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INTRODUCTION 

Extracorporeal life support (ECLS) is essential in critical care, supplying adequate oxygen 

and blood flow to vital organs for failing hearts or lungs [1-3]. ECLS or extracorporeal mem-

brane oxygenation (ECMO) is an advanced version of cardiopulmonary bypass (CPB) that 

is customized to provide heart and/or lung support for longer durations (days to weeks) 

[4]. The main purpose of ECMO is to allow time to recover or to serve as a bridge to heart or 

lung transplantation. Unlike CPB, ECMO can be categorized based on the target of support. 

Many combinations exist, but historically, the main divisions are veno-venous (VV) ECMO 

for respiratory support [5] and veno-arterial (VA) ECMO for cardiac or cardiopulmonary 

support [6]. 

Extracorporeal circulation (ECC) induces systemic inflammatory response syndrome 

(SIRS) in the body, which often limits its potential benefits or causes failure to reach the 

targeted treatment [1,2,7]. This is often triggered by contact between blood and the foreign 

surface of the extracorporeal circuit [2,8], which leads to the activation of the complement 

system, resulting in the activation of inflammatory cells such as neutrophils and monocytes 

and the release of inflammatory mediators [8]. Although our understanding of the patho-

Extracorporeal membrane oxygenation (ECMO) use has remarkably increased in recent years. Al-
though ECMO has become essential for patients with refractory cardiac and respiratory failure, ex-
tracorporeal circulation (ECC) is associated with significant complications. Small-animal models of 
ECC have been developed and widely used to better understand ECC-induced pathophysiology. This 
review article summarizes the development of small-animal ECC models, including the animal spe-
cies, circuit configuration, priming, perioperative procedures, cannulation, and future perspectives 
of small-animal ECMO models. 
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physiology of ECC has advanced, its current limitations, such 

as SIRS and coagulopathy, restrict its long-term applications 

[9]. Despite improvements in medical engineering, ECC 

is still associated with significant risks and complications 

[2,9,10]. Thus, the development of reproducible animal mod-

els of ECC is increasingly important for improving its safety 

and outcomes. 

Animal models of ECC have been developed in various 

sciences to understand the pathophysiology of various con-

ditions [11] and to validate novel interventions [10,12]. An-

imal models of ECLS have mainly been established in large 

animals. However, these models are costly in terms of bud-

getary requirements, other resources, and personnel. Small 

animals have received more attraction, both due to the need 

for a lower budget and less personnel [13] and because they 

enable cellular or even molecular/genetic studies. 

The first small-animal ECC model was reported by Popovic 

et al. in 1968 [14]. The study included 70 male Sprague-Daw-

ley rats undergoing hypothermic CPB. They applied 70 min-

utes of CPB circulation at 14 °C and reported physiological 

parameters, such as heart rate, respiratory rate, oxygen blood 

oxygen content, and hematocrit, during CPB. Later, in 1983, 

Alexander et al. [15] performed 6 hours of partial CPB in 30 

rats. The development of ECMO devices in the early 21st cen-

tury increased the importance of small-animal models. Since 

then, interest in establishing small-animal ECC models has 

grown. 

To better understand the available small-animal models 

of ECC, we summarized existing models between 1968 and 

2020. The aim of this review is to discuss the strategies and 

current limitations of extant models and to focus on specific 

targets to improve the reproducibility of small-animal ECC 

models. 

MODEL ESTABLISHMENT 

Study Selection 
We searched PubMed, Scopus, and Medline from 1968 to 

2020, and two clinicians screened the articles to identify 

those that included small-animal ECC models. Studies were 

excluded if there were no information regarding the ECC 

model or surgical procedures, if the models were in animals 

other than rodents (rabbits were excluded), and if the same 

procedure was repeated by other researchers. Detailed 

data were obtained in the following major categories: the 

main theory, the purpose of the study, the species, animals’ 

weights, groups, the method of selection and inclusion, the 

number of animals, perioperative techniques (including 

animal preparation, sedation, respiratory support, and cath-

eterization), the type of ECC, the duration of ECC, priming 

volume, and priming content. 

In total, 23 studies were included: 19 studies with rats and 

four with mice. An overview of the included studies is shown 

in Table 1 [1,2,7,10,12-30]. Nineteen studies applied the VA 

type of ECC, whereas VV ECC was performed in two studies 

and arterio-arterial was performed in one study. One study 

conducted both VA and VV ECC models in rats [13]. The me-

dian duration of ECC varied from 30 minutes to 6 hours.  

Species and weight of models  
The most commonly used weight of rats was 300–500 g. The 

weight of the animals can be used to indicate normal cardiac 

output, thereby making it possible to manage the desired 

ECC flow. When establishing an ECC model, the weight is an 

essential determinant in adjusting priming volume. For mice, 

the weights were 25–35 g in all studies [2,26,27,29,31]. 

Circuit configuration 
The circuit configuration of the experimental ECLS model is 

compatible with the circuit in clinical settings, with elements 

including cannulas, tubes, a reservoir, an oxygenator, and a 

pump. Silicone-based drainage and perfusion cannulas that 

allow the desired laminar blood flow are used for arterial or 

venous cannulation. Additional components (e.g., a reservoir 

or infusion line) can be optionally added to the circuit [13]. 

It is logical to set the circuit capacity to be as low as possible 

to minimize the contact of blood with the foreign surface of 

the circuit [32]. A large amount of priming volume may cause 

severe hemodilution of the animal blood undergoing ECC 

unless allogenic blood is used for priming [13]. 

In experimental research, a commercially available poly-

ethylene-based oxygenator is used [8]. Until small-animal 

■ This review article summarizes the development of 
small-animal extracorporeal circulation models, includ-
ing animal species, circuit configuration, priming, periop-
erative procedures, cannulation, and future perspectives 
of small-animal extracorporeal membrane oxygenation 
models.

KEY MESSAGES



3https://www.accjournal.orgAcute and Critical Care 2023 February 38(1):1-7

Kayumov M, et al. Extracorporeal circulation models in small animals

Table 1. Description of previously published studies included in the review

Study Year Species ECC type Duration of 
ECC (min) Drainage catheter Perfusion 

catheter
Priming 

volume (ml) Purpose of study

Popovic et al. [14] 1968 Rat VA/CPB 70 PE 200 tubing  
(ID: 1.4 mm)

PE 90 tubing 
(0.86 mm)

13.7 Model development

Alexander et al. [15] 1983 Rat VA/CPB 360 NA NA 8.7 Device development
Grocott et al. [16] 2001 Rat VA/CPB 60 Dual-stage venous 

cannula (4.5 Fr)
Angiocatheter 

(20G)
45 Neuropathophysiology

Dong et al. [17] 2005 Rat VA/CPB 60 Angiocatheter (16G) Angiocatheter 
(22G)

16 Model establishment

Ordodi et al. [18] 2008 Rat AA/CPB 120 Angiocatheter (24G) Angiocatheter 
(24G)

20 Device development

Huang et al. [19] 2007 Rat VA/CPB 60 Angiocatheter (16G) Angiocatheter 
(22G)

10 Pathophysiology

Jungwirth et al. [20] 2007 Rat VA/CPB 90 Dual-stage venous 
cannula (4.5 Fr)

Angiocatheter 
(20G)

16 Neuropathophysiology

Qing et al. [21] 2011 Rat VA/CPB 90 Dual-stage venous 
cannula (4.5 Fr)

Angiocatheter 
(20G)

18 Neuropathophysiology

Waterbury et al. [22] 2011 Rat VA/CPB 80 Angiocatheter (16G) Angiocatheter 
(20G)

12 CPB and DHCA 
development

Rungatscher et al. [12] 2012 Rat VA/CPB 90 Angiocatheter (16G) Angiocatheter 
(18G)

10.5 Pharmacology

Mackensen et al. [23] 2001 Rat VA/CPB 150 Angiocatheter (16G) Angiocatheter 
(22G)

10 Model establishment

Fujii et al. [24] 2013 Rat VA/CPB 60 Angiocatheter (16G) Polyethylene 
tubing (NA)

15 Pharmacology

Fujii et al. [25] 2013 Rat VA/CPB 120 Angiocatheter (16G) Polyethylene 
tubing (NA)

15 CPB pathophysiology

Ali et al. [1] 2014 Rat VA/ECMO 10 Angiocatheter (20G) Angiocatheter 
(24G)

8 Model establishment

Luo et al. [2] 2015 Mouse VA/ECC 30 Angiocatheter (24G) Angiocatheter 
(24G)

0.4 ECC-induced SIRS

Du et al. [26] 2016 Mouse NA NA NA NA NA ECMO treatment in 
pneumonia

Chang et al. [7] 2017 Rat VA/CPB, ECLS 30 Angiocatheter (14G) Angiocatheter 
(20G)

20 CPB pathophysiology

Bianchini et al. [10] 2018 Rat VA/CPB 60 Angiocatheter (16G) Angiocatheter 
(22G)

10 Pharmacology

Madrahimov et al. [27] 2018 Mouse VA/CPB 90 Polyurethane tube (2 Fr) Angiocatheter 
(27G)

0.85 Model establishment

Xie et al. [28] 2012 Rat VA 120 Trocar (24G) Trocar (24G) NA Platelet therapy with 
CPB

Natanov et al. [29] 2019 Mouse VV/ECMO 240 Double-lumen silicone 
catheter (2 Fr)

Double-lumen 
silicone-based 
catheter (2 Fr)

0.5 VV-ECMO induced 
pathophysiology

Cho et al. [13] 2021 Rat VA+VV/ECMO 120 Modified neonatal 
feeding tube (5 Fr)

Angiocatheter 
(24G)

14 Immunology

Kayumov et al. [30] 2022 Rat VA/ECMO 120 Modified neonatal 
feeding tube (5 Fr)

Angiocatheter 
(24G)

14 Septic shock, pressure-
volume change

ECC: extracorporeal circulation; VA: veno-arterial; CPB: cardiopulmonary bypass; NA: not applicable; AA: arterio-arterial; DHCA: deep hypothermic circulatory 
arrest; ECMO: extracorporeal membrane oxygenation; SIRS: systemic inflammatory response syndrome; ECLS: extracorporeal life support; VV: veno-venous.

membrane oxygenators became commercially available, 

bubble oxygenators were commonly used in all ECC mod-

els [18,33,34]. However, bubble oxygenators require a larger 

priming volume and allow intimate contact between blood 

and gas, which induces damage to erythromyeloid reticu-

loendothelial cells [15]. A micro-membrane oxygenator for 

small animals requires a small priming volume (3–4 ml), with 

a sufficient gas exchange surface, and many investigators 
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have successfully established ECC models with a priming 

volume of less than 10 ml [1,35]. Membrane oxygenators are 

designed to prevent direct contact between blood and gas-

es and allow sufficient gas exchange through micro-pores 

[36,37]. Finally, the small-animal ECC circuit contains a sin-

gle peristaltic pump that drains blood and passes it through 

the oxygenator to the arterial line [13]. 

Priming 
Previously, a large amount of allogenic blood was required 

to fill the priming circuit [16,23]. However, using allogenic 

blood as a priming solution restrained immunological and 

physiological studies, as it may lead to profound pathophys-

iologic reactions. Crystalloids and colloids are now the most 

commonly used solutions to fill ECC circuits [1,2,7,8,10-

13,17-20,22,24,25]. Hetastarch, hydroxyethyl starch-sterile, 

and Gelofusine are the most often used colloids, while Plas-

ma, A-Lyte solution, Ringer solution, Saline, and sodium bi-

carbonate are the most commonly applied crystalloids. 

Other medications such as heparin and mannitol can also 

be included in the priming solution, depending on the strat-

egy and preferences of the investigator [18-21,24,25,27]. In 

our previous study, we introduced a new mixture of priming 

solution using 50% albumin and 50% saline, which success-

fully maintained a few hours of ECMO run and improved the 

animals’ survival postoperatively [13]. 

Applying less priming solution may be associated with im-

proved outcomes. The average amount of priming solution 

for 400–500 g rats, which are commonly used by researchers, 

ranges between 10 and 16 ml [10,12-14,17,19,20,22,24,25,38]. 

In mouse models, the successfully applied priming amount 

varied between 0.4 and 0.85 ml in previously published pa-

pers [2,27,29,31]. 

Perioperative procedures 
Surgical procedures are usually performed under general 

anesthesia. Choosing an appropriate anesthetic and admin-

istration method depends on the investigator’s preference. 

The most common methods of administration are intraperi-

toneal injection and inhalation anesthesia [1,2,7,10,12,13,17-

22,24,25,27,29,31,38]. Ketamine, sodium pentobarbital, 

fentanyl, pancuronium, and isoflurane are generally used 

for anesthesia induction. A repeated dose of the same anes-

thetic or isoflurane inhalation can be used for maintenance 

[7,10,17,20,21]. The selection of a correct anesthetic and its 

dosage is of the utmost importance because an overdose 

and/or incorrect administration may directly alter the car-

diovascular system, leading to adverse outcomes and death. 

Light but adequate anesthesia is essential. In our previous 

study, we used inhalation isoflurane alone (both induction 

and continuous) [13,30]. Animals should be placed on a 

heating pad to manipulate body temperature throughout the 

experiment. The surgical field is shaved and cleaned with an-

tiseptics. 

Cannulation 
Surgery can be performed under the aid of a microscope 

(mouse) or surgical loupe (rats) according to researchers’ 

preference. The incision site is determined based on the type 

of ECC and other additional interventions. The neck and 

groin areas are commonly applied surgical areas of periph-

eral cannulation. Cannulation sites can differ depending on 

the type of ECC and the surgeon’s preference. In VA ECC, 

venous blood is drained from the right atrium through the 

right jugular vein or femoral veins, and oxygenated blood is 

perfused to the circulatory system through the right carotid 

artery or femoral artery as well as the tail artery. In VV ECC, 

as our previous study introduced, blood is drained from the 

right jugular vein and perfused to the left jugular vein. The-

oretically, blood can be drained from the right femoral vein 

to the left femoral vein. The design and proper placement of 

the venous cannula result in adequate drainage flow. Several 

researchers have used modified multi-orifice 16-gauge an-

giocatheters as drainage cannulas [10,12,17,19,22,24,25,38]. 

However, the sharp end of the angiocatheter may damage the 

vessel or heart, making it dangerous to apply, especially for 

early-career researchers [13]. We recently introduced a drain-

age cannula that has a blunt end with eight additional side 

holes on the side of the cannula tip. This new cannula has 

resulted in safer cannulation and an increased flow rate [13]. 

Moreover, Natanov et al. [29] recently reported the applica-

tion of a double-lumen silicone catheter for VV-ECMO in a 

mouse model that minimized surgical trauma and eventually 

improved experimental outcomes. The size of the angiocath-

eter for perfusion can be chosen depending on the size of the 

arterial vessel. The most widely used perfusion cannulas are 

20–24 gauge angiocatheters [1,2,7,10,13,17-23,38]. 

Furthermore, successful ECC models with open-chest 

techniques and abdominal vessel cannulation have been re-

ported [1], but the invasiveness of these procedures may re-

sult in bleeding and poor postoperative survival. Intravenous 

injection of 1,000 IU/kg heparin should be administered 
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either prior to or immediately after cannulation to prevent 

blood clot formation during ECC. A repeated dose of heparin 

administration is recommended if ECC is sustained for more 

than 2 hours. 

FUTURE PERSPECTIVES OF SMALL-ANIMAL 
ECMO MODELS: AFFORDABLE IN VIVO 
STUDIES 

Small-animal models of ECMO are essential for understand-

ing the mechanics and energetics of ECMO and testing novel 

extracorporeal interventions. ECMO research is valuable for 

overcoming complications related to ECMO and patient fac-

tors. Molecular studies are more feasible to perform in small 

animals in various disease models for ECMO (e.g., acute and 

chronic heart failure, respiratory failure, or septic shock). 

ECMO can be applied to a wide range of genetically modified 

and commercially available mice to investigate molecular 

levels during ECC (Table 2, Figure 1). 

CONCLUSIONS 

Although the use of ECMO is exponentially increasing, there 

Table 2. Current and future perspectives on ECMO research
ECMO research
ECMO-related mechanics LV unloading
ECMO-related energetics Effect of ECC on ATP production in 

mitochondria
ECMO-related 

complications
Understand pathophysiology to prevent 

complications.
Provide advanced care to patients that 

decrease life-threatening events.
Neuro-pathophysiology Post-cardiac arrest ischemic brain injury in 

patients on ECMO or ECPR
ECMO-related mechanical complications in 

the brain
The effect on the brain microcirculation
The effect on the neurologic performance

Development of ECMO 
devices

Hemocompatible and biocompatible ECMO 
devices

Cause fewer mechanical complications.
Cause less vascular (endothelial) reaction.
Protect end-organs functions.

Adjunctive treatments in 
ECMO

Mesenchymal stem cells during ECMO
Mechanical adjunctive treatment in ECMO

Pharmacodynamics and 
pharmacokinetics

The effects of the circuit/oxygenator/pump on 
various medications

ECMO: extracorporeal membrane oxygenation; LV: left ventricle; ECC: 
extracorporeal circulation; ATP: adenosine triphosphate; ECPR: extracorporeal 
cardiopulmonary resuscitation.

Figure 1. Common experimental extracorporeal membrane oxygenation (ECMO) models. Created with BioRender.com.

Molecular biology

DNA
RNA

Urologic
system

MicrovasculatureNeurologic 
system

Cardiovascular/
Respiratory system

Gastroenterologic 
system

Cellular

Cannula Small animal ECMO models

Effects on various organs

Oxygenator

Large animal ECMO models

Bench to
bedside
clinical
studies

Development of 
ECMO devices
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is much more to learn about the effect of ECMO on cellular 

and molecular levels. To better understand the in vivo mech-

anisms of ECMO from diverse future perspectives, small-an-

imal ECMO research may allow us to conduct affordable in 

vivo animal research.  
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INTRODUCTION 

Mechanical ventilation (MV) is used widely to treat critically ill patients in intensive care 

units (ICUs) [1]. Evidence indicates that MV is necessary for over 90% of adult patients with 

critical illness in ICUs [2]. The application of MV has increased due to recent advancements 

in invasive medical or surgical procedures, neurological and oncological treatments, treat-

ment of chronic diseases, population aging, and emergence of new diseases, as observed 

during the coronavirus disease 2019 (COVID-19) pandemic [3]. The nursing care of inva-

sive mechanically ventilated (IMV) patients is mediated through effective communication 

Providing critical nursing care for conscious mechanically ventilated patients is mediated via ef-
fective communication. This study aimed to identify and map the antecedents, attributes, conse-
quences, and definition of nurse–conscious mechanically ventilated patient communication 
(N-CMVPC). This scoping review was conducted by searching the Cochrane Library and the CI-
NAHL, Embase, PubMed, Web of Science, and Scopus databases, between 2001 and 2021. The 
keywords queried included "nurses," "mechanically ventilated patients," "mechanical ventilation," 
"intubated patients," "communication," "interaction," "relationships," "nurse–patient communica-
tion," "nurse–patient relations," "intensive care units," and "critical care." Studies related to com-
munication with healthcare personnel or family members were excluded. The results indicated 
that N-CMVPC manifests as a set of attributes in communication experiences, emotions, meth-
ods, and behaviors of the nurse and the patient and is classified into three main themes, nurse 
communication, patient communication, and quantitative-qualitative aspects. N-CMVPC is a 
complex, multidimensional, and multi-factor concept. It is often nurse-controlled and can express 
itself as questions, sentences, or commands in the context of experiences, feelings, and positive 
or negative behaviors involving the nurse and the patient. 

Key Words: communication; critical care; intensive care units; mechanically ventilated patients; 
nurse  
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[4]. This communication is increasingly recognized as an 

integral part of patient-centered and value-based nursing 

care; however, many of its dimensions remain to be fully de-

scribed, determined, or understood [5]. 

Nurse–conscious mechanically ventilated patient commu-

nication (N-CMVPC) faces many challenges [6], including 

physiological, psychological, and technological barriers, 

such as the presence of artificial airways (e.g., tracheostomy), 

the critical condition of the patient, level of consciousness 

or sedation, delirium, and neurological disease preventing 

the IMV patient from speaking, being understood, and shar-

ing their needs or thoughts with nurses [7]. Martinho and 

Rodrigues [8] reported that communication between nurses 

and IMV patients in 71% of cases was “quite hard” from the 

perspective of the patient. In such situations, non-verbal 

communication and use of augmentative and alternative 

communication (AAC) are basic requirements and must 

be considered when communicating with patients [9]. AAC 

strategies refer to a group of approaches, tools, and low- or 

high-tech technologies such as the use of body language, eye 

or physical contact, touching, pen and paper, communica-

tion boards, alphabet charts, and touch screen devices [10]. 

These strategies are used to solve communication difficulties 

for voiceless patients [7]. 

Communication difficulties are a significant source of dis-

tress, potentially causing negative emotions such as anxiety, 

fear, anger, loss of control, depersonalization, depression, 

frustration, and dissatisfaction [11,12]. Some IMV patients 

have described their experiences as “being trapped in a dys-

functional body” after weaning [8]. In such circumstances, 

effective N-CMVPC is important to inform nurses about the 

needs or concerns of the patients so that they may adjust to 

their condition [11]. 

Recent trends in ICUs toward light-sedation or no-sedation 

protocols have increased the IMV patient level of conscious-

ness [13]. Evidence suggests that patients with a Glasgow 

coma scale of 9/15 and higher were able to communicate 

with nurses nonverbally [14]. One study found that basic 

communication criteria (i.e., alert, awake, and responsive 

at least for 12 hours) were met by more than half of the IMV 

patients [15]. Nursing communication with conscious IMV 

patients differs from communication with sedated patients. 

It requires more time, non-verbal methods, continuity, and 

close attention of nurses [4]. Further studies are needed to 

explore nurse–patient communication in non-sedated IMV 

patients and to define it as the essence of nursing care [13]. 

A thorough review of the studies indicates that the concept 

of N-CMVPC has not been clearly defined. In addition, the 

definitions provided in the nursing literature are different, 

context-based, and abstract, and they lack a clear theoretical 

definition, which complicates application of this concept 

[16]. Therefore, given the significance of communication in 

enhancing the quality of care [17], this study was conducted 

to provide a theoretical definition and identify the anteced-

ents, attributes, and consequences of N-CMVPC for a better 

understanding of this concept and its application for quality 

care. 

MATERIALS AND METHODS 

The present study was approved by the Institutional Review 

Board of Shahid Beheshti University of Medical Sciences of 

Iran (No. IR.SBMU.RETECH.REC.1399.906). 

This study was conducted based on the methodological 

framework of scoping reviews by Arksey and O’Malley [18] 

and further developments by the Joanna Briggs Institute [19]. 

Scoping reviews can be used to map underlying concepts 

and clarify definitions and conceptual borders of a research 

field. The five stages of scoping reviews in this research were 

(1) Identifying the research question, (2) Identifying relevant 

studies, (3) Study selection, (4) Charting the data, and (5) 

Collating, summarizing, and reporting the results. In addi-

tion, we used the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses extension for Scoping Reviews 

(PRISMA-ScR) checklist [20] to report our findings (Supple-

mentary Table 1). 

Identifying the Research Questions 
This scoping review aimed to determine the antecedents, 

attributes, consequences, and definitions of the concept of 

N-CMVPC. The primary research question for this review was 

■ The findings from this research can be utilized to create 
empirical indicators, such as assessment tools, with the 
aim of enhancing the knowledge, awareness, and com-
munication skills of nurses when working with mechani-
cally ventilated patients.

■ This will help to address the diverse needs of these pa-
tients.

KEY MESSAGES
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(1) How is the concept of N-CVPMC defined in various stud-

ies? This question led to the following complementary ques-

tions: (2) In the studies, what attributes are used to describe 

the concept of N-CMVPC? (3) What are the antecedents of 

the concept of N-CMVPC? (4) What are the consequences 

of this type of communication, according to the evidence? 

Research questions were based on the PCC aspects of popu-

lation, concept, and context [21]. In the current research, the 

population (P) included ICU nurses and conscious patients 

under MV. The concept (C) was the N-CMVPC, and the con-

text (C) was ICUs.  

Identifying Relevant Studies  
Between June and October 2021, an advanced search was 

performed on Web of Science, CINAHL, Embase, PubMed, 

Cochrane Library, and Scopus for articles published between 

January 2000 and June 2021. Also, full-text articles published 

in the main Persian databases, including IranMedex, Ma-

gIran, IranDoc, and the Scientific Information Database, 

were searched. The key terms were nurses, mechanically 

ventilated patients, MV, intubated patients, communication, 

interaction, relationships, nurse–patient communication, 

nurse–patient relations, ICUs, critical care, and their Persian 

equivalents. Numerous combinations of these keywords were 

created using the Boolean operators “AND” and “OR.” In 

addition, references at the end of each paper were reviewed 

to complete the research. An information technologist was 

consulted to validate the search. An overview of the search 

strategy is shown in Supplementary Table 2. 

Study Selection 
Preliminary data included full-text articles published in 

English, focusing on communication between nurses and 

conscious adult patients (older than 18 years) under MV. All 

quantitative, qualitative, and mixed-method designs were el-

igible. Studies with only a small number of findings related to 

the study concept, such as communication with other health 

care personnel or family members, experiences of nurses 

caring for mechanically ventilated patients, and experiences 

of patients being mechanically ventilated were excluded. 

Also, studies focusing on interventions not led by nurses or 

strategies describing the technical aspects of AACs other than 

nurse–patient communication were excluded. 

After all articles were identified in all databases, duplicates 

were excluded, eligible articles were selected, and the articles 

were reviewed and screened independently by the members 

of two research teams (AM and MH). The final decision to 

include the evidence was based on agreement; in cases of 

disagreement, a third party (FAS) was consulted. No meth-

odological quality assessment was performed, which was 

consistent with the guidance provided in the scoping review 

methodology [19]. As the international Prospective Register 

of Systematic Reviews (PROSPERO) does not accept scoping 

review protocols for publication, it was not registered [22]. 

Charting the Data 
Data from eligible studies were charted in a data extraction 

form, including author, year, country, design, the aim of the 

study, and main findings of the study related to antecedents, 

attributes, consequences, and definitions of the concept of 

N-CMVPC. The full text of the included articles was reviewed 

several times to ensure that all study objectives were con-

sidered. The methods and tools developed to measure the 

concept of N-CMVPC were also investigated. One researcher 

(AMG) extracted data, and the second researcher (MH) vali-

dated the data. 

Collating, Summarizing, and Reporting Results 
Applying the qualitative content analysis method through a 

conventional approach [23] helped us collate, summarize, 

and report results. The analysis process started with exam-

ining the entire text for meaning units. The meaning units in 

this study were sub-aspects related to antecedents, attributes, 

and consequences of N-CMVPC. Meaning units were coded 

and analyzed considering the study objectives in MAXQDA 

version 10 (Udo Kuckartz). Similar codes were classified into 

subcategories, which were grouped to form the main cate-

gories and themes. Findings were clarified and mapped as a 

comprehensive collection of antecedents, attributes, and con-

sequences that characterize and define N-CMVPC in the ICU. 

RESULTS 

The search identified 1,759 articles, of which 1,262 were 

excluded based on non-English language (n=46), unavail-

able full-text (n=3), duplicate articles (n=62), and irrelevant 

objectives (n=1,151). After reading the titles and abstracts, 

446 articles were excluded. Finally, 51 full-text articles were 

examined for eligibility, and 23 studies that met the inclusion 

criteria were included in this review. Figure 1 shows a sum-

mary of this process based on the PRISMA flowchart. 
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Characteristics of Studies 
A total of 23 articles met the inclusion criteria, of which 4 

used a qualitative design, 16 used a quantitative design, and 

3 used a mixed-method design. Geographically, most of the 

selected articles were from Europe (n=8) and Asia (n=6), with 

a few articles from the USA (n=5), Africa (n=3), and Australia 

(n=1). With regard the time of publication, most of the arti-

cles (60%) were conducted between 2016 and 2020, though 

40% of them were conducted between 2011 and 2015. Table 1 

presents the included studies [4,6,7,9,12,14,17,24-39]. 

Attributes of the Concept 
The current study results indicate that the attributes of 

N-CMVPC can be summarized into three main themes: 

nurse communication, patient communication, and quanti-

tative-qualitative aspects. 

Patient Communication 
The attributes of this type of communication in patients 

manifested in their communication experiences, emotions or 

feelings, methods, actions, or behaviors. Patients' experienc-

es of voicelessness, anxiety, powerlessness, loneliness, being 

in limbo, and constant waiting were frequently repeated in 

the literature and were unpleasant and negative [12,24,25]. 

One of the other extracted attributes of the N-CMVPC was 

the variety of verbal and non-verbal communication meth-

ods. Three subcategories of patient non-verbal communica-

tion methods were identified. These methods were volun-

tary, involuntary or spontaneous, and creative and symbolic 

non-verbal communication. 

Other extracted attributes of the N-CMVPC were the pos-

itive and negative communication behaviors of nurses and 

patients. A literature review showed positive patient commu-

nication behaviors such as responsiveness [26], acceptance 

Figure 1. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart for selecting articles. AAC: augmentative 
and alternative communication.

Records identified through database searching
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Table 1. Summary of included articles
Study Country Design Aim of study
Holm et al. (2020) [12] Denmark Umbrella review To describe the interaction between ICU patients & the ICU 

environment
Gorzin et al. (2020) [39] Iran Quasi-experimental study with 

pretest-posttest design
To evaluate the effect of education on function and 

communication skills of nurses with IMV patients
Bayog et al. (2020) [30] Philippines Cross-sectional, choice-based 

conjoint analysis
To explicate the communication preferences of registered 

nurses towards IMV patients
Momennasab et al. (2019) [31] Iran Observational study To describe the quality of the relationship between nurses & 

IMV patients
Wallander Karlsen et al. (2019) 
[26]

Norway Observational study To explore the interaction between IMV patients and 
healthcare personnel

Karlsen et al. (2019) [25] Norway Scoping review To examine previous knowledge about interaction between 
health care personnel & conscious IMV patients

Noguchi et al. (2019) [38] Japan Mixed method To examine changes in the practice of nurses who received 
an intervention designed to increase their awareness of 
endotracheally intubated, lightly sedated IMV patients’ 
intent to communicate

Salem and Ahmad (2018) [29] Jordan Integrative review To assess available evidence about existing skills, 
knowledge, and perceptions & barriers for IMV patients to 
communicate

Carruthers et al. (2017) [9] UK Systematic review To assess the effectiveness of AAC strategies to enable IMV 
patients to communicate

Dithole et al. (2017) [36] South Africa Qualitative study To describe nurses’ experience of a communication skills 
training intervention

Dithole et al. (2016) [6] South Africa Structured review  To identify communication challenges existing between 
nurses & IMV patients

Dithole et al. (2016) [14] South Africa Retrospective descriptive and 
explorative research design with a 
quantitative approach

To determine the existing knowledge & skills of intensive care 
nurses working with MV patients

Ten Hoorn et al. (2016) [34] Netherlands Systematic review To summarize the current evidence regarding communication 
methods with IMV patients

Foà et al. (2016) [7] Italy Qualitative study To investigate how the ICU nurses manages communications 
& relationships

Tembo et al. (2015) [24] Australia Qualitative, phenomenological 
hermeneutical research

Describe the lived experiences of people who experienced 
critical ill patients in the ICU and how it affects the 
participants' continued existence beyond ICU & 
hospitalization

Happ et al. (2014) [37] USA Quasi-experimental design To assess the effect of two levels of intervention on 
communication ease, quality, frequency, and success 
between nurses & IMV patients

Nilsen et al. (2014) [17] USA Descriptive correlational design To describe interaction behaviors between nurses & IMV 
patients & factors which could affect communication

To assess relationship between interaction behaviors and 
nursing care quality

Nilsen et al. (2013) [32] USA Secondary analysis of data from a 
quasi-experimental study

To examine the association between nurse and patient 
characteristics, and duration of nurse talk

Meriläinen et al. (2013) [28] Finland Mixed method study To describe the interaction between IMV patients and the 
ICU environment from the perspective of the patients’ 
memories

Karlsson et al. (2012) [4] Sweden Qualitative, phenomenological To observe, interpret, and describe nurses’ communication 
with conscious IMV patientsHermeneutical research

Happ et al. (2011) [27] USA Quantitative (descriptive study) To describe communication interactions, methods, and 
assistive techniques between nurses and nonspeaking 
patients in the ICU

Khalaila et al. (2011) [33] Israel Cross-sectional study To investigate the relationship between communication 
characteristics and psycho-emotional distress among IMV 
patients, and identify factors predictive of psychological 
outcomes

Grossbach et al. (2011) [35] Minneapolis Review article To review various strategies to promote effective 
communication between IMV patients, health care staff, & 
patients’ family members

ICU: intensive care unit; IMV: invasive mechanically ventilated; AAC: augmentative and alternative communication; MV: mechanical ventilation.
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and affirmation [27], following instructions [17], physical 

contact, visual contact [17,27], acknowledgment [26,27], hu-

mor [17], and use of the AAC strategies [27]. The negative pa-

tient behaviors were unresponsiveness [26,27], discrediting, 

and ignoring the nurse [17,27]. 

Nurse Communication 
The attributes of the N-CMVPC from the perspective of 

nurses were also determined by their communication expe-

riences, emotions, methods, and behaviors. The communi-

cation experiences of nurses with mechanically ventilated 

patients include positive and negative aspects, described 

as a complex, demanding, and frustrating yet rewarding 

relationship, with a high emotional burden that requires in-

tellectual and mental effort [7,12,25]. Nurses used different 

verbal and non-verbal methods to communicate. According 

to the literature, positive nurse communication behaviors 

include sensitivity and attentiveness to the patient [4,28], 

patient education and information provision [6,17,25,29], 

time allocation for communication [7], family member par-

ticipation [7,30], patient participation, humanistic behaviors 

[4], psychological and emotional support [4,7,27], prepared-

ness and permanent presence [4,7], humor and cheerfulness 

[4,7,27], intimacy and empathy [4,7], message clarification 

and augmentation of patient comprehension [4,27], patient 

assistance [27], calmness and patience [4,7], acceptance and 

connection, respect and social politeness [4,27], recognition 

and trust-building [7,27], active listening [4], and personal-

ized communication [4,27]. In contrast, behaviors such as 

task-oriented communication instead of patient-oriented 

communication [12], disagreement or disapproval, neglect, 

absence, and inappropriate verbal and physical communi-

cation were negative communication behaviors of the nurse 

[4,17,27].  

Qualitative and Quantitative Aspects  
The theoretical data identified five qualitative and three 

quantitative characteristics of the N-CMVPC. The qualitative 

characteristics were difficulty and complexity of commu-

nication [12,25,27,28], nurse-controlled communication 

[12,25,28], communication initiator [25,27,30,31], quality 

of communication content, and communication method 

[4,26,27,31]. The quantitative characteristics of N-CMVPC 

were duration [25,27-29,32], frequency [25,27-29], and com-

munication initiation time [28]. 

Antecedents of the Concept 
Four themes were identified as antecedents of the N-CM-

VPC concept: (1) Factors related to the patient, including 

physical strength and mental, cognitive, and sensory status; 

(2) Factors related to the nurse, including communication 

competencies, interventions facilitating communication, and 

barrier factors; (3) Organizational factors, including working 

conditions, managerial factors, and organizational culture; 

and (4) Environmental factors including facilitators and bar-

riers (Table 2) [6,7,12,14,25,27-30,32,34-38]. 

Consequences of the Concept 
The consequences of the concept of N-CMVPC can be classi-

fied into effective and ineffective communication outcomes. 

Effective N-CMVPC improves the health outcomes of the pa-

tient, supports the rights of the patient, and leads to effective 

nursing care. Conversely, ineffective N-CMVPC may lead to 

occupational stress in the nurses and physical and mental 

health disorders in the patients, as well as unpleasant and 

negative emotional experiences and unsatisfied needs (Table 

3) [7,9,12,14,17,24-31,37,38]. 

DISCUSSION 

There is an urgent need to define and identify antecedents, 

attributes, and consequences of the N-CMVPC concept in 

ICUs [12]. In this scoping review, various articles regarding 

N-CMVPC were explored, and the attributes, antecedents, 

and consequences were determined to clarify and define the 

concept for wider practical application in nursing education, 

training, and practice (Figure 2). 

Walker and Avant [40] defined attributes as features that 

continually appear in a concept that help researchers distin-

guish the occurrence of a specific phenomenon from a simi-

lar phenomenon. The first defining attributes of the concept 

of N-CMVPC were "patient communication" and "nurse com-

munication," which were reflected in their communication 

experiences, emotions, methods, and behaviors. Unpleasant 

and negative feelings of patients are frequent in the literature. 

Communication difficulties due to intubation are the main 

factors of distress, leading to high levels of psycho-emotional 

distress and negative emotions in patients [27,33,34]. Like-

wise, nurses become frustrated when they communicate 

with patients under MV, as the conditions allow minimal 

communication. Such communication difficulties lead 

nurses to experience many negative emotions while com-
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municating with patients [6]. Nurses routinely use traditional 

communication methods like lip reading, gestures, and nods 

to converse with IMV patients [33,35]. This makes N-CMVPC 

difficult, complex, time-consuming, frustrating, inefficient 

in meeting patient needs, and demanding yet rewarding for 

nurses. Therefore, it is necessary to emphasize the need for 

an effective communication strategy for N-CMVPC in ICUs 

[30]. Enhanced nurse awareness of the needs and experienc-

es of IMV patients would be useful in developing effective 

interventions to facilitate communication with them [29]. 

In this study, the communication methods of nurses and 

IMV patients were shown as a category of communication at-

tributes. N-CMVPC includes a variety of verbal and non-ver-

bal communication methods, with non-verbal communica-

tion playing a greater role [28]. IMV patients are speechless 

due to intubation. They are unable to communicate verbally. 

