esophageal echocardiography. Tricuspid septal leaflet repair 

and mass debridement had been performed in the referring 

hospital. MRSA was isolated from the debrided mass from the 

tricuspid valve. 

In this case, atypical features were noted. Infective endocar-

ditis occurred on a normal tricuspid valve, and a large vegeta-

tion was present, caused by MRSA. He also exhibited clinical 

signs of systemic embolization, despite the absence of congen-

ital heart disease, central venous catheter use, and drug use, 

making this case particularly unique and challenging to diag-

nose and treat [1,2].
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In the article entitled “A successful application of adult polymyxin B-immobilized fiber col-

umn hemoperfusion to a neonate with septic shock”, there was an error in the affiliation of 

one of the authors (Hyungtae Kim). The correct affiliation for the author should be: 

Department of Thoracic and Cardiovascular Surgery, Pusan National University Yangsan 

Hospital, School of Medicine, Pusan National University
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https://doi.org/10.4266/acc.2022.01424 

In the article entitled “Comparison of safety and efficacy between therapeutic or intermediate 

versus prophylactic anticoagulation for thrombosis in COVID-19 patients: a systematic review 

and meta-analysis,” there was an error in Results section of the abstract. In the sentence “In 

the severe patients, the incidence of thromboembolic and bleeding events in the therapeutic 

or intermediate.” should be: 

“In the severe group, the incidence of thromboembolic and bleeding events in the thera-

peutic and prophylaxis groups was not statistically different.” 

Furthermore, the city of Myongji Hospital was inadvertently omitted, and it should be in-

cluded as “Goyang.”  

Comparison of safety and efficacy between therapeutic or 
intermediate versus prophylactic anticoagulation for 
thrombosis in COVID-19 patients: a systematic review and 
meta-analysis

Hyeon-Jeong Lee1,*, Hye Jin Jang2,*, Won-Il Choi2, Joonsung Joh3, Junghyun Kim3, Jungeun Park1, Miyoung Choi1

1Division of Healthcare Technology Assessment Research, National Evidence-based Healthcare Collaborating Agency, Seoul, Korea
2Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Myongji Hospital, Hanyang University, Goyang, Korea
3Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, National Medical Center, Seoul, Korea

Received: November 20, 2023
Accepted: November 20, 2023

Corresponding author
Miyoung Choi 
Division of Healthcare Technology 
Assessment Research, National 
Evidence-based Healthcare 
Collaborating Agency, Health and 
Welfare Administration Town, 400 
Neungdong-ro, Gwangjin-gu, Seoul 
04933, Korea 
Tel: +82-2-2174-2867
Fax: +82-2-747-4916
Email: myhams95@gmail.com

*These authors contributed equally to 
this work.

Corrigendum

Acute and Critical Care 2023 November 38(4):516
https://doi.org/10.4266/acc.2022.01424.e1

https://doi.org/10.4266/acc.2022.01424
https://doi.org/10.4266/acc.2022.01424.e1


ihttps://www.accjournal.org

| pISSN 2586-6052 | eISSN 2586-6060

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.

Ex) Iohexol (Omnipaque, GE HealthCare)
Ex) Iohexol (Omnipaque, GE HealthCare)
http://www.icmje.org
http://doaj.org/bestpractice
http://doaj.org/bestpractice
http://publicationethics.org/resources/flowcharts
http://publicationethics.org/resources/flowcharts
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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 

https://cris.nih.go.kr/cris/index.jsp
http://www.who.int/ictrp/network/primary/en/
http://clinicaltrials.gov/
http://www.icmje.org/conflicts-of-interest/
http://publicationethics.org/
http://publicationethics.org/
http://kamje.or.kr/
https://www.kcse.org/resources/
https://www.kcse.org/resources/
http://publicationethics.org
https://www.kamje.or.kr/board/lists?b_name=bo_publication
https://www.kamje.or.kr/board/lists?b_name=bo_publication
http://www.icmje.org
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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 should be indicated.