They communicate with nurses through various non-verbal 

methods. In this study, three types of non-verbal communi-

cation by patients were identified: voluntary, involuntary or 

spontaneous, and creative and symbolic methods. 

Table 2. Antecedents of the N-CMVPC concept in the ICUs
Theme Category Subcategory
Factor related to patient Physical strength · Physical condition [12,28,32,34]

· Clinical condition [6,12,27,28]
Mental, cognitive and sensory 

status
· Mental and cognitive status [6,12,34]
· Level of consciousness [6,12,27,32]
· Patients' sensory status [12,34]

Factor related to nurse Communication competency · Nurses' skills in controlling and directing communication [6,36]
· Nurses' skills in communication methods [6,36]
· Nurses' skills in communicating with accuracy, sensitivity, and attention [6,36]
· Nurses' commitment, knowledge & communication experiences [6,36]

Nursing interventions facilitating 
communication

· Paying attention to the communication duration [6,32,35]
· Maintaining a proper distance from the patient [6,14,35]
· Paying attention to the patient needs [7,35]
· Considering nurses' preferences to communicate [30]
· Use of para-verbal communication [6,7,14,35]
· Evaluate the patient's conditions, needs and communication barriers [6,12,14,35]

Nurse-related barrier factor · Inadequate knowledge [34]
· Task-oriented communication [6]
· Communication at an inappropriate time [6,14]

Organizational factor Nurses’ working condition · Work load pressure [7]
· Lack of time [7]

Managerial factor · Development of communication tools and AAC technologies [29,36]
· Recruiting helpful human resources specialized in communication [7,29,37]
· Development, application and evaluation of communication standards, tools, and 

algorithms [12,14,34]
· Developing nursing education and training [7,12,14,29,35-38]
· Evaluating and developing nurses' communication skills [36]
· Improving communication documentation [12,34]

Organizational culture · Team work [25,35]
· Inter-professional participation [29,35]
· Sharing experiences [7]

Environmental factor Environmental facilitator · Appropriate physical environment [7]
· Friendly and comfortable communication environment [7,35]

Environmental barrier · Unfamiliar environment [7,28]
· Noisy environment [6,35]

N-CMVPC: nurse–conscious mechanically ventilated patient communication; ICU: intensive care unit; AAC: augmentative and alternative communication.
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Table 3. Consequences of the N-CMVPC concept in the ICUs
Theme Category Subcategory
Effective communication 

outcome
Improving the patients' health 
outcomes

· Promoting the patient's health and recovery [25,29]
· Promoting the patient comfort and convenience [29,37]
· Prevent adverse medical outcomes [17,25,30]

Supporting patient rights · Patient satisfaction [38]
· Patient participation [25-27,29]
· Patient respect [38]
· Improving the quality of medical decisions [7,25,28]

Effective nursing care · Development of individual care quality [28,29]
· Identifying and meet the patient needs [7,29]
· Improving patient abilities and safety [25,29]

Ineffective communication 
outcome

Nurse's occupational stress · Nurse's frustration and dissatisfaction [7,31]
· Nurse's feeling of failure and role inadequacy [7]

Patient's physical and mental 
health disorders

· Incidence of anxiety disorders in the patient [9,14,25]
· Patient emotional instability [12,24,27]
· Patient's body image disturbance [24,27]
· Impaired patient's health and recovery [14,27,28,30]

Unpleasant and negative 
emotional experiences of the 
patient

· Feeling of dependency and vulnerability [12]
· Patient's experience of being in a bad situation between life and death [12,24]
· Patient's sense of captivity [12]
· Patient's feeling of despair and dissatisfaction [9,12,25,31]
· Patient's feeling of suffering and disorientation due to unmet needs[12]

Patient's unsatisfied needs · Unmet patient's needs [12]
· Unknown patient's needs [12]
· Unevaluated patient's needs [30]

N-CMVPC: nurse–conscious mechanically ventilated patient communication; ICU: intensive care unit.

Mouthing words, facial expressions, gestures, body lan-

guage, and pointing are some examples of non-verbal com-

munication by patients and are often performed voluntarily 

to express their needs. Other communication techniques 

derived from the literature were spontaneous and invol-

untary communication efforts, such as involuntary muscle 

contractions or cringes [12,28]. Another type of non-verbal 

communication found in patients is the initiative to express 

themselves and their creativity by creating individual com-

munication strategies, labeled creative and symbolic com-

munication. Wallander Karlsen et al. [26] describe this meth-

od as "attention-seeking actions" and define it as "the act of 

seeking attention and understanding without a voice, with 

a variety of content, forms, and non-verbal methods." For 

example, creating sound by tapping on the bedside, tongue 

clicking, or even breathing hard to produce an alarm from 

the ventilator, or symbolic gestures such as a thumbs up that 

means everything is good. Such strategies are the basis for 

the N-CMVPC because IMV patients can only convey their 

message to the nurse if they have attracted their attention [26]. 

However, nurses frequently use verbal methods to com-

municate with IMV patients [25]. The results revealed that 

talking, negotiation, commands, and yes/no questions were 

verbal methods, and the use of symbols and physical and 

visual contact were non-verbal methods frequently used by 

nurses. Nurses need to be self-aware of their communication 

methods [41]. Also, they must spend more time and be more 

attentive and sensitive to the bodies or symbolic gestures of 

IMV patients to understand their needs [26]. 

Another category of communication attributes was com-

munication behaviors. Nurses and IMV patients perform 

positive and negative behaviors when interacting, which is 

consistent with the results of previous studies. Nilsen et al. 

[17] defined behaviors as verbal and non-verbal, shared by 

nurses and patients, and affecting interpersonal commu-

nication. Every communication behavior of IMV patients, 

even their silence, has a message of value for nurses [25]. 

Therefore, critical nurses need to identify and recognize the 
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Figure 2. Mapping of attributes, antecedents, and consequences of the nurse–conscious mechanically ventilated patient communication. AAC: 
augmentative and alternative communication.

Nurses' experiences: positive and negative aspects described as a complex, demanding and 
frustrating yet rewarding relationship, with a high emotional burden that requires intellectual and 
mental effort

Communication methods: verbal and non-verbal

Positive behaviors: sensitivity and attentiveness to the patient, patient education and information 
provision, time allocation for communication, family member participation, patient participation, 
humanistic behaviors, psychological and emotional support, preparedness and permanent presence, 
humor and cheerfulness, intimacy and empathy, message clarification and augmenting patient's 
comprehension, patient assistance, calmness and patience, acceptance and connection, respect and 
social politeness, recognition and trust-building, active listening, and personalized communication

Negative behaviors: task-oriented communication instead of patient-oriented communication, 
disagreement or disapproval, neglect, absence, and inappropriate verbal and physical communication
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communication behaviors of patients. Effective N-CMVPC 

entails a nurse or patient displaying positive communication 

behaviors [30]. The communication behaviors of nurses can 

motivate patients to participate in the exchange and help es-

tablish a therapeutic relationship [17]. 

The second defining attribute of the concept of N-CMVPC 

was "qualitative-quantitative aspects," which include the five 

qualitative characteristics of communication difficulty and 

complexity, quality of communication content and meth-

od, communication visibility, communication initiator, and 

nurse-controlled communication and the three quantitative 

characteristics of duration, frequency, and communication 

initiation time. N-CMVPC is a complex concept, with the con-

tent of sentences, questions, instructions, methods, positive 

and negative behaviors, actions, and reactions visible in dif-

ferent nursing care situations [4,27]. Holm et al. [12] argued 

that the complexity of the communication is rooted, first, in 

the difficulty of capturing the interaction through commu-

nication; second, in the different tools and methods applied 

to optimize communication; and third, in the differences 

in local and national contexts. The other characteristic, the 

communication initiator, focuses on the person who starts 

the communication, consisting of two levels, patient-initiated 

or nurse-initiated. Happ et al. [27] noted that most commu-

nications are started by nurses and followed by patients. It 

was mentioned that the initiative of nurses to communicate 

was vital to meeting the needs of patients [4]. Nurses recog-

nize the inability of IMV patients to communicate verbally, 

so they prefer to initiate communication in different ways to 

provide vital nursing care [30]. Another characteristic of the 

N-CMVPC, nurse-controlled communication, refers to the 

critical role of nurses in directing and controlling the topic, 

time, duration, frequency, and method of communication in 

the ICU [12,25,29]. Nurses must acquire sufficient knowledge 

and skills to establish effective communication [14]. 

Antecedents include various factors taken from the litera-

ture that precedes the concept occurrence [40]. For IMV pa-

tients, physical readiness and mental, cognitive, and sensory 

status include the condition of their illness and their mood 

during the hospital stay, which are linked with the ability to 

communicate [42]. Before N-CMVPC, nurses must assess the 

physical, mental, cognitive, and sensory status of the patient 

and measure whether it is appropriate to attempt communi-

cation at that time or not [43]. Assessing the communication 

ability of IMV patients is essential to effectively address the 

physiological and psychological needs of the patients [14,35]. 

The results indicate that the communication competencies 

of the nurses, including characteristics such as knowledge, 

skills, commitment, and experiences, are important predis-

posing factors in communication [36]. Additionally, as noted 

in previous studies, the results of the current study suggest 

that some nursing interventions are effective in facilitating 

communication; these include the use of para-verbal com-

munication [7,14,35], paying attention to the needs of the 

patients [6,7,14,35], considering the communication pref-

erences of nurses [30], paying attention to the communica-

tion duration [6,32,35], maintaining a proper distance from 

the patient [6,14,35], and evaluating the conditions, needs, 

and communication barriers of the patients [6,12,14,35]. 

On the contrary, inadequate knowledge among nurses [34], 

task-oriented communication [6], and communication at an 

inappropriate time [6,14] were nurse-related communication 

barriers. At the organizational level, appropriate facilities 

such as communication tools and AAC strategies should 

be provided to facilitate N-CMVPC [12-14]. The use of AAC 

strategies is highly recommended for reducing the commu-

nication difficulties of IMV patients and improving patient 

satisfaction in communication [9,33]. Moreover, reducing the 

workload of the nurses [7]; recruiting helpful human resourc-

es specialized in communication such as speech-language 

pathologists [7,29,37]; developing, applying, and evaluating 

communication standards, tools, and algorithms [12,14,34]; 

developing nursing education and training [7,12,14,29,35-

38]; evaluating and developing the communication skills 

of nurses [36], improving communication documentation 

[12,34], and developing an organizational culture to promote 

teamwork [25,35], encourage inter-professional participation 

[29,35], and share experiences [7] may be beneficial. 

Walker and Avant [40] have defined consequences as those 

events that arise from the occurrence of the concept. Con-

sistent with the results of other studies, improving the health 

outcomes of patients, supporting patient rights, and the 

effectiveness of nursing care were consequences of effective 

N-CMVPC. In addition, the literature shows that ineffective 

N-CMVPC may lead to the occupational stress of nurses and 

physical and mental health disorders of patients, unpleasant 

and negative emotional experiences, and unsatisfied needs. 

Studies have revealed that effective N-CMVPC may reduce 

the time patients spend on MV [25], reduce the duration of 

patient hospitalization in the ICU [29], and prevent adverse 

medical outcomes such as pain and delirium [17,25,30]. Ac-

cording to Guttormson et al. [44], inefficient communication 
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can increase the stress of IMV patients and impact nursing 

care during and after admission to the ICU. 

Effective communication of nurses can support the rights 

of patients by increasing patient satisfaction [38], participa-

tion [25,27-29], and respect [38] and improving the quality of 

medical decisions during treatment [7,25,28]. Meriläinen et 

al. [28] stated that effective N-CMVPC fosters individualized 

care. Effective communication is essential for conveying the 

physiological and psychological needs of the patient, plan 

of care, and end-of-life decisions. ICU nurses play a critical 

therapeutic role in mechanically ventilated patients. There-

fore, effective communication skills are essential when caring 

for such patients [14]. Nurse awareness of communication 

strategies and their training in this field can improve the 

quality of care by increasing patient satisfaction, comfort, 

and participation in care plans [29]. 

STRENGTHS AND LIMITATIONS OF THE STUDY 

This study makes a valuable contribution to the field. To the 

best of our knowledge, this is the first scoping review that 

summarizes current studies by providing an overview and 

comprehensive set of attributes, antecedents, and conse-

quences for the N-CMVPC concept in ICUs. This is the most 

significant strength of the current study. However, like any 

review study, this scoping review might have missed some 

relevant sources of information. Due to a lack of access, the 

review depended on limited information to assess the review 

question, the chosen search strategy, and electronic databas-

es. For further studies, it could be interesting to survey the 

attributes, antecedents, and consequences of the N-CMVPC 

concept provided in this study from the point of view of IMV 

patients and their family members, critical care nurses, and 

even other healthcare members to provide a more compre-

hensive definition of this concept. 

IMPLICATIONS AND RECOMMENDATIONS 
FOR PRACTICE 

The results can be used to develop empirical indicators, such 

as assessment tools, and they can also increase the knowl-

edge, awareness, and skills of nurses in communicating with 

mechanically ventilated patients and meeting their diverse 

needs. 

CONCLUSIONS 

The N-CMVPC is a complex, multidimensional, and multi-

factorial concept. It is often nurse-controlled and observable, 

with the content of brief and short answer questions, sen-

tences, or commands. This relationship includes a variety 

of verbal and voluntary, involuntary or spontaneous, and 

creative or symbolic attention-seeking non-verbal commu-

nication methods. It also includes a variety of positive and 

negative actions-reactions in communicating feelings and 

experiences. This communication can be evaluated through 

a series of qualitative and quantitative characteristics. The 

concept of N-CMVPC includes a set of converging underlying 

factors, including factors related to the patient, to the nurse, 

and to the organization, management, and environment. 

Effective N-CMVPC allows patients to progress toward pre-

venting and reducing the severity and complications of the 

disease, increasing their feelings of comfort and recovery, 

and ultimately promoting their health outcomes by overcom-

ing psychological problems and unpleasant emotions. Such 

a system will enable nurses to support the rights of patients 

by improving their participation, respect, satisfaction, and 

quality of medical decisions. Also, it will help nurses provide 

effective care by identifying and addressing the needs of 

the patient, increasing the abilities and safety of the patient, 

and promoting the uniqueness and quality of their care. The 

current research results were based on theoretical data and 

a literature review. Such antecedents, attributes, and conse-

quences must be analyzed in the future from the perspective 

of nurses, IMV patients, and their family members to achieve 

a more comprehensive definition of the concept. 
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INTRODUCTION 

Patients with secondary peritonitis show various clinical features from local inflamma-

tion to septic shock even though they underwent source control including surgery and 

appropriate antibiotics [1]. In particular, sepsis from peritonitis may be induced or re-

lieved depending on the patient's immune system [2]. Recent studies have reported that 

Background: The use of intravenous immunoglobulin (IVIG) in sepsis patients from bowel perfora-
tion is still debatable. However, few studies have evaluated the effect of IVIG as an adjuvant thera-
py after source control. This study aimed to analyze the effect of IVIG in critically ill patients who 
underwent surgery due to secondary peritonitis. 
Methods: In total, 646 medical records of surgical patients who were treated for secondary peri-
tonitis were retrospectively analyzed. IVIG use, initial clinical data, and changes in Sequential Or-
gan Failure Assessment (SOFA) score over the 7-day admission in the intensive care unit for sepsis 
check, base excess, and delta neutrophil index (DNI) were analyzed. Mortalities and periodic pro-
files were assessed. Propensity scoring matching as comparative analysis was performed in the 
IVIG group and non-IVIG group. 
Results: General characteristics were not different between the two groups. The survival curve did 
not show a significantly reduced mortality in the IVIG. Moreover, the IVIG group did not have a 
lower risk ratio for mortality than the non-IVIG group. However, when the DNI were compared 
during the first 7 days, the reduction rate in the IVIG group was statistically faster than in the non-
IVIG group (P<0.01). 
Conclusions: The use of IVIG was significantly associated with faster decrease in DNI which means 
faster reduction of inflammation. Since the immune system is rapidly activated, the additional use 
of IVIG after source control surgery in abdominal sepsis patients, especially those with immuno-
compromised patients can be considered. However, furthermore clinical studies are needed. 
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Adjuvant intravenous immunoglobulin administration on 
postoperative critically ill patients with secondary 
peritonitis: a retrospective study

Young Un Choi1, Jun Gi Kim1, Ji Young Jang2, Tae Hwa Go3, Kwangmin Kim1, Keum Seok Bae1, Hongjin Shim1 

1Department of Surgery, Yonsei University Wonju College of Medicine, Wonju, Korea 
2Department of Surgery, National Health Insurance Service Ilsan Hospital, Goyang, Korea 
3Department of Biostatistics, Yonsei University Wonju College of Medicine, Wonju, Korea 

Received: December 4, 2022
Revised: December 26, 2022
Accepted: January 5, 2023

Corresponding author
Hongjin Shim 
Department of Surgery, Yonsei 
University Wonju College of Medicine, 
20 Ilsan-ro, Wonju 26426, Korea 
Tel: +82-33-741-0578 
Fax: +82-33-741-0574 
Email: simong3@yonsei.ac.kr

Original Article

Acute and Critical Care 2023 February 38(1):21-30
https://doi.org/10.4266/acc.2022.01515

https://doi.org/10.4266/acc.2022.01515


22 https://www.accjournal.org Acute and Critical Care 2023 February 38(1):21-30

Choi YU, et al. Adjuvant immunoglobulin for secondary peritonitis

increased immunoglobulin levels lead to a higher survival 

rate in patients with sepsis, raising interest in the inflamma-

tory response and immune resistance [3,4]. Moreover, it has 

been reported that immunity can be increased by injecting 

immunoglobulin, and the effects of antibiotics can be ampli-

fied to treat sepsis [5]. Intravenous immunoglobulin (IVIG) 

administration during infection not only stimulates the pa-

tient’s immune function but also provides a synergistic effect 

that increases antibiotic effectiveness [6,7]. Studies have 

shown that IVIG lowered mortality in septic shock patients 

[8]. However, some studies had different results [9], thus, 

there are no clear conclusions about its effectiveness. A 2013 

Cochrane review reported that polyclonal IVIG did not lower 

mortality rates in septic patients [8] and IVIG is not included 

in the treatment guidelines for patients with sepsis. Because 

most positive results were obtained from small-scale studies, 

evidence from large-scale studies recommending IVIG as a 

treatment is lacking [10]. 

Therefore, this study aimed to investigate the effects of 

IVIG use on the prognosis of patients who developed sepsis 

postoperatively secondary to peritonitis, taking into consid-

eration hospital mortality, in-hospital 30-day mortality, sur-

vival curve, hospitalization duration, intensive care unit (ICU) 

stay, ventilation period, Sequential Organ Failure Assessment 

(SOFA) score, base excess (BE), and delta neutrophil index 

(DNI). The primary endpoint was to check the superior effect 

of IVIG for mortality and the secondary endpoint was to see 

the additional advantages of IVIG than control group. 

MATERIALS AND METHODS 

This study was approved by the Institutional Review Board 

of Yonsei University Wonju College of Medicine (No. 

CR318137). The informed consent was waived due to the ret-

rospective nature of the study. 

Patient Selection and Criteria 
This study retrospectively identified 646 patients who re-

ceived surgical treatment after diagnosis with secondary 

peritonitis from March 2013 to June 2018 and were treated in 

the ICU of a tertiary university hospital. To evaluate the ef-

fectiveness of IVIG, patients discharged from the ICU within 

3 days and reoperation or non-sepsis cases were excluded. 

The specific inclusion criteria were as follows: adult patients 

aged 18–85 years who meet Sepsis-3 criteria, diagnosed with 

secondary peritonitis and treated in the ICU after surgical 

abdominal surgery. Specific exclusion criteria are shown in 

Table 1. Finally, 76 of 646 patients were included. Applying 1:2 

propensity score matching and adjusting by age, sex, SOFA, 

APACHE II score, and time to operation after hospitalization, 

the number of IVIG group and non-IVIG group was 28 and 

48, respectively. 

IVIG Indications in Korea 
In Korea, IVIG can be used in immunocompromised pa-

tients, such as those with sepsis, neonatal sepsis, and ac-

quired immunodeficiency syndrome, and with potential 

complications when conventional treatments are ineffective, 

and it is covered by insurance. In severe sepsis, it can be used 

when the patient presents with more than two findings of 

systemic inflammatory response syndrome and more than 

one finding of multiple organ dysfunction syndrome (MODS). 

Signs of MODS include acute oliguria (urine output <0.5 

ml/kg/hr for at least 2 hours), acute hypoxemia (PaO2/FiO2 

<300), thrombocytopenia (platelet <100,000/μl), and lactic 

acidosis (lactate >2 mmol/L). IVIG administration during 

infection not only stimulates the patient’s immune function 

■ The additional use of intravenous immunoglobulin was 
meaningful in sepsis patients with bowel perforation after 
source control surgery.

■ It was confirmed that the delta neutrophil index reduc-
tion in the use group was statistically significant com-
pared to the control group.

KEY MESSAGES

Table 1. Exclusion criteria of the study
Exclusion criteria
Patients not met Sepsis-3 criteria
Patients not given antibiotics or used properly
Patients without surgery
Patients undergoing reoperation
Pregnant women
Age <18 or >65 years
Induced peritonitis patients while hospitalized due to non-surgical 

problem
Iatrogenic chemical ingestion case for suicide
Surgery was done due to suspected peritonitis but there was no specific 

finding
Surgery was performed after more than 72 hours after onset of 

peritoneal symptoms
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but also provides a synergistic effect that increases antibiotic 

effectiveness [6,7]. Thus, IVIG is recommended for use in 

combination with antibiotics, with a dose of 1 g/kg given over 

3 days in Korea. In this study, patients who satisfied the IVIG 

indications were given the total dose within 3 days. They 

were defined as the IVIG group. Patients were defined as the 

non-IVIG group when, even though they met the require-

ments, their physician did not prefer it.  

Effectiveness Evaluation Items  
To evaluate the two groups, a comparative analysis was pri-

marily carried out on the overall mortality rate, in-hospital 

mortality, hospitalization duration, 30-day mortality, survival 

curve, ICU stay, and ventilation period. Overall mortality was 

measure for patients confirmed on hospital charts by the 

time the study was conducted In addition, as an outcome 

variable for treatment, changes in the SOFA score, and DNI 

value on days 1, 3, and 7 since ICU admission were moni-

tored. For the severity of the patient's condition, the initial 

APACHE II score within 24 hours from the emergency room 

to the ICU was used, along with the SOFA score on the first 

day of the ICU stay. To ensure that there were no errors in the 

use of antibiotics and source control (operation), which are 

recognized risk factors for death from sepsis, only patients 

who underwent emergency surgery by visiting the emergen-

cy room were targeted for inclusion. In addition, antibiotic 

start time and adequacy were investigated to ensure no dif-

ference between the two groups. 

Delta Neutrophil Index 
Delta neutrophil (DN) is a very sensitive indicator of the 

inflammatory response which uses immature granulo-

cyte blood tests. For the identification of leukocytes, both 

basophil cytogram, an analysis method based on the size 

and shape of cells and nuclei, and peroxidase cytogram, a 

method using myeloperoxidase (MPO) reaction, were used. 

Polymorphonuclear cells are measured in the basophil cy-

togram, and DNs are measured as if they are components of 

the monocytes and are not present in the multinuclear cell 

region. Therefore, if the difference between the multinucle-

ar cells measured by each method is calculated, the actual 

number of DN can be indirectly calculated. The calculation 

formula of DNI is as follows: DNI=(leukocyte subfraction 

assayed in the MPO channel by cytochemical reaction)–(leu-

kocyte subfraction counted in the nuclear lobularity channel 

by the reflected light beam). 

Statistical Analysis 
For continuous variables, data are expressed as the mean±-

standard deviation and median (range) using an unpaired 

t-test. For categorical variables, data are expressed as frequen-

cy and percentage and analyzed by the chi-square (or Fisher’s 

exact test). A propensity score for the predicted probability of 

IVIG users was estimated using the nearest-neighbor meth-

od through multivariable logistic regression model fit. The 

C-statistic of the logistic regression model for propensity score 

matching was 0.828, and the Hosmer-Lemeshow test P-value 

was 0.735. The adjusted covariates in the propensity score 

matching included age, sex, APACHE II score, SOFA score, 

and time to operation after hospitalization (Figure 1). The 

performance of the propensity score matching was evaluated 

by standard difference, and the absolute standard difference 

was confirmed to be within 10%. The stratified log-rank test 

was used to identify survival curves between IVIG and non-

IVIG groups in the paired data, and the crude and adjusted 

hazard ratios (95% confidence interval [CI]) were estimated 

using the Cox proportional hazards model for the primary 

outcome. Adjusted variables are age, sex, APACHE II score, 

and SOFA score. In addition, SOFA score and DNI were eval-

uated over time in the IVIG group using a linear mixed mod-

Figure 1. Flowchart of analyzed patients. In total, 150 of 646 patients 
were recruited for the study. After propensity score matching, 38 were 
classified in the intravenous immunoglobulin (IVIG) group and 112 in 
the non-IVIG group, and variables were compared. ICU: intensive care 
unit.

646 Postoperative patient with peritonitis 

350 ICU <3 days 
  Age <18 or >85 yr
  11 Reoperation
  71 Non-sepsis
  24 Others

190 Included patients

112 Non-user 38 IVIG user

48 Non-user 28 IVIG user

After propensity score matching
1:2
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el. Analyses were performed using SAS 9.4 (SAS Institute) or 

SPSS for ver. 23.0 (IBM Corp.). A P<0.05 was established as 

the level of statistical significance. 

RESULTS 

Following the propensity score matching, 28 patients were 

classified in the IVIG group, and 48 patients were classified 

in the non-IVIG group (28:48, C-statistics 0.828, Hosmer-Le-

meshow test P=0.735). In the IVIG group, cancer-related 

perforation and DNI were high (Table 2 and 3).  In the overall 

population, the 30-day and in-hospital mortality rates in the 

IVIG group did not show better outcomes (Table 4, Figure 2). 

In the IVIG group, the hazard ratio for mortality and periodic 

indicators (ICU stay, hospital duration, and mechanical ven-

tilator duration) showed no statistically significant difference 

(Table 5).  

The effects of IVIG administration on SOFA and DNI 

changes were examined individually. For SOFA, both groups 

(IVIG group vs. non-IVIG group) showed a reduction, but no 

difference was found in the degree of change according to 

the use of IVIG. For DNI, the decrease was significantly great-

er in the IVIG group than in the non-IVIG group. As a result 

of confirming SOFA and DNI over time in the two groups 

through a linear mixed model, only time was statistically 

significant in SOFA, suggesting that the use of IVIG did not 

affect the reduction of SOFA (group×time; P=0.78). In DNI, 

both time and inter action terms were statistically significant 

(group×time; P=0.004), indicating that the r eduction of DNI 

was faster in the IVIG group (Table 6, Figure 3). The same 

result was obtained when the reduction of SOFA and DNI 

was confirmed in surviving patients. In other words, DNI de-

creased faster in the IVIG group (Table 7, Figure 4). 

DISCUSSION 

The most important aspects in patients with secondary peri-

tonitis are quick diagnosis, removal of the infectious source, 

appropriate use of antibiotics, and proper resuscitation [11]. 

However, despite appropriate surgery, antibiotics, and inten-

sive care treatment, patients have shown varying outcomes. 

This can be explained by individuals’ unique defense mech-

anism, such as immunity. As mentioned in the 2016 revised 

definition of sepsis, which is defined as a life-threatening 

organ dysfunction caused by a dysregulated host response 

to infection, the perception of human defense mechanism to 

pathogens, such as the immune response, is newly becoming 

an important concern [10]. In recent years, immunoglobulin 

levels are known to decrease in septic patients, and the prog-

nosis is generally poor [12]. In addition, interest in immuno-

globulins is increasing as studies report that IVIG injections 

have decreased mortality in patients with sepsis [1]. 

Immunoglobulins exist in the serum and act as antibodies 

or neutralize pathogenic bacteria and viruses. Immunoglob-

ulin injection resolves antibody deficiency caused by sepsis 

and stimulates the immune response against external infec-

tious agents [13]. In multidrug-resistant gram-positive bacte-

ria, the use of IgG enhanced the effectiveness of antibiotics, 

and in a meta-analysis that analyzed the effects of clindamy-

cin in patients with streptococcal toxic shock syndrome, IVIG 

Table 2. Baseline characteristics of patients after propensity score matching
Variable Non-user (n=48) IVIG user (n=28) Standardized difference (%) P-value
Male, No. (%) 29 (60.4) 16 (57.1) –6.56 0.842
Age (yr) 8.18
 Mean±SD 66.7±12.9 67.8±14.3 0.641
 Median (range) 73.5 (41.0 to 84.0) 73.0 (30.0 to 82.0) 0.223
Time to first antibiotics (hr) -
 Mean±SD 2.2±2.2 1.6±1.8 0.084
 Median (range) 1.4 (0.0 to 8.3) 1.0 (0.0 to 6.1) 0.088
Time to operation after hospitalization (hr) –0.72
 Mean±SD 8.2±10.4 8.1±7.1 0.989
 Median (range) 5.3 (1.1 to 55.3) 6.0 (0.2 to 32.9) 0.144
Time to first IVIG after the operation (hr) -
 Mean±SD -  2.2±5.2 -
 Median (range) - 0.4 (–0.2 to 25.5) -

IVIG: intravenous immunoglobulin; SD: standard deviation.
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Table 3. Outcomes of patients after propensity score matching
Variable Non-user (n=48) IVIG user (n=28) Standardized difference (%) P-value
ICU duration (day)
 Mean±SD 11.9±17.4 9.2±8.4 0.314
 Median (range) 7.5 (3.0 to 119.0) 6.0 (3.0 to 36.0) 0.406
Ventilator duration (day) (n=101)
 Mean±SD 17.3±58.0 7.4±8.7 0.487
 Median (range) 4.6 (0.0 to 365.3) 3.8 (0.3 to 35.9) 0.717
CRRT 4 (8.3) 8 (28.6) 0.052
SOFA score 23.47
 Mean±SD 8.2±3.6 9.0±3.3 0.570
 Median (range) 8.0 (3.0 to 18.0) 9.0 (2.0 to 15.0) 0.487
APACHE II score 24.53
 Mean±SD 18.1±6.5 19.7±6.3 0.514
 Median (range) 18.0 (8.0 to 34.0) 20.0 (8.0 to 36.0) 0.468
BE (1 day)
 Mean±SD –7.6±4.9 –8.5±7.3 0.458
 Median (range) –7.1 (–20.2 to 11.4) –7.9 (–28.4 to 8.3) 0.296
DNI (1 day)
 Mean±SD 19.9±19.4 36.0±20.9 <0.001
 Median (range) 11.2 (0.0 to 58.2) 35.1 (0.0 to 79.2) <0.001
WBC (n=74)
 Mean±SD 12.9±10.0 10.0±7.1 0.058
 Median (range) 11.6 (1.1 to 53.4) 8.9 (2.5 to 30.0) 0.062
Platelet (n=74)
 Mean±SD 164.7±120.1 164.5±100.0 0.282
 Median (range) 132 (40 to 523) 130 (42 to 363) 0.357
Lactate
 Mean±SD 3.6±3.2 4.2±2.6 0.356
 Median (range) 2.8 (0.3 to 13.7) 3.1 (0.9 to 13.1) 0.227
Blood culture (n=134) 0.835
 Positive 23 (54.8) 16 (57.1)
 Negative 19 (45.2) 12 (42.9)
Sepsis degree 0.001
 Sepsis 27 (56.3) 6 (21.4)
 Septic shock 21 (43.8) 22 (78.6)
Reason for peritonitis 0.280
 Gastrointestinal 28 (59.6) 13 (46.4)
 Colon 13 (27.7) 12 (42.9)
 GB related 3 (6.4) 1 (3.6)
 Others 3 (6.4) 2 (7.1)
Comorbidity
 Pulmonary 7 (14.6) 1 (3.6) 0.059
 Cardiovascular 26 (54.2) 14 (50.0) 0.532
 Endocrine 12 (25.0) 5 (17.9) 0.317
 Renal 4 (8.3) 2 (7.1) 1.000
 Hepatobiliary 0 1 (3.6) -
 Neurovascular 4 (8.3) 1 (3.6) 0.414
Cancer perforation 3 (6.3) 8 (28.6) 0.002
Trauma 8 (16.7) 1 (3.6) 0.058

Values are presented as number (%) unless otherwise indicated.
IVIG: intravenous immunoglobulin; ICU: intensive care unit; SD: standard deviation; CRRT: continuous renal replacement therapy; SOFA: Sequential Organ Failure 
Assessment; APACHE: Acute Physiology and Chronic Health Evaluation; BE: base-excess; DNI: delta neutrophil index; WBC: white blood cell; GB: gall bladder.



26 https://www.accjournal.org Acute and Critical Care 2023 February 38(1):21-30

Choi YU, et al. Adjuvant immunoglobulin for secondary peritonitis

Figure 2. Survival curves of the intravenous immunoglobulin (IVIG) group and non-IVIG group. (A) Overall mortality. (B) 30-Day mortality. (C) In-
hospital mortality.

Table 5. Comparison of clinical duration according to the IVIG group and non-IVIG group
Outcome Non-user (n=48) IVIG user (n=28) P-value
ICU duration (day)
 Mean±SD 11.9±17.4 9.2±8.4 0.314
 Median (range) 7.5 (3.0–119.0) 6.0 (3.0–36.0) 0.406
Hospital duration (day)
 Mean±SD 30.7±29.4 23.0±17.5 0.175
 Median (range) 21.0 (5.0–152.0) 16.0 (4.0–89.0) 0.188
Mechanical ventilation duration (day)
 Mean±SD 9.9±19.2 6.6±8.7 0.147
 Median (range) 5.0 (0.0–119.0) 4.0 (0.0–36.0) 0.012

IVIG: intravenous immunoglobulin; ICU: intensive care unit; SD: standard deviation.

administration has reduced the mortality rate from 33.7% to 

15.7% [8,9]. Immunoglobulin M (IgM)-rich immunoglobulins 

have lowered endotoxin activity in septic patients, suggesting 

that they may be effective in septic thrombocytopenia and 

fibrin deficiency [14]. 

In the recently published Cochrane meta-analysis, stan-

dard polyclonal IVIG and IgM-enriched polyclonal im-

munoglobulin (IVIgGM) were analyzed separately. In 10 
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Table 4. Hazard ratios for mortality according to IVIG group and non-IVIG group
Outcome Incidence case Crude HR (95% CI) Adjusted HR (95% CI)
Overall mortality
 Non-user 13/48 (27.1) 1.00 (Reference) 1.00 (Reference)
 IVIG user 8/28 (28.6) 1.06 (0.44–2.55) 1.00 (0.41–2.47)
30-Day mortality
 Non-user 9/46 (19.6) 1.00 (Reference) 1.00 (Reference)
 IVIG user 5/28 (17.9) 0.96 (0.32–2.85) 1.00 (0.32–3.09)
In-hospital mortality
 Non-user 10/48 (20.8) 1.00 (Reference) 1.00 (Reference)
 IVIG user 6/28 (21.4) 1.14 (0.42–3.15) 1.09 (0.38–3.15)

Values are presented as number (%) unless otherwise indicated.
IVIG: intravenous immunoglobulin; HR: hazard ratio; CI: confidence interval.
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Table 6. The change of SOFA score and DNI in the IVIG group and non-IVIG group

Day
SOFA score DNI

Non-user IVIG user P-value Non-user IVIG user P-value
1 8.2±3.6 9.0±3.3 Group: 0.228 19.9±19.4 36.0±20.9 Group: <0.001
3 5.5±3.3 6.6±4.2 Time: <0.001 8.6±15.0 16.4±19.0 Time: <0.001
7 5.3±4.5 5.4±4.3 Group×time: 0.553 4.2±9.3 2.5±2.5 Group×time: 0.002

Values are presented as mean±standard deviation.
SOFA: Sequential Organ Failure Assessment; DNI: delta neutrophil index; IVIG: intravenous immunoglobulin.

Figure 3. The change of Sequential Organ Failure Assessment (SOFA) score (A) and delta neutrophil index (DNI; B) in the intravenous 
immunoglobulin (IVIG) and non-IVIG groups.
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Table 7. The change of SOFA score and DNI in the survivors of the IVIG user and non-IVIG user

Day
SOFA score DNI

Non-user IVIG user P-value Non-user IVIG user P-value
1 7.6±3.6 8.4±3.5 Group: 0.372 19.5±19.5 37.4±19.7 Group: <0.001
3 4.8±2.1 5.3±3.4 Time: <0.001 4.9±9.7 16.4±20.1 Time: <0.001
7 3.8±2.1 3.9±2.5 Group×time: 0.672 2.9±4.7 2.1±2.2 Group×time: 0.002

Values are presented as mean±standard deviation.
SOFA: Sequential Organ Failure Assessment; DNI: delta neutrophil index; IVIG: intravenous immunoglobulin.

studies (1,430 patients), the mortality rate between 28 and 

180 days in the IVIG group was 29.6%, which was lower than 

36.5% in the non-IVIG group (relative risk [RR], 0.81; 95% CI, 

0.70–0.93), and in seven IVIgGM studies (528 patients), the 

mortality rate between 28 and 60 days was 24.7%, which was 

lower than 37.5% of the non-IVIG group (RR, 0.66; 95% CI, 

0.51–0.85). Nevertheless, each study has multiple flaws and 

high heterogeneity, so the sensitivity analysis of the trials 

with a low risk of bias did not show a decrease in mortality, 

leading to an ambiguous result [6]. Two other meta-analyses 

showed positive results but did not show statistical signifi-

cance when high-quality studies were included [15,16]. For 

this reason, the 2016 survival sepsis campaign does not rec-

ommend the use of IVIG in sepsis or septic shock [11]. 

However, IVIG treatment has differed between previous 

studies, such as dose of injection, duration of use, and type of 

immunoglobulin. Therefore, it is premature to conclude that 

IVIG is ineffective for sepsis based on the lack of statistical 

significance. Thus, the study was designed to exclude factors 

that could affect heterogeneity, as it was thought that hetero-
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geneity was the reason for impending statistical significance 

in large-scale studies. 

There are no recommendations as to when IVIG should 

be used, but there has been a study recommending the early 

use of IVIG [17]. To reflect this, the inclusion criterion of this 

study was restricted as the patient who used IVIG within a 

week after ICU admission following peritonitis surgery. As 

regards IVIG dose, it was followed by the Korean Health In-

surance Review and Assessment Service recommends using 

a total of 1 mg per kg divided for 3 days. Recently, giving IVIG 

at a high dose is reported more effective in improving inflam-

mation than giving IVIG at a low dose [18] , and a meta-anal-

ysis suggested that the appropriate dose of IVIG is 1.5–2 g/kg 

[19]). Although not intended, the dose of IVIG used in Korea 

is similar to the high-dose treatment or recommended dose 

mentioned in other studies.  

AS the patient-factors and disease-severity were diverse 

between the two groups, propensity score matching was 

performed to compensate for it. Using propensity score 

matching, we tried to ensure that all other conditions except 

IVIG use were not different between the experimental group 

and the control group, but the DNI value was higher in the 

IVIG group, which is a limitation of retrospective studies. 

Nevertheless, there was no statistical significance in the mor-

tality and survival curves found, but the IVIG group did not 

show a positive result. However, the reduction rate of DNI in 

the IVIG group was faster significantly than in the non-IVIG 

group which was an encouraging result. 

DNI is a numerical value indicating the division of imma-

ture granulocyte to inflammation, is highly sensitive, and 

has a very fast reaction rate, which is useful for predicting 

the treatment process. In particular, DNI measurement has 

become an important prognostic indicator for the progres-

sion of sepsis as it is reported to be significantly related to the 

Disseminated Intravascular Coagulation score, blood culture 

positive rate, and mortality in sepsis patients [20,21]. In ab-

dominal sepsis such as peritonitis, if the DNI is >7.8 within 3 

days after surgery, it is reported to be more accurate than the 

white blood cell count, neutrophil count, and c-reactive pro-

tein level as death predictors [22]. Moreover, it has been sug-

gested as a marker to predict MODS or 30-day mortality in 

appendicitis patients with complications [23] or trauma pa-

tients [24]. In this study, the initial DNI of the IVIG group was 

higher than that of the non-IVIG group but showed a faster 

rate of reduction. This means that the inflammatory response 

was rapidly reduced by using IVIG. Multiple organ dysfunc-

tion may affect DNI and SOFA scores when the patients are 

dying in the refractory phase of septic shock regardless of 

whether IVIG is used or not. Therefore, subgroup analysis for 

the reduction rates of SOFA and DNI was performed only on 

the surviving patients, which also showed the same result. 

Reduction rates of SOFA score were not different statistically 

between the two groups. However, reduction rates of DNI 

were statistically different between the two groups. The use 

of IVIG did not appear to affect the decrease in SOFA scores 

within 7 days because the SOFA score is composed of mul-

tiple factors such as consciousness status, respiratory index, 

and blood test results and it could also have been influenced 

Figure 4. The change of Sequential Organ Failure Assessment (SOFA) score (A) and delta neutrophil index (DNI; B) in the intravenous 
immunoglobulin (IVIG) and non-IVIG patients who survived.
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by other factors. In this study, as DNI is a sensitive marker 

representing inflammation, it is thought to decrease via IVIG 

injection. Even though IVIG did not show improvement in 

mortality and hospital stay, it showed a rapid reduction of in-

flammation in the postoperative secondary peritonitis model. 

This study has limitations as a retrospective study. In par-

ticular, the number of subjects was small and the DNI level 

was higher in the IVIG group. In addition, it was difficult to 

investigate fluid indicators and blood transfusion indicators 

which could be related to patient death among critically ill 

patients. As there were several physicians, there was a dif-

ference in the tendency to use IVIG. This is though to have 

influenced the results of this study. To supplement these as-

pects, large-scale prospective research is needed. 

Due to the retrospective nature of the design, this research 

has limitations to adjust severity in both groups. Therefore, a 

prospective randomized controlled trial should be needed in 

the future. The use of IVIG in sepsis patients who underwent 

surgery for peritonitis did not show a reduction in mortality. 

In the group using IVIG, DNI decreased rapidly compared 

with the group not using IVIG. Therefore, using the IVIG for 

postoperative septic patients as an adjuvant therapy would be 

helpful for the downregulation of inflammation and it could 

be beneficial for the clinical outcomes of septic patients. 
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Background: It can be challenging for clinicians to predict which patients with respiratory failure 
secondary to coronavirus disease 2019 (COVID-19) will fail on high-flow nasal cannula (HFNC) ox-
ygen and require escalation of therapy. This study set out to evaluate the association between the 
respiratory rate-oxygenation index (ROX) and HFNC failure in such patients and to assess whether 
ROX trajectory correlates with treatment failure. 
Methods: This was a single-centre, retrospective, observational study of patients with COVID-19 
requiring HFNC, conducted over a 3-month period. ROX was calculated as “pulse-oximetry oxygen 
saturation (SpO2) over the fractional inspired oxygen concentration (FiO2)/respiratory rate” for each 
patient at 2, 4, and 12 hours from starting HFNC. HFNC failure was defined as escalation to con-
tinuous positive airway pressure ventilation or invasive mechanical ventilation (IMV). Time-to-
event analyses were performed to account for the longitudinal data set and time-dependent vari-
ables. 
Results: We included 146 patients. Ninety-three (63.7%) experienced HFNC failure, with 53 
(36.3%) requiring IMV. Higher ROX values were associated with a lower subhazard of HFNC failure 
on time-to-HFNC failure analysis (subhazard ratio, 0.29; 95% confidence interval [CI], 0.18–0.46; 
P<0.001). This remained true after controlling for informative censoring. Median ROX values 
changed differentially over time, increasing in the HFNC success group (0.06 per hour; 95% CI, 
0.05–0.08; P<0.001) but not in the HFNC failure group (0.004 per hour; 95% CI, –0.05 to 0.08; 
P=0.890). 
Conclusions: A higher ROX is associated with a lower risk of HFNC failure. Monitoring ROX trajec-
tory over time may help identify patients at risk of treatment failure. This has potential clinical ap-
plications; however, future prospective studies are required. 

Key Words: COVID-19; critical care; respiratory failure; respiratory infections  
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INTRODUCTION 

Since the emergence of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

in 2019, healthcare facilities worldwide have experienced a marked increase in the num-
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ber of patients presenting with de novo acute hypoxemic 

respiratory failure (AHRF) [1,2]. During the early phase of the 

coronavirus disease 2019 (COVID-19) pandemic there was 

a preference for early endotracheal intubation and invasive 

mechanical ventilation (IMV) [3]; however, over time there 

has been increased use of non-invasive oxygenation strate-

gies [4,5]. 

High-flow nasal cannula (HFNC) is an oxygen delivery sys-

tem that has been widely used in the management of AHRF 

in the pre-COVID-19 era. It is associated with improved 

respiratory physiology and reduced need for IMV [6,7]. The 

effectiveness of HFNC in COVID-19 has been demonstrated 

in multiple studies [8-11]; however, previous data caution 

that use of HFNC may delay inevitable intubations, resulting 

in overall worse patient outcomes [12]. Early identification 

of patients with COVID-19 who are not improving on HFNC 

remains a challenge for clinicians. 

The respiratory rate-oxygenation index (ROX) was devel-

oped and validated by Roca et al. [13] in patients with com-

munity-acquired or hospital-acquired pneumonia. It uses a 

simplified oxygenation index (pulse-oximetry oxygen satura-

tion [SpO2] over the fractional inspired oxygen concentration 

[FiO2]) divided by the respiratory rate to predict HFNC failure 

and the need for IMV [13,14]. 

Several authors have evaluated the use of ROX in patients 

with AHRF secondary to COVID-19, but the findings have 

been extremely variable [11,15-23], likely due to significant 

differences in study settings and patient populations. A sin-

gle meta-analysis found that ROX was effective at predicting 

HFNC failure, however significant unexplained heterogene-

ity was observed [24]. The current literature is also limited by 

the statistical methods used. Most studies to date have uti-

lised area under the curve analyses to identify a cut-off ROX 

value at a chosen time point that best predicts HFNC failure 

or success [16-20,23,25,26]. This approach, however, may be 

misleading, as the included patient population changes over 

time due to failure or censoring. Additionally, a snapshot 

ROX value gives no indication of overall trajectory, which it-

self is informative and affects decision-making. 

We conducted a retrospective observational study to eval-

uate ROX in patients with AHRF secondary to COVID-19 

pneumonitis whilst addressing the above issues. The primary 

aim was to identify whether a lower ROX was associated with 

a higher hazard of HFNC failure. The secondary aim was to 

evaluate whether the trajectory of ROX was associated with 

HFNC failure. 

MATERIALS AND METHODS 

Study Design and Setting 
This was a retrospective cohort study of patients with AHRF 

secondary to COVID-19 who were treated with HFNC at a 

major tertiary referral centre in the United Kingdom, over 

a 3-month period during the delta variant wave of the pan-

demic (December 2020 to March 2021). Institutional Review 

Board assessment (21/03/2021 KCC21032021ETU) waived 

the need for ethics committee review and informed patient 

consent, as this study used solely anonymised and routinely 

measured data. 

At our institution, HFNC can be initiated and managed in 

a critical care unit containing level 2 and level 3 beds, in the 

emergency department or on any ward. Use of HFNC outside 

of a critical care unit is overseen by the critical care outreach 

team, a team of senior critical care doctors and nurses oper-

ating 24 hours a day, 7 days a week. 

Population 
All consecutive patients treated at our centre during the 

study period were screened for inclusion. We included pa-

tients who met all of the following criteria: age above 18 

years, COVID-19 infection, diagnosis of AHRF, and use of 

HFNC for more than 2 hours consecutively. COVID-19 infec-

tion was defined as reverse transcription polymerase chain 

reaction nasopharyngeal swab positivity for SARS-CoV-2 on 

admission or during admission. Patients with both commu-

nity- and nosocomially acquired COVID-19 infections were 

included. AHRF was defined as an SpO2 to FiO2 ratio (S/F 

ratio) of <235. Previous studies in acute respiratory distress 

syndrome provide evidence that S/F ratio correlates with 

ratio of arterial oxygen partial pressure (PaO2) to FiO2 (P/F 

■ A higher respiratory rate-oxygenation index (ROX) is 
associated with a lower risk of high-flow nasal cannula 
(HFNC) oxygen and require escalation of therapy.

■ Patients with a static ROX over time may be at higher risk 
of HFNC failure.

■ The use of ROX may have a clinical application in pre-
venting delays in the escalation of respiratory therapy in 
patients with coronavirus disease 2019 (COVID-19).

KEY MESSAGES
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ratio), with a quoted S/F ratio of 235–285 corresponding to a 

P/F ratio of 26.7 kPa (200 mm Hg) [27,28]. 

We excluded patients who received less than 2 hours of 

HFNC, used HFNC as a resting modality between sessions 

of non-invasive continuous positive airway pressure (CPAP) 

ventilation, received HFNC immediately on extubation after 

a period of IMV or had a treatment escalation plan (TEP) 

instituted prior to HFNC initiation that precluded escalation 

to CPAP or to IMV (TEP level 1). IMV was defined as endotra-

cheal intubation and mechanical positive pressure ventila-

tion. All patients received COVID-19 treatments as guided by 

local protocols and multi-disciplinary team decisions. This 

included the co-administration of medications such as dexa-

methasone, other steroids, remdesivir, and tocilizumab. 

Equipment 
The HFNC system used was the Fisher and Paykel Optiflow 

circuit, which makes use of an MR850 respiratory humidifier 

with an MR290 chamber, RT241 heated delivery tubing, and 

an RT033 or RT044 small- or wide-bore nasal cannula (Fisher 

and Paykel Healthcare). The initial flow was set to 60 L/min 

unless a patient was unable to tolerate this, and initial FiO2 

was titrated to a target SpO2 ≥92%. 

Data Collection 
Patient demographics were recorded along with comorbid-

ities broadly divided into four main clinically relevant cate-

gories. At the point of HFNC initiation vital signs, laboratory 

data, and baseline severity scores (Sequential Organ Failure 

Assessment [SOFA] scores and 4C mortality scores [29]) were 

noted. 

We calculated ROX at 2, 4, and 12 hours after starting 

HFNC using the formula (SpO2/FiO2)/respiratory rate. Our 

outcome was HFNC failure, initially defined as one or more 

of the following: escalation to CPAP, escalation to IMV, or 

death due to respiratory failure prior to CPAP or IMV. The de-

cision to escalate to CPAP or IMV was at the discretion of the 

treating critical care clinician, with local protocols available 

for guidance. TEP level 1 (not for CPAP or IMV) established 

after starting HFNC or death due to other reasons were treat-

ed as competing risks. Outcomes were recorded at two, four, 

12, 24, 48, and 96 hours after HFNC initiation. 

As a sensitivity analysis, the whole analysis was repeated 

with a narrower definition of HFNC failure, which included 

only IMV or death due to respiratory failure prior to IMV. This 

was done to exclude the possibility that the results were pre-

dominantly driven by progression to CPAP, which is a signifi-

cantly clinician dependent decision. TEP level 1 or level 2 (for 

CPAP but not for IMV) or death due to any other reason were 

treated as competing risks. 

Statistical Analysis 
Descriptive analyses are presented as median (interquartile 

range [IQR]) or number (%). For the primary aim, we con-

firmed the proportional hazards assumption and conducted 

a semi-parametric Fine and Gray time-to-event analysis [30] 

for HFNC failure, treating ROX as a time-varying covariate 

and accounting for competing risks. The association between 

ROX and HFNC failure was quantified by calculating adjust-

ed subhazard ratios (SHR) with 95% confidence intervals 

(95% CI) and the association was visualised using cumulative 

incidence function curves.  

For the secondary aim, we initially used multilevel 

mixed-effects linear regression to model the trajectory of 

ROX values over time. We subsequently used joint modelling 

of longitudinal and time-to-event data in order to incorporate 

ROX trajectory with time-to-HFNC failure while accounting 

for ROX measurement error and informative censoring [31]. 

This model combines linear mixed effects modelling of ROX 

with a parametric model for time-to-HFNC failure analysis 

and has been used previously in joint modelling of biomark-

er levels and the time to an event [32]. 

Covariate inclusion, selection of a functional form, and 

model selection followed a structured approach based on 

likelihood ratio tests and the Akaike Information Criterion. 

Statistical tests were 2-sided, with an α-level of 0.05 for sta-

tistical significance. We did not impute any missing data. 

Analyses were performed using Stata/MP ver. 17 (StataCorp.). 

Details regarding the statistical approach are provided in the 

Appendix. 

RESULTS 

During the study period, 176 patients with COVID-19 were 

identified as having received HFNC. Of those, 146 met the 

inclusion criteria and formed our patient cohort (Figure 1). 

Ninety-three patients (63.7%) met the outcome of failing on 

HFNC. Demographics are shown in Table 1. Baseline clini-

cal variables, laboratory data and severity scores are shown 

in Table 2, along with the COVID-19 treatments each group 

received. Patients in the HFNC failure group had a lower S/

F ratio before starting HFNC compared to those in the HFNC 
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Figure 1. Flowchart of the study cohort. AHRF: acute hypoxemic respiratory failure; COVID-19: coronavirus disease 2019; HFNC: high-flow nasal 
cannula; CRAP: continuous positive airway pressure; IMV: invasive mechanical ventilation; TEP: treatment escalation plan.

Table 1. Baseline characteristics of the included patients
Variable All patients (n=146) HFNC success (n=53) HFNC failure (n=93) P-value
Age (yr) 62 (54–70) 59 (48–66) 64 (56–73) 0.016
Female 59 (40.4) 17 (32.1) 42 (45.2) 0.121
Ethnicity 0.351
 Asian/Asian British 13 (8.9) 3 (5.7) 10 (10.8)
 Black/African/Caribbean/Black British 57 (39.0) 24 (45.3) 33 (35.5)
 Mixed/multiple ethnic groups 2 (1.4) 1 (1.9) 1 (1.1)
 Other ethnic groups 20 (13.7) 4 (7.5) 16 (17.2)
 White British/White other 54 (37.0) 21 (39.6) 33 (35.5)
BMI (kg/m2) 0.653
 Healthy (18.5–24.9) 34 (23.3) 10 (18.9) 24 (25.8)
 Overweight (25.0–29.9) 43 (29.5) 18 (34.0) 25 (26.9)
 Obese (30.0–39.9) 49 (33.6) 18 (34.0) 31 (33.3)
 Severe obesity (≥40.0) 14 (9.6) 4 (7.5) 10 (10.8)
 Unknown 6 (4.1) 3 (5.7) 3 (3.2)
Comorbidity
 Respiratory disease 19 (13.0) 3 (5.7) 16 (17.2) 0.046
 Cardiovascular disease 76 (52.1) 26 (49.1) 50 (53.8) 0.584
 Diabetes 48 (32.9) 12 (22.6) 36 (38.7) 0.047
 Chronic kidney disease 14 (9.6) 3 (5.7) 11 (11.8) 0.224
 Current smoker 9 (6.2) 6 (11.3) 3 (3.2) 0.051

Values are presented as median (interquartile range) or number (%).
HFNC: high-flow nasal cannula; BMI: body mass index.

176 Patients with AHRF secondary to 
COVID-19 receiving HFNC

146 Patients meeting
inclusion criteria

53 HFNC success, clinically improved
and weaned off HFNC

93 HFNC failure

24 Subsequently escalated to IMV

61 Escalated to CPAP
3 Died from respiratory

failure prior to CPAP/IMV
29 Directly escalated to IMV

30 Excluded
20 HFNC for <2 hours
  6 HFNC as a resting modality between CPAP sessions
  2 HFNC on extubation after a period of IMV
  2 TEP level 1 prior to starting HFNC
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success group (97.89 [IQR, 94.74–101.05] vs. 100.00 [IQR, 

96.84–146.67], P=0.001) and had a lower baseline median 

ROX. SOFA scores were comparable between groups, but 

patients in the HFNC failure group had a higher median 4C 

mortality score (11 [IQR, 9–13] vs. 9 [IQR, 7–11], P=0.01). 

Most of the cohort started HFNC either in the emergency de-

partment or on the ward. Only four patients had their treat-

ment initiated in a critical care unit; three were in the HFNC 

failure group, and one was in the HFNC success group. 

Table 3 shows patient variables and outcomes after start-

ing HFNC. Of the 93 patients who failed HFNC, 61 (65.6%) 

were escalated to CPAP and 53 (57.0%) underwent IMV, with 

24 (25.8%) escalating in a stepwise manner first to CPAP 

and then to IMV. The total mortality for the cohort was 43 

patients (29.5%). Seven patients were in the HFNC success 

group, and the remaining 36 were in the HFNC failure group 

(P=0.001). Patients who suffered HFNC failure had consis-

tently lower ROX at all time points compared to those in the 

HFNC success group. ROX appeared to improve over time in 

the HFNC success group but remained relatively static in the 

failure group. The median time spent only on HFNC was sig-

nificantly shorter in the HFNC failure group compared to the 

HFNC success group, suggestive of differential or informative 

censoring (15.58 hours [IQR, 7.53–38.07] vs. 115.28 [IQR, 

Table 2. Baseline clinical variables, laboratory data, severity scores, and treatments administered
Variable All patients (n=146) HFNC success (n=53) HFNC failure (n=93) P-value
Clinical variables at HFNC initiation
 SpO2 (%) 93 (90–95) 94 (92–95) 93 (89–95) 0.111
 FiO2 0.95 (0.95–0.95) 0.95 (0.60–0.95) 0.95 (0.95–0.95) 0.002
 Respiratory rate (breaths per minute) 29 (24–35) 29 (24–35) 29 (24–35) 0.993
 S/F ratio 98.95 (94.74–102.11) 100.00 (96.84–146.67) 97.89 (94.74–101.05) 0.001
 ROX 4 (3–4) 4 (3–5) 3 (3-4) 0.043
 Heart rate (beats per minute) 86 (72–98) 87 (74–96) 86 (71–99) 0.792
 Mean arterial pressure (mm Hg) 89 (82–97) 89 (85–95) 88 (80–98) 0.664
 Glasgow coma scale 15 (15–15) 15 (15–15) 15 (15–15) 0.990
Laboratory data at HFNC initiation
 Serum urea (mmol/L) 6.45 (4.90–9.25) 5.90 (4.90–7.90) 6.80 (5.00–10.30) 0.178
 Serum creatinine (μmol/L) 81 (64–105) 81 (69–95) 81 (64–128) 0.484
 Total bilirubin (μmol/L) 9 (6–12) 11 (8–14) 9 (6–12) 0.012
 CRP (mg/L) 106 (57–168) 100 (54–186) 111 (62–157) 0.717
 Total WBC count (×109/L) 9.43 (6.69–12.51) 8.54 (6.52–11.30) 10.20 (6.75–12.96) 0.162
 Platelet count (×109/L) 250 (193–332) 250 (195–309) 248 (191–348) 0.589
Severity score at HFNC initiation
 SOFA score 2 (2–3) 2 (2–3) 2 (2–4) 0.151
 4C mortality score 10 (8–13) 9 (7–11) 11 (9–13) 0.010
Initial HFNC settings
 FiO2 0.70 (0.60–0.85) 0.64 (0.60–0.80) 0.80 (0.60–0.90) 0.003
 Flow rate (L/min) 60 (60–60) 60 (60–60) 60 (60–60) 0.404
Time to starting HFNC
 From symptom onset/time of diagnosis (hr) 242 (170–342) 268 (174–345) 232 (170–336) 0.347
 From admission (hr) 39 (10–97) 31 (14–88) 46 (7–99) 0.763
COVID-19 treatments administered
 Dexamethasone 144 (98.6) 53 (100.0) 91 (97.8) 0.282
 Other steroids 52 (35.6) 16 (30.2) 36 (38.7) 0.296
 Remdesivir 75 (51.4) 27 (50.9) 48 (51.6) 0.549
 Tocilizumab 62 (42.5) 28 (52.8) 34 (36.6) 0.088

Values are presented as median (interquartile range) or number (%).
HFNC: high-flow nasal cannula; SpO2: pulse-oximetry oxygen saturation; FiO2: fractional inspired oxygen concentration; S/F ratio: SpO2 to FiO2 ratio; ROX: 
respiratory rate-oxygenation index; CRP: C-reactive protein; WBC: white blood cell; SOFA: Sequential Organ Failure Assessment; COVID-19: coronavirus disease 
2019.
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Table 3. Response to HFNC therapy
Variable All patients (n=146) HFNC success (n=53) HFNC failure (n=93) P-value
Respiratory variables at 2 hours
 SpO2 (%) 95 (93–96) 95 (94–97) 94 (92–96) 0.010
 FiO2 0.71 (0.60–0.89) 0.64 (0.60–0.75) 0.80 (0.65–0.90) <0.001
 Respiratory rate (breaths per minute) 25 (22–32) 24 (22–29) 25 (23–32) 0.227
 ROX 4.93 (3.94–6.32) 5.68 (4.69–7.22) 4.65 (3.59–5.96) <0.001
Respiratory variables at 4 hours
 SpO2 (%) 95 (93–96) 95 (93–97) 95 (93–96) 0.083
 FiO2 0.79 (0.60–0.86) 0.70 (0.60–0.80) 0.80 (0.65–0.90) 0.001
 Respiratory rate (breaths per minute) 25 (22–28) 24 (22–29) 25 (22–28) 0.386
 ROX 5.05 (4.04–6.27) 5.63 (4.50–6.96) 4.92 (3.81–5.83) 0.010
Respiratory variables at 12 hours
 SpO2 (%) 95 (94–96) 95 (94–97) 94 (92–96) 0.014
 FiO2 0.70 (0.60–0.83) 0.67 (0.60–0.80) 0.73 (0.60–0.88) 0.070
 Respiratory rate (breaths per minute) 25 (22–30) 24 (22–28) 27 (23–30) 0.039
 ROX 5.47 (4.09–6.60) 5.93 (5.00–7.05) 4.90 (3.65–5.80) 0.007
Outcome
 CPAP 61 (41.8) 0 61 (65.6) <0.001
 IMV 53 (36.3) 0 53 (57.0) <0.001
 Time to IMV from starting HFNC (hr) 34 (12–92) NA 34 (12–92) NA
 Time spent just on HFNC (hr) 34.63 (12.50–114.38) 115.28 (68.20–156.73) 15.58 (7.53–38.07) <0.001
 ICU admission 70 (47.9) 7 (13.2) 63 (67.7) <0.001
TEP 0.036
 Full escalation 119 (81.5) 46 (86.8) 73 (78.5)
 Level 1 2 (1.4) 2 (3.8) NA
 Level 2 25 (17.1) 5 (9.4) 20 (21.5)
Deceased 43 (29.5) 7 (13.2) 36 (38.7) 0.001

Values are presented as median (interquartile range) or number (%).
HFNC: high-flow nasal cannula; SpO2: pulse-oximetry oxygen saturation; FiO2: fractional inspired oxygen concentration; ROX: respiratory rate-oxygenation index; 
CPAP: continuous positive airway pressure; IMV: invasive mechanical ventilation; ICU: intensive care unit; TEP: treatment escalation plan; Level 1: not for CPAP or 
IMV; Level 2: for CPAP but not for IMV.

68.20–156.73], P<0.001). 

In the competing risks, semiparametric time-to-HFNC fail-

ure analysis, higher ROX values were associated with a lower 

subhazard of HFNC failure (SHR, 0.29; 95% CI, 0.18–0.46; 

P<0.001). No other included covariates were independently 

associated with a lower subhazard for HFNC failure (Figure 

2). The cumulative incidence function curve for three differ-

ent indicative ROX values is shown in Figure 3. This demon-

strates that a higher ROX at any time point was associated 

with fewer episodes of HFNC failure. The conclusions were 

unchanged when a narrower outcome definition (IMV or 

death due to respiratory failure) was used, and the results of 

the sensitivity analysis are presented in the Supplementary 

Figures 1 and 2. 

In initial exploratory trajectory analyses (Supplementary 

Figures 3 and 4), we confirmed that ROX indeed changed 

over time and led to differential censoring between the two 

groups. In the mixed-effects linear model, median ROX val-

ues increased over time in the HFNC success group (0.06 per 

hour; 95% CI, 0.05–0.08; P<0.001) but not in the group with 

HFNC failure (0.004 per hour; 95% CI, –0.05 to 0.08; P=0.890) 

(Figure 4). This finding was unchanged in the sensitivity 

analysis (Supplementary Figure 5). 

In joint modelling of ROX and time-to-HFNC failure, which 

accounted for informative censoring, ROX increased over 

time (0.09 per hour; 95% CI, 0.06–0.11), and higher values 

were again associated with a lower hazard for HFNC failure 

(HR, 0.33; 95% CI, 0.20–0.54; P<0.001). Further information 

regarding the association between serial ROX values and 

HFNC failure is presented in Supplementary Table 1. 
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Figure 2. Coefficient plot for competing risks semiparametric time-to-high-flow nasal cannula failure analysis. ROX: respiratory rate-oxygenation 
index; ref: reference; BMI: body mass index; Hx: history; CKD: chronic kidney disease.

Figure 3. Cumulative incidence function curve for competing risks 
semiparametric time-to-high-flow nasal cannula (HFNC) failure 
analysis. ROX: respiratory rate-oxygenation index.

Figure 4. Modelled change over time of respiratory rate-oxygenation 
index (ROX) values in patients with and without high-flow nasal 
cannula (HFNC) failure.
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DISCUSSION 

This study provides a novel analysis of the association be-

tween ROX and HFNC failure in patients with AHRF second-

ary to COVID-19. In our cohort of 146 patients, we demon-

strated that a higher ROX is associated with a significantly 

lower risk of HFNC failure at any time point and that ROX 

trajectory is informative. 

A large proportion of our patients (63.0%) met the outcome 

and required escalation of ventilatory support. This figure is 
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higher than in other studies [15,20] but is likely attributable 

to our broad definition of HFNC failure, which included es-

calation to CPAP. Our observation that 36.3% of our total co-

hort required IMV is comparable to the 39.7% [17] and 31.7% 

[22] intubation rates seen in two North American multicentre 

studies of 272 [17] and 1,847 [22] patients with COVID-19 

receiving HFNC. While some authors claim that HFNC is 

non-inferior to non-invasive ventilation [33], we considered 

moving to CPAP as HFNC failure since this implies that the 

treating clinician felt the patient was deteriorating and re-

quired another oxygenation strategy. The mortality observed 

in our study (29.5%) mirrors the 27.7% seen in the large retro-

spective analysis of 1,847 patients by Myers et al. [22]. 

Our finding that a higher ROX is associated with a lower 

risk of HFNC failure is in accordance with existing published 

data [16,17,21,24]. Previous studies have sought to identify a 

single ROX cut-off value at a certain time point that predicts 

HFNC failure or success. This has commonly been attempt-

ed by sequentially calculating ROX for patients in a cohort 

at serial time points [16-20,23,25,26] and then applying area 

under the curve analyses to identify the ROX value giving 

maximal sensitivity and specificity for the outcome. There is, 

however, no consensus on either this specific ROX value or 

the optimal time point. Furthermore, this method overlooks 

several important concepts. Firstly, it neither accounts for 

the interdependence resulting from consecutive measure-

ments in the same patients, nor does it address the longi-

tudinal nature of the generated data. Secondly, the impact 

of time on both ROX and the outcome is largely ignored. As 

we have shown, ROX is a time-dependent variable; its effect 

on the outcome changes over time. Although HFNC failure 

itself is intrinsically important, the time to this event is also 

relevant and should be analysed, as this influences clinical 

decision-making and exposes patients to competing risks. 

The strategy of repeatedly calculating ROX at set time inter-

vals also leads to the comparison of slightly different patient 

populations over time. This is due to the continuous stream 

of patients experiencing the outcome of HFNC failure, expe-

riencing a competing event, or censoring. Censoring due to 

clinical improvement and cessation of HFNC must also be 

recognised as informative, as this corresponds to the select 

cohort of patients with higher and improving ROX. A major 

strength of our study lies in the acknowledgment of all of 

these issues, which we have addressed by using appropriate 

statistical methods, including time-to-event and joint model-

ling analyses, to control for competing risks and informative 

censoring. After taking these into account, higher ROX was 

still associated with less risk of HFNC failure. 

Our results interestingly found that ROX changed differen-

tially over time, with the HFNC success group demonstrat-

ing an increase in median ROX by 0.06 per hour, whereas 

minimal change in ROX was observed in the HFNC failure 

group. This may have important clinical implications. Rather 

than using a single ROX value at a specific time point to pre-

dict HFNC success or failure, as is suggested by the current 

literature [11,15,17,20-24], we provide evidence that the tra-

jectory of ROX may be used to identify the patients at risk of 

needing advanced respiratory support. As ROX can be easily 

calculated at the bedside or incorporated into electronic re-

cords [22], serial measurements can be readily performed to 

track trends. This can highlight patients with relatively static 

sequential ROX values who may be at risk of HFNC failure. 

Using ROX in this manner is far more in line with clinical 

practice, where serial review of an acutely unwell patient 

can provide insight into their disease course. It should be 

noted, however, that as the increment in ROX per hour seen 

in the HFNC success group was small, sufficient time on 

HFNC would be required to allow for a pattern in ROX to be 

observed. This preselects a patient population that is not rap-

idly deteriorating but may be more borderline or have greater 

physiological reserve. It is in such a group wherein a decision 

aid can prove most useful. 

There are several limitations to this study. Most notably, 

the retrospective nature inherently risks introducing selec-

tion bias. Despite the existence of institutional guidance, 

both the selection of patients for HFNC and the decision to 

escalate from HFNC to CPAP or IMV were ultimately at the 

discretion of the treating critical care clinician. It is therefore 

possible that both processes could have been affected by ret-

rospectively unidentifiable factors. Due to high rates of HFNC 

failure, ROX recording was limited to 12 hours, however we 

recognise that more time points could have further improved 

the accuracy of our predictions. Our centre has the ability to 

provide HFNC on any ward, as well as in a critical care unit. 

In our study, the majority of patients had HFNC initiated in 

the emergency department or on the ward due to the high 

number of intubated patients occupying critical care beds 

during the study period. Although the overall physiologic 

principles are extrapolatable, we did not perform subgroup 

analyses, and it is possible that the outcomes may vary de-

pending on the treatment setting. As a result, our conclusions 

may not be generalisable to institutions using HFNC exclu-
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sively in specially designed units or in critical care areas. 

Despite an overall increased global consensus in managing 

COVID-19, it remains a challenge for clinicians to predict 

which patients will fail on HFNC. We have demonstrated 

that a higher ROX at any time point is associated with a lower 

risk of HFNC failure and that monitoring ROX trajectory over 

time may highlight patients at a higher risk of failure. With an 

ongoing high number of COVID-19 cases globally there is a 

need for future prospective studies to investigate ROX trajec-

tory further, as this may have significant clinical application 

in preventing delays in the escalation of respiratory support. 

There is also scope to include the non-COVID-19 population 

in any future work, in order to explore the impact of ROX tra-

jectory in patients with AHRF of any cause. 
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Background: Predicting the length of stay (LOS) for coronavirus disease 2019 (COVID-19) patients 
in the intensive care unit (ICU) is essential for efficient use of ICU resources. We analyzed the clini-
cal characteristics of patients with severe COVID-19 based on their clinical care and determined 
the predictive factors associated with prolonged LOS. 
Methods: We included 96 COVID-19 patients who received oxygen therapy at a high-flow nasal 
cannula level or above after ICU admission during March 2021 to February 2022. The demographic 
characteristics at the time of ICU admission and results of severity analysis (Sequential Organ Fail-
ure Assessment [SOFA], Acute Physiology and Chronic Health Evaluation [APACHE] II), blood tests, 
and ICU treatments were analyzed using a logistic regression model. Additionally, blood tests 
(C-reactive protein, D-dimer, and the PaO2 to FiO2 ratio [P/F ratio]) were performed on days 3 and 5 
of ICU admission to identify factors associated with prolonged LOS. 
Results: Univariable analyses showed statistically significant results for SOFA score at the time of 
ICU admission, C-reactive protein level, high-dose steroids, mechanical ventilation (MV) care, con-
tinuous renal replacement therapy, extracorporeal membrane oxygenation, and prone position. 
Multivariable analysis showed that MV care and P/F ratio on hospital day 5 were independent fac-
tors for prolonged ICU LOS. For D-dimer, no significant variation was observed at admission; how-
ever, after days 3 and 5 days of admission, significant between-group variation was detected. 
Conclusions: MV care and P/F ratio on hospital day 5 are independent factors that can predict 
prolonged LOS for COVID-19 patients. 

Key Words: COVID-19; D-dimer; intensive care unit; length of stay; mechanical ventilation  
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INTRODUCTION 

In 2020, the World Health Organization declared a pandemic state for the coronavirus dis-

ease 2019 (COVID-19) after a steep increase in the number of infected patients worldwide, 

including South Korea [1]. Most patients recover after experiencing mild symptoms accom-

panied by upper respiratory tract infection; however, approximately 10%–15% of patients 
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require oxygen supply, and approximately 5% are classified 

as severe patients that require high-flow nasal cannula 

(HFNC) oxygen delivery, mechanical ventilation (MV), and 

extracorporeal membrane oxygenation (ECMO) in the inten-

sive care unit (ICU) [2,3]. 

Medical resources, including ICUs, were prepared around 

the world in the event of pandemic spread and severe dis-

ease. Moreover, studies have reported that during the 2009 

H1N1 pandemic, patients’ underlying disease and disease 

progression, economic status of the pandemic region, and 

regional characteristics affected mortality [4]. Likewise, 

during the COVID-19 pandemic, after 2020, mortality varied 

according to ICU resources in each country [5,6]. However, 

even in countries or regions that are relatively well prepared 

for medical emergencies, the steep increase in ICU patients 

during the pandemic and consequent saturation of resources 

and overloading of medical staff was associated with a rise in 

mortality from 28.1% to 65.7% [7,8]. 

For instance, in South Korea, the number of COVID-19 

patients rapidly increased after June 2021 with the emer-

gence of the severe acute respiratory syndrome coronavirus 

2 (SARS-CoV-2) Delta variant. Yet, the number of severe pa-

tients was below 200 until June 2021, and then increased to 

approximately 1,000 at the peak of the outbreak in December 

2021. Although mortality remained below 0.2% before the 

outbreak based on disinfection policies, vaccination, and 

sufficient medical resources, it increased to 1% on average by 

December 2021, suggesting that efficient use of ICU resourc-

es, including medical instruments and staff, significantly im-

pacted mortality during pandemic conditions [9,10]. 

To ensure that ICU resources are efficiently distributed, it 

is necessary to predict the length of stay (LOS) of COVID-19 

ICU patients by analyzing disease progression and assessing 

severity [11,12]. This relationship remains controversial and 

needs to be clarified in future research, and several studies 

have shown that the clinical features of COVID-19 differ from 

acute respiratory distress syndrome (ARDS) [13,14]. There-

fore, this study analyzed the clinical characteristics of pa-

tients with severe COVID-19 based on their clinical care and 

identified the predictive factors associated with prolonged 

ICU LOS of 2 weeks or longer. 

MATERIALS AND METHODS 

This study was approved by the Institutional Review Board of 

the National Cancer Center (No. NCC 2022–0215). Informed 

con sent was waived in accordance with the Institutional Re-

view Board due to the retrospective nature of this study. 