Ex) Iohexol (Omnipaque, GE HealthCare)

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://

http://publicationethics.org/resources/flowcharts
http://publicationethics.org/resources/flowcharts
https://physics.nist.gov/cuu/Units/index.html
https://physics.nist.gov/cuu/Units/index.html
https://physics.nist.gov/cuu/pdf/sp811.pdf
http://www.equator-network.org/home/
http://www.equator-network.org/home/
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www.nlm.nih.gov/services/research_report_guide.html).

2. Organization of Manuscript – Original Article
1) Title page
Title: The title should be concise and precise. The first letters 

of nouns, adjectives, verbs, and adverbs in titles should be cap-

italized. The title should use generic drug names, not brand 

names.

Authors and affiliations: First, middle, and last names should 

be included for each author. If the author is affiliated with 

multiple departments, this should be included in a footnote by 

their name. If authors are affiliated with multiple departments 

and hospitals, affiliations should be arranged in the order of 

authors and demarcated with a number.

Running head: A running head of no more than 50 characters 

including letters and spaces should be included in English. 

If the included running head is inappropriate, the Editorial 

Board may revise it.

Corresponding author: The corresponding author’s name, 

postal code, address, telephone number, fax number, e-mail 

address should be included.

2) Abstract
All manuscripts should contain a structured abstract. Abstracts 

should be no more than 250 words in length and must have 

the following headings: Background, Methods, Results, and 

Conclusions. The quotation of references must not be includ-

ed in the abstract. A maximum of 6 keywords should be listed, 

immediately after the abstract, in alphabetical order. Each 

key word should be separated by a semicolon (;). The authors 

should use MeSH (Medical Subject Heading) terms in their 

key words (https://meshb.nlm.nih.gov/).

Ex) Key Words: carbon dioxide; cerebral vessels; oxygen; 

spinal analgesia

Ex) Key Words: α2-adrenoceptor agonist; GABA; oxygen

3) Key Messages
A list of 2 or 3 key messages is required. This provides a quick 

structured synopsis of the important findings of your man-

uscript and their meaning. This section is limited to 50-100 

words or less.

4) Introduction
The introduction should address the purpose of the article 

concisely and include background reports that are relevant to 

the purpose of the paper.

5) Materials and Methods
When reporting experiments with human or animal subjects, 

the authors should indicate whether they received approval 

from the IRB for the study, and agreement from the patients. 

When reporting experiments with animal subjects, the authors 

should indicate whether the handling of animals was super-

vised by the Institutional Board for the Care and Use of Labo-

ratory Animals. Sufficient details need to be addressed in the 

methodology section of an experimental study so that it can 

be further replicated by others. Ensure correct use of the terms 

sex (when reporting biological factors) and gender (identity, 

psychosocial, or cultural factors), and, unless inappropriate, 

report the sex and/or gender of study participants, the sex of 

animals or cells, and describe the methods used to determine 

sex and gender. If the study involved an exclusive population, 

for example in only one sex, authors should justify why, except 

in obvious cases (e.g., prostate cancer). Authors should also 

define how they determined race or ethnicity and justify their 

relevance.

6) Results
Results should be presented in a logical sequence in the text, 

tables, and illustrations, giving the main or most important 

findings first. Do not repeat all of the data in the tables or il-

lustrations in the text; emphasize or summarize only the most 

important observations.

7) Discussion
Discussion should emphasize the new and important aspects 

of the study, including the conclusions. Do not repeat the 

results in detail or other information that is included in the 

Introduction or Results sections. Describe the conclusions 

according to the purpose of the study but avoid unqualified 

statements that are not adequately supported by the data. 

Conclusions may be stated briefly in the last paragraph of the 

Discussion section.

8) Conflict of Interest
If there are any conflicts of interest, authors should disclose 

them in the manuscript. Disclosures allow editors, reviewers, 

and readers to approach the manuscript with an understand-

ing of the situation and background of the completed research. 