Study Design and Patients 
This retrospective study was conducted at a single center. 

The participants were patients admitted to the ICU due to 

COVID-19 infection between March 2021 and February 2022. 

The center had eight beds in the ICU for patients with severe 

COVID-19 since March 2021. Among the severe COVID-19 

patients in the ICU, those who showed a low probability of 

pneumonia related to COVID-19 infection (bacterial pneu-

monia, malignancy) among those who received oxygen 

therapy at the HFNC level or above were excluded through 

medical review (Figure 1). 

ICU admission and discharge criteria for all patients in-

cluded in this study were defined in accordance with gov-

ernment quarantine policies. All patients admitted to the 

ICU were administered oxygen therapy at the HFNC level or 

above at the time of admission; MV or ECMO was applied 

■ Predicting the length of stay of intensive care unit (ICU) 
patients with coronavirus disease 2019 (COVID-19) is 
essential for efficient use of ICU resources.

■ Mechanical ventilator care and the ratio of arterial ox-
ygen partial pressure to fractional inspired oxygen on 
hospital day 5 are independent factors that can predict 
prolonged length of stay for COVID-19 patients.

KEY MESSAGES

Figure 1. Flowchart of the study. COVID-19: coronavirus disease 
2019; ICU: intensive care unit.

118 Patients admitted to the 
COVID-19-designated ICU

Exclusion
10 Low-flow oxygen therapy
  2 Bacterial pneumonia
  7 Cancer progression
  3 Close observation

73 ICU stay of length 
<2 wk

23 ICU stay of length 
≥2 wk
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depending on the stage of pneumonia and ARDS. Addition-

ally, all patients were treated according to the clinical prac-

tice guidelines for ARDS and the Sepsis-Surviving Campaign 

guidelines [15,16]. Treatment included administering remde-

sivir and steroids, as well as antibiotics and anticoagulants, to 

prevent secondary bacterial pneumonia. For steroid therapy, 

6 mg dexamethasone was administered once a day for 10 

days. For ARDS aggravation, despite steroid therapy, dosage 

was increased to 20 mg once a day for 5 days, with tapering 

depending on patient status [17]. Tocilizumab 8 mg/kg was 

administered when the oxygen demand increased within 

24–48 hours and C-reactive protein (CRP) level was ≥5.0 mg/

dL even after starting steroid administration [18]. When the 

patient showed a decrease in oxygen requirement following 

ICU care, treatment was switched to a 4 L/min nasal prong. 

Patients were transferred to the general ward when they were 

deemed stable based on clinical symptoms, blood test re-

sults, and X-ray results. However, considering the possibility 

of further deterioration, some cases were transferred after 1–2 

days of follow-up observation at the discretion of the attend-

ing physician. 

Data Collection 
To identify the factors associated with prolonged ICU LOS ≥2 

weeks, patient age, sex, body weight, underlying disease, and 

smoking history were investigated. Sequential Organ Fail-

ure Assessment (SOFA) and Acute Physiology and Chronic 

Health Evaluation (APACHE) II scores were determined im-

mediately after hospitalization to assess severity. Following 

ICU admission, blood test results (neutrophil-lymphocyte 

ratio (NLR), CRP level, D-dimer level, and PaO2 to FiO2 ratio 

(P/F ratio) on days 3 and 5 of admission were compared to 

analyze the association between prolonged ICU LOS and 

changes in blood parameters. 

Statistical Analyses 
Patient characteristics and laboratory results were summa-

rized as frequencies with percentages for categorical vari-

ables. Normality was assessed using the Shapiro-Wilk test. 

If the assumption of normality was satisfied, continuous 

variables were presented as mean±standard deviation, and a 

t-test was used. If the normality assumption was not satisfied, 

continuous variables were presented as median (range) and 

the Wilcoxon rank-sum test was used. A logistic regression 

model was used to identify the prognostic factors associated 

with a prolonged ICU stay. In the multivariable logistic mod-

Table 1. Patient characteristics
Variable Value (n=96)
Sex
 Male 54 (56.3)
 Female 42 (43.8)
Age (yr) 64.9±12.6
Body mass index (kg/m2) 25.1±3.6
Underlying disease
 Diabetes mellitus 24 (25.0)
 Hypertension 51 (53.1)
 Chronic obstructive pulmonary disease 6 (6.3)
 Cardiovascular disease 16 (16.7)
 Chronic kidney disease 4 (4.2)
Smoking 32 (33.3)
From diagnosis to ICU admission (day) 5.5 (0.0–23.0)
APACHE II score 28.0 (15.0–55.0)
SOFA score 4.0 (3.0–13.0)
Initial Lab
 NLR 8.8 (1.6–59.4)
 D-dimer (μg/mL) 1.4 (0.2–20.0)
 C-reactive protein (mg/dl) 7.3 (0.1–25.6)
 P/F ratio 108.8 (43.6–510.0)
Steroid therapy
 Standard dose 49 (51.0)
 High dosea) 47 (49.0)
Tocilizumab 24 (25.0)
Ventilator care 31 (32.3)
CRRT 5 (5.2)
ECMO 8 (8.3)
Prone position 17 (17.7)
ICU stay of length (day) 14 (6–18)
 <2 wk 73 (76.0)
 ≥2 wk 23 (24.0)
Outcome
 Survival 92 (95.8)
 Mortality 4 (4.2)

Values are presented as number (%), mean±standard deviation, or median 
(range).
ICU: intensive care unit; APACHE: Acute Physiology and Chronic Health 
Evaluation; SOFA: Sequential Organ Failure Assessment; NLR: neutrophil-
lymphocyte ratio; P/F ratio: PaO2 to FiO2 ratio; CRRT: continuous renal 
replacement therapy; ECMO: extracorporeal membrane oxygenation.
a) High dose: 20 mg dexamethasone was administered once a day for 5 days.

el, we included all risk factors for prolonged ICU stay with a 

P-value <0.05, and a risk factor for prolonged ICU stay was 

selected using backward elimination in the final model. All 

analyses were performed using SAS software ver. 9.4 (SAS in-

stitute). 
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RESULTS 

Patient Characteristics 
A total of 118 patients were admitted to the COVID-19-des-

ignated ICU, and 96 patients were included in the study after 

excluding those who did not meet the study criteria (Figure 

1). After HFNC treatment, 65 patients showed improvement, 

while 31 received MV care. Most MV care (28/31, 90%) and 

continuous renal replacement therapy (CRRT) were per-

formed within 3 days of initial admission. ECMO was per-

formed in five cases on admission to the ICU, and for the 

remaining three cases, ECMO treatment was applied due to 

ARDS exacerbation even after 5–10 days of MV care. A neuro-

muscular (NM) blocking agent was injected in 61.2% (19/31) 

of patients who received MV care, while 32.3% (10/31) were 

placed in a prone position. Eight patients (8.3%) showed 

ARDS aggravation despite MV care, and ECMO was applied. 

Twenty-three patients (24%) received treatment in the ICU 

for 2 weeks or more. Of the 96 patients, four died in the ICU 

due to sepsis from pneumonia aggravation (n=3) and pul-

monary hemorrhage during ECMO for ARDS (n=1). All four 

deceased patients died after being in the ICU for more than 2 

weeks. The median ICU LOS was 14 days as a cut off for pro-

longed ICU LOS (Table 1). 

Tracheostomy was performed on nine patients. Of these, 

seven underwent tracheostomy after undergoing ECMO 

treatment and two patients due to prolonged intubation 

(more than 2 weeks). Tracheostomy was performed by an 

otolaryngologist in the ICU by an open method.  

Table 2. Univariable analysis for prolonged ICU length of stay
Variable <2 wk (n=73) ≥2 wk (n=23) P-value
Sex 0.608
 Male 40 (54.8) 14 (60.9)
 Female 33 (45.2) 9 (39.1)
Age (yr) 64.8±13.4 65.0±10.0 0.934
Body mass index (kg/m2) 25.2±3.7 24.9±3.6 0.720
Underlying disease
 Diabetes mellitus 19 (26.0) 5 (21.7) 0.678
 Hypertension 35 (47.9) 16 (69.6) 0.070
 Chronic obstructive pulmonary disease 4 (5.5) 2 (8.7) 0.627
 Cardiovascular disease 10 (13.7) 6 (26.1) 0.201
 Chronic kidney disease 2 (2.7) 2 (8.7) 0.241
Smoking 24 (32.9) 8 (34.8) 0.865
From diagnosis to ICU admission (day) 5.8 (0.0–23.0) 3.9 (0.0–21.0) 0.142
APACHE II score 27.0 (15.0–40.0) 30.0 (18.0–55.0) 0.050
SOFA score 4.0 (3.0–10.0) 5.0 (3.0–13.0) <0.001
Initial lab
 NLR 8.8 (1.6–54.7) 8.9 (1.8–59.4) 0.867
 D-dimer (μg/ml) 1.2 (0.2–20.0) 1.9 (0.5–20.0) 0.070
 C-reactive protein (mg/dl) 6.2 (0.1–19.1) 13.4 (1.8–25.6) 0.029
 P/F ratio 113.3 (43.6–428.3) 100.0 (45.7–510.0) 0.120
Steroid therapy 0.001
 Standard dose 44 (60.3) 5 (21.7)
 High dose 29 (39.7) 18 (78.3)
Tocilizumab 16 (21.9) 8 (34.8) 0.214
Mechanical ventilator 13 (17.8) 18 (78.3) <0.001
CRRT 1 (1.4) 4 (17.4) 0.011
ECMO 1 (1.4) 7 (30.4) <0.001
Prone position 8 (11.0) 9 (39.1) 0.004

Values are presented as number (%), mean±standard deviation, or median (range).
ICU: intensive care unit; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; NLR: neutrophil-lymphocyte 
ratio; P/F ratio: PaO2 to FiO2 ratio; CRRT: continuous renal replacement therapy; ECMO: extracorporeal membrane oxygenation.



45https://www.accjournal.orgAcute and Critical Care 2023 February 38(1):41-48

Han WH, et al. Prolonged ICU stay for COVID-19

Predicting Factors for Prolonged ICU LOS  
Univariable analyses showed that SOFA score at the time 

of ICU admission, CRP level, high-dose steroids, MV care, 

CRRT, ECMO, and prone position was significantly correlat-

ed (Table 2) with ≥2 weeks of ICU care (prolonged ICU stay). 

Multivariable analysis showed that MV care and P/F ratio on 

hospital day 5 were independent factors for prolonged ICU 

LOS (Table 3). 

Laboratory Tests Associated with Prolonged ICU LOS 
CRP level showed a decrease between days 3 and 5 in both 

groups, but D-dimer showed a decrease only in the non-

ICU LOS group with LOS <2 weeks. The P/F ratio showed 

an increase between days 3 and 5 in both groups. CRP level 

Table 3. Multivariable analysis factors associated with prolonged ICU stay

Variable
Univariable analysis Multivariable analysis 

(Uni P<0.05)
Multivariable analysis 
(Backward selection)

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Sex
 Male Reference
 Female 0.779 (0.300–2.027) 0.609
Age 1.002 (0.965–1.040) 0.933
Body mass index 0.976 (0.858–1.111) 0.716
Underlying
 Diabetes mellitus 0.789 (0.258–2.420) 0.679
 Hypertension 2.482 (0.913–6.745) 0.074
 Chronic obstructive pulmonary disease 1.644 (0.281–9.612) 0.581
 Cardiovascular disease 2.224 (0.707–6.988) 0.171
 Chronic kidney disease 3.381 (0.449–25.475) 0.237
Smoking 1.089 (0.406–2.923) 0.865
APACHE II score 1.115 (1.020–1.217) 0.015 0.875 (0.731–1.047) 0.144
SOFA score 1.880 (1.361–2.599) 0.001 1.099 (0.511–2.367) 0.808
Initial Lab
 NLR 1.003 (0.963–1.045) 0.872
 D-dimer (μg/ml) 1.059 (0.969–1.157) 0.204
 C-reactive protein 1.090 (1.014–1.173) 0.020 1.096 (0.970–1.238) 0.142
 P/F ratio 0.997 (0.992–1.002) 0.264
HD 3
 D-dimer (μg/ml) 1.070 (0.994–1.152) 0.072
 C-reactive protein 1.093 (0.994–1.202) 0.065
 P/F ratio 0.993 (0.992–1.002) 0.104
HD 5
 D-dimer (μg/ml) 1.098 (1.010–1.194) 0.027 1.044 (0.886–1.230) 0.606
 C-reactive protein 1.123 (0.975–1.293) 0.109
 P/F ratio 0.986 (0.976–0.996) 0.005 0.980 (0.964–0.997) 0.024 0.984 (0.971–0.996) 0.001
Steroid therapy
 Standard Reference Reference
 High dose 5.461 (1.825–16.340) 0.002 2.549 (0.612–10.615) 0.198
Tocilizumab 1.900 (0.684–5.278) 0.218
Ventilator care 16.615 (5.219–52.902) <0.001 11.521 (1.515–87.618) 0.018 16.338 (5.129–52.045) <0.001
CRRT 15.158 (1.599–143.649) 0.017 4.897 (0.211–113.448) 0.321
ECMO 31.500 (3.618–274.285) 0.001 9.198 (0.213–398.049) 0.248
Prone position 5.223 (1.715–15.909) 0.003 2.635 (0.609–11.395) 0.194

ICU: intensive care unit; OR: odds ratio; CI: confidence interval; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure 
Assessment; NLR: neutrophil-lymphocyte ratio; P/F ratio: PaO2 to FiO2 ratio; HD: hospital day; CRRT: continuous renal replacement therapy; ECMO: extracorporeal 
membrane oxygenation.
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was significantly higher in the prolonged ICU LOS patients at 

6.2 mg/dl (range, 0.1–19.1) vs. 13.4 mg/dL (range, 1.8–25.6) 

(P=0.029) at the time of ICU admission; however, the level 

was reduced on hospital days 3 and 5. For the D-dimer level, 

no significant variation was observed at ICU admission; how-

ever, after days 3 and 5, significant between-group variation 

was detected (1.0 [range, 0.2–20.0] vs. 3.2 [range, 0.3–20.0], 

P=0.007). Finally, for the P/F ratio, an increasing trend was 

observed in the non–ICU LOS group with LOS <2 weeks on 

days 3, but no significant difference was observed, and after 

5 days a significant difference between the two groups was 

noted (158.6 [range, 75.6–433.3] vs. 121.6 [range, 55.9–255.0], 

P=0.001) (Table 4). 

Medications for Mechanical Ventilator Care Patients 
For MV care, dexmedetomidine was preferentially adminis-

tered as a sedative, and midazolam or propofol was added 

when additional deep sedation was required during the first 

few days of MV care according to the attending physician’s 

discretion. Administration of midazolam (38.5% vs 94.4%, 

P=0.001) and NM blocking agent (38.5% vs 77.8%, P=0.027) 

was significantly associated with prolonged ICU LOS. Du-

ration of sedative use (3 [2–5] vs. 7 [3–12], P=0.030) and NM 

blocking agents (2 [1–3] vs. 6 [4–9], P=0.011) were also statis-

tically significant with prolonged ICU LOS (Table 5). 

DISCUSSION 

To ensure the appropriate distribution of medical resources 

and efficient treatments, it is important to determine the 

current status of medical resource use. During a pandemic, 

a high burden of patients requiring intensive care is associ-

Table 4. Laboratory tests associated prolonged ICU length of stay
Variable <2 wk (n=73) ≥2 wk (n=23) P-value
C-reactive protein (mg/dl)
 Initial 6.2 (0.1–19.1) 13.4 (1.8–25.6) 0.029
 HD 3 3.9 (0.4–18.8) 6.5 (0.4–19.8) 0.046
 HD 5 1.9 (0.2–14.4) 2.2 (0.1–18.4) 0.304
D-dimer (μg/mL)
 Initial 1.2 (0.2–20.0) 1.9 (0.5–20.0) 0.070
 HD 3 1.2 (0.2–20.0) 2.7 (0.4–20.0) 0.013
 HD 5 1.0 (0.2–20.0) 3.2 (0.3–20.0) 0.007
P/F ratio
 Initial 113.3 (43.6–428.3) 100.0 (45.7–510.0) 0.120
 HD 3 139.4 (64.5–636.7) 107.4 (75.1–375.0) 0.053
 HD 5 158.6 (75.6–433.3) 121.6 (55.9–255.0) 0.001

Values are presented as median (range). No laboratory tests were performed in two patients in HD 3 and five patients in HD 5.
ICU: intensive care unit; HD: hospital day; P/F ratio: PaO2 to FiO2 ratio.

Table 5. Medications for mechanical ventilator care patients

Variable
ICU stay

P-value
<2 wk (n=13) ≥2 wk (n=18)

Sedative
 Dexmedetomidine 12 (92.3) 18 (100) 0.419
 Midazolam 5 (38.5) 17 (94.4) 0.001
 Propofol 0 4 (22.2) 0.097
NM blocking agent 5 (38.5) 14 (77.8) 0.027
Duration of using sedatives 3 (2–5) 7 (3–12) 0.030
Duration of using NM blocking agent 2 (1–3) 6 (4–9) 0.011
High-dose steroid 7 (53.8) 14 (77.8) 0.247

Values are presented as number (%) or median (range).
ICU: intensive care unit; NM: neuromuscular.
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ated with ICU mortality, which places a special emphasis on 

ICU management [19]. Most previous studies have reported 

on COVID-19 patient mortality and the risk factors for ICU 

admission; however, only a few studies have investigated the 

factors that influence ICU LOS. In this study, the predictive 

factors associated with prolonged ICU LOS (≥2 weeks) were 

examined, and MV care alone was observed to be an inde-

pendent factor, while an increase in the D-dimer level after 

days 3 and 5 of ICU admission was shown to be significantly 

correlated with ICU admission. 

Age, underlying disease, smoking history, body mass index, 

APACHE II, and SOFA scores are well-known clinical factors 

associated with COVID-19 prognosis [20-22]. However, in this 

study, MV care was the only factor that significantly impacted 

ICU LOS. MV care is one of the most important treatments 

for ARDS due to COVID-19, which has been reported to ne-

cessitate a greater level of deep sedation than ARDS from 

other causes [23,24]. Moreover, deep sedation can delay MV 

weaning and induce muscle weakness and exercise intoler-

ance. Similarly, in this study, midazolam and a NM blocking 

agent were used to deeply sedate numerous patients, which 

is presumably why MV care had a greater impact on ICU LOS 

than any other factor. 

Previous studies have reported that CRP and D-dimer lev-

els and NLR and P/F ratios predict the severity and prognosis 

of COVID-19 patients [25-27]. In this study, the blood param-

eters measured at the time of ICU admission did not show 

significant between-group variations while D-dimer levels 

showed an increasing trend in the prolonged ICU LOS group.  

Progression of COVID-19 infection is correlated with coag-

ulopathy. Because the D-dimer test is sensitive to measuring 

coagulopathy, analyzing its dynamic changes may serve as a 

predictor of prolonged ICU LOS [28,29]. 

A limitation of this study is that it was conducted as a 

small-scale, single-center study. Additionally, as a retro-

spective study, some variables that affect ICU LOS could not 

be analyzed at the same time points. Also, factors such as 

nutritional status and sarcopenia that were reported in other 

studies to influence ICU LOS could not be included. Future 

studies should investigate ways to reduce MV care duration 

for ICU rehabilitation, early MV weaning, and nutritional 

support to reduce ICU LOS and mortality. 

MV care and P/F ratio on hospital day 5 are independent 

factors that predict prolonged ICU LOS in COVID-19 pa-

tients. Further studies should investigate ways to reduce MV 

care duration to reduce ICU LOS. 
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Background: The study aimed to describe the clinical course, outcomes, and prognostic factors of 
chronic obstructive pulmonary disease (COPD) patients with acute hypercapnic respiratory failure. 
Methods: This retrospective study involved patients with acute hypercapnic respiratory failure due 
to COPD of any cause admitted to the intensive care unit (ICU) for non-invasive or invasive me-
chanical ventilation (IMV) support between December 2015 and February 2020. 
Results: One hundred patients were evaluated. The main causes of acute hypercapnic respiratory 
failure were bronchitis, pneumonia, and heart failure. The patients’ mean Acute Physiology and 
Chronic Health Evaluation (APACHE) II score was 23.0±7.2, and their IMV rate was 43%. ICU, 
in-hospital, and 90-day mortality rates were 21%, 29%, and 39%, respectively. Non-survivors had 
more pneumonia, shock within the first 24 hours of admission, IMV, vasopressor use, and renal re-
placement therapy, along with higher APACHE II scores, lower admission albumin levels and PaO2/
FiO2 ratios, and longer ICU and hospital stays than survivors. Logistic regression analysis identified 
APACHE II score (odds ratio [OR], 1.157; 95% confidence interval [CI], 1.017–1.317; P=0.026), ad-
mission PaO2/FiO2 ratio (OR, 0.989; 95% CI, 0.978–0.999; P=0.046), and vasopressor use (OR, 
8.827; 95% CI, 1.650–47.215; P=0.011) as predictors of ICU mortality. APACHE II score (OR, 1.099; 
95% CI, 1.021–1.182; P=0.011) and admission albumin level (OR, 0.169; 95% CI, 0.056–0.514; 
P=0.002) emerged as predictors of 90-day mortality. 
Conclusions: APACHE II scores, the PaO2/FiO2 ratio, vasopressor use, and albumin levels are signifi-
cant short-term mortality predictors in severely ill COPD patients with acute hypercapnic respira-
tory failure. 

Key Words: acute hypercapnic respiratory failure; chronic obstructive pulmonary disease exacer-
bation; mechanical ventilation; mortality; PaO2/FiO2 ratio  
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INTRODUCTION 

As a common pulmonary disease causing respiratory failure in adults, chronic obstructive 

pulmonary disease (COPD) is the world's fourth leading cause of death [1]. Cigarette smoking 

is linked to COPD in most cases, but environmental pollution also plays a role. Occupational 
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air pollution and smoke from household stoves are also sig-

nificant contributors to the development of COPD [2]. The 

disease is progressive and gradually incapacitates respiratory 

functions in some patients. A COPD diagnosis should be made 

in the presence of dyspnea, chronic coughing that produces 

sputum, and a history of exposure to the disease's risk factors. 

The clinical course of COPD is interrupted by acute exacerba-

tions which present with acute worsening of respiratory symp-

toms and therefore necessitates the use of additional therapy 

and hospital admission in severe cases. Acute exacerbations of 

COPD are common causes of admission to the intensive care 

unit (ICU), where non-invasive mechanical ventilation (NIMV) 

and invasive mechanical ventilation (IMV) are applied to treat 

acute respiratory failure [2]. Acute exacerbations of COPD 

constitute approximately 2% of all ICU admissions [3,4]. Previ-

ous studies have reported that the primary reason for the acute 

deterioration in COPD patients is not necessarily exacerbation, 

but that factors such as pneumonia, pulmonary edema, cardiac 

arrhythmias, surgery, pneumothorax, sepsis, and pulmonary 

embolism may also be responsible [5-7]. COPD exacerbations 

are a leading cause of death and morbidity. Reported in-hos-

pital mortality associated with COPD exacerbation ranges 

from 11% to 32% [3,5,8,9]. However, mortality is much higher 

in patients requiring IMV, at 47% [4]. IMV has decreased since 

the early use of NIMV has been linked to lower intubation and 

mortality rates, and because of more rapid improvement in 

physiological parameters in COPD patients with acute respira-

tory failure due to acute exacerbations [10]. NIMV is now rec-

ommended as a first-line therapy for patients with COPD who 

suffer from acute hypercapnic respiratory failure [11]. 

This study aimed to examine the characteristics and mortal-

ity in COPD patients admitted to the ICU due to acute hyper-

capnic respiratory failure over 5 years. Moreover, we intended 

to examine the variables associated with short-term mortality 

in this population. 

MATERIALS AND METHODS 

The study protocol was approved by the Ethics Review Board 

of Düzce University (No. 2022/66 dated 25.04.2022). The retro-

spective nature of the study waived informed consent. 

Patients with COPD who experience acute hypercapnic 

respiratory failure for any reason admitted to a nine-bed med-

ical ICU between December 2015 and February 2020 were 

retrospectively recruited to the study. Cases were defined as 

COPD based on previously performed pulmonary function 

tests in accordance with Global Initiative for Chronic Obstruc-

tive Lung Diseases criteria or a patient history with compatible 

physical examination findings recorded at the time of admis-

sion and the presence of chronic hypercapnia/hypoxia [2]. Ex-

acerbation of COPD was defined as two or more of worsening 

of dyspnea, cough, increased sputum purulence, or increased 

sputum volume. All patients aged ≥40 years with known COPD 

admitted to the ICU because of acute hypercapnic respiratory 

failure, defined as pH less than 7.35, with a PCO2 greater than 

45 mm Hg, and who required NIMV and/or IMV support were 

included in the study. Exclusion criteria were a personal his-

tory of asthma, atopy and allergic disease, patients with COPD 

admitting for diagnosis other than acute hypercapnic respi-

ratory failure, multi-trauma, carbon dioxide retention due to 

neuromuscular and cerebrovascular diseases in patients with 

medical histories of COPD, and death or discharge within 24 

hours of admission. 

The parameters documented were Acute Physiology and 

Chronic Health Evaluation (APACHE) II score, age, sex, co-

morbidities, smoking status, etiology of respiratory failure, 

admission laboratory tests (within the first 6 hours), admission 

vital signs, admission Glasgow coma score (GCS), mechanical 

ventilation duration and type, renal replacement therapy, va-

sopressor use during the ICU stay, tracheostomy procedures, 

length of stay (LOS) in ICU and hospital, and ICU, in-hospital 

and 90-day mortalities. Based on the most unfavorable values 

available in the ICU during the first 24 hours, the APACHE II 

scores were calculated. Smokers who have smoked within 

the past month were defined as active smokers. The net fluid 

balance (the balance between all fluid input and output) on 

the last day of the ICU stay was recorded for all patients. Data 

■ The main causes of acute hypercapnic respiratory failure 
in chronic obstructive pulmonary disease (COPD) pa-
tients are bronchitis, pneumonia, and heart failure.

■ COPD patients with acute hypercapnic respiratory failure 
are admitted to the intensive care unit to have non-inva-
sive or invasive mechanical ventilation support.

■ Patients with acute hypercapnic respiratory failure still 
have a high in-hospital mortality rate, reaching up to 30% 
despite mechanical ventilation support.

■ Patients with high Acute Physiology and Chronic Health 
Evaluation (APACHE) II scores, low PaO2/FiO2 ratios, and 
decreased albumin levels have a poor prognosis.

KEY MESSAGES
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for home-NIMV use and long-term oxygen therapy were also 

collected. Circulatory shock within the first 24 hours of admis-

sion was defined as a cardiovascular sequential organ failure 

assessment score greater than 2, with dopamine being used at 

a dosage higher than 5 μg/kg/min, and/or adrenalin and nor-

adrenalin at any dosage. 

All patients had inhaled β2-agonist and ipratropium bromide 

at least four times a day, with antibiotics if the patients had in-

creased sputum or sputum purulence, infiltration on radiolog-

ical images, or presence of any other infection. Corticosteroid 

was ordered for 5 days in those patients whose exacerbations 

were due to inflammation/infection [2]. All patients received 

H2-receptor antagonist, and prophylactic doses of low mo-

lecular weight heparin during their ICU stay, except in case 

of atrial fibrillation and pulmonary embolism when full dose 

low molecular weight heparin therapy was ordered. Thoracic 

computed tomography and/or chest X-rays were performed 

on all patients before or after ICU admission. Data from the 

first admission were used in case of more than one admission. 

A 3-month follow-up of all patients admitted to the ICU was 

performed by reviewing clinical records, telephone contacts, 

or death registration records in order to detect out-of-hospital 

mortality. The study's primary outcome measure was to de-

termine ICU, in-hospital, and 90-day mortality rates and mor-

tality predictors. The secondary outcome was to evaluate the 

differences between survivors and non-survivors. 

All patients received either NIMV and/or IMV in the ICU. 

The attending physicians in the emergency, pulmonary, or 

intensive care units decided the types of mechanical ventila-

tion to use. NIMV was generally used first. IMV was employed 

for cases with hemodynamic instability, deep coma (GCS 

<8), life-threatening gas exchange abnormalities, inability to 

manage secretion, and a failed NIMV trial. A continuous reg-

imen of NIMV was initially prescribed based on the tolerance 

of the patient and the values of the arterial blood gas. Once 

arterial pH exceeded 7.35 and the patient was stable, NIMV 

was blocked for 1 hour. If no change was observed in pH and 

the patient tolerated this 1-hour block, the block time was 

increased progressively to 2, 3, and 4 hours. The patient was 

successfully weaned from NIMV when he was taking 4-hour 

blocks with clinical stability and a pH greater than 7.35. All 

NIMV was administered with bi-level positive airway pres-

sure. Weaning from IMV commenced once the patient initi-

ated spontaneous breathing through a progressive reduction 

in pressure support ventilation. Patients generally received 

NIMV after endotracheal extubation, and NIMV tapering was 

performed in line with the protocol described above. Since all 

patients received oxygen support during ICU admission, all 

admission laboratory measurements were performed under 

supplemental oxygen, and the PO2/FiO2 ratio was therefore 

used instead of PO2. Oral feeding was started in patients capa-

ble of tolerating 2-hour blocks. If oral feeding was not expected 

to be commenced within 3 days, enteral feeding was initiated 

via nasogastric tube. Patients undergoing endotracheal in-

tubation received enteral feeding within the first 24 hours of 

intubation. Parenteral feeding was undertaken in case of gas-

trointestinal contraindications to enteral feeding. 

Statistical Analysis 
Descriptive data were reported as mean with standard devia-

tion or median with interquartile range (IQR, 25%–75%). For 

normally distributed variables, the Student t-test was used, 

while for non-normally distributed variables, the Mann-Whit-

ney U-test was used, and for categorical variables, the chi-

square or Fisher's exact test was used. Independent predictors 

of ICU and 90-day mortalities were identified using logistic re-

gression analysis. Variables yielding P-values <0.100 at univari-

ate testing between survivors and non-survivors were included 

in forward stepwise-logistic regression analysis. An analysis of 

the APACHE II score's predictive ability for ICU mortality was 

conducted using receiver operating characteristic (ROC) curve 

analysis, which calculated the area under the curve (AUROC), 

sensitivity, and specificity. The odds ratio (OR) and AUROC 

curve were reported with a 95% confidence interval (CI). It was 

considered statistically significant when the p value was less 

than 0.05. IBM SPSS ver. 23 software  (IBM Corp.) was used for 

statistical analysis.

RESULTS 

One hundred nineteen patients were evaluated and 19 pa-

tients were excluded from the study; four patients had a his-

tory of asthma, three patients died within the first 24 hours 

of admission, 10 patients had pneumonia without carbon 

dioxide retention, and two patients had a recent cerebrovas-

cular accident and were intubated due to hypercapnia (Figure 

1). One hundred patients with COPD (age, 71.6±9.1 years; 59 

male [59%], 41 female [41%]) with acute hypercapnic respi-

ratory failure were included in the study. The smoking rate 

was 64%, at 68±44 pack-years, and the remaining participants 

were exposed to indoor/outdoor air pollution, such as stoves 

for domestic heating, passive smoking exposure, and using 
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tandoor ovens for baking. Rates for long-term oxygen therapy 

and NIMV use at home were 51% and 39%, respectively. The 

causes of acute hypercapnic respiratory failure were bronchitis 

(46%), pneumonia (31%), heart failure (11%), surgery (7%), 

treatment non-compliance (2%), urosepsis (2%), and pulmo-

nary embolism (1%). Fifty-one patients (51%) were admitted to 

the ICU from the wards and 49% from the emergency depart-

ment. The mean GCS value was 11.7±3.9, and median ICU and 

hospital LOS were 6 days (IQR, 4–11 days) and 11 days (IQR, 

7–16 days), respectively. Female patients were older (74.7±7.8 

vs. 69.5±9.4 years, P=0.004), with lower smoking rates (14.6% 

vs. 89.8%, P<0.001) but greater exposure to indoor/outdoor air 

pollution (78% vs. 6.8%, P<0.001) than the men. Other param-

eters were similar between the genders. 

IMV was applied to 43% of the patients for a median of 3 

days (IQR, 1–13 days) and NIMV to 90% for a median of 3 

days (IQR, 2–4). Ten patients (10%) received only IMV during 

their ICU stays, seven of whom died. Two patients underwent 

tracheostomy due to prolonged IMV. ICU, in-hospital, and 

90-day mortality rates were 21%, 29% and 39%, respectively. 

The mean APACHE II score was 23.0±7.2, and the mortality 

predicted by APACHE II was 46.5%±21.8%, higher than the 

actual ICU mortality. APACHE II had an AUROC of 0.866 (95% 

CI, 0.793–0.938; P<0.001) (Figure 2). In the prediction of ICU 

mortality, APACHE II probability of death had a sensitivity of 

86% and a specificity of 79%. The cut-off point for APACHE II 

in predicting mortality was 26. A higher percentage of non-sur-

vivors had APACHE II scores ≥26 than survivors (85.7% vs. 

24.6%, P<0.001). 

Non-survivors exhibited higher rates of pneumonia, IMV, 

shock within the first 24 hours of admission, vasopressor use and 

renal replacement therapy, higher APACHE II scores, but lower 

GCS than survivors (Table 1). Non-survivors also had lower ad-

mission PO2/FiO2 ratios and albumin levels, but higher admis-

sion heart rates than surviving patients (Table 2). Non-survivors 

had higher net fluid balances (10,760 ml [4,378–16,915] vs. 

1,280 ml [–465 to 3,410], P<0.001) and noradrenalin infu-

sion dosages (1.29±0.66 µg/kg/min vs. 0.30±0.25 µg/kg/min, 

P<0.001), longer noradrenalin infusion times (14 days [IQR, 

4–19] vs. 2 days [IQR, 2–5], P=0.026), and extended IMV (8 

days [IQR, 2–20] vs. 2 days [IQR, 1–8], P=0.044) than survivors. 

Mortality rates were higher in the patients admitted to the ICU 

from the wards than in those admitted from the emergency 

department (33.3% vs. 8.2%; P=0.002). Forward logistic regres-

sion analysis identified APACHE II scores (OR, 1.157; 95% CI, 

1.017–1.317; P=0.026), admission PaO2/FiO2 ratio (OR, 0.989; 

95% CI, 0.978–0.999; P=0.046) and vasopressor use during ICU 

stay (OR, 8.827; 95% CI, 1.650–47.215; P=0.011) as significant 

prognostic factors for ICU mortality (Hosmer-Lemeshow: χ2, 

6.205; df, 8; P=0.624). APACHE II scores (OR, 1.099; 95% CI, 

1.021–1.182; P=0.011) and admission albumin levels (OR, 

0.169; 95% CI, 0.056–0.514; P=0.002) emerged solely as inde-

pendent risk factors for 90-day mortality (Hosmer-Lemeshow: 

χ2, 5.994; df, 8; P=0.648) 

Figure 2. Receiver operating characteristic (ROC) analysis curve 
for the determination of intensive care unit mortality for chronic 
obstructive pulmonary disease patients with acute hypercapnic 
respiratory failure. Area under the ROC for Acute Physiology and 
Chronic Health Evaluation (APACHE) II score was 0.866 (95% 
confidence interval, 0.793–0.938; P<0.001) with sensitivity of 86% 
and specificity of 79%.
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Figure 1. Recruitment diagram of chronic obstructive pulmonary 
disease (COPD) patients with acute hypercarbic respiratory failure. 

119 Screened COPD  patients

100 Included COPD patients

19 Exclusion
      4 Asthma history
      3 Death within 24 hours
    10 Pneumonia without CO2 retention
      2 CO2 retention due acute cerebrovascular accident
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Table 1. Characteristics and outcomes of survivors and non-survivorsa)

Parameter Survivor 
(n=79)

Non-survivor 
(n=21) P-value

Age (yr) 70.7±9.1 74.9±8.9 0.071
Male 47 (59.5) 12 (57.1) 0.846
Smoking 48 (60.8) 11 (52.4) 0.488
Active smoking 22 (27.8) 2 (9.5) 0.093
Indoor/outdoor pollutionb) 26 (32.9) 10 (47.6) 0.212
Long-term O2 therapy 40 (50.6) 11 (52.4) 0.887
Home-NIMV use 32 (40.5) 7 (33.3) 0.549
Comorbidity
 Hypertension 50 (63.3) 14 (66.7) 0.776
 Heart failure 42 (53.2) 10 (47.6) 0.651
 Ischemic heart disease 21 (26.6) 6 (28.6) 0.855
 Atrial fibrillation 18 (22.8) 9 (42.9) 0.066
 Diabetes mellitus 22 (27.8) 7 (33.3) 0.622
 CKD (stage 2–5) 14 (17.7) 6 (28.6) 0.269
 Cerebrovascular disease 7 (8.9) 5 (23.8) 0.122
 Tuberculosis 8 (10.1) 2 (9.5) 0.935
 Cancerc) 3 (3.8) 6 (28.6) <0.001
Cause of respiratory failured)

 Acute COPD exacerbation
  Bronchitis 37 (46.8) 9 (42.9) 0.596
  Non-compliance with therapy 2 (2.5) 0 1.000
 Pneumonia 19 (24.1) 12 (57.1) 0.004
 Heart failure 11 (13.9) 0 0.365
 Surgery 7 (8.9) 0 0.340
 Urosepsis 2 (2.5) 0 1.000
 Pulmonary embolism 1 (1.3) 0 1.000
APACHE II score 21.2±6.9 29.5±3.8 <0.001
GCS 12.1±3.8 10.1±3.6 0.010
IMV 25 (31.6) 18 (85.7) <0.001
NIMV 76 (96.2) 14 (66.7) 0.001
Shocke) 13 (16.5) 12 (57.1) <0.001
Renal replacement therapyf) 2 (2.5) 7 (33.3) <0.001
Vasopressorg) 16 (20.3) 18 (85.7) <0.001
ICU stay (day) 6 (4–9) 14 (4–26) 0.006
Hospital stay (day) 10 (7–14) 15 (10–28) 0.044

Values are presented as mean±standard deviation, number (%), or median 
(interquartile range).
NIMV: non-invasive mechanical ventilation; CKD: chronic kidney disease; 
COPD: chronic obstructive pulmonary disease; APACHE: Acute Physiology 
and Chronic Health Evaluation; GCS: Glasgow coma score; IMV: invasive 
mechanical ventilation; ICU: intensive care unit. 
a) The survivors and non-survivors were grouped by intensive care mortality; 
b) Indoor/outdoor pollution included using stoves for domestic heating, 
passive smoking exposure, and using tandoor ovens for baking; c) This 
involved lung (n=5), colon (n=1), tongue (n=1), thyroid (n=1) and renal cell 
(n=1) cancers; d) All patients had acute hypercapnic respiratory failure on 
admission to the ICU; e) Septic shock patients within 24 hours of admission 
were included; f) This comprised all patients receiving renal replacement 
therapy during their ICU stays; g) The parameter included all patients 
receiving vasopressor infusion during their ICU stays.

Table 2. Vital signs and laboratory parameters of survivors and non-
survivors on admission to the intensive care unita)

Parameter Survivor 
(n=79)

Non-survivor 
(n=21) P-value

Systolic blood pressure  
(mm Hg)

129.0±23.4 120.5±24.3 0.151

Diastolic blood pressure  
(mm Hg)

67.8±15.2 61.3±12.6 0.095

Respiratory rate (/min) 23.7±4.9 25.3±4.8 0.162
Heart rate (/min) 97.4±22.6 111.7±25.1 0.027
Creatinine (mg/dl) 1.35±1.20 1.88±1.77 0.106
Albumin (g/dl) 3.4±0.6 2.7±0.5 <0.001
White blood cell (×103/L) 14.4±9.8 15.4±8.8 0.679
Hemoglobin (g/dl) 13.2±9.4 11.3±1.7 0.076
C-reactive protein (mg/dl) 6.2 (1.7–11.1) 10.6 (5.7–17.1) 0.033
Alanine aminotransferase  

(U/L)
15.5 (10.8–24.3) 17.5 (8.6–26.6) 0.246

Aspartate aminotransferase 
(U/L)

21.9 (16.0–36.9) 22.2 (15.7–33.7) 0.321

pH 7.263±0.069 7.246±0.123 0.358
PCO2 (mm Hg) 67.6±17.7 62.3±13.6 0.259
HCO3 (mEq/L) 26.0±5.9 23.8±7.2 0.208
PaO2/FiO2 (mm Hg) 222.3±93.0 163.3±91.3 0.015
Lactate (mmol/L) 1.3 (1.0–2.1) 1.8 (1.1–2.2) 0.198

Values are presented as mean±standard deviation or median (interquartile 
range).
a) The survivors and non-survivors were grouped by intensive care unit 
mortality.

DISCUSSION 

All consecutive patients with COPD admitted to the ICU due to 

acute hypercapnic respiratory failure for mechanical ventila-

tion support were included in this study. ICU, in-hospital, and 

90-day mortality rates were 21%, 29% and 39%, respectively. 

Non-survivors had greater rates of pneumonia, shock within 

the first 24 hours of admission, IMV, vasopressor use and renal 

replacement therapy, received more fluid, stayed longer in the 

ICU and the hospital, and had higher APACHE II scores but 

lower admission albumin and PaO2/FiO2 values than survi-

vors. Logistic regression analysis identified APACHE II scores, 

admission PO2/FiO2 ratio, and vasopressor use as significant 

ICU mortality predictors, and APACHE II scores and admis-

sion albumin levels as significant 90-day mortality predictors. 

Consistent with the previous literature, the leading causes of 

acute hypercapnic respiratory failure in COPD patients in this 

study were acute COPD exacerbation, pneumonia, and heart 

failure. Afessa et al. [6] reported that 58% of patients were di-

agnosed with acute COPD exacerbation, followed, in order of 
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prevalence, by pneumonia (23%) and cardiovascular diseases 

(10%). Pincelli et al. [12] reported that 45.8% of patients had an 

acute COPD exacerbation, 33.3% had pneumonia, and 12.5% 

had cardiovascular events. Ucgun et al.’s prospective study 

[7], including COPD patients, revealed COPD exacerbation 

(49.9%), pneumonia-sepsis (29.2%), and cardiac failure (15.9%) 

as the main three reasons for acute hypercapnic respiratory 

failure. A study of 1016 patients by Connors et al. [5] reported 

that the main reasons for acute respiratory failure in severe 

COPD were infection (51.3%) and heart failure (25.7%), fol-

lowed by arrhythmias (4.8%) and lung cancers (3.3%). Several 

studies excluded COPD patients who had respiratory failure 

due to pneumonia, heart failure, pulmonary embolism, and 

other known conditions [3,8,13,14]. Reported studies with 

such exclusions were likely to have a low mortality rate in the 

ICU because they typically included patients who suffered 

from a reversible, self-limited, and treatment-responsive acute 

respiratory failure induced by an exacerbation of bronchitis. 

The reported mortality rates in these studies were between 6% 

and 14% [3,4,8,13,14]. Studies including patients with pneu-

monia, heart failure, pulmonary embolism, and other known 

causes, together with acute exacerbation of bronchitis, have 

reported high ICU mortality rates, as also seen in the present 

study. ICU mortality rate increased to 25% in these studies 

[7,9,12]. 

The severity of illness measured by APACHE II scores in 

COPD patients with acute respiratory failure has been found 

to be associated with mortality, with non-survivors registering 

higher APACHE II scores than survivors, as also in our cases 

[6,7,13,15]. APACHE II scores have also been reported as an in-

dependent predictor of ICU, in-hospital, and 90-day mortality 

in COPD patients [6,8,13,15]. In addition, Rivera-Fernández et 

al. [9] identified APACHE III as a significant predictor of 6-year 

mortality. Afessa et al. [6] reported that the AUROC for the 

APACHE II-predicted mortality exhibited good performance, 

with a value of 0.748. In the current study, the AUROC for 

APACHE II-predicted mortality was 0.866, with a sensitivity of 

79% and specificity of 84%, and this exhibited very good per-

formance in discriminating survivors from non-survivors. The 

ICU mortality rate in the present study was 21%, lower than 

the APACHE II-predicted mortality rate of 46%. Similarly to the 

present research, several studies have shown that the actual 

mortality rate of critically ill COPD patients with acute respira-

tory failure was lower than the APACHE II-predicted mortality 

rate [6,13,14]. This is most probably due to the components of 

the APACHE II score. This involves scores from three physio-

logical parameters of the respiratory system (breaths per min-

ute, pH, and PaO2). APACHE II also involves scores from the 

previous health status in which the presence of severe COPD 

adds additional five points to the score. Since severe COPD pa-

tients are usually hypoxic or on the borderline of hypoxia with 

hypercapnia in daily life, a deterioration in the clinic can result 

in severe decrements in pH and PaO2, and therefore, APACHE 

II scores are calculated high in these patients. Therefore, the 

exclusion of one of the blood gas parameters (pH or PaO2) 

from APACHE II score in critically ill COPD patients with acute 

respiratory failure could limit the gap between the APACHE 

II-predicted mortality and actual mortality. 

The current study identified admission serum albumin lev-

els as a 90-day mortality predictor. This is compatible with the 

previous literature. Connor et al.’s prospective study [5] identi-

fied serum albumin measured within the first 24 hours of ad-

mission as an in-hospital mortality predictor in severe COPD 

patients with acute exacerbation. Admission albumin levels 

were also described as an ICU mortality predictor in Ai-Ping et 

al.’s retrospective study [13] of critically ill COPD patients with 

acute respiratory failure. Critical illness generally has an acute 

phase response which causes low serum albumin levels, either 

by changing the distribution of albumin between intravascular 

and extravascular compartments or by altering the synthesis 

and degradation of albumin [16]. The serum albumin level is a 

good indicator of the severity of a disease, and hypoalbumin-

emia is generally associated with poorer outcomes in critically 

ill patients [17]. 

The admission PaO2/FiO2 ratio also emerged as an import-

ant ICU mortality predictor in this study. Connors et al. [5] 

identified the PO2/FiO2 ratio as one of the hospital mortality 

predictors in multivariate logistic regression analysis in COPD 

patients with acute exacerbation. Other authors have analyzed 

the effect of PaO2 on mortality, but not that of the PaO2/FiO2 

ratio, and have not observed any relationship between mortal-

ity and PaO2 [4,7,13,14]. The PaO2/FiO2 ratio is a quantitative 

index of the severity of lung disease used in cases with acute 

respiratory distress syndrome and demonstrates problems 

in the pulmonary gas exchange system [18]. Abnormalities 

in gas exchange in diseased lungs may stem from shunting of 

blood through unventilated vessels, non-uniform distribution 

of ventilation or perfusion, or both, throughout the lungs, and 

diffusion abnormality of O2 exchange across the alveoli walls 

[19]. More than one mechanism may be involved in lung dis-

eases, and the lower the PaO2/FiO2 ratio, the more severe the 

lung injury [18]. The initial PaO2/FiO2 ratio is a known mortali-
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ty marker in critically ill patients with acute respiratory distress 

syndrome [20]. 

There are several limitations to this research. First, it consti-

tutes a single-centre study with a short number of cases, and 

our findings may not apply to the general population. Addi-

tionally, potentially important prognostic factors, such as pul-

monary function tests, outpatient medications and daily living 

activities, were not included. Finally, complications associated 

with mechanical ventilation, such as pneumothorax and ven-

tilator-associated pneumonia, which are significant causes of 

morbidity and even mortality, were not investigated. 

In conclusion, the findings of this study showed that in ICU 

admissions for COPD patients with acute hypercapnic respira-

tory failure for any reason, the patients had high disease sever-

ity scores. In addition, nearly half of our patients required IMV, 

and one-fifth died in the ICU. The rates of pneumonia, IMV, 

vasopressor use and renal replacement therapy were higher 

in non-survivors than in the survivors. Additionally, non-sur-

vivors had high APACHE II scores, lengthy ICU and hospital 

stays, and low PaO2/FiO2 ratios and albumin levels. APACHE II 

scores, vasopressor use, and the PaO2/FiO2 ratios emerged as 

predictors for ICU mortality, and also APACHE II scores and 

serum albumin levels appeared as predictors for the 90-day 

mortality. 
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INTRODUCTION 

Coronavirus disease 2019 (COVID-19), which is caused by severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), is a disease that causes severe pneumonia and critical acute 

respiratory failure (ARF) with high mortality [1,2]. COVID-19 has been shown to cause cyto-

kine storm syndrome by elevating proinflammatory cytokine levels and inducing a hyper-

inflammatory state [3]. Corticosteroids are known to alleviate cytokine storm syndrome and 

have been suggested as a treatment option for severe and critical COVID-19 [4]. There are a 

number of various immunologic approaches for treating COVID-19, of which steroids are an 

Background: The guidelines recommend the use of dexamethasone 6 mg or an equivalent dose in 
patients with coronavirus disease 2019 (COVID-19) who require supplemental oxygen. Given that 
the severity of COVID-19 varies, we investigated the effect of a pulse dose of corticosteroids on 
the clinical course of critically ill patients with COVID-19. 
Methods: This single-center, retrospective cohort study was conducted between September and 
December 2021, which was when the Delta variant of the COVID-19 virus was predominant. We 
evaluated the mortality and oxygenation of severe to critical COVID-19 cases between groups that 
received dexamethasone 6 mg for 10 days (control group) and methylprednisolone 250 mg/day for 
3 days (pulse group). 
Results: Among 44 patients, 14 and 30 patients were treated with control steroids and pulse ste-
roids, respectively. There was no difference in disease severity, time from COVID-19 diagnosis to 
steroid administration, or use of remdesivir or antibacterial agents between the two groups. The 
pulse steroid group showed a significant improvement in oxygenation before and after steroid 
treatment (P<0.001) compared with the control steroid group (P=0.196). There was no difference 
in in-hospital mortality (P=0.186); however, the pulse steroid group had a lower mortality rate 
(23.3%) than the control steroid group (42.9%). There was a significant difference in the length of 
hospital stay between both two groups (P=0.039). 
Conclusions: Pulse steroids showed no mortality benefit but were associated with oxygenation 
improvement and shorter hospital stay than control steroids. Hyperglycemia should be carefully 
monitored with pulse steroids. 
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important axis. 

The 2021 Surviving Sepsis Campaign recommended the 

use of corticosteroids, particularly dexamethasone, in critical 

or severe COVID-19 cases [5]. This recommendation is based 

on the results of the Randomised Evaluation of COVID-19 

Therapy (RECOVERY) study [6], wherein the administration of 

dexamethasone 6 mg for 10 days (defined as a control steroid) 

improved 28-day mortality in hospitalized patients diagnosed 

with COVID-19 receiving oxygen or mechanical ventilation. 

As indicated in this guideline, the group that was administered 

dexamethasone 6 mg for 10 days had the highest number of 

cases, and the effect size on 28-day mortality was large, thus 

leading to this conclusion; however, it is not a definite conclu-

sion about the comparative efficacy of other corticosteroids [5]. 

Meanwhile, studies using other corticosteroids, such as hydro-

cortisone [7,8] or methylprednisolone [9], have limited anal-

yses because they were prematurely stopped [10] or showed 

no clear effect owing to the small number of study participants 

[11]. 

A meaningful message from these studies is that the role 

of corticosteroids is important because COVID-19 patho-

physiology involves the overproduction of proinflammatory 

cytokines, which can lead to vascular hyperpermeability and 

often triggers ARF [12]. Therefore, corticosteroids are thought 

to downregulate systemic and pulmonary inflammation, espe-

cially in severe cases [13]. 

Owing to the varying severity of COVID-19 in patients, we 

believe that it is impossible to uniformly use a conventional 

corticosteroid, namely, dexamethasone 6 mg, in severe or crit-

ical COVID-19. Therefore, we aimed to study how higher doses 

of corticosteroids might affect the course of severe or critical 

COVID-19 illness compared with control corticosteroids. 

MATERIALS AND METHODS 

Study Design 
This single-center retrospective cohort study enrolled patients 

with critical or severe COVID-19 hospitalized and treated in 

the intensive care unit (ICU) of a tertiary teaching hospital, 

South Korea. We retrospectively reviewed the medical records 

of patients who were confirmed positive for SARS-CoV-2 by us-

ing reverse transcription polymerase chain reaction (RT-PCR) 

on nasopharyngeal swabs or sputum samples from September 

2021 to December 2021. Currently, the Delta variant of SARS-

CoV-2 is prevalent. 

This study was approved by the Institutional Review Board 

of Daegu Catholic University Medical Center (No. CR-22-060). 

The study was conducted in accordance with the tenets of the 

Declaration of Helsinki, and the requirement for informed 

consent was waived owing to the retrospective design of the 

study. 

Inclusion and Exclusion Criteria 
The inclusion criteria were as follows: (1) age ≥18 years; (2) 

critical or severe COVID-19 illness using the World Health 

Organization (WHO) definition [5]: “critical” includes acute 

respiratory distress syndrome (ARDS) or ARF requiring venti-

lation, sepsis, or septic shock, and “severe” includes the pres-

ence of clinical signs of pneumonia and respiratory rate >30 

breaths/min, severe respiratory distress, or oxygen saturation 

<90% on room air; (3) partial pressure of oxygen in arterial 

blood/ fraction of inspired oxygen ratio (PF ratio) ≤300; (4) 

SARS-CoV-2 infection confirmation using an RT-PCR assay of 

upper or lower respiratory samples; (5) presence of bilateral 

lung infiltration in chest images; (6) admission in the ICU; and 

(7) administration of corticosteroids. 

The exclusion criteria were as follows: (1) patients who re-

fused intubation with a do-not-resuscitate order, (2) patients 

who died within 24 hours of admission, and (3) patients who 

did not use corticosteroids or were unable to use corticoste-

roids (Figure 1).  

Use of Corticosteroids  
In Korea, a sporadic increase in the incidence of COVID-19 

began in September 2021 and then increased rapidly toward 

the end of 2021 [14]. In total, 44 of the 54 patients hospitalized 

for COVID-19 pneumonia met the above criteria and were 

included. If pneumonia was detected on chest radiography 

and computed tomography (CT) and if the PF ratio was ≤300, 

an intravenous daily injection of dexamethasone 6 mg was 

administered for 10 days in accordance with the criteria for 

critical or severe COVID-19 treatment of the WHO defini-

tion while administering oxygen [5]. However, in the case of 

■ A pulse dose of methylprednisolone 250 mg a day for 3 
days may be associated with oxygenation improvement 
and shorter hospital stay in critically ill coronavirus dis-
ease 2019 (COVID-19) patients.

■ Hyperglycemia should be carefully monitored with pulse 
steroid therapy.

KEY MESSAGES
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shock, hydrocortisone 200 mg/day was used in one case, and 

methylprednisolone was used as a 1 mg/kg daily intravenous 

injection in four cases. As the number of patients with the 

Delta variant of SARS-CoV-2 rapidly increased, the incidence 

of severe pneumonia or critical ARF also increased. From No-

vember 2021, methylprednisolone 250 mg was intravenously 

injected daily for 3 days followed by daily tapering until the 

10th day. 

Definition of Terms 
The control steroid group was defined as the group with 10 

days of corticosteroid administration with methylprednisolone 

≤1 mg/kg/day or dexamethasone ≤0.2 mg/kg/day. The pulse 

steroid group was defined as the group administered with 250 

mg/day of methylprednisolone for 3 days followed by daily 

tapering until the 10th day. We checked the steroid starting 

dose by converting it to the methylprednisolone dose [15] and 

then checked the period of use and total accumulation dose. 

The accumulated dose was defined as the sum of the doses 

of intravenous corticosteroids over the entire period of use. 

“Pre-steroid” was defined as the time before corticosteroid 

administration, and “post-steroid” was defined as the 10th day 

after corticosteroid administration. 

We adopted the Berlin definition of ARDS [16] for the hypox-

ia severity groups in the current study: severe ARDS group, PF 

ratio of 100 or less; moderate ARDS group, PF ratio of over 100 

to 200; mild ARDS group, PF ratio of over 200 to 300; and PF 

ratio >300, regardless of positive end-expiratory pressure. The 

length of hospital stay was defined as the interval from the date 

of hospitalization to the date of death or discharge. 

We used the Radiographic Assessment of Lung Edema 

(RALE) score in the chest X-ray evaluation. The RALE score 

evaluates the extent and density of alveolar opacities on chest 

X-ray. The RALE score can be used as a non-invasive monitor-

ing measurement of ARDS severity, response to therapy, and 

extent of pulmonary edema [17]. 

Clinical Management 
Except for the corticosteroid dose, all treatments were per-

formed identically. The patients received antibiotic treatment 

and antiviral agents, such as remdesivir. In the case of pulse 

steroid use, the patients were given pneumocystis pneumonia 

prophylaxis, preventive anticoagulation, and gastrointestinal 

(GI) protection. If necessary, renal replacement therapy, high-

flow nasal cannula oxygen therapy, mechanical ventilation, 

extracorporeal membrane oxygenation, and prone positioning 

were performed. 

The patient was placed in a prone position by using awake 

prone positioning. If the patient cannot tolerate the prone po-

sition, the lateral decubitus position was allowed. The target 

duration of prone positioning was more than 15 hours a day. 

We counted the time of strict prone positioning, and the sum 

of those times was defined as the “prone duration.” 

Data Assessment 
During hospitalization, we investigated the blood tests, vital 

signs, disease severity classification score such as the Acute 

Physiology and Chronic Health Evaluation (APACHE) II score, 

pneumonia severity score such as the CURB-65 (confusion, 

uremia, respiratory rate, BP, age ≥ 65 years) score, comorbidity, 

and chest images. Blood gas analysis was performed to deter-

mine the PF ratio immediately before corticosteroid adminis-

tration and on the 10th day after corticosteroid administration. 

We compared the clinical characteristics, PF ratio, laboratory 

results, length of hospital stay, and mortality between the 

control and pulse steroid groups. Our primary outcome was 

mortality, and the secondary outcomes were the length of hos-

pital stay, oxygen status such as PF ratio, and steroid-related 

complications. 

Statistical Analyses 
The results are presented as absolute values and percentages. 

Continuous variables were not normally distributed; there-

fore, medians and interquartile ranges were presented. The 

Figure 1. Flowchart of critical or severe COVID-19 cases with control 
and pulse steroid groups. COVID-19: coronavirus disease 2019; ICU: 
intensive care unit; ARDS: acute respiratory distress syndrome.

52 Admission due to COVID-19 in ICU 
from September to December 2021

8 Exclusion
1 Do not resuscitate
2 Do not use steroid
5 No ARDS

44 Steroid use due to COVID-19 ARDS

14 Control steroid group 30 Pulse steroid group
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Mann-Whitney U-test and Pearson’s chi-square test were used 

to compare the continuous and categorical data between both 

groups. To identify the risk factors affecting the pulse steroid 

group, univariate and multivariable logistic regression models 

were expressed as odds ratios and 95% confidence intervals. 

Statistical significance was set at P<0.05. Statistical analyses 

were performed using IBM SPSS ver. 25.0 (IBM Corp.).

RESULTS 

Baseline and Steroid-Related Characteristics between 
the Control and Pulse Steroid Groups 
Among the 44 patients, 14 and 30 were treated with control ste-

roids and pulse steroids, respectively. There were no differenc-

es in age, CURB-65 score, and APACHE II score between the 

two groups. There was a significant difference between sex and 

malignancy as an underlying disease (P=0.005 and P=0.034, 

respectively). Furthermore, there was no difference between 

the two groups in the time interval from the onset of dyspnea 

to hospitalization or in the time interval from the diagnosis of 

COVID-19 to steroid administration. 

There was a difference in the type of steroid used between 

the two groups. The control steroid group used dexameth-

asone the most (8 cases, 57.1%), whereas the pulse steroid 

group used methylprednisolone the most (29 cases, 96.7%) 

(P<0.001). When the starting dose of steroids was converted 

into methylprednisolone, the control steroid group had a me-

dian dose of 32 mg, and the pulse steroid group had a median 

dose of 250 mg (P<0.001). The total duration of corticosteroid 

use was 10 days in the control steroid group and 9 days in 

the pulse steroid group, with no difference between the two 

groups. Chest X-ray showed improvement of the RALE score 

in both groups without statistical difference. Chest CT was 

performed in 13 patients in the control steroid group and 19 

patients in the pulse steroid group. All of them had bilateral 

pulmonary infiltrates. (Table 1). 

ARDS Severity and Laboratory Findings between the 
Control and Pulse Steroid Groups 
There was no statistical difference in ARDS severity between 

the two groups before steroid use, but severe ARDS (PF ratio 

≤100) was more common in the pulse steroid group. In ad-

dition, after steroid use, there was no statistically significant 

difference in the ARDS severity group between the two groups. 

However, the control steroid group had a moderate ARDS (100< 

PF ratio ≤ 200) of 50%, whereas the pulse steroid group had a 

mild ARDS (200< PF ratio ≤300) of 50%. 

Vital signs; PF ratio before steroid administration; and labo-

ratory data, including glucose, were not different between the 

two groups. On the 10th day after steroid administration, the 

C-reactive protein (CRP), total bilirubin, potassium, and glu-

cose levels were significantly different between the two groups. 

CRP and glucose levels were significantly higher in the pulse 

steroid group than in the control steroid group (P=0.021 and 

P=0.003, respectively), and total bilirubin and potassium levels 

were significantly lower in the pulse steroid group than in the 

control steroid group (P=0.003 and P=0.022, respectively) (Ta-

ble 2).  

Changes in ARDS Severity According to the Control and 
Pulse Steroid Groups 
When comparing the ARDS groups before and after steroid 

treatment in the control steroid group, the severe ARDS group 

decreased from 35.7% to 14.3%, and the moderate ARDS group 

decreased from 57.1% to 50.0%; the oxygenation improve-

ment with a PF ratio >300 was 21.4%. However, this difference 

was not statistically significant (P=0.196). In the pulse steroid 

group, the severe ARDS group decreased from 50% to 10%, the 

moderate ARDS group decreased from 43.3% to 23.3%, and 

the oxygenation improvement with a PF ratio >300 was 16.7%, 

which was statistically significant (P<0.001) (Figure 2). 

Although there was no statistical significance, the pulse ste-

roid group had more improvement in the RALE score than the 

control group. Figure 3 shows the chest X-ray improvement 

in three cases between pre- and post-steroid treatment in the 

pulse steroid group. 

Treatment and Prognosis between the Control and Pulse 
Steroid Groups 
All patients were treated with antibiotics and remdesivir, but 

there was a difference in the use of interleukin-6 receptor an-

tagonist, tocilizumab, and baricitinib between the two groups. 

Tocilizumab and baricitinib were initially not recommended 

in the guideline [4] and were not used in some cases because 

they were not prepared at that time. There was no difference in 

mechanical ventilation in 28.6% and 20.0% of the two groups, 

and the median ventilator duration was 18 days in the control 

steroid group compared with 8 days in the pulse steroid group. 

There was no statistically significant difference; however, the 

duration of mechanical ventilation in the control steroid group 

was longer than that in the pulse steroid group (P=0.063). 

There was no difference in in-hospital mortality or 28-day 



61https://www.accjournal.orgAcute and Critical Care 2023 February 38(1):57-67

Choi KJ, et al. Methylprednisolone pulse therapy for COVID-19

mortality between the two groups (P=0.186 and P=0.390, re-

spectively), but the pulse steroid group had a lower mortality 

rate (23.3%) than the control steroid group (42.9%). Survival 

trend was better in the moderate and mild ARDS groups 

(P=0.088) than in the severe ARDS group (P=0.933). There was 

a significant difference in the length of hospital stay between 

the two groups. Therefore, it was confirmed that the hospital 

stay of the control steroid group was 14 days longer than that 

of the pulse steroid group at 11 days (P=0.039). There was one 

case of Candida infection in the blood and two cases of uncon-

trolled hyperglycemia in the pulse steroid group. There was 

one case of GI bleeding in the control steroid group. There was 

no significant difference between the two groups (P=0.295) 

(Table 3). Regardless of steroid use, the prone position group 

had a survival rate of 82.1%, which was significantly better 

than the 50.0% survival rate of the non-prone position group 

(P=0.025, data not shown). 

Table 1. Baseline demographic, clinical and steroid-related characteristics of critical or severe COVID-19 cases with control and pulse steroid groups
Variable Control steroid (n=14) Pulse steroid (n=30) Total (n=44) P-value
Age (yr) 72 (64–76) 70 (65–76) 71 (64–81) 0.860
Male:female 12:2 12:18 24:20 0.005d)

CURB-65 scorea) 1 (1–2) 2 (1–3) 1 (1–2) 0.305
APACHE II score 10 (9–14) 12 (9–15) 11 (9–15) 0.383
Day from symptom onset to hospitalization 4 (1–8) 6 (3–7) 6 (3–8) 0.541
Day from dyspnea onset to hospitalization 1 (1–2) 1 (1–3) 1 (1–3) 0.313
Day from diagnosis to steroid administration 1 (0–4) 1 (0–3) 1 (0–4) 0.843
Day from hospitalization to steroid administration 1 (0–4) 1 (0–3) 1 (0–4) 0.843
Type of corticosteroids <0.001d)

Methylprednisolone 5 (35.7) 29 (96.7) 34 (77.3)
Dexamethasone 8 (57.1) 1 (3.3) 9 (20.5)
Hydrocortisone 1 (7.1) 0 1 (2.3)

Starting doseb) (mg) 32 (32–62) 250 (250–272) 250 (91–267) <0.001e)

Accumulation doseb) (mg) 465 (352–620) 1,462 (1,313–1,745) 1,313 (680–1,635) <0.001e)

Duration of steroid administration (day) 10 (10–10) 9 (7–11) 10 (8–11) 0.076
Underlying disease 

Hypertension 7 (50.0) 19 (63.3) 26 (59.1) 0.402
Diabetes mellitus 3 (21.4) 8 (26.7) 11 (25.0) 0.709
Cerebrovascular disease 4 (28.6) 5 (16.7) 9 (20.5) 0.362
Chronic lung disease 2 (14.3) 5 (16.7) 7 (15.9) 0.841
Cardiovascular disease 1 (7.1) 3 (10.0) 4 (9.1) 0.759
Chronic liver disease 2 (14.3) 1 (3.3) 3 (6.8) 0.179
Malignancy 2 (14.3) 0 2 (4.5) 0.034d)

Immune suppressionc) 1 (7.1) 1 (3.3) 2 (4.5) 0.572
Dementia 0 1 (3.3) 1 (2.3) 0.490
Connective tissue disease 0 1 (3.3) 1 (2.3) 0.490
Chronic kidney disease 0 1 (3.3) 1 (2.3) 0.490

Confusion at hospitalization 4 (28.6) 9 (30.0) 13 (29.5) 0.923
Chest X-ray
 Pre-steroid RALE score 14 (11–19) 16 (13–20) 15 (12–20) 0.117
 Post-steroid RALE score 10 (5–12) 8 (7–11) 9 (7–12) 0.919

Values are presented as median (interquartile range) or number (%).
COVID-19: coronavirus disease 2019; APACHE: Acute Physiology and Chronic Health Evaluation; RALE: Radiographic Assessment of Lung Edema.
a) The scores was measured using factors below; confusion of new onset, blood urea nitrogen level greater than 19 mg/dl, respiratory rate of 30/min or greater, 
systolic blood pressure less than 90 mm Hg or diastolic blood pressure 60 mm Hg or less, age 65 or older; b) Converted to methylprednisolone dose; c) One case 
was receiving chemotherapy due to malignancy, and one case was receiving tocilizumab for rheumatoid arthritis; d) Chi-square test for comparisons between 
the control and pulse steroid groups; e) Mann-Whitney U-test for comparisons between the control and pulse steroid groups.
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Table 2. ARDS severity and laboratory findings of critical or severe COVID-19 cases with control and pulse steroid groups
Variable Control steroid (n=14) Pulse steroid (n=30) Total (n=44) P-value
Pre-steroid ARDS severitya) 0.666
 Severe 5 (35.7) 15 (50.0) 20 (45.5)
 Moderate 8 (57.1) 13 (43.3) 21 (47.7)
 Mild 1 (7.1) 2 (6.7) 3 (6.8)
Post-steroid ARDS severitya) 0.135
 Severe 2 (14.3) 3 (10.0) 5 (11.4)
 Moderate 7 (50.0) 7 (23.3) 14 (31.8)
 Mild 2 (14.3) 15 (50.0) 17 (38.6)
 PF ratio >300 3 (21.4) 5 (16.7) 8 (18.2)
Pre-steroid PF ratio 130 (87–150) 103 (71–130) 112 (74–140) 0.166
Post-steroid PF ratio 184 (144–277) 219 (181–253) 214 (156–257) 0.496
Pre-steroid lab
 Leukocyte (×103/ul) 9.0 (8.1–11.4) 9.3 (5.8–12.3) 9.2 (5.9–12.3) 0.920
 Neutrophil (%) 85 (78–92) 86 (77–93) 85 (77–93) 0.830
 Lymphocyte (%) 7 (4–11) 8 (3–14) 8 (4–14) 0.632
 Hematocrit (%) 38 (35–44) 38 (35–39) 38 (35–39) 0.427
 Platelet (×103/ul) 158 (118–224) 192 (154–219) 175 (140–223) 0.231
 CRP (mg/l) 105 (44–139) 95 (49–155) 95 (45–145) 0.980
 Procalcitonin (ng/ml) 0.34 (0.10–0.46) 0.14 (0.08–0.50) 0.17 (0.08–0.49) 0.313
 Lactate (mmol/L) 1.9 (1.5–2.2) 1.7 (1.3–2.2) 1.8 (1.3–2.2) 0.631
 BUN (mg/dl) 17 (13–23) 19 (15–25) 19 (14–25) 0.715
 Total bilirubin (mg/dl) 0.6 (0.4–0.8) 0.5 (0.3–0.8) 0.5 (0.3–0.8) 0.315
 Potassium (mmol/L) 4.1 (3.6–4.8) 4.1 (3.8–4.3) 4.1 (3.7–4.4) 0.920
 Glucose (mg/dl) 137 (114–210) 153 (131–184) 153 (124–201) 0.900
Post-steroid lab
 Leukocyte (103/ul) 8.8 (5.6–15.5) 8.1 (6.9–10.2) 8.7 (6.4–12.0) 0.579
 Neutrophil (%) 82 (74–89) 87 (82–90) 86 (79–90) 0.252
 Lymphocyte (%) 10 (3–15) 7 (4–12) 7 (4–13) 0.435
 Hematocrit (%) 39 (30–42) 36 (34–39) 36 (34–39) 0.650
 Platelet (×103/ul) 207 (117–263) 233 (166–304) 217 (159–282) 0.445
 CRP (mg/l) 4 (1–28) 16 (6–36) 12 (4–33) 0.021b)

 Procalcitonin (ng/ml) 0.06 (0.02–0.16) 0.05 (0.03–0.16) 0.05 (0.02–0.16) 0.607
 Lactate (mmol/L) 1.6 (1.2–2.4) 2.2 (1.8–2.6) 2.1 (1.5–2.5) 0.056
 BUN (mg/dl) 28 (21–29) 34 (21–35) 26 (21–35) 0.910
 Total bilirubin (mg/dl) 0.8 (0.7–1.0) 0.6 (0.4–0.7) 0.7 (0.5–0.9) 0.003b)

 Potassium (mmol/L) 4.1 (3.5–4.7) 3.7 (3.3–3.9) 3.7 (3.4–4.2) 0.022b)

 Glucose (mg/dl) 136 (106–216) 247 (197–302) 220 (139–299) 0.003b)

Values are presented as number (%) or median (interquartile range).
COVID-19: coronavirus disease 2019; ARDS: acute respiratory distress syndrome; PF ratio: partial pressure of oxygen in arterial blood/fraction of inspired oxygen; 
CRP: C-reactive protein; BUN: blood urea nitrogen.
a) ARDS severity was adopted from Berlin definition [15]: severe, defined as PF ratio ≤100; moderate, defined as 100< PF ratio ≤200; and mild, defined as 200< 
PF ratio ≤300; b) Mann-Whitney U-test for comparisons between the control and pulse steroid groups.

DISCUSSION 

The pulse steroid group did not show a statistically significant 

improvement in 28-day mortality or in-hospital mortality com-

pared with the control steroid group, but in-hospital mortality 

was lower in the pulse steroid group than in the control steroid 

group. According to the current COVID-19 guidelines, systemic 

corticosteroids should be considered for adults with critical or 
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Figure 2. Changes in the acute respiratory distress syndrome (ARDS) severity of the control and pulse steroid groups, which include patients with
critical or severe coronavirus disease 2019 (COVID-19) cases. ARDS severity was adopted from the Berlin definition [16]: severe, PF ratio ≤100; 
moderate, 100< PF ratio ≤200; mild, 200< PF ratio ≤300. PF ratio, partial pressure of oxygen in arterial blood/fraction of inspired oxygen ratio.

Figure 3. Changes in chest X-ray between pre- and post-steroid treatment in the pulse steroid group. (A-C) These examples were three cases of 
chest X-ray improvement after pulse steroid administration.
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Table 3. Treatment and prognosis in critical or severe COVID-19 cases with control and pulse steroid groups
Variable Control steroid (n=14) Pulse steroid (n=30) Total (n=44) P-value
High flow nasal cannula oxygen 14 (100) 29 (96.7) 43 (97.7) 0.490
Mechanical ventilation 4 (28.6) 6 (20.0) 10 (22.7) 0.527
 Duration of mechanical ventilation (day) 18 (11–33) 8 (4–10) 10 (6–8) 0.063
Other treatmenta) 1 (7.1) 3 (10.0) 4 (9.1) 0.759
Prone positionb) 7 (50.0) 21 (70.0) 28 (63.6) 0.199
In-hospital mortality 6 (42.9) 7 (23.3) 31 (70.5) 0.186
In-hospital mortality among moderate and mild ARDS groups 4 (44.4) 2 (13.3) 6 (25.0) 0.088
In-hospital mortality among severe ARDS group 2 (40.0) 5 (33.3) 7 (35.0) 0.933
28-Day mortality 5 (35.7) 7 (23.3) 32 (72.7) 0.390
Cause of death 0.255
 Respiratory failure 4 (28.6) 5 (16.7) 9 (20.5)
 Hepatic failure 2 (14.3) 0 2 (4.5)
 Arrhythmia 0 1 (3.3) 1 (2.3)
 Renal failure 0 1 (3.3) 1 (2.3)
Length of hospital stay (day) 14 (12–24) 11 (9–16) 11 (8–17) 0.039d)

Complication after steroid use 1 (7.1) 3 (9.9) 4 (9.0) 0.295
 Uncontrolled hyperglycemia 0 2 (6.7) 2 (4.8)
 Othersc) 1 (7.1) 1 (3.3) 2 (4.8)

Values are presented as number (%) or median (interquartile range).
COVID-19: coronavirus disease 2019; ARDS: acute respiratory distress syndrome.
a) Other treatment includes renal replacement therapy or extracorporeal membrane oxygenation; b) Awake prone positioning; c) One gastrointestinal bleeding 
case in control steroid group and 1 candidemia case in pulse steroid group; d) Mann-Whitney U-test for comparisons between the control and pulse steroid 
groups.

severe COVID-19, thus indicating that dexamethasone should 

be used rather than other corticosteroids. If dexamethasone is 

not available, it is recommended to use other corticosteroids 

that are equivalent to dexamethasone 6 mg daily for 10 days 

[5]. This recommendation is based on the RECOVERY study 

[6], and most meaningful studies known to date and other me-

ta-analyses [11,18,19] support this suggestion. This conclusion 

was reached because the RECOVERY study had a large effect 

size. However, some articles [20-22] have discussed the bene-

fits of a higher corticosteroid dose. There was no difference in 

the 28-day all-cause mortality compared to the usual care or 

control steroid group [11], but a trend toward improvements, 

such as ventilator-free days [21] and more days alive without 

life support [22], was observed. One retrospective cohort 

study [23] reported that there was a mortality benefit in the 

group using a moderate-to-high-dose corticosteroid (any dose 

higher than the low-dose steroid definition below) compared 

with the group using a low-dose steroid (methylprednisolone 

<1 mg/kg/day) in patients with critical COVID-19. In a severe 

COVID-19 pneumonia clinical trial [24], the clinical improve-

ment and survival of patients treated with methylprednisolone 

250 mg per day for 3 days were significantly higher than those 

in the standard care group when steroids were used at the 

beginning of the early pulmonary phase of illness. This study 

used the steroid dose most similar to that used in the current 

study, except that the inclusion criteria were COVID-19 pa-

tients with hypoxia excluding ARDS. These above studies used 

various doses and types of corticosteroids under various clini-

cal conditions. Therefore, although the current guidelines rec-

ommend the use of conventional corticosteroids, it is difficult 

to uniformly apply dexamethasone 6 mg to various COVID-19 

severities because of the variety in steroid type, dosage, and 

administration duration in different studies [11,25]. 