If there are no conflicts of interest, authors should include fol-

lowing sentence: “No potential conflict of interest relevant to 

this article was reported.”
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9) Funding
Funding for the research should be provided here. Providing 

a FundRef ID is suggested, including the name of the funding 

agency, the country, and if available, the number of the grant 

provided by the funding agency. If the funding agency does 

not have a FundRef ID, please ask the agency to contact the 

FundRef registry (e-mail: fundref.registry@crossref.org). A de-

tailed description of the FundRef policy can be found at http://

www.crossref.org/fundref/.

10) Acknowledgments
Persons or institutes that contributed to the papers but whose 

contribution was not significant enough to be co-authors may 

be introduced at the end (between Discussion and References).

11) ORCID (Open Researcher and Contributor ID)
All authors are recommended to provide an ORCID. To ob-

tain an ORCID, authors should register at the ORCID website: 

https://orcid.org. Registration is free for all researchers.

12) Authors’ contributions
The work authors have conducted for the study should be 

described in this section. To qualify for authorship, all contrib-

utors must meet at least one of the seven core contributions by 

CRediT (conceptualization, methodology, software, validation, 

formal analysis, investigation, data curation), as well as at least 

one of the writing contributions (original draft preparation, 

review, and editing). Authors may also satisfy the other contri-

butions; however, these alone will not qualify them for author-

ship. Contributions will be published with the final article and 

they should accurately reflect contributions to the work. The 

submitting author is responsible for completing this informa-

tion at submission, and it is expected that all authors will have 

reviewed, discussed, and agreed to their individual contribu-

tions ahead of this time. The information concerning sources 

of author contributions should be included in this section at 

the submission of the final version of the manuscript (at the 

first submission, this information should be included in the 

title page).

Examples of authors’ contributions are as follows:

Conceptualization: MHC. Data curation: JH. Formal anal-

ysis: YIA. Funding acquisition: MHC. Methodology: MHC, 

JH, YIA. Project administration: YIA. Visualization: MHC, 

JH, YIA. Writing – original draft: JH, YIA. Writing – review & 

editing: MHC, JH, YIA.

13) References
References should be obviously related to the document and 

cited in sequential order in the text. The description of the Ref-

erence section is provided below. The References follow the 

NLM Style Guide for Authors, Editors, and Publishers (http://

www.nlm.nih.gov/citingmedicine) if not specified below.

References should be identified in text with full-size Arabic 

numerals on the line and in square brackets [ ]. All of the refer-

ences should be stated in English, including author, title, and 

name of journal. If necessary, the reviewers and the Editorial 

Board may request original documents of the references. In the 

Reference section, journals should be abbreviated according to 

the style used in the list of journals indexed in the NLM Journal 

Catalog (http://www.ncbi.nlm.nih.gov/nlmcatalog/journals). 

Journal titles that are not listed in the Catalog should follow the 

ISO abbreviation as described in “ISO 4:1997 Information and 

documentation--Rules for the abbreviation of title words and 

titles of publications” (http://www.iso.org/iso/home/store/

catalogue_tc/catalogue_detail.htm?csnumber=3569).

Up to six authors may be listed. If a reference has more than 

six authors, only list the first six authors with “et al.” Provide the 

start and end page numbers of the cited reference.

Examples of reference style

A. Journal Article

Authors. Article title. Journal title Published year;Volume: 

Start-End page.

1. Lee DH, Kim EY, Seo GJ, Suh HJ, Huh JW, Hong SB, et al. 

Global and regional ventilation during high flow nasal can-

nula in patients with hypoxia. Acute Crit Care 2018;33:7-15.

2. Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hud-

son L, et al. The American-European Consensus Conference 

on ARDS: definitions, mechanisms, relevant outcomes, 

and clinical trial coordination. Am J Respir Crit Care Med 

1994;149:818-24.

3. Orengo CA, Bray JE, Hubbard T, LoConte L, Sillitoe I. Anal-

ysis and assessment of abinitio three-dimensional predic-

tion, secondary structure, and contacts prediction. Proteins 

1999;43(Suppl 3):149-70.