The meta-analysis by Sterne et al. [11], which was our most 

referenced study, did not include all data because some stud-

ies [7,8,21] were prematurely stopped. Therefore, comparative 

studies using higher corticosteroids and flexible corticosteroid 

applications are considered necessary in the future [10]. One 

study [23] found that using steroids in critical COVID-19 cases 

was not effective in women who are at a lower risk of death or 

in those with greater risk or severity, such as cancer, diabetes, 

and APACHE II >14; therefore, patient characteristics should 

be assessed before prescribing corticosteroids. Determining 

which patients to use corticosteroids selectively will remain a 
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challenge in the future. 

In this study, in the moderate and mild ARDS groups, the 

pulse steroid group appeared to have lower in-hospital mortal-

ity than the control steroid group (Table 3). Pulse steroid ther-

apy seemed to have a positive effect on the hyperinflammatory 

state due to COVID-19. However, in the severe ARDS group, 

there was no difference in mortality according to the steroid 

dose. COVID-19 related severe ARDS has a high mortality rate 

from diffuse alveolar damage alone and is a severe hyperin-

flammatory state with systemic inflammation [12,26]. Given 

this condition, improving mortality seems to be difficult by 

using different steroid doses only. Therefore, in Edalatifard et 

al. [24], the pulse dosing of steroids was used in patients with 

COVID-19 pneumonia without ARDS. 

The most significant point in our study is that improvement 

in oxygenation appears to be evident in patients with critical 

or severe COVID-19 (Figure 2). Evidence that corticosteroid 

use improves hypoxia in non-COVID-19 ARDS has been con-

sistently reported [25,27-30]. In COVID-19 infection, hypoxia 

is already known as an important sign of poor outcome [31]. 

However, in COVID-19, many corticosteroid studies have fo-

cused on mortality, but only a few studies have reported on 

hypoxia improvement. A retrospective study [32] reported a 

significant improvement in oxygenation in severe COVID-19 

ARDS by using high-dose dexamethasone (20 mg daily for 5 

days followed by 10 mg for 5 days). Although this is another 

case report, hypoxia improvement and survival were shown 

in a case using immunosuppressive therapy and steroid half-

pulse therapy (methylprednisolone 500 mg for 3 days) in se-

vere COVID-19 pneumonia, especially in the Delta variant of 

SARS-CoV-2 [33]. This is a very severe case of COVID-19 pneu-

monia, thus suggesting that the selective use of pulse steroids 

in COVID-19 pneumonia, which is thought to be a hyperin-

flammatory state with severe hypoxia, may affect a patient’s 

hypoxia correction and survival. 

In our study, the length of hospital stay was significantly 

shorter in the pulse steroid group than in the control steroid 

group. Although the duration of mechanical ventilation was 

not statistically significant, it was shorter in the pulse steroid 

group (Table 3). Similar results were found in non-COVID-19 

ARDS [28,29,34] and severe COVID-19 cases [23,35], thus sug-

gesting the possibility that steroids may be helpful in disease 

recovery. For early steroid use (i.e., receiving a steroid dose 

within the first 48 hours after ICU admission) in the severe 

COVID-19 study, moderate-to-high steroid doses (any dose 

higher than low dose) were associated with improved length 

of ICU stay compared with a low dose of methylprednisolone 

(<1 mg/kg/day) [23]. The current study may also have shown a 

decrease in the length of hospital stay because corticosteroids 

were administered early on the first day (median) after hospi-

talization. 

In our study, the CRP and glucose levels were significantly 

higher in the pulse steroid group than in the control steroid 

group. In the Jeronimo study [9], glucose elevation was higher 

with methylprednisolone use (methylprednisolone 0.5 mg/kg 

bid) than with placebo, and the systemic inflammatory status, 

such as CRP, was more evident; these findings were similar to 

those of the current study. When a high steroid dose is used, 

caution is required during infection and hyperglycemia.  

In conclusion, pulse steroids did not significantly improve 

mortality compared with control steroids in critical or severe 

COVID-19 cases. However, the pulse steroid group showed 

significant improvement in oxygenation and a shorter length 

of hospital stay than the control steroid group. The glucose lev-

els were higher in the pulse steroid group than in the control 

steroid group. 

This study had several limitations. First, this was a single-cen-

ter retrospective study, and there are limitations to this observa-

tional study. Second, the sample size was small. Third, the fact 

that the steroid types used in the control steroid group and the 

pulse steroid group was different can be a problem. It is difficult 

to exclude the possibility that the minimal mineralocorticoid 

effect of methylprednisolone has a negative effect on severe 

pneumonia because of the difference in steroid types between 

the control and pulse steroid groups. Fourth, in our study, the 

prone position was implemented when necessary, and interfer-

ence with the prone position was possible. Finally, the timing of 

corticosteroid administration has not been studied. 
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INTRODUCTION 

Despite advances in the quality of health care, deaths can occur after a patient has sur-

vived treatment for a serious illness in an intensive care unit (ICU). Post-ICU mortality 

rates described in the literature can range from 5% to 27% [1-5]. Mortality rates after leav-

ing the ICU can be considered indicators of health care quality. Several factors have been 

Background: Deaths can occur after a patient has survived treatment for a serious illness in an in-
tensive care unit (ICU). Mortality rates after leaving the ICU can be considered indicators of health 
care quality. This study aims to describe risk factors and mortality of surviving patients discharged 
from an ICU in a university hospital. 
Methods: Retrospective cohort study carried out from January 2017 to December 2018. Data on 
age, sex, length of hospital stay, diagnosis on admission to the ICU, hospital discharge outcome, 
presence of infection, and Simplified Acute Physiology Score (SAPS) III prognostic score were col-
lected. Infected patients were considered as those being treated for an infection on discharge from 
the ICU. Patients were divided into survivors and non-survivors on leaving the hospital. The associ-
ation between the studied variables was performed using the logistic regression model. 
Results: A total of 1,025 patients who survived hospitalization in the ICU were analyzed, of which 
212 (20.7%) died after leaving the ICU. When separating the groups of survivors and non-survivors 
according to hospital outcome, the median age was higher among non-survivors. Longer hospital 
stays and higher SAPS III values were observed among non-survivors. In the logistic regression, the 
variables age, length of hospital stay, SAPS III, presence of infection, and readmission to the ICU 
were associated with hospital mortality. 
Conclusions: Infection on ICU discharge, ICU readmission, age, length of hospital stay, and SAPS III 
increased risk of death in ICU survivors. 
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described associated with death in the short-term after ICU 

discharge. Most of these risk factors are associated with age, 

disease severity, and length of stay in the ICU, in addition 

to infections and the need for unplanned readmissions [6-

8]. Health care-associated infections (HAIs) are worrisome 

complications during an intensive care stay and may be 

associated with increased mortality in ICU survivors [7,9]. 

Another risk factor that is associated with mortality after an 

intensive care stay is readmission to the ICU, which can in-

crease intra-hospital mortality by ten times [8]. It is estimated 

that for every 100 patients discharged from the ICU, 4 to 6 

will be readmitted to this sector, noting that between 3 and 

7 of these patients will die before hospital discharge, thus 

demonstrating the high risk in this transition of care [10]. It 

is estimated that the hospital mortality rate for patients who 

require readmission to the ICU is 34.3% [9]. 

Decisions to discharge patients from the ICU should take 

into consideration possible risk factors for hospital mortal-

ity present at that moment, to allow safer transition of care. 

Prognostic scores are widely used, and these tools can con-

tribute as an indicator of the performance of care provided 

by the units and hospitals through severity-adjusted mortali-

ty rates. A prognostic score that is widely used and with good 

performance is the Simplified Acute Physiology Score (SAPS)  

III, which corresponds to the clinical analysis of the patient 

on admission, and is scored according to demographic, clin-

ical, and physiological variables [11,12]. The current study 

aims to describe the hospital mortality rate and assess risk 

factors for death in surviving patients discharged from an 

ICU at a university hospital. 

MATERIALS AND METHODS 

Research Ethics 
This study was performed according to the Helsinki Decla-

ration and approved by the local Research Ethics Committee 

(CAAE 85685418.7.0000.5231; Opinion 2,568,527) of the 

institution where the experiment was performed. Written in-

formed consent was waived. 

A retrospective cohort study, carried out with adult sur-

viving patients admitted to a mixed clinical-surgical ICU of 

a University Hospital from January 2017 to December 2018. 

When a patient was readmitted, only the discharge from the 

ICU on the first admission was used for data collection and 

the patient was followed up until the hospital outcome. Pa-

tients under 18 years of age or those with incomplete medical 

records were excluded. This is a 20 bed ICU that provides 

care for adult patients in a University Hospital with 300 beds. 

The ICU's occupancy rate was above 95% for entire the study 

period. All patients who leave the ICU are transferred to the 

same level of care in the hospital wards. There is no interme-

diate care facility in the institution. There is a 24-hour rapid 

response team on duty lead by an intensivist. 

Information was collected on age, sex, length of hospital 

stay, diagnosis in patients with ICU survivor, readmission to 

the ICU, hospital discharge outcome, presence of infection, 

microorganisms isolated, and the SAPS III in patients with 

ICU survivor. The main outcome of the study was death or 

discharge from the hospital. 

An infected patient was defined as those who were being 

treated with antimicrobials agents for an infection diagnosis 

on discharge from the ICU. Treatment for infections were 

revised by an infectologist according to the stewardship pro-

gram to ensure adequate treatment. Infected patients were 

divided according to the identification of the etiological agent 

into unidentified microorganisms, sensitive microorganisms, 

multidrug-resistant microorganisms (MDR), extensively 

drug-resistant (XDR), and pandrug-resistant microorganisms 

(PDR). The definitions of antimicrobial resistance followed 

the recommendations of the task force of the European 

Centre for Diseases Prevention and Control and Centers for 

Disease Control and Prevention, as follows: MDR was de-

fined as acquired non-susceptibility to at least one agent in 

three or more antimicrobial categories, XDR was defined as 

non-susceptibility to at least one agent in all but two or fewer 

antimicrobial categories (i.e. bacterial isolates remain sus-

ceptible to only one or two categories) and PDR was defined 

as non-susceptibility to all agents in all antimicrobial catego-

ries [13]. Readmission to the ICU was considered if there was 

a new unscheduled admission after discharge from the ICU 

in the same hospital stay. 

Statistical Analysis 
After applying the Shapiro-Wilk test, continuous variables 

■ Infection diagnosis on intensive care unit discharge in-
creases risk of hospital mortality.

■ Intensive care readmission is a risk factor for hospital 
death in critical ill survivors from intensive care unit.

KEY MESSAGES
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were summarized as median and interquartile range (IQR) 

for not assuming normality. Categorical variables are report-

ed as absolute and relative frequencies and their 95% con-

fidence intervals (CIs), expressed in tables and figures. For 

comparisons of groups, the Mann-Whitney test or chi-square 

test was used. The association between the studied variables 

was performed by the logistic regression model and present-

ed as odds ratio (OR) and 95% CI. Additionally, Kaplan-Meier 

analysis was performed to estimate the probability of surviv-

al after ICU discharge at various time intervals. Significant 

differences were established by P<0.05. IBM ver. 21 software 

(IBM Corp.) was used for analysis. 

RESULTS 

During the study period, 1,596 patients were admitted to the 

ICU and of these, 537 patients died in this unit. Of the 1,059 

surviving ICU patients, 33 were excluded for incomplete data 

and 1 for being under 18 years of age (Figure 1). Data were 

collected from 1,025 medical records. The median age was 62 

years (IQR, 46.0–73.5 years), with a predominance of males, 

573 (55.9%). The length of hospital stay of these patients had 

a median of 17 days (IQR, 8–30 days) and the SAPS III severi-

ty score presented a median of 47 (IQR, 35.0–62.5). 

Of the total number of patients studied, 314 (30.6%) had 

some type of infection at ICU discharge, 92 (9%) were read-

mitted to the unit, and 212 (20.7%) died. Considering the 

patients who developed some type of infection, in 103 (32.8%) 

it was not possible to identify the microorganism, 78 (24.8%) 

were sensitive microorganisms, 81 (25.8%) were XDR, 50 (15, 

9%) MDR, and 2 (0.6%) PDR. The most frequently found in-

fectious foci were pulmonary, with 253 cases (77%), followed 

by the urinary tract with 63 (18.1%) and the surgical site with 

24 (6.4%). 

There were 588 (57.4%) unplanned ICU admissions and 

437 (42.6%) planned admissions in the study period. The 

most frequent admission diagnoses were 153 lower limb os-

teosynthesis (14.9%), 128 digestive tract surgeries (12.5%), 84 

intracranial hemorrhages (8.20%), 81 sepsis (7.9%), 52 neuro-

surgeries (5.1%), 44 peripheral vascular surgeries (4.3%) and 

44 head traumas (4.3%). 

When assessing vital status at hospital discharge, the me-

dian age of non-survivors (67.5 years) was higher compared 

to survivors (60 years, P<0.001). There was no association 

between sex and hospital mortality (P=0.103). The length of 

hospital stay and the SAPS III were higher among non-survi-

vors (P<0.001). The presence of infection and readmission to 

the ICU were associated with hospital death (P<0.001). When 

analyzing the 212 cases of death, 117 (55.2%) occurred in 

infected patients; 28 (13.2%) by sensitive microorganisms, 30 

(14.2%) by unidentified microorganisms, and 59 (27.8%) by 

resistant microorganisms (Table 1). 

In the logistic regression, the vital status on hospital dis-

charge was considered as the dependent variable, and age, 

length of hospital stay, SAPS III, presence of infection, read-

mission to the ICU, and microorganisms were considered 

as covariates. The variables that remained in the regression 

model were age (OR, 1.029; 95% CI, 1.01–1.04; P<0.001), 

length of hospital stay (OR, 1.011; 95% CI, 1.003–1.019; 

P=0.004), SAPS III (OR, 1.042; 95% CI, 1.031–1.054; P<0.001), 

presence of infection (OR, 1.251; 95% CI, 1.081–1.447; 

P=0.003), and readmission to the ICU (OR, 11.659; 95% CI, 

6.522–20.842; P<0.001) (Table 2). Kaplan-Meier analysis 

shows a median 49,000 days (95% CI, 42.987–55.013 days) af-

ter ICU discharge and 200 death events in 90 days (Figure 2).  

DISCUSSION 

The present study describes factors associated with hospi-

tal mortality in ICU survivors. The presence of infection on 

discharge from the ICU and readmissions demonstrated the 

greatest weight for the risk of death for these patients. These 

results can support decisions on optimizing HAI prevention 

and treatment, in addition to the allocation of resources and 

the prioritization of patients at a higher risk for intermediate 

care units after leaving the ICU [14,15]. Figure 1. Flowchart of patients.

1,596 Patients admitted to
intensive care unit

537 Died 1,059 Survived

212 Died 813 Survived

Exclusion
33 Incomplete data
  1 <18 years of age
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Table 1. Univariate analysis to describe of intensive care unit survivors according to hospital outcome
Variable Survivor (n=813) Non-survivor (n=212) P-value
Age (yr) 60 (44–72.5) 67.5 (53–77) <0.001a)

Male 444 (54.6) 129 (60.8) 0.103b)

ICU length of stay (day) 2 (1.5–6) 9 (3–15) <0.001a)

Hospital length of stay (day) 14 (7–24) 32 (20–45.7) <0.001a)

SAPS III 44 (34–58) 61 (50.2–75) <0.001a)

Reason for admission <0.001b)

 Clinical 151 (18.5) 80 (37.7)
 Elective PO 394 (48.5) 43 (20.3)
 Emergency PO 138 (16.9) 51 (24.1)
 Trauma 130 (30.9) 38 (17.9)
BMI (kg/m2) 25.7 (23.4–28.1) 25.1 (23.0–27.9) 0.524a)

Comorbidity -
 Hypertension 346 (42.6) 95 (44.8)
 Cancer 65 (8.0) 20 (9.4)
 Cirrhosis 6 (0.7) 4 (1.9)
 Congestive heart failure 51 (6.3) 19 (8.9)
 Coronary diseases 38 (4.7) 10 (4.7)
 COPD 11 (1.3) 8 (3.8)
 Diabetes mellitus 139 (17.1) 34 (16.0)
Use of mechanical ventilation 304 (37.4) 141 (66.5) <0.001b)

Infection 197 (24.2) 117 (55.2) <0.001b)

Readmission to ICU 25 (3.1) 67 (31.6) <0.001b)

Microorganism -
 Not identified 73 (8.9) 30 (14.2) 0.026b)

 Sensitive 50 (6.1) 28 (13.2) 0.001b)

 MDR 29 (3.6) 21 (9.9) <0.001b)

 XDR 43 (5.3) 38 (17.9) <0.001b)

 PDR 2 (0.2) 0 0.471b)

 MDR/XDR/PDR 74 (9.1) 59 (27.8) <0.001b)

Values are presented as median (interquartile range) or number (%).
ICU: intensive care unit; SAPS: Simplified Acute Physiology Score; PO: postoperative; BMI: body mass index; COPD: chronic obstructive pulmonary disease; MDR: 
multidrug-resistant microorganisms (non-susceptibility to at least one agent in three or more antimicrobial categories); XDR: extensively drug-resistant (non-
susceptibility to at least one agent in all but two or fewer antimicrobial categories); PDR: pandrug-resistant microorganisms (non-susceptibility to all agents in all 
antimicrobial categories).
a) Mann-Whitney test; b) Chi-square test.

Previous studies have shown that several factors may be 

associated with worse outcomes after ICU discharge. The 

intensity of therapeutic interventions and nursing overload 

at ICU discharge were associated with an increase in hospital 

mortality [3]. A systematic review described a readmission 

score that predicts adverse events after ICU discharge. The 

Minimizing ICU Readmission score takes into account sev-

eral factors for this prediction, such as the SAPS II prognostic 

score at ICU admission, the use of a central venous catheter 

during the ICU stay, the SOFA score at ICU discharge, the 

presence of SIRS in the last 2 days of ICU stay, and discharge 

from the ICU at night [16]. 

Although the prognostic scores present moderate perfor-

mance, with limitations in their calibration in low and mid-

dle-income countries, the SAPS III remains the most applied 

prognostic assessment tool in several countries [17,18]. The 

SAPS III calculated at ICU discharge could better reflect the 

risk of hospital death, but it is not common for units to have 

this data in routine care furthermore, SAPS III was developed 

to predict hospital mortality, not ICU mortality. In our study, 

we chose the SAPS III at ICU admission because it is the score 

available in the data source and because it is adopted by the 
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Table 2. Univariate and multivariate analysis for factors associated with mortality in ICU survivors, from January 2017 to December 2018

Variable
Univariate Multivariate

Odds ratio 95% CI P-value Adjusted odds ratio 95% CI P-value
Age (yr) - - - 1.029 1.010–1.040 <0.001
Length of hospital stay (day) - - - 1.011 1.003–1.019 0.004
SAPS III - - - 1.042 1.031–1.054 <0.001
Presence of infection 4,305 3,195–5,912 <0.001 1.251 1.081–1.447 0.003
Readmission to ICU 14,564 8,902–27,829 <0.001 11.659 6.522–20.842 <0.001
Microorganisms
 Not identified 1,646 1,045–2,592 0.026 1.530 0.900–2.601 0.116
 Sensitive 2,322 1,422–3,789 0.001 1.231 0.665–2.277 0.509
 MDR 2,972 1,658–5,327 <0.001 1.037 0.076–14.147 0.978
 XDR 3,786 2,368–6,052 <0.001 1.096 0.240–13.948 0.899
 MDR/XDR/PDR 3,825 2,793–5,239 <0.001 2.326 0.184–29.412 0.514

ICU: intensive care unit; CI: confidence interval; SAPS: Simplified Acute Physiology Score; MDR: multidrug-resistant microorganisms (non-susceptibility to at least 
one agent in three or more antimicrobial categories); XDR: extensively drug-resistant (non-susceptibility to at least one agent in all but two or fewer antimicrobial 
categories); PDR: pandrug-resistant microorganisms (non-susceptibility to all agents in all antimicrobial categories).

Figure 2. Analysis of 90-day survival after intensive care unit 
discharge of 1,025 patients. Kaplan-Meier analysis shows a median 
49,000 days (95% confidence interval, 42.987–55.013) intensive care 
unit discharge and 200 death events in 90 days.

institutional policy to evaluate the unit's performance and, 

therefore, can be easily incorporated to identify patients at a 

high risk of an unfavorable outcome at ICU discharge. 

In a recent study of patients affected by coronavirus disease 

2019 (COVID-19), age was the factor identified as associated 

with increased mortality [19], similar to what was found in 

our sample, where each year of age increased the chance of 

post-ICU death by approximately 3%. On the other hand, Ma-

dotto et al. [20] describe that the presence of comorbidities 

and limitations of life support treatments resulted in worse 

outcomes in ICU survivors. 

Our post-ICU discharge mortality can be considered high 

when compared with results from Europe and New Zealand 

[21,22]. Although the research institution has implemented 

follow-up of surviving ICU patients by a rapid response team 

led by an intensive care physician, there is a high demand 

for ICU beds that pressures early discharge and there is no 

availability of intermediate care beds. Reports from low- and 

middle-income countries show similar results [5]. 

The prevalence of death in infected patients who survived 

the ICU was high in our study. The increased risk of post 

ICU mortality in patients with infections has been pointed 

out by other authors [23-26]. It is estimated that infection by 

MDR increases hospital mortality by approximately 1.7 times 

[23,24], which is similar to the results of the current study. 

Pneumonia is the most frequent focus of infection reported 

by other studies [27-29], and this result is consistent with our 

findings. Klebsiella species was the most commonly isolated 

microorganism in our patients. This bacterium is related to 

almost a third of infections caused by Gram-negative bacte-

ria in general, and presents high resistance to antimicrobials 

[30,31]. Other Gram-negative microorganisms responsible 

for HAIs are Enterobacteriaceae, Pseudomonas aeruginosa, 

Acinetobacter baumannii, and Stenotrophomonas maltophil-

ia. The frequency of pneumonia caused by Klebsiella pneu-

moniae resistant to carbapenems is above 25%, while the 
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frequency for P. aeruginosa is between 20 and 40% and for A. 

baumannii, between 40% and 70% [32]. 

Readmission to the ICU is associated with higher mortality 

and longer hospital stays [33]. Patients surviving readmission 

should be monitored and, preferably, remain in intermediate 

care units. The worse prognosis of patients requiring read-

mission could be associated with decompensation in the 

ward, which may result in late intervention. The use of inter-

mediate care units can meet the needs of these higher-risk 

patients who require surveillance [14]. The length of hospital 

stay, as a risk factor for death, was also demonstrated in the 

present study, corroborating studies that show that a period 

longer than 6 days exposes the patient to more infectious 

risks [34]. 

It is possible to reduce readmission rates and increase the 

safety of surviving ICU patients through the implementation 

of rapid response teams, in view of the follow-up performed 

by an intensive care physician in the wards of patients dis-

charged from the ICU [35]. It is estimated that implementa-

tion of the rapid response team is associated with a 20.6% 

decrease in the mortality rate [36]. 

The study population composed exclusively of ICU sur-

vivors, in addition to the sample size, can be considered 

strengths of the present study. Limitations of the study are 

the fact that it is a retrospective and single-center analysis, 

which limits its external validity. Also, a limited number of 

variables were investigated as risk factors for mortality. Other 

factors that can affect mortality, such as underlying comor-

bidities, the use of mechanical ventilation, renal replacement 

treatment or vasoactive drugs were not included in the re-

gression analysis. 

In conclusion, a high mortality rate was observed in pa-

tients who survived hospitalization in the ICU and the factors 

associated with hospital mortality were age, SAPS III, pres-

ence of infection, readmission to the ICU, and length of hos-

pital stay. 
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Background: Hospital-acquired infections (HAIs) are increasing due to the spread of multi-drug- 
resistant organisms. Gut dysbiosis in an intensive care unit (ICU) patients at admission showed an 
altered abundance of some bacterial genera associated with the occurrence of HAIs and mortality. 
In the present study, we investigated the pattern of the gut microbiome in ICU patients at admis-
sion to correlate it with the development of HAIs during ICU stay. 
Methods: Twenty patients admitted to an ICU with a cross-matched control group of 30 healthy 
subjects of matched age and sex. Quantitative SYBR green real-time polymerase chain reaction 
was done for the identification and quantitation of selected bacteria. 
Results: Out of those twenty patients, 35% developed ventilator-associated pneumonia during 
their ICU stay. Gut microbiome analysis showed a significant decrease in Firmicutes and Firmicutes 
to Bacteroidetes ratio in ICU patients in comparison to the control and in patients who developed 
HAIs in comparison to the control group and patients who did not develop HAIs. There was a sta-
tistically significant increase in Bacteroides in comparison to the control group. There was a statis-
tically significant decrease in Bifidobacterium and Faecalibacterium prausnitzii and an increase in 
Lactobacilli in comparison to the control group with a negative correlation between Acute Physi-
ology and Chronic Health Evaluation (APACHE) II score and Firmicutes to Bacteroidetes and 
Prevotella to Bacteroides ratios. 
Conclusions: Gut dysbiosis of patients at the time of admission highlights the importance of iden-
tification of the microbiome of patients admitted to the ICU as a target for preventing of HAIs. 

Key Words: 16S ribosomal RNA; dysbiosis; gut microbiome; healthcare-associated infections; in-
tensive care unit; quantitative real-time polymerase chain reaction
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INTRODUCTION 

Hospital-acquired infections (HAIs) are increasing in frequency due to the spread of multi-

drug resistant organisms which abraded the ability of any healthcare setting to treat such 

these infections [1]. Healthcare facilities could not depend on traditional infection control 
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measures only. Recent clinical trials settled many protocols to 

be used in the intensive care unit (ICU) to modulate the mi-

crobiome to prevent or treat infections [1-3]. 

The gut microbiome plays vital roles in digestion, synthesis 

of vitamins, drug metabolism, protection from infection, and 

recovery from illness. A balanced gut microbiome increases 

the host's defense against infection by regulating the local 

and systemic immune system, inhibiting the growth of en-

teric pathogens plus supporting epithelial barrier integrity 

required for the protection against the systemic dissemination 

of pathogens [4,5]. Several studies reported that dysbiosis in 

patients in the ICU may increase their susceptibility to health-

care-associated infections and poor outcomes [6-9]. Probiotics 

replacements has been proposed as a promising treatment to 

preserve gut integrity and arrest the loss of intestinal epithelial 

barrier function that is linked to sepsis and systemic inflam-

matory response syndrome [10]. 

The use of probiotics as a preventive measure has shown 

to have promising effects in many studies to avoid infection 

and to improve recovery in ICU patients, whereas the use of 

prophylactic antibiotics has been linked to a rise in antibiotic 

resistance in addition to its high cost [11]. Recently, probiotic 

studies got the directions of characterization of the actual ICU 

dysbiosis using microbiome profiling and personalize the 

ideal probiotic therapies to be administered [12]. Character-

izing ICU microbiome changes could be crucial for directing 

the establishment of probiotic and symbiotic diagnostic and 

therapeutic approaches using microbiome profiles. Because 

of this evidence and considerations, the present study aims 

to describe the gut microbiome profile in ICU patients and to 

correlate it to the development of HAIs. 

MATERIALS AND METHODS 

All procedures performed in the study involving human par-

ticipants were in accordance with the ethical standards of the 

Institutional Research Committee of Medical Research Ethics 

Committee of Alexandria Faculty of Medicine, Egypt (No. 

00012098) and with the 1964 Helsinki declaration and its later 

amendments or comparable ethical standards. Written in-

formed consent was obtained from each individual or a com-

petent charged person in case of the patient's incompetence 

for inclusion in the study. 

Patients 
The study was conducted on 20 ICU patients admitted for 

noninfectious causes to the ICU. They were followed up during 

their stay in the ICU for the development of HAIs or not. A 

cross-matching control group of 30 healthy subjects of similar 

age and sex were also included. We included all adult patients 

admitted to the ICU without specific diagnosis as the ICUs 

serve a mixed population of medical, trauma, toxicological 

and neurologic patients. 

Our exclusion criteria were chosen to cover several con-

ditions that can independently affect the gut microbiota in-

cluding: (1) severe chronic liver impairment (including liver 

cirrhosis, hepatic fibrosis, end-stage liver diseases or hepato-

cellular carcinoma); (2) chronic renal impairment (chronic 

kidney disease); abnormalities of kidney function or structure 

present for more than 3 months) including patients with end 

stage renal disease; (3) inflammatory bowel diseases including 

Crohn disease and ulcerative colitis; (4) patients with diabetes 

mellitus as well as known immunodeficiency (e.g., leukemic 

patients, patients on steroids, oncology patients receiving che-

motherapy); (5) patients with sepsis from the start; (6) patients 

with the previous admission within 6 months; and (7) before 

intake of antibiotics.  

History and Clinical Data 
A detailed history was taken from patients and controls. All pa-

tients and controls were subjected to full clinical examination. 

Body weight and height were measured, and body mass index 

(BMI) was calculated. All patients underwent physical exam-

ination and assessment of medical device usage, including 

mechanical ventilators, urinary catheters, and peripheral or 

central venous catheters.  

Laboratory Investigations 
The Acute Physiology and Chronic Health Evaluation 

(APACHE) II score was calculated upon admission for precise 

information on the patient's acute severity of illness and pre-

dicting hospital mortality among critically ill adults. Each of 

■ Intensive Care Unit patients are at considerable risk of de-
veloping Healthcare-Associated infections (HAIs), so the 
gut microbiome analysis can be used to prevent or reduce 
the occurrence of HAIs and the spread of multidrug-resis-
tant organisms.

■ Profiling the pattern of gut microbiome at admission can 
be used as a predictor for HAIs for further manipulation.

KEY MESSAGES
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the 12 variables is translated into weights using the original 

APACHE score and helps to stratify a patient's risks [13]. These 

variables include: (1) temperature (rectal ° C), (2) mean arteri-

al blood pressure (mm Hg), (3) pulse, (4) respiratory rate (ven-

tilated or not ventilated), (5) oxygenation (FiO2 ≥0.5 or FiO2 

<0.5), (6) arterial pH, (7) serum sodium level (mmol/L), (8) se-

rum potassium level (mMol/L), (9) serum creatinine (mg/100 

ml), (10) hematocrit %, (11) white blood cell (×103/µl), and (12) 

Glasgow coma score. 

Gut Microbiome Analysis 
Sample collection, preservation, and transport 
Stool samples were collected from controls, kept at –20 °C 

upon defecation at home, and delivered frozen to the main 

microbiology laboratory. For the ICU patients, the stool sam-

ples were collected within 72 hours after admission (before 

antibiotic treatment), and at once transferred to the lab. All the 

samples were stored at −80 °C for further processing. 

DNA extraction 
DNA was extracted from 180 mg stool samples using Biamp 

Fast DNA Stool Extraction Mini Kit (Qiagen). The resulting 

DNA extracts were stored at –80 °C until polymerase chain re-

action (PCR) analysis. 

SYBR green real-time PCR 
Oligonucleotide primers targeted the 16S ribosomal RNA 

(rRNA) gene sequences of selected phyla, genera, or species 

constituting the gut microbiota (Bacteroides, Prevotella, Rumi-

nococcus, Bacteroidetes, Firmicutes, Bifidobacterium, Lactoba-

cillus, Akkermansia muciniphila, Faecalibacterium prausnitzii, 

and Clostridioides difficile). Universal bacterial primers were 

used to determine the total bacteria in the DNA extract, the 

amplification of which served as the denominator against 

which the amplification of the other bacteria was compared. 

Specific bacterial DNA was expressed relative to the total (uni-

versal) bacteria DNA in the stool samples by the RQ software 

(Qiagen). All primers (Invitrogen) used in the study were pre-

viously described and are listed in Table 1 [14]. 

Detection and Quantitation 
Amplification was performed in a light cycler (Rotor-Gene Q, 

Qiagen) using a SensiFAST TM SYBR No-ROX PCR kit (Bioline 

Co.). In short, forward and reverse primers (4 pmol each) were 

used in 20 μl reactions having 2 μl of the DNA extract. PCR 

amplification was performed with an initial denaturation at 

95 °C for 10 minutes, followed by 40 cycles of denaturation at 

95 °C for 30 seconds, annealing at 60 °C for 30 seconds, and 

extension at 72 °C for 30 seconds. Melting curve analysis was 

performed to check the specificity of the amplified products. 

Quantitation of specific bacterial DNA was expressed as rela-

tive quantitation (the cycle threshold [Ct] at which DNA for a 

specific target was detected relative to the Ct at which univer-

sal bacterial DNA was detected). This relative quantification 

is calculated automatically by the Rotor-Gene software and 

expressed as a relative fold difference [15]. The enterotype of 

all participants was figured out according to the dominant 

bacteria present in the three bacteria: Bacteroides (Enterotype 

1), Prevotella (Enterotype 2), or Ruminococcus (Enterotype 3). 

Statistical Analysis of the Data 
Data entry and analysis were carried out using the IBM SPPS 

ver. 20 (IBM Corp.) [16]. Spearman correlation coefficient was 

calculated for assessing correlation. All results were interpret-

ed at a 5% level of significance where the difference between 

the study groups is considered significant if P ≤0.05. The Shan-

non diversity index is used to measure alpha diversity within 

the sample [17]. The Bray-Curtis similarity index was used to 

evaluate the degree of similarity between patients and controls 

[18]. 

Table 1. Primers used in the present study
Target Primer name Primer sequence (5'-3')
Total bacteria UnivF TCCTACGGGAGGCAGCAGT

UnivR GGACTACCAGGGTATCTATCCTGTT
Akkermansia 

muciniphila
AM1-F CAG CAC GTG AAG GTG GGG AC
AM2-R CCT TGC GGT TGG CTT CAG AT

Bacteroides B3F CGATGGATAGGGGTTCTGAGAGGA
B3R GCTGGCACGGAGTTAGCCGA

Bacteroidetes Bact934F GGARCATGTGGTTTATTCGATGAT
Bact1060R AGCTGACGACAACCATGCAG

Bifidobacterium Bif-F TCGCGTC(C/T) GGTGTGAAAG
Bif-R CCACATCCAGC(A/G) TCCAC

Faecalibacterium 
prausnitzii

FPR-2F GGAGGAAGAAGGTCTTCGG
Fprau645R AATTCCGCCTACCTCTGCACT

Firmicutes Firm934F GGAGYATGTGGTTTAATTCGAAGCA
Firm1060R AGCTGACGACAACCATGCAC

Lactobacilli Lacto-F AGCAGTAGGGAATCTTCCA
Lacto-R CACCGCTACACATGGAG

Prevotella PrevF CACCAAGGCGACGATCA
PrevR GGATAACGCCYGGACCT

Ruminococcus Rflbr730F GGCGGCYTRCTGGGCTTT
Clep866mR CCAGGTGGATWACTTATTGTGTTAA
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RESULTS 

Characteristics of the Participants 
Demographic and clinical data of cases 
Demographic data showed that out of the 20 patients admit-

ted to the ICU, 8 patients were males, and 12 patients were 

female with male to female ratio of 2:3. Their mean and stan-

dard deviation (SD) age was 51.85±22.73 years, and their age 

ranged from 18 to 80 years. The BMI ranged between 24.69 

and 34.89 kg/m2 with a mean of 28.27±2.90 (Table 2). For the 

cross-matched control subjects, 13 were males, and 17 were 

females with male to female ratio of 1:1.3. Their mean age was 

52.53±17.84 years, and their ages ranged from 23 to 81 years. 

The BMI ranged between 19.84 and 46.90 kg/m2 with a mean 

of 28.77±5.31 kg/m2 (Table 2). Among patients at the ICU, 14 

patients (70%) had neurological insults; as shown in Table 

2, three patients (15%) were with cardiopulmonary diseases 

while three patients (15%) with different medical conditions. 

Regarding the APACHE II score, the mean was 13.25±4.56 

ranging from 7.0 to 21.0. Out of the 20 ICU patients, 13 (65%) 

were on mechanical ventilation, 15 (75%) had a central venous 

catheter, and all with urinary catheters and peripheral intra-

venous catheters. Also, out of the 20 patients, 8 (40%) were fed 

through a nasogastric tube, 6 (30%) through an orogastric tube 

and 6 (30%) orally fed (Table 3). 