B. Book

Authors. Book title. Edition*. Publisher; Published year.

*Mark edition if it is beyond the 2nd edition.

4. Nuwer MR. Evoked potential monitoring in the operating 

room. 2nd ed. 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. 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. 

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 superrefrac-

tory status epilepticus [Internet]. 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 

information should be referenced using 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. The main text should not exceed 

1,000 words and the total number of references is limited to 5. 

Letters may be edited by the Editorial Board, and if necessary, 

responses from the author of the relevant paper may be pro-

vided. 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 
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described and explained in the legend.

6. Other Publication Types
Other publication types such as guidelines, brief reports, and 

history articles may be accepted. The recommended format 

can be discussed with the Editorial Board.

MANUSCRIPT SUBMISSION

1. Submission Process
1) Authors are requested to submit their papers electronically 

using the online manuscript submission system available 

at: http://submit.accjournal.org/. Under this online system, 

only corresponding authors and first authors can submit 

manuscripts. The process of reviewing and editing will be 

conducted entirely through this system.

2) Authors and reviewers may check the progress of reviews 

and related questions/answers on this system. All progress 

in reviews will also be informed to corresponding authors.

3) Upon submission of a manuscript, authors should send a 

statement of copyright release and author agreement, which 

must be signed by all authors, by scanned file to the Editori-

al Office.

4) A proof by authors should be submitted within one week of 

the request.

5) During submission process, the authors ORCIDs will be re-

quested. The corresponding author’s ORCIDs is mandatory.

2. Article Processing Charge
There are no author submission fees. All costs for the submis-

sion process are supported by the Publisher.

3. Contact
For queries about manuscript submission, please contact:

Editorial Office #805-806, Yongseong Biztel, 109 Hangang-dae-

ro, Yongsan-gu, Seoul 04376, Korea

Tel: +82-2-2077-1533, Fax: +82-2-2077-1535,

E-mail: acc@accjournal.org

PEER REVIEW AND PUBLICATION PROCESS

1. Screening after Submission
1) Screening process will conducted after submission. If the 

manuscript does not fit the aims and scope of the Journal or 

does not adhere to the Instructions to authors, it may be re-

turned to the author immediately after receipt and without 

a review.

2) Before reviewing, all submitted manuscripts are inspect-

ed by Similarity Check powered by iThenticate (https://

www.crossref.org/services/similarity-check/), a plagia-

rism-screening tool. If a too high a degree of similarity score 

is found, the Editorial Board will do a more profound con-

tent screening.

3) The criterion for similarity rate for further screening is usu-

ally 15%; however, the excess amount of similarity in spe-

cific sentences may be also checked in every manuscript. 

The settings for Similarity Check screening are as follows: 

It excludes quotes, bibliography, small matches of 6 words, 

small sources of 1%, and the Methods section.

2. Peer Review Process
1) Submitted manuscripts will be reviewed by 2 or more ex-

perts in the corresponding field. The Editorial Board may 

request authors to revise the manuscripts according to the 

reviewer’s opinion. After revising the manuscript, the author 

should upload the revised files with a reply to each item of 

the reviewer’s opinion. The revised part should be marked 

as red font with underline.

2) The author’s revisions should be completed within 30 days 

after the request. If it is not received by the due date, the Ed-

itorial Board will not consider it for publication again.

3) The manuscript review process can be finished the second 

review. If further revision is requested, the Editorial Board 

may consider it.

4) The Editorial Board may request authors to correct English 

to reach a certain standard and authors should accept the 

request.

5) The Editorial Board will make a final decision on the ap-

proval of the submitted manuscript for publication and can 

request any further corrections, revisions, and deletions of 

the article text if necessary. Statistical editing is also per-

formed if the data requires professional statistical review by 

a statistician.

3. Process after Acceptance
If the manuscript is finally accepted, the proofreading will be 
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