During the patient's stay in the ICU and follow-up period, 

eight patients (40%) developed HAIs; seven of 20 (35%) Acine-

tobacter ventilator-associated pneumonia (VAP) and only 

one case of Staphylococcal bloodstream infection (BSI). All 

these cases were on mechanical ventilation and had a central 

venous catheter. Also, five of them (62.5%) were fed through a 

nasogastric tube and three (37.5%) through the orogastric tube 

(Table 3). 

By comparing both subgroups of cases positive for hospi-

tal-associated infections (P-HAI) and negative for hospital-as-

Table 2. Comparison between the studied groups according to demographic data
Variable ICU patient (n=20) Control (n=30) P-value
Sex 1.000
 Male 8 (40.0) 12 (40.0)
 Female 12 (60.0 18 (60.0)
Age (yr) 0.858
 Mean±SD (range) 51.85±22.73 (18.0–80.0) 52.53±17.84 (23.0–81.0)
 Median (IQR) 60.0 (29.0–68.0) 58.0 (32.0–64.0)
BMI (kg/m2) 0.797
 Mean±SD (range) 28.27±2.90 (24.69–34.89) 28.77±5.31 (19.84–46.90)
 Median (IQR) 27.73 (25.9–30.6) 27.33 (25.4–32.1)

Values are presented as number (%) or unless otherwise indicated.
ICU: intensive care unit; SD: standard deviation; IQR: interquartile range; BMI: body mass index.

Table 3. Distribution of the studied cases according to clinical data of 
the ICU patients (n=20)
Admission diagnosis Value
Cardiopulmonary disease 3 (15.0)
 Cardiogenic shock 1 (5.0)
 COPD 1 (5.0)
 Myocardial infarction 1 (5.0)
Cerebrovascular accident 14 (70)
 Drug intoxication 3 (15.0)
 Noninfectious encephalopathy 1 (5.0)
 Ischemic stroke 5 (25.0)
 Epileptic seizures 1 (5.0)
 RTA with head concussion 4 (20.0)
Others 3 (15)
 Uremia 1 (5.0)
 Hematemesis 1 (5.0)
 Postoperative 1 (5.0)
 APACHE II score
  Mean±SD (range) 13.25±4.56 (7.0–21.0)
  Median (IQR) 12.0 (9.0–17.0)
Type of devices
 IVC 20 (100.0)
 UC 20 (100.0)
 CVC 15 (75.0)
 MV 13 (65.0)

Values are presented as number (%) unless otherwise indicated.
ICU: intensive care unit; COPD: chronic obstructive pulmonary disease; 
RTA: road traffic accident; APACHE: Acute Physiology and Chronic Health 
Evaluation; SD: standard deviation; IQR: interquartile range; IVC: intravenous 
peripheral catheter; UC: urinary catheter; CVC: central venous catheter; MV: 
mechanical ventilation.
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sociated infections (N-HAI) about the APACHE score and 

≥20% predicted mortality rate, it was higher in the P-HAI cases 

than N-HAI, but the difference was not statistically significant. 

There is a statistical difference between both subgroups re-

garding the number of devices specifically mechanical ventila-

tion and the presence of central venous catheters (P<0.05).  

Gut Microbiome Analysis 
Quantification of certain bacteria DNA was represented rel-

ative to the total amount of bacteria DNA found in the faeces 

sample rather than as an absolute number. The relative abun-

dance values for the different bacteria were displayed as fol-

lows (4.75E-05 was used to represent 4.75 × 10–5).  

Phylum Level Analysis 
Bacterial phylum analysis revealed that, although Bacteroidetes 

were increased, the difference was not statistically significant 

when compared to the control group, and ICU cases showed a 

statistically significant decline in Firmicutes (P=0.001). Firmic-

utes/Bacteroidetes (F/B) ratio in ICU cases was 0.03 compared 

to 1.44 in control subjects, a markedly lower ratio (P=0.008) 

(Table 4). 

The same results were obtained when subgrouping ICU 

patients and comparing the subgroup of patients who devel-

oped HAIs and those negative for the HAIs subgroup. Both 

subgroups a statistically significant decrease in Firmicutes 

(P=0.001) in comparison to the control group and there was 

also a statistically significant difference between the two sub-

groups (Figure 1). As regards the Bacteroidetes, the developed 

HAIs subgroup cases showed no statistically significant dif-

ference compared to the control group and N-HAIs subgroup. 

The F/B ratio was statistically lower in the P-HAIs subgroup 

(0.31) compared to the N-HAIs subgroup (2.21) and the con-

trol group (1.44) (Table 5, Figure 1). 

Patients who developed HAI were subdivided into patients 

who developed VAP and a patient with BSI, when comparing 

these patients there was not a significant difference between 

them in the gut microbiome composition while there was a 

significant difference regarding the F/B, Prevotella/Bacteroides 

(P/B) ratio or DSI. 

Genus Level Analysis 
Compared to the control group, ICU patients had a statisti-

cally significant increase in Bacteroides relative abundance 

(P=0.002) (Figure 1). As for Prevotella and Ruminococcus, there 

was a statistically significant difference between ICU patients 

and control cases (P=0.001). In comparison to the control 

group (0.26), the P/B ratio was significantly lower in the ICU 

patients (0.02) (Table 4). 

For the two subgroups of ICU patients, both showed a lower 

relative abundance of Prevotella and Ruminococcus in com-

parison to the control group and there was no statistically sig-

nificant difference between the two subgroups. On the other 

hand, the P-HAls subgroup showed a statistically significant 

higher relative abundance of Bacteroides compared to the con-

trol group while there was no statistically significant difference 

Table 4. Comparison between the studied groups according to gut microbiome
Gut microbiome ICU patient (n=20) Control (n=30) P-value
Firmicutes 1.69E-1 (8.48E-2–3.41E-1) 4.95E-1 (4.18E-1–6.50E-1) <0.001
Bacteroidetes 5.14E-1 (2.20E-1–7.14E-1) 3.45E-1 (2.31E-1–6.37E-1) 0.513
Prevotella 3.69E-3 (7.94E-4–1.20E-2) 4.62E-2 (1.74E-2–8.47E-2) <0.001
Bacteroides 3.74E-1 (1.20E-1–6.53E-1) 1.09E-1 (6.50E-2–2.00E-1) 0.006
Ruminococcus 4.25E-3 (4.03E-4–3.81E-2) 4.67E-2 (2.05E-2–1.02E-1) 0.001
Bifidobacterium 2.03E-3 (4.67E-4–1.77E-2) 2.37E-2 (8.56E-3–5.05E-2) 0.003
Lactobacilli 1.92E-2 (2.59E-3–8.60E-2) 1.85E-3 (4.79E-4–3.44E-2) 0.025
Akkermansia muciniphila 2.20E-3 (2.54E-4–1.67E-1) 3.01E-3 (9.58E-4–1.84E-2) 0.828
Faecalibacterium 2.60E-3 (7.18E-5–2.22E-2) 2.15E-1 (7.95E-2–3.04E-1) <0.001
Clostridioides difficile 0.00E+00 (0.00E+00) 0.00E+00 (0.00E+00) -
F/B ratio 0.33 (0.25–1.76) 1.44 (0.90–2.18) 0.008
P/B ratio 0.02 (0.002–0.08) 0.26 (0.17–1.48) <0.001
Diversity index 1.33 (1.15–1.46) 1.57 (1.52–1.66) <0.001
Dissimilarity index 35.70 (26.0–53.45) 0.0 (0.0–0.0) <0.001

Values are presented as median (interquartile range).
ICU: intensive care unit; F/B: Firmicutes/Bacteroidetes; P/B: Prevotella/Bacteroides.
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between the N-HAIs subgroup and the control group. Also, 

both subgroups showed a lower P/B ratio in comparison to the 

control group, however, there was no statistically significant 

difference between the two subgroups (Table 5). 

According to the enterotype analysis, none of the 20 ICU 

patients had the enterotype 3 and just one (5% of them) had 

the enterotype 2. Of the 30 control participants, 18 (60%) were 

allocated to Enterotype 1, 9 (30%) to Enterotype 2, and 3 (10%) 

to Enterotype 3. Regarding the distribution of enterotypes, a 

statistically significant difference between the two groups was 

found (P=0.017) (Table 6), however, there was no statistically 

significant difference P-HAI and N-HAI subgroups (P=0.087).

Species Level Analysis  
Regarding the beneficial bacteria, compared to the control 

group, ICU patients had statistically significant lower levels 

of Bifidobacteria (P=0.003) and F. prausnitzii (P=0.001) and 

higher levels of Lactobacilli (P=0.025). For Akkermansia mu-

ciniphila, there was no significant difference in A. muciniphila 

(P=0.828) between the two groups. As regards C. difficile, all 

the cases and control subjects were negative.  

Correlation with Disease Severity and Mortality 
There was a negative correlation between the APACHE score 

and F/B, and P/B ratios. When subgrouping ICU cases about 

mortality rate according to APACHE score; ≤20% and >20 % 

mortality rates. There was a significant decrease in the F/B 

ratio in patients with a mortality rate >20 % and those with ≤20 

% mortality rate and between the F/B ratio in patients with a 

mortality rate >20 % and control (P1=0.026 and P3=0.001, re-

spectively). P1 means P-value for comparing between <20% 

mortality and ≥20% mortality; P3 means P-value for comparing 

between ≥20% mortality and control.

Alpha Diversity  
According to Shannon diversity index, which takes into ac-

count both species richness and evenness, the patients group's 

microbial diversity was statistically significantly lower than 

that of the control group (mean diversity index=1.16 vs. 1.46). 

The patient's P-HAIs and N-HAIs showed no statistically sig-

nificant difference. 

DISCUSSION 

Gut microbiota composition alterations (dysbiosis) has been 

confirmed to occur not only in chronic diseases but also in 

acute illnesses [19]. Within hours of the commencement of se-

rious illness, the density and makeup of the microbiota are sig-

nificantly changed which promotes diseases and facilitates the 

occurrence of HAIs as it replaces the healthy microbiome [20]. 

There is growing data that suggests changes in the F/B ratio 

could be a marker of gut dysbiosis [21]. Firmicutes convert lac-

tic acid to butyric acid, which induces mucin formation and so 

prevents leaky gut syndrome while Bacteroidetes, on the other 

hand, convert lactic acid to other short-chain fatty acids such 

as acetic acid, formic acid, or propionic acid that harm the gut 

lining. As a result, it is very important to maintain a larger per-

centage of butyrate-producing bacteria [22]. 

The altered F/B ratio has been correlated with different dis-

ease conditions such as obesity, asthma, and irritable bowel 

syndrome as well ICU mortality in critically ill patients [23,24]. 

A single-center prospective study includes twelve ICU patients 

and showed that changes in the gut microbiota can be linked 

to patient prognosis [25]. 

However, another study by Iapichino et al. [26] stated 

that low bacterial diversity was observed in both septic and 

non-septic patients, and discovered no links between the mi-

crobiota's diversity, the F/B ratio, or the ratio of Gram-positive 

to Gram-negative bacteria and outcome indicators like the 

occurrence of complications, infections, or mortality.

In our study, the gut microbiome profile of those patients 

who developed HAI mainly VAP had a statistically significant 

decrease in Firmicutes in comparison to the control group as 

well it was found the F/B ratio was statistically lower in the P 

HAIs subgroup (0.31) compared to N-HAIs subgroup (2.21) 

and the control group (1.44). VAP is an infectious inflammato-

ry reaction of lung parenchyma that takes place after mechan-

ical ventilation for greater than 48 hours. VAP affects between 

5% and 40% of patients on invasive mechanical ventilation and 

these variations depend on the country [27,28]. That agrees 

with our study results where 35% of patients developed VAP in 

the follow-up period during their stay in the ICU. Also, it was 

documented in an Egyptian study done by Elkolaly et al. [29], 

the incidence of VAP was 38.4% in all patients admitted to ICU 

which is very close to our study results. 

Some studies showed different results, The incidence of VAP 

in ICUs in China has been studied (26.85%) [30]. Ahmed et al. 

[31] found that VAP occurred at an incidence of 58.2% in three 

ICUs. This could be due to differences in the recording systems 

used in various hospitals. As regards the beneficial bacteria; 

both ICU patients and patients who developed HAIs (VAP) 

showed a statistically significant decrease in Bifidobacterium 
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Table 5. Comparison between the two studied subgroups according to gut microbiome
Gut microbiome P-HAI (n=8) N-HAI (n=12) Control (n=30) Significance between groups
Firmicutes P1=0.759
 Median 0.167 0.169 0.495 P2=0.003
 IQR 7.90E-2–2.98E-1 8.48E-2–4.47E-1 4.18E-1–6.50E-1 P3=0.002
Bacteroidetes P=0.264a)

 Median 0.63 0.374 0.345
 IQR 4.19E-1–7.35E-1 1.20E-1–6.27E-1 2.31E-1–6.37E-1
Prevotella P1=0.405
 Median 0.00818 0.0034 0.0462 P2=0.022
 IQR 8.12E-4–2.42E-2 7.94E-4–6.95E-3 1.74E-2–8.47E-2 P3<0.001
Bacteroides P1=0.115
 Median 0.569 0.167 0.109 P2=0.002
 IQR 3.07E-1–6.61E-1 7.43E-2–6.39E-1 6.50E-2–2.00E-1 P3=0.138
Ruminococcus P1=0.456
 Median 0.00362 0.00516 0.0467 P2=0.003
 IQR 6.34E-5–1.05E-2 7.27E-4–6.83E-2 2.05E-2–1.02E-1 P3=0.016
Bifidobacterium P1=0.452
 Median 0.000603 0.00254 0.0237 P2=0.008
 IQR 1.66E-4–1.70E-2 1.14E-3–1.96E-2 8.56E-3–5.05E-2 P3=0.035
Lactobacilli P=0.066a)

 Median 0.00457 0.0332 0.00185
 IQR 1.51E-3–1.04E-1 1.05E-2–6.60E-2 4.79E-4–3.44E-2
Akkermansia muciniphila P=0.152a)

 Median 0.0495 0.0022 0.00301
 IQR 1.80E-4–2.48E-1 3.72E-4–2.93E-2 9.58E-4–1.84E-2
Faecalibacterium P1=0.970
 Median 0.0031 0.00227 0.215 P2<0.001
 IQR 7.01E-5–1.06E-2 1.23E-4–3.18E-2 7.95E-2–3.04E-1 P3<0.001
Clostridioides difficile -
 Median 0 0 0
 IQR 0 0 0
F/B ratio P1=0.030
 Median 0.31 0.83 1.44 P2=0.001
 IQR 0.15–0.73 0.29–3.55 10.90–2.18 P3=0.274
P/B ratio P1=0.915
 Median 0.03 0.02 0.26 P2=0.002
 IQR 0.002–0.13 0.003–0.08 0.17–1.48 P3<0.001
Diversity index P1=0.456
 Median 1.29 1.33 1.57 P2=0.027
 IQR 1.07–1.60 1.18–1.38 1.52–1.66 P3<0.001
Dissimilarity index P1<0.001a)

 Median 28.90 41.75 0.0
 IQR 25.50–44.50 30.20–58.95 0.0–0.0

P-HAI: positive for hospital-associated infections; N-HAI: negative for hospital-associated infections; IQR: interquartile range; P1: P-value for comparing between 
P-HAI and N-HAI; P2: P-value for comparing between P-HAI and Control; P3: P-value for comparing between N-HAI and Control.
a) P: P-value for comparing between the studied groups (If it was a significant value <0.05 ,test significance was done between subgroups, if not, P1, P2, and P3  
were considered as <0.05).
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in comparison to the control group as well it was significantly 

lower in patients with a mortality rate ≥20% predicted hospital 

mortality and the control group. 

Regarding bifidobacteria ,in addition to improving food 

absorption and preserving the integrity of the intestinal gut 

barrier, as well as immunological control and anticancer 

characteristics, bifidobacteria are one of the main bacteria 

that constitute the human gut microbiota [32,33]. Xu et al. [34] 

proved the bifidobacterial abundance as a part of prognosis 

prediction parameters plus APACHE II and Sequential Organ 

Failure Assessment (SOFA) score and it was found that Bifido-

bacterium abundance showed a significant reduction in the 

death group than the survival group. Therefore, this abun-

dance showed good prognostic tools in predicting hospital 

mortality. As proven, gut microbiome disruptions and imbal-

ance have been associated with many negative consequences 

such as VAP and increased re-infection and readmission as 

well, therefore administration of probiotics at admission with 

potential benefit to the host can balance the dysbiosis prob-

lems by reconstituting the gut microbiome as preventative and 

therapeutic approaches [35]. 

The limitation of our study was the small sample size be-

cause of implementing the inclusion criteria and strictly 

applying the exclusion criteria to selected patients as well fi-

nancial issues that limit our study as a part of the international 

economic crisis, the import of such bacterial primers and re-

agents for quantitative real-time PCR is so much difficult and 

so expensive, especially in resource-limited countries. Also, 

our findings are limited to a single study center so further mul-

ticenter studies with larger sample sizes are recommended. 

Figure 1. Comparison between the studied groups according to gut microbiome. ICU: intensive care unit; N-HAI: negative for hospital associated 
infections; P-HAI: positive for hospital-associated infections.

Table 6. Comparison between the studied groups according to 
enterotype

ICU patient 
(n=20)

Control 
(n=30)

Monte Carlo 
P-value

Enterotype 0.017
 1 19 (95.0) 18 (60.0)
 2 1 (5.0) 9 (30.0)
 3 0 3 (10.0)

Values are presented as number (%).
ICU: intensive care unit.
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At last, for ICU patients, it is not so that simple that they can 

pass stool in the first 24–72 hours following admission due to a 

change in bowel habits and diet. 

This study focuses on the analysis of the gut microbiome 

profile for ICU patients at admission to correlate it with the de-

velopment of HAIs so it can be used as a predictor for HAIs. It 

proved that gut dysbiosis at admission with a low F/B ratio is a 

marker for developing HAIs during ICU stay, therefore the pa-

tient can benefit from restoring the normal gut microbiome at 

admission to prevent the development of such infections and 

so ICU stay and mortality. 

Probiotics is one method of restoring the normal gut mi-

crobiome that needs further studies to evaluate its efficiency 

in preventing HAIs in ICU patients at admission. Probiotics 

deserve all of this concern as it can replace the prophylactic 

antibiotics administered during admission and so reducing 

the risk of developing antibiotic resistance. 
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INTRODUCTION 

Acute kidney injury (AKI) requiring renal replacement therapy (RRT) is a common and seri-

ous condition that is associated with poor outcomes [1]. The incidence of RRT-requiring AKI 

has increased by 10% per year from 2000 to 2009 [2], and its death rate is over 50% [3,4]. Even 

for survivors, RRT-requiring AKI carries the risk of several complications, such as progression 

to chronic kidney disease [5,6] and cardiovascular events, including myocardial infarction 

Background: The transition of dialysis modalities from continuous renal replacement therapy 
(CRRT) to intermittent hemodialysis (iHD) is frequently conducted during the recovery phase of 
critically ill patients with acute kidney injury. Herein, we addressed the occurrence of intradialytic 
hypotension (IDH) after this transition, and its association with the mortality risk. 
Methods: A total of 541 patients with acute kidney injury who attempted to transition from CRRT 
to iHD at Seoul National University Hospital, Korea from 2010 to 2020 were retrospectively collect-
ed. IDH was defined as a discontinuation of dialysis because of hemodynamic instability plus a nadir 
systolic blood pressure <90 mm Hg or a decrease in systolic blood pressure ≥30 mm Hg during the 
first session of iHD. Odds ratios (ORs) of outcomes, such as in-hospital mortality and weaning from 
RRT, were measured using a logistic regression model after adjusting for multiple variables. 
Results: IDH occurred in 197 patients (36%), and their mortality rate (44%) was higher than that 
of those without IDH (19%; OR, 2.64; 95% confidence interval [CI], 1.70–4.08).  For patients ex-
hibiting IDH, the iHD sessions delayed successful weaning from RRT (OR, 0.62; 95% CI, 0.43–0.90)  
compared with sessions on those without IDH. Factors such as low blood pressure, high pulse rate, 
low urine output, use of mechanical ventilations and vasopressors, and hypoalbuminemia were as-
sociated with IDH risk. 
Conclusions: IDH occurrence following the transition from CRRT to iHD is associated with high 
mortality and delayed weaning from RRT. 
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and congestive heart failure [7,8]. 

Modalities of RRT in the setting of AKI include continuous 

renal replacement therapy (CRRT) and intermittent hemodi-

alysis (iHD). Whereas iHD achieves a rapid clearance of small 

uremic toxins within a short time, CRRT provides osmotic sta-

bility by the gradual elimination of fluid and toxins over a long 

period [9]. Although previous studies have not demonstrated 

the difference in survival or renal recovery outcome between 

the two modalities, CRRT is recommended as an initial modal-

ity for patients with hemodynamic instability [10-13]. 

Once patients with AKI achieve hemodynamic stability and 

fluid balance with CRRT, clinicians may consider a transition 

to iHD [10,14]. Sometimes, the unaffordable cost of CRRT or 

the need for patient mobilization and rehabilitation demands 

the transition to iHD [15,16]. Although RRT modality transi-

tions are a common occurrence in the intensive care unit (ICU), 

data regarding adverse events, such as intradialytic hypoten-

sion (IDH) or arrhythmia after transition, are still limited. 

IDH is attributable to overzealous ultrafiltration and im-

paired vascular resistance in decreased cardiovascular re-

serves [17]. IDH can occur in 10%–80% of patients with AKI, 

which may be dependent on the definition [18-20]. IDH is 

associated with high mortality in patients with AKI regardless 

of its modalities [19,21]. However, it remains undetermined 

whether IDH after a transition from CRRT to iHD is associated 

with adverse outcomes in patients with AKI. The present study 

addressed this issue using a cohort undergoing a transition 

and identified risk factors related to IDH occurrence. 

MATERIALS AND METHODS 

The study was approved by the Institutional Review Board of 

the Seoul National University Hospital (No. H-2110-085-1262) 

and complied with the Declaration of Helsinki. The require-

ment for informed consent was waived by the Review Board. 

Patient and Data Collection 
The study was retrospective in nature using a cohort of 2,397 

patients who underwent CRRT due to AKI at Seoul National 

University Hospital from June 2010 to December 2020. A total 

of 1,108 patients underwent a transition from CRRT to iHD be-

cause of the recovery phase in patient status. When the volume 

control became easy due to resolved oliguria and need of vaso-

active agents was reduced, the transition between modalities 

was recommended according to the Kidney Disease Improv-

ing Global guideline [10]. Patients who were under 18 years 

old (n=11) and patients without information on iHD (n=556) 

were excluded. Accordingly, 541 patients were analyzed in the 

present study (Figure 1). 

Baseline information at the time of transition was collected, 

such as age, sex, body mass index, cause of AKI (e.g., septic 

and nonseptic), the time interval between CRRT and iHD, 

systolic blood pressure, diastolic blood pressure, mean arterial 

pressure, pulse rate, duration of iHD, ultrafiltration volume, 

urine output, mechanical ventilation, and use of vasopressors. 

Blood pressures were measured using noninvasive blood pres-

sure monitoring system. Sequential Organ Failure Assessment 

(SOFA) was calculated according to the original formula [22]. 

Dialysis settings, such as ultrafiltration target, blood flow rate, 

and session time, could be different between patient according 

to their status. All patients performed high-flux hemodialysis. 

Either unfractionated heparin or nafamostat was used as an 

anticoagulant during CRRT. The Charlson comorbidity index 

was calculated to consider the effect of various comorbidities, 

such as acute myocardial infarction, congestive heart failure, 

peripheral vascular disease, cerebral vascular accident, de-

mentia, pulmonary disease, connective tissue disorder, peptic 

ulcer, liver disease, diabetes, paraplegia, chronic kidney dis-

ease, malignancy, and human immunodeficiency virus infec-

tion [23]. 

The patients were categorized into two groups according 

to the presence of IDH during the 1st session of iHD. Because 

there is no consensus on defining IDH when patients have AKI 

rather than end-stage kidney disease, we referred to methods 

used in previous studies as follows [24]: discontinuation of 

dialysis as a result of hemodynamic instability plus a nadir sys-

tolic blood pressure <90 mm Hg (termed IDH-A) or a decrease 

in systolic blood pressure ≥30 mm Hg (termed IDH-B). 

Figure 1. Flowchart of selection criteria. CRRT: continuous renal 
replacement therapy; AKI: acute kidney injury; iHD: intermittent 
hemodialysis.

1,108 Transition from CRRT to iHD

2,397 Patients who underwent CRRT due to 
AKI from Jun 2010 to Dec 2020 

541 Analyzed in the study

Excluded
11 Aged under 18 years

556 Incomplete baseline information
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Outcomes 
The primary outcome was all-cause mortality after transition 

until hospital discharge or death. Additionally, weaning from 

RRT as a cessation of RRT for >7 days was evaluated during the 

above timeframe. 

Statistical Analysis 
Categorical and continuous variables are expressed as pro-

portions and means±standard deviations when they were 

normally distributed and as medians with interquartile ranges 

when they were not normally distributed, respectively. The 

normality of the distribution was analyzed using the Kolmog-

orov–Smirnov test. The chi-square test or Fisher’s exact test 

was used to compare categorical variables. The Student t test 

or the Mann-Whitney U-test was used for continuous variables 

with or without a normal distribution. Kaplan-Meier survival 

curves were drawn and compared between groups using a log-

rank test. The odds ratios (ORs) and confidence intervals for 

mortality and kidney outcomes were calculated using logistic 

regression model. The adjusted variables were selected based 

on their significant association with mortality. To identify risk 

factors for IDH, backward stepwise selection was further ap-

plied. All statistical analyses were performed using IBM SPSS 

ver. 27 (IBM (IBM Corp.) and R software (ver. 3.5.1; R core 

team). A P-value of less than 0.05 was considered statistically 

significant. 

RESULTS 

Patient Characteristics 
The mean patient age was 64±15 years, and 39.5% of the pa-

tients were female. The proportion of patients with septic 

AKI was 50.6%. IDH occurred in 197 patients (36.4%). Among 

them, 123 patients (22.7%) had IDH-A alone, 138 patients 

(25.5%) had IDH-B alone, and 64 patients (11.8%) had both. 

The IDH prevalence was different according to the ICU sub-

types: 39.0% in medical ICU, 28.5% in surgical ICU, 35.6% in 

cardiopulmonary ICU, and 38.2% in emergency ICU. 

The IDH group was more likely to have low systolic blood 

pressure, high pulse rate, low urine output, high SOFA score 

and the need for mechanical ventilation and vasopressors than 

the non-IDH group. Before hemodialysis, 22.0% of patients 

and 9.2% after hemodialysis used vasopressors, respectively. 

Other baseline characteristics are shown in Table 1. 

Relationship between IDH and Mortality 
During a median follow-up period of 25 days (interquartile 

range, 13–54 days), 160 patients (28.3%) died. The mortality 

incidence was 5.7 deaths per 1,000 person-days. When a uni-

variate Cox regression model was applied, several variables, 

such as cause of AKI, pulse rate, SOFA score, platelet count, 

and total bilirubin, were associated with in-hospital mortality 

in the present cohort (Table 2), and these were included in 

subsequent multivariate regression models as adjusting fac-

tors. Figure 2 shows Kaplan-Meier survival curves according 

to IDH occurrence; the groups with IDH-A, IDH-B, or both 

had lower survival rates than the non-IDH group. The low 

survival rates in patients with IDH compared to those without 

IDH remained consistent after adjusting for multiple variables 

(Table 3).  

Relationship between IDH and Weaning from RRT  
Figure 3 depicts curves that show weaning from RRT between 

the groups with and without IDH, and the weaning rate was 

higher in the non-IDH group than in the IDH group (P<0.001). 

In a subgroup analysis, the association between IDH and low 

weaning from RRT was prominent when patients were male 

and had septic AKI or high SOFA scores (Figure 4). When 

logistic regression was applied, the iHD sessions delayed suc-

cessful weaning from RRT  (OR, 0.62; 95% confidence interval, 

0.43–0.90) compared with sessions on those without IDH.

Factors Related to IDH 
When a multivariate logistic regression model was applied, 

several factors were associated with IDH occurrence, such as 

low systolic blood pressure, high pulse rate, low urine output, 

and the use of mechanical ventilation and vasopressors. Re-

garding IDH-A, hypoalbuminemia was further noted to cor-

relate with IDH occurrence (Table 4). 

DISCUSSION 

It is well known that IDH occurrence confers a high risk of 

mortality in patients with end-stage kidney disease; however, 

this relationship has not been well established for AKI patients 

requiring iHD. The present study used a cohort of patients 

with AKI who needed a transition from CRRT to iHD. IDH oc-

currence after transition was associated with subsequent high 

risks of mortality and nonweaning from RRT. Several factors 

were identified to be associated with IDH occurrence, and the 

findings will help clinicians identify patients at risk of hemody-
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Table 1. Baseline patient characteristics
Variable Overall (n=541) Non-IDH (n=344) IDH (n=197) P-value
Age (yr) 64.2±15.3 63.8±15.9 64.9±14.0 0.416
Female (%) 39.5 38.4 42.6 0.330
Body mass index (kg/m2) 23.2±4.5 23.3±4.5 23.5±4.7 0.573
Septic acute kidney injury (%) 49.7 47.4 53.8 0.150
Transition after 24 hr (%) 25.5 27.8 22.3 0.219
Systolic blood pressure (mm Hg) 123.8±21.3 125.4±18.6 120.6±25.0 0.020
Diastolic blood pressure (mm Hg) 68.3±13.5 68.0±13.1 68.8±14.3 0.524
Mean arterial pressure (mm Hg) 86.8±13.7 87.1±12.8 86.1±15.2 0.401
Pulse rate (beats/min) 91.1±18.7 87.9±16.9 96.4±20.1 <0.001
Hemodialysis duration (hr) 3.0±0.3 3.0±0.3 3.0±0.2 0.213
Ultrafiltration volume (L) 1.0 (0.5–1.8) 1.0 (0.5–1.8) 1.1 (0.5–1.8) 0.467
Urine output (ml/day) 159.0 (35.0–546.0) 195.0 (45.0–684.0) 105.0 (30.0–312.0) 0.001
Mechanical ventilation (%) 29.9 24.1 39.1 <0.001
Use of vasopressors (%) 22.0 16.2 32.0 <0.001
SOFA score 8.9±2.8 8.6±2.7 9.4±2.7 <0.001
Charlson comorbidity index 3 (2–5) 3 (2–5) 3 (2–4) 0.641
Previous history (%)
 Myocardial infarction 10.9 11.9 9.1 0.318
 Congestive heart failure 22.2 24.7 19.8 0.161
 Diabetes 34.0 34.6 33.0 0.706
 Stroke 13.7 15.4 10.7 0.102
 Liver cirrhosis 4.4 4.7 4.1 0.748
 Active malignancy 32.7 32.0 34.0 0.628
Blood finding
 Hemoglobin (g/dl) 9.3±1.4 9.4±1.4 9.3±1.3 0.599
 Platelet (×103/ml) 81.0 (49.0–120.0) 82.0 (51.8–123.3) 78.0 (43.0–118.0) 0.162
 Blood urea nitrogen (mmol/l) 29.0 (20.0–40.0) 29 (19.5–41.0) 28 (21.0–39.0) 0.463
 Creatinine (mg/dl) 1.7 (1.3–2.4) 1.7 (1.3–2.5) 1.8 (1.3–2.4) 0.938
 Sodium (mmol/l) 135.8±3.4 135.9±3.3 135.8±3.5 0.337
 Potassium (mmol/l) 4.0±0.5 4.0±0.5 3.9±0.5 0.302
 Chloride (mmol/l) 100.8±3.5 100.9±3.5 100.8±3.6 0.808
 Calcium (mg/dl) 8.6±0.7 8.6±0.7 8.5±0.6 0.117
 Phosphate (mg/dl) 3.1 (2.5–3.8) 3.1 (2.5–3.8) 3.1 (2.5–3.9) 0.234
 Total bilirubin (mg/dl) 1.8 (0.9–5.0) 1.7 (0.9–4.5) 2.0 (0.9–5.8) 0.210
 Albumin (g/dl) 2.8 (2.6–3.2) 2.9 (2.6–3.2) 2.8 (2.5–3.1) 0.060

Values are presented as mean±standard deviation or median (interquartile range).
IDH: intradialytic hypotension; SOFA: Sequential Organ Failure Assessment.

namic instability, such as IDH after the transition to iHD. 

The prevalence of IDH on severe AKI varied from 30% to 90% 

depending on the definition of AKI and its timing [19,21,25]. 

Several factors may further increase the risk of IDH in patients 

with AKI receiving iHD compared to those with end-stage kid-

ney disease receiving maintenance iHD. These include fluid 

overload due to hemodynamic instability, nutritional support, 

and intravenous antibiotics. Furthermore, IDH can occur be-

cause of an impaired response to the physiological stress of 

RRT, such as increased vascular resistance or cardiac reserve 

due to critical illness [26]. The occurrence of IDH might be 

related to the delivered dose of RRT and fluid removal being 

insufficient, all of which influence patient outcomes. 

A previous prospective cohort study of patients with AKI re-

quiring RRT, wherein IDH was defined for each session of RRT 

as either the occurrence of mean arterial pressure <65 mm Hg 

or a reduction of ≥20% from the starting mean arterial pres-

sure, demonstrated that more frequent exposure to IDH led to 
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Table 2. Factors related to in-hospital mortality
Variable Odds ratio (95% CI) P-value
Age (per 10 yr) 1.03 (0.906–1.159) 0.693
Female (vs. male) 0.70 (0.476–1.039) 0.077
Body mass index (per 1 kg/m2) 1.01 (0.967–1.053) 0.675
Septic acute kidney injury (vs. nonseptic) 2.18 (1.480–3.197) <0.001
Transition after 24 hr (vs. within 24 hr) 1.25 (0.973–1.604) 0.081
Systolic blood pressure (per 10 mm Hg) 0.88 (0.804–0.963) 0.005
Diastolic blood pressure (per 10 mm Hg) 1.01 (0.878–1.160) 0.900
Mean arterial pressure (per 10 mm Hg) 0.91 (0.791–1.041) 0.166
Pulse rate (per 10 beat/min) 1.29 (1.159–1.432) 0.001
Hemodialysis duration (per 1 hr) 0.96 (0.521–1.748) 0.880
Ultrafiltration volume (per 1 L) 1.03 (0.842–1.248) 0.806
Urine output (per 100 ml/day) 0.96 (0.923–1.000) 0.049
Mechanical ventilation (%) 2.28 (1.534–3.383) <0.001
Use of vasopressors (vs. none) 1.61 (1.041–2.473) 0.032
SOFA score (per 1 score) 1.23 (1.146–1.327) <0.001
Charlson comorbidity index (per 1 score) 1.07 (0.988–1.154) 0.097
Blood finding
 Hemoglobin (per 1 g/dl) 0.88 (0.765–1.020) 0.090
 Platelet (per ×103/ml) 0.99 (0.988–0.996) 0.001
 Blood urea nitrogen (per 1 mmol/l) 1.00 (0.987–1.010) 0.754
 Creatinine (per 1 mg/dl) 0.89 (0.740–1.075) 0.230
 Sodium (per 1 mmol/l) 0.99 (0.938–1.049) 0.776
 Potassium (per 1 mmol/l) 1.02 (0.707–1.458) 0.933
 Chloride (per 1 mmol/l) 0.99 (0.937–1.042) 0.662
 Calcium (per 1 mg/dl) 1.00 (0.771–1.303) 0.985
 Phosphate (per 1 mg/dl) 1.07 (0.893–1.290) 0.450
 Total bilirubin (per 1 mg/dl) 1.08 (1.049–1.104) <0.001
 Albumin (per 1 g/dl) 0.62 (0.415–0.934) 0.022

CI: confidence interval; SOFA: Sequential Organ Failure Assessment.

Figure 2. Kaplan-Meier survival curves between patients with 
and without intradialytic hypotension (IDH). IDH was defined as a 
discontinuation of dialysis because of hemodynamic instability plus 
a nadir systolic blood pressure <90 mm Hg (IDH-A) or a decrease in 
systolic blood pressure ≥30 mm Hg (IDH-B).

Figure 3. Kaplan-Meier curves of the weaning rate from renal 
replacement therapy (RRT). IDH: intradialytic hypotension.
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Table 4. Factors associated with IDH in logistic regression with backward stepwise selection

Variable
IDH IDH–Aa) IDH–Ba)

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Age (per 10 yr) 1.10 (0.970–1.257) 0.135 1.15 (0.973–1.350) 0.103 1.12 (0.972–1.282) 0.118
Female (vs. male) 1.23 (0.836–1.802) 0.295 1.25 (0.787–1.999) 0.341 1.47 (0.972–2.213) 0.068
Systolic blood pressure (per 10 mm Hg) 0.92 (0.834–1.003) 0.058 0.68 (0.594–0.768) <0.001 1.15 (1.033–1.274) 0.010
Pulse rate (per 10 beats/min) 1.33 (1.191–1.485) <0.001 1.35 (1.187–1.534) <0.001 1.31 (1.170–1.475) 0.001
Transition after 24 hr (vs. within 24 hr) 1.13 (0.873–1.471) 0.348 1.15 (0.826–1.556) 0.397 0.99 (0.746–1.311) 0.937
Hemodialysis duration (per 1 hr) 0.61 (0.314–1.191) 0.148 0.67 (0.298–1.526) 0.355 0.63 (0.304–1.303) 0.213
Ultrafiltration volume (per 1 L) 1.10 (0.898–1.354) 0.348 1.05 (0.831–1.336) 0.665 0.99 (0.794–1.232) 0.989
Urine output (per 100 ml/day) 0.96 (0.921–0.998) 0.038 0.97 (0.925–1.023) 0.259 0.96 (0.964–1.007) 0.096
Mechanical ventilation (%) 1.71 (1.121–2.553) 0.012 1.39 (0.848–2.284) 0.191 1.40 (0.900–2.178) 0.136
Use of vasopressor (vs. none) 1.91 (1.212–3.015) 0.005 2.84 (1.719–4.691) <0.001 1.72 (1.053–2.794) 0.030
Albumin (per 1 g/dl) 0.71 (0.470–1.055) 0.089 0.51 (0.311–0.845) 0.009 1.00 (0.656–1.524) 0.998

IDH: intradialytic hypotension; OR: odds ratio; CI: confidence interval.
a) IDH was defined as a discontinuation of dialysis because of hemodynamic instability plus a nadir systolic blood pressure <90 mm Hg (IDH-A) or a decrease in 
systolic blood pressure ≥30 mm Hg (IDH-B).

Figure 4. Forest plot of subgroup analyses for the odds ratio (OR) of the renal replacement therapy weaning rate in the group with intradialytic 
hypotension compared with that of the group without intradialytic hypotension. CI: confidence interval; AKI: acute kidney injury; SOFA: Sequential 
Organ Failure Assessment.

Table 3. Odds ratios of in-hospital mortality in patients with IDH compared with those without IDH
Outcome Unadjusted OR (95% CI) P-value Adjusted OR (95% CI)a) P-value
IDH 3.33 (2.258–4.914) <0.001 2.57 (1.632–4.040) <0.001
IDH–Ab) 3.33 (2.182–5.076) <0.001 2.71 (1.600–4.643) <0.001
IDH–Bb) 2.46 (1.631–3.694) <0.001 2.35 (1.443–3.834) 0.001

IDH: intradialytic hypotension; OR: odds ratio; CI: confidence interval; SOFA: Sequential Organ Failure Assessment.
a) Adjusted for age, sex, septic acute kidney injury, systolic blood pressure, pulse rate, urine output, mechanical ventilation, use of vasopressors, SOFA score, 
Charlson comorbidity index, hemoglobin, platelet, total bilirubin, and albumin; b) IDH was defined as a discontinuation of dialysis because of hemodynamic 
instability plus a nadir systolic blood pressure <90 mm Hg (IDH-A) or a decrease in systolic blood pressure ≥30 mm Hg (IDH-B).

Variable OR (95% CI)

0.64 (0.37–1.13)
0.59 (0.37–0.98)

Age
≥65 yr
<65 yr

Sex
Male
Female

Cause of AKI
Septic
Nonseptic

SOFA score
High
Low

Mechanical ventilation
Yes
No

Congestive heart failure
Yes
No

Myocardial infarction
Yes
No

0.83

0.53 (0.33–0.86)
0.77 (0.43–1.36)

0.33

0.50 (0.30–0.84)
0.77 (0.46–1.29)

0.26

0.63 (0.33–1.20)
0.60 (0.38–0.95)

0.92

0.51 (0.31–0.83)
0.79 (0.44–1.39)

0.39

0.33 (0.10–1.18)
0.66 (0.45–0.97)

0.30

0.73 (0.33–1.64)
0.60 (0.39–0.90)

0.71

P-value for
interaction

1.60.8 1.20.4 1.40.6 1.00.20
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a higher risk of mortality outcome regardless of RRT modality 

[19]. Another observational study with CRRT alone showed 

that IDH occurring within the first hour of CRRT initiation, 

defined as a decline in blood pressure from baseline, was as-

sociated with an increased risk of mortality [21]. The present 

study reconfirmed the association of patient outcome with 

IDH, although the definition and timing of IDH differ between 

studies. 

One previous study suggested a high risk of mortality when 

IDH occurs during the transition period (n=213) [25]. The 

present study expanded the sample size and added sufficient 

laboratory data at the time of iHD initiation to the analyses. 

Furthermore, the present study considered an RRT weaning 

outcome. Baseline hypoalbuminemia indicated the risk of 

IDH, which might reflect pathological conditions, such as 

organ failure, nutritional deficiency, and inflammation, in 

critically ill patients [27,28]. Because serum albumin primar-

ily determines osmotic pressure and has a decisive effect 

on intravascular volume, hypoalbuminemia would result 

in hemodynamic instability while on iHD. In a prospective 

randomized controlled trial, the administration of albumin 

during iHD resulted in few episodes of IDH and improved 

the fluid removal rate compared to the nonadministration of 

albumin [29]. 

The occurrence of IDH delayed RRT weaning and thus pro-

longed the dependence of patients with ischemic AKI on RRT 

[30]. Hot lesions in ischemic tubules were further observed in 

kidney biopsies of patients dependent on RRT, which suggests 

that IDH would cause an additional ischemic injury [31]. In a 

randomized controlled trial comparing CRRT and iHD after 

AKI, IDH was associated with mortality and a lower probabili-

ty of renal recovery for both modalities [32].  

Although the study is informative, there are certain limita-

tions to be addressed. Because of the retrospective design, 

unmeasured bias and confounders could have interfered with 

the present analyses. Continuous fluctuations in biochemical 

parameters and alterations during practice could be related 

to mortality but were not considered in the study. The present 

study did not categorize nonseptic patients into specific caus-

es, which could further segment risk factors of IDH. The cause 

of death was not taken into consideration, which could affect 

the results. 

The occurrence of IDH after transitioning from CRRT is 

associated with an increased risk of hospital mortality and de-

pendence on RRT. Certain factors, such as low blood pressure, 

high pulse rate, low urine output, use of mechanical ventila-

tion and vasopressors, and hypoalbuminemia, are associated 

with IDH occurrence. The findings provide a basis for future 

studies to clarify the clinical implications of IDH and strategies 

to prevent it in the context of transitions between RRT modali-

ties in patients with AKI. 
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INTRODUCTION 

Acute kidney injury (AKI) is defined as a sudden decline in kidney function. AKI is an inde-

pendent risk factor for increased mortality in patients with severe trauma admitted to the 

intensive care unit (ICU) [1-5]. In trauma patients, the incidence of AKI ranges widely from 1% 

Background: In patients with severe trauma, the diagnosis of acute kidney injury (AKI) is import-
ant because it is a predictive factor for poor prognosis and can affect patient care. The diagnosis 
and staging of AKI are based on change in serum creatinine (SCr) levels from baseline. However, 
baseline creatinine levels in patients with traumatic injuries are often unknown, making the diag-
nosis of AKI in trauma patients difficult. This study aimed to enhance the accuracy of AKI diagno-
sis in trauma patients by presenting an appropriate reference creatinine estimate (RCE). 
Methods: We reviewed adult patients with severe trauma requiring intensive care unit admission 
between 2015 and 2019 (n=3,228) at a single regional trauma center in South Korea. AKI was di-
agnosed based on the current guideline published by the Kidney Disease: Improving Global Out-
comes organization. AKI was determined using the following RCEs: estimated SCr75-modification 
of diet in renal disease (MDRD), trauma MDRD (TMDRD), admission creatinine level, and first-day 
creatinine nadir. We assessed inclusivity, prognostic ability, and incrementality using the different 
RCEs. 
Results: The incidence of AKI varied from 15% to 46% according to the RCE used. The receiver 
operating characteristic curve of TMDRD used to predict mortality and the need for renal replace-
ment therapy (RRT) had the highest value and was statistically significant (0.797, P<0.001; 0.890, 
P=0.002, respectively). In addition, the use of TMDRD resulted in a mortality prognostic ability 
and the need for RRT was incremental with AKI stage. 
Conclusions: In this study, TMDRD was feasible as a RCE, resulting in optimal post-traumatic AKI 
diagnosis and prognosis. 
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to 50%, seemingly due to inconsistent diagnostic criteria and 

unclear estimates of reference creatinine estimates [6]. 

Accurate diagnosis and management of AKI can help im-

prove survival in severely injured patients [7]. The diagnostic 

criteria for AKI have been developed over the past few de-

cades. Recently, the Kidney Disease: Improving Global Out-

comes (KDIGO) group proposed AKI diagnostic criteria based 

on urine output (UO) and serum creatinine (SCr) levels [8]. 

These criteria are used to diagnose and stage AKI according to 

the degree of increase in creatinine levels from baseline SCr or 

according to UO. However, baseline SCr is often unknown in 

trauma patients, making AKI diagnosis difficult. 

There are no clear guidelines on how to estimate the refer-

ence creatinine in trauma patients; however, several methods 

have been proposed to estimate baseline SCr for AKI diagnosis 

in patients with severe trauma. This study aimed to determine 

an appropriate reference creatinine estimate for post-traumat-

ic AKI diagnosis. We hypothesized that a more appropriate 

reference creatinine estimate is more strongly related to the 

diagnosis of AKI and its clinical outcomes, such as mortality. 

We assessed the ability of reference creatinine estimates to di-

agnose AKI based on incidence, prognosis, and incrementality 

by AKI stage and existing verified reports. 

MATERIALS AND METHODS 

This study was reviewed and approved by the Institutional Re-

view Board of Pusan National University Hospital (No. H-2004-

020-090). Owing to its retrospective design, informed consent 

was waived. 

Study Population 
In this retrospective cohort study, we reviewed adult patients 

with severe trauma from the Korea Trauma Database (KTDB) 

between January 1, 2015, and December 31, 2019 at Pusan 

National University Hospital, a high-volume regional trauma 

center in Busan, South Korea. A total of 4,293 patients had 

severe trauma (Injury Severity Score [ISS] ≥16). The exclusion 

criteria were age <16 years, ICU admission time <12 hours, 

known chronic kidney disease, and unclear laboratory results 

or medical records. Accordingly, 3,228 patients were enrolled 

in the study (Figure 1). Data on demographic characteristics, 

initial vital signs, medical history, injury type, length of ICU 

admission, and mortality were obtained from the KTDB. In 

addition, laboratory results for seven days were extracted from 

the medical records. 

Definition and Outcome Measures 
AKI was defined and staged based on the current KDIGO 

guidelines (Table 1) [8]. Initiation of renal replacement therapy 

(RRT) corresponds to stage 3 AKI in the KDIGO guidelines [8]. 

However, this study did not include RRT as a diagnostic crite-

rion. RRT was included as an outcome variable rather than a 

diagnostic criterion in our study. In addition, the KDIGO 2012 

guidelines include the UO criterion; however, this study did 

not apply it because the accuracy of the available data could 

not be verified. 

■ Acute kidney injury (AKI) in patients with severe trauma is 
an important prognostic factor; however, diagnosing AKI 
is challenging because the baseline creatinine level for a 
definitive diagnosis is not known.

■ Currently, there is no clear consensus on the estimated 
baseline creatinine level that is diagnostic of AKI in pa-
tients with severe trauma.

■ In this study, we compared the diagnostic ability of several 
reference creatinine estimates (RCEs) and found trauma 
modification of diet in renal disease to be the most suit-
able RCE for AKI diagnosis.

KEY MESSAGES

Figure 1. Flowchart of the study. ISS: Injury Severity Score; ICU: 
intensive care unit; CKD: chronic kidney disease.

4,293 Severe traumatic injury 
(ISS>16)

Unclear laboratory results 
and/or medical record

717 Excluded

3,228 Included

Age ≥16 yr
ICU admission (time >12 hr)
No CKD and/or dialysis history

YesNo

3,576 Included
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We identified some reference creatinine estimates that 

were used when the patient's baseline creatinine level was 

unknown in the trauma literature. The modification of diet in 

renal disease (MDRD) equation used for back-calculation was 

developed for estimating the glomerular filtration rate (GFR) 

and is widely accepted [9]. The equation is as follows: 

GFR = 175 × SCr−1.154 × age−0.203 × 0.742 (if female) × 1.212 (if 

black). 

The estimated serum creatinine 75 (eSCr75)-MDRD back- 

calculates the MDRD equation to estimate unidentified SCr, 

assuming a lower normal GFR (75 ml/min/1.73 m2), according 

to international recommendations [8]. The trauma MDRD 

(TMDRD) was also designed to estimate creatinine in the 

young and generally healthy trauma population; however, it 

uses the highest median GFR (121 ml/min/1.73 m2) demon-

strated by trauma patients during the first week of admission 

[10]. The admission creatinine level was defined as the first SCr 

measurement after arrival at the hospital [11], and the first-day 

nadir was defined as the lowest SCr measured within 24 hours 

of arrival [12]. 

This study assessed four reference creatinine estimates 

(eScr75-MDRD, TMDRD, admission creatinine, and first-

day nadir) with the following primary outcomes: inclusivity, 

prognostic ability, and incrementality. Inclusivity was assessed 

based on AKI incidence. Prognostic ability was assessed using 

the estimated odds ratio (OR) of mortality, initiation of RRT, 

and area under the curve (AUC). Incrementality was assessed 

by evaluating whether mortality and RRT also increased as the 

AKI stage increased. 

Statistical Analysis 
Continuous variables were presented as median and inter-

quartile ranges (IQRs), and categorical variables were pre-

sented as numbers and percentages. The categorical variables 

were compared using the chi-square test when appropriate; 

otherwise, Fisher’s exact test was used. Continuous variables 

were compared using the Wilcoxon rank-sum test based on 

the distribution. Modified Poisson regression analysis was per-

formed to estimate the OR. This method has been proposed 

as an alternative to log binomial models when convergence is 

a problem (as was the case in this study). We used the receiver 

operating characteristic (ROC) curve and AUC to evaluate the 

prognostic factors predicting mortality. Statistical significance 

was defined as P≤0.05. All statistical analyses were performed 

using IBM SPSS ver. 20.0. (IBM Corp.) and Stata ver. 14.2 

(StataCorp.). 

RESULT 

Patient Demographics 
In total, 3,228 patients were included in the analysis. The pro-

portion of men was higher (77%), and the median age was 57 

years (IQR, 44–68 years). Most of the damage mechanisms 

were blunt injuries (97%), and the median ISS was 25 (IQR, 

19–29). The reference creatinine estimate ranged widely from 

0.67 mg/dl (when TMDRD was used) to 1.00 mg/dl (when 

eScr75-MDRD was used). The participant characteristics are 

presented in Table 2. 

Inclusivity 
In univariate analysis, patients with AKI diagnosed using 

any of the reference creatinine estimates were more severely 

injured, older, and had a larger arrival base deficit, higher 

mortality rate, and higher rate of RRT requirement compared 

with those without AKI. This trend was the same regardless of 

Table 1. KDIGO acute kidney injury definition and stage
KDIGO acute kidney injury

Definition • Increase in SCr by ≥0.3 mg/dl within 48 hr or
• Increase in SCr to ≥1.5 times baseline, which is known or 

presumed to have occurred within the prior 7 days or
• Urine volume <0.5 ml/kg/hr for 6 hr

Stage
1 Scr

 • 1.5–1.9 Times baseline or ≥0.3 mg/dl increase
Urine output
 • <0.5 ml/kg/hr for 6–12 hr

2 Scr
 • 2.0–2.9 Times baseline
Urine output
 • <0.5 ml/kg/hr for ≥12 hr

3 Scr
 • 3.0 Times baseline or
 • Increase in serum creatinine to ≥4.0 mg/dl or
 • Initiation of renal replacement therapy or
 • In patients <18 yr, decrease in eGFR <35 ml/min/1.73 m2

Urine output
 • <0.3 ml/kg/hr for ≥24 hr or
 • Anuria for ≥12 hr

KDIGO: kidney disease: improving global outcomes; SCr: serum creatinine; 
eGFR: estimated glomerular filtration rate.
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the reference creatinine estimate used. Patients with AKI di-

agnosed using admission creatinine levels had no statistically 

significant difference in arrival systolic blood pressure (SBP). 

The incidence of AKI varied among the reference creatinine 

estimates, from 15% (when the admission creatinine level was 

used) to 46% (when the TMDRD was used) (Table 3). 

Prognostic Ability 
The estimated OR of increased mortality and RRT showed 

associations with AKI diagnosed using all reference creatinine 

estimates after adjusting for age, arrival SBP, ISS, and arrival 

base deficit (Table 4). This result is similar to the significant 

increase in mortality and RRT according to AKI diagnosis pre-

viously identified in the univariate analysis (P<0.001). A ROC 

curve analysis according to each reference creatinine estimate 

was performed to determine the sensitivity, specificity, and 

positive and negative predictive values of mortality and RRT 

by AKI stage. The results are presented in Table 5. The AUCs of 

TMDRD in predicting the mortality and initiation of RRT were 

Table 2. Characteristics of study participants
Variable Value (n=3,228)
Age (yr) 57 (44 to 68)
Year
 2015 363 (11)
 2016 707 (22)
 2017 679 (21)
 2018 771 (24)
 2019 708 (22)
Male 2,479 (77)
Blunt mechanism of injury 3,142 (97)
Injury Severity Score 25 (19 to 29)
Arrival systolic blood pressure (mm 
Hg)

110 (90 to 140)

Arrival base deficit (mmol/L) 1.5 (−0.9 to 5.1)
Base creatinine (mg/dl)
 eSCr75-MDRD 1.00 (0.96 to 1.05)
 TMDRD 0.67 (0.64 to 0.70)
 Admission creatinine 0.86 (0.72 to 1.05)
 First-day nadir 0.75 (0.63 to 0.91)
30-Day ICU-free day 25 (16 to 28)
30-Day hospital-free day 6 (0 to 17)
Length of stay 24 (13 to 44)
Length of ICU 5 (2 to 14)
In-hospital mortality 459 (14)

Values are presented as median (interquartile range) or number (%). 
eSCr75: estimated serum creatinine 75; MDRD: modification of diet in renal 
disease; TMDRD: trauma MDRD; ICU: intensive care unit.

Ta
bl

e 
3.

 C
ha

ra
ct

er
ist

ic
s o

f p
at

ie
nt

s w
ith

 a
nd

 w
ith

ou
t a

cu
te

 k
id

ne
y 

in
ju

ry
, b

y 
re

fe
re

nc
e 

cr
ea

tin
in

e 
es

tim
at

e

Va
ria

bl
e

eS
Cr

75
-M

DR
D

Tr
au

m
a 

M
DR

D
Ad

m
iss

io
n 

cr
ea

tin
in

e
Fi

rs
t-

da
y 

na
di

r
N

o 
AK

I 
(n

=2
,5

50
, 7

9%
)

AK
I 

(n
=6

78
, 2

1%
)

P-
va

lu
e

N
o 

AK
I 

(n
=1

,7
40

, 5
4%

)
AK

I 
(n

=1
,4

88
, 4

6%
)

P-
va

lu
e

N
o 

AK
I 

(n
=2

,7
46

, 8
5%

)
AK

I 
(n

=4
82

, 1
5%

)
P-

va
lu

e
N

o 
AK

I 
(n

=2
,2

60
, 7

0%
)

AK
I 

(n
=9

68
, 3

0%
)

P-
va

lu
e

Ag
e 

(y
r)

56
 (4

2–
66

)
64

 (5
1–

75
)

<0
.0

01
54

 (4
0–

64
)

61
 (4

9–
73

)
<0

.0
01

56
 (4

2–
67

)
62

 (5
1–

74
)

<0
.0

01
57

 (4
3–

67
)

58
 (4

6–
70

)
0.

00
4

M
al

e
1,

96
3 

(7
7)

51
6 

(7
6.

1)
0.

63
2

1,
32

8 
(7

6)
1,

15
1 

(7
7)

0.
48

9
2,

09
6 

(7
6)

38
3 

(8
0)

0.
13

3
1,

72
9 

(7
7)

75
0 

(7
7)

0.
54

8
IS

S
24

 (1
9–

29
)

27
 (2

2–
34

)
<0

.0
01

22
 (1

8–
27

)
26

 (2
1–

33
)

<0
.0

01
24

 (1
9–

29
)

27
 (2

4–
35

)
<0

.0
01

22
 (1

8–
29

)
26

 (2
2–

34
)

<0
.0

01
SB

P 
(m

m
 H

g)
11

0 
(1

00
–1

40
)

10
0 

(7
0–

14
0)

<0
.0

01
12

0 
(1

00
–1

40
)

10
0 

(8
0–

14
0)

<0
.0

01
11

0 
(9

0–
14

0)
11

9 
(8

0–
15

0)
0.

73
1

12
0 

(1
00

–1
40

)
10

0 
(7

0–
14

0)
<0

.0
01

Ar
riv

al
 b

as
e 

de
fic

it 
(m

m
ol

/L
)

1.
0 

(−
1.

2 
to

 4
.0

)
4.

5 
(0

.6
–8

.8
)

<0
.0

01
0.

5 
(−

1.
5 

to
 3

.2
)

3.
1 

(0
–7

.0
)

<0
.0

01
1.

3 
(−

1 
to

 4
.6

)
3.

3 
(0

–7
.4

)
<0

.0
01

0.
8 

(−
1.

3 
to

 3
.6

)
4.

0 
(0

.4
–7

.9
)

<0
.0

01
M

or
ta

lit
y

18
3 

(7
.2

)
27

6 
(4

0.
7)

<0
.0

01
76

 (4
.4

)
38

3 
(2

5.
7)

<0
.0

01
21

1 
(8

)
24

8 
(5

1)
<0

.0
01

15
2 

(7
)

30
7 

(3
2)

<0
.0

01
RR

T
20

 (0
.8

)
90

 (1
3.

3)
<0

.0
01

6 
(0

.3
)

10
4 

(7
.0

)
<0

.0
01

32
 (1

)
78

 (1
6)

<0
.0

01
17

(0
.8

)
93

 (1
0)

<0
.0

01

Va
lu

es
 a

re
 p

re
se

nt
ed

 a
s m

ed
ia

n 
(in

te
rq

ua
rti

le 
ra

ng
e)

 o
r n

um
be

r (
%

).
eS

Cr
75

: e
st

im
at

ed
 se

ru
m

 cr
ea

tin
in

e 
75

; M
DR

D:
 m

od
ifi

ca
tio

n 
of

 d
iet

 in
 re

na
l d

ise
as

e;
 A

KI
: a

cu
te

 ki
dn

ey
 in

ju
ry

; I
SS

: I
nj

ur
y 

Se
ve

rit
y 

Sc
or

e;
 S

BP
: s

ys
to

lic
 b

lo
od

 p
re

ss
ur

e;
 R

RT
: r

en
al

 re
pl

ac
em

en
t t

he
ra

py
.



99https://www.accjournal.orgAcute and Critical Care 2023 February 38(1):95-103

Lee K, et al. Diagnosis of AKI in severe trauma patients

Table 4. Estimated odds ratio of mortality and renal replacement 
therapy by acute kidney injury diagnosis, adjusted for age, arrival 
systolic blood pressure, Injury Severity Score, and arrival base deficit

Variable
Mortality Renal replacement therapy

OR (95% CI) P-value OR (95% CI) P-value
eSCr75-MDRD 5.4 (4.2–6.8) <0.001 14.5 (8.5–24.7) <0.001
TMDRD 4.6 (3.5–6.1) <0.001 13.8 (5.9–32.2) <0.001
Admission 

creatinine
9.0 (7.1–11.5) <0.001 13.1 (8.3–20.6) <0.001

First-day nadir 4.3 (3.4–5.4) <0.001 9.5 (5.5–16.3) <0.001

OR: odds ratio; CI: confidence interval; eSCr75: estimated serum creatinine 
75; MDRD: modification of diet in renal disease; TMDRD: trauma MDRD.

higher than those of the other estimates, and this difference 

was statistically significant (AUC: 0.797, P<0.001; AUC: 0.890, 

P=0.002) (Figure 2).  

Table 5. Sensitivity, specificity, PPV, and NPV value of mortality and renal replacement therapy by acute kidney injury stage

Variable
Mortality Renal replacement therapy

Sensitivity Specificity PPV NPV Sensitivity Specificity PPV NPV
eSCr75-MDRD 25.3 (21.4–29.5) 98.1 (97.5–98.6) 69.0 (61.5–75.9) 88.8 (87.6–89.9) 64.5 (54.9–73.4) 96.9 (96.2–97.5) 42.3 (34.7–50.1) 98.7 (98.3–99.1)
TMDRD 41.6 (37.1–46.3) 95.2 (94.3–96.0) 59.0 (53.4–64.4) 90.8 (89.7–91.8) 75.5 (66.3–83.2) 92.3 (91.3–93.2) 25.6 (21.0–30.7) 99.1 (98.7–99.4)
Admission 

creatinine
22.9 (19.1–27.0) 98.5 (98.0–98.9) 71.9 (63.9–79.0) 88.5 (87.3–89.6) 57.3 (47.5–66.7) 97.3 (96.7–97.9) 43.2 (35.0–51.6) 98.5 (98.0–98.9)

First-day nadir 27.9 (23.8–32.2) 98.3 (97.7–98.7) 72.7 (65.5–79.2) 89.2 (88.0–90.2) 65.5 (55.8–74.3) 96.7 (96.0–97.3) 40.9 (33.6–48.6) 98.8 (98.3–99.1)

Values are presented as percent (95% confidence interval).
PPV: positive predictive value; NPV: negative predictive value; eSCr75: estimated serum creatinine 75; MDRD: modification of diet in renal disease; TMDRD: 
trauma MDRD.

Figure 2. Comparison of estimated serum creatinine 75 (eSCr75) modification of diet in renal disease (MDRD), trauma MDRD (TMDRD), admission 
creatinine, and first-day nadir creatinine area under the curve (AUC) for predicting mortality (A) and the need for renal replacement therapy (B). 
Values are presented as AUC (95% confidence interval).
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Incrementality  
The estimated OR of mortality and RRT by AKI stage showed 

that it increased with each increase in AKI stage, and all were 

statistically significant after adjusting for age, arrival SBP, ISS, 

and arrival base deficit (Table 6). The mortality rate and re-

quirement of RRT according to AKI stage was calculated for 

each reference creatinine estimate (Figure 3). The association 

of the increase in mortality and RRT with the increasing stage 

only occurred with TMDRD, and not in the other reference 

creatinine estimates. 

DISCUSSION 

In this study, there were variations in the strength of associ-

ation between AKI diagnosis and mortality based on the ref-

erence creatinine estimate used. The TMDRD reference cre-
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atinine estimate was the most relevant in terms of incidence, 

prognosis, and incrementality, and it was the most appropriate 

for AKI diagnosis according to our hypothesis. AKI in patients 

with severe trauma admitted to the ICU is a common compli-

cation with considerable mortality. Moreover, severe injury is a 

strong risk factor for AKI [1-5]. Indeed, trauma patients experi-

ence single or multiple exposures to AKI risk factors, including 

severe trauma, hypovolemic shock, rhabdomyolysis, and ab-

dominal compartment syndrome [2,13-16]. 

According to several guidelines, a diagnosis of AKI should 

be made based on an increase in SCr from the reference val-

ue. However, the choice of reference creatinine estimate for 

post-traumatic AKI diagnosis remains controversial. Various 

approaches have been used to define reference creatinine 

Table 6. Estimated odds ratio of mortality and renal replacement therapy by acute kidney injury stage, adjusted for age, arrival systolic blood 
pressure, Injury Severity Score, and arrival base deficit

Variable
Mortality Renal replacement therapy

OR (95% CI) P-value OR (95% CI) P-value
eSCr75-MDRD
 Stage 1 2.6 (1.9–3.6) <0.001 3.5 (1.7–7.4) 0.001
 Stage 2 7.1 (4.8–10.4) <0.001 4.1 (1.5–11.0) 0.005
 Stage 3 17.3 (11.8–25.4) <0.001 81.1 (44.4–150.0) <0.001
TMDRD
 Stage 1 2.3 (1.6–3.2) <0.001 3.0 (1.1–8.6) 0.037
 Stage 2 4.6 (3.2–6.6) <0.001 8.2 (3.0–22.8) <0.001
 Stage 3 18.5 (13.0–26.2) <0.001 93.8 (38.3–229.4) <0.001
Admission creatinine
 Stage 1 4.1 (2.9–5.7) <0.001 2.4 (1.1–5.3) 0.027
 Stage 2 15.5 (9.7–24.6) <0.001 4.0 (1.5–10.2) 0.004
 Stage 3 23.2 (15.4–35.0) <0.001 56.3 (33.4–94.8) <0.001
First-day nadir
 Stage 1 1.8 (1.3–2.4) <0.001 2.0 (1.0–4.3) 0.053
 Stage 2 8.7 (5.9–12.9) <0.001 4.4 (1.7–11.3) 0.002
 Stage 3 25.1 (16.9–37.2) <0.001 71.9 (39.3–131.6) <0.001

OR: odds ratio; CI: confidence interval; eSCr75: estimated serum creatinine 75; MDRD: modification of diet in renal disease; TMDRD: trauma MDRD.

Figure 3. Mortality (A) and the need for renal replacement therapy (B) by acute kidney injury (AKI) stage. eSCr75: estimated serum creatinine 75; 
MDRD: modification of diet in renal disease.
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estimates [17,18]. Common approaches include the use of 

admission creatinine, the lowest inpatient creatinine, or 

other surrogates, such as MDRD. Without reliable baseline 

SCr, the KDIGO 2012 guideline recommends that SCr be esti-

mated using the back-calculated MDRD equation assuming 

a lower normal GFR of 75 mL/min/1.73 m2 [8]. Although a 

recent study questioned the reliability of estimated creatinine 

clearance, several studies have reported that eSCr75-MDRD 

appears applicable in critical care [17,19,20]. In contrast, TM-

DRD may be more appropriate than eScr75-MDRD for the di-

agnosis and prognosis of AKI in the trauma population [10,18]. 

In our study, TMDRD appeared to be more useful than other 

estimates (eScr75-MDRD, admission creatinine, and first-day 

nadir) as a reference creatinine estimate for the diagnosis of 

AKI in patients with severe trauma. 

The incidence of AKI in trauma patients is reportedly in the 

range of 1%–76% because of the different AKI criteria, refer-

ence creatinine estimates, levels of trauma severity, and length 

of follow-up used [6,21-23]. In our study, there was a wide 

range in AKI incidence, from 15% (when admission creatinine 

was used) to 46% (when TMDRD was used). This result is 

comparable to that previously reported. In a recent systematic 

review and meta-analysis of trauma patients admitted to criti-

cal care, the overall incidence of AKI was 20.4% without a clear 

reference creatinine estimate. The incidence of AKI increased 

by 31.9% in studies that focused mainly on blunt injuries [21]. 

In another systematic review and meta-analysis of trauma pa-

tients in the ICU, the overall mean incidence of post-traumatic 

AKI was 24% (95% confidence interval [CI], 20%– 29%), with 

considerable heterogeneity in significant outcomes [22]. 

According to a large cohort study, the in-hospital mortality 

of patients with AKI was 27% after adjusting for the KDIGO 

stage and differences in age, sex, and severity of illness (OR, 

1.13–2.20; P<0.001) in various patients admitted to the ICU 

[24]. A meta-analysis of trauma patients found that the mor-

tality rate in patients with AKI was 27% (95% CI, 20%–35%) 

[22]. Haines et al. [21] reported that the pooled relative risk 

of death from AKI was 3.6 (95% CI, 2.4–5.3). In our study, the 

estimated OR of mortality ranged from 4.3 (when the first-day 

creatinine nadir was used) to 9.0 (when admission creatinine 

was used). The estimated OR of mortality of TMDRD was 4.6 

(95% CI, 3.5–6.1). In particular, the AUC value of TMDRD was 

higher than that of the other estimates, and this difference was 

statistically significant (Figure 2A). The TMDRD reference cre-

atinine estimate resulted in a diagnosis that was prognostic of 

both mortality and incrementality for each AKI stage (Figure 

3A). Although there were some differences in patient char-

acteristics and diagnostic criteria between our study and the 

others, the mortality rate of TMDRD (25.7%) was comparable 

to that in the other observations [21,22,24].  

RRT is the only supportive measure in patients with severe 

AKI. The KDIGO guidelines recommend immediate initiation 

of RRT if an absolute indication exists [8]. The initiation of 

RRT before the onset of major complications has conceivable 

advantages for patients with severe AKI [25]. In our study, the 

AUC value of TMDRD used to predict the requirement of RRT 

was higher than that of the other estimates, and this difference 

was statistically significant (Figure 2B). The association of the 

increase in RRT with the increasing stage only occurred with 

TMDRD and not in the other reference creatinine estimates 

(Figure 3B). 

There are three main differences between our study and 

other studies that have suggested methods of approximating 

reference creatinine estimates to diagnose AKI in patients with 

trauma. First, our study was based on a relatively large number 

of patients and compared the adequacy of previously known 

reference creatinine estimates in patients with severe trauma. 

Saour et al. [10] assessed MDRD performance in predicting 

SCr in a severe trauma population of 775 patients. In contrast, 

3,228 patients were included in our study. Second, the severity 

of trauma in patients included in the present study was more 

than that in patients included in the other studies. Saour et 

al. [10] reported a mean ISS of 19. Hatton et al. [23] reported 

a median ISS of 20. In contrast, the median ISS in this study 

was 25. We believe that the difference in results between our 

study and others may have been influenced by the severity of 

trauma. Third, in contrast to the diversity in population com-

position and trauma mechanisms in other studies, all patients 

in our study were Asian (100%), and 97% had suffered blunt in-

juries. In the study by Hatton et al. [23], most participants were 

Caucasian (52%) or Hispanic (22%), while African Americans 

comprised only 17% of the population and Asians only 2%. In 

addition, participants with a blunt injury accounted for 85% 

of the cohort [23]. Those authors reported that eSCr75-MDRD 

may be more useful than TMDRD for the diagnosis and prog-

nosis of AKI [23]. In contrast, TMDRD appeared to be a more 

appropriate reference creatinine estimate than eSCr75-MDRD 

in our study. This is thought to be on account of the differ-

ences in race composition and injury mechanism. Although 

the role of race adjustment in estimating kidney function is 

controversial [26,27], we believe that racial differences must be 

considered when selecting an appropriate reference value for 
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creatinine. 

This study had several limitations. First, UO could not be 

applied as a diagnostic criterion because of our inability to ac-

curately verify UO. UO records before admission to the ICU (via 

the emergency, operating, or angiography room) were miss-

ing. In studies where both SCr and UO were used as diagnostic 

criteria, the incidence of AKI increased from 24% based on SCr 

alone to 52% when UO was added as a diagnostic criterion. 

Moreover, the risk of death was greatest when patients met 

both SCr levels and UO criteria for AKI [28,29]. Thus, our study 

may have underestimated the incidence and mortality of AKI. 

Second, mortality or initiation of RRT is one of the strongest in-

dicators of prognosis in patients with AKI. However, there are 

several other indicators of prognosis, such as complications, 

duration of RRT, and renal disease progression to chronic kid-

ney disease. However, investigation of this aspect was limited 

by model structure. Finally, this was a single-center retrospec-

tive study, and the results were insufficient for drawing conclu-

sions. Additional multicenter, prospective, randomized con-

trolled trials are necessary to confirm the validity of TMDRD as 

a reference creatinine estimate. 

In the current study, TMDRD was the most appropriate 

reference creatinine estimate (in terms of inclusivity, prog-

nostic ability, and incrementality) for diagnosing and staging 

post-traumatic AKI. When using TMDRD as a diagnostic crite-

rion, the incidence of AKI in patients with severe trauma was 

approximately 46%. If complementary prospective random-

ized controlled, multicenter comparative studies are conduct-

ed in the future, we believe a more definitive conclusion can 

be reached. 
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Background: There are conflicting results regarding the association between body mass index and 
the prognosis of cardiac arrest patients. We investigated the association of the composition and 
distribution of muscle and fat with neurologic outcomes at hospital discharge in successfully re-
suscitated out-of-hospital cardiac arrest (OHCA) patients. 
Methods: This prospective, single-centre, observational study involved adult OHCA patients, con-
ducted between April 2019 and June 2021. The ratio of total skeletal muscle, upper limb muscle, 
lower limb muscle, and total fat to body weight was measured using InBody S10, a bioimpedance 
analyser, after achieving the return of spontaneous circulation. Restricted cubic spline curves with 
four knots were used to examine the relationship between total skeletal muscle, upper limb mus-
cle, and lower limb muscle relative to total body weight and neurologic outcome at discharge. 
Multivariable logistic regression analysis was performed to assess an independent association. 
Results: A total of 66 patients were enrolled in the study. The proportion of total muscle and lower 
limb muscle positively correlated with the possibility of having a good neurologic outcome. The 
proportion of lower limb muscle showed an independent association in the multivariable analysis 
(adjusted odds ratio, 2.29; 95% confidence interval, 1.06–13.98), and its optimal cut-off value cal-
culated through receiver operating characteristic curve analysis was 23.1%, which can predict a 
good neurological outcome. 
Conclusions: A higher proportion of lower limb muscle to body weight was independently associ-
ated with the probability of having a good neurologic outcome in OHCA patients. 
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INTRODUCTION 

Out-of-hospital cardiac arrest (OHCA) is one of the major public health challenges. Despite 

advances in treatment modalities, hypoxic-ischaemic brain injury occurs in a large propor-

tion of cardiac arrest patients, with the proportion of neurologically intact survivors report-

ed to be <10% in most countries [1]. Cardiac arrest, in which the circulation by the heart is 

https://doi.org/10.4266/acc.2022.01389
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stopped, causes hypoxic-ischaemic damage to multiple vital 

organs. Among them, hypoxic-ischaemic brain injury is one 

of the most important factors associated with poor outcome 

of patients [2,3]. The degree of brain injury in OHCA patients 

is largely determined by the appropriateness of initial treat-

ment immediately after cardiac arrest, but baseline charac-

teristics of patients, such as age, sex, comorbidities, and body 

compositions, are also attributing factors [4]. Since assessing 

the prognosis of OHCA patients at an early stage of treatment 

is a challenging and important issue, studies have been con-

ducted on the effects of these baseline characteristics on the 

prognosis of the patients. 

Body composition is an index that indirectly reflects pa-

tient conditions before cardiac arrests, such as nutritional 

status or lifestyle, which are difficult to measure objectively. 

As a representative example, the body mass index (BMI), a 

simple calculated value using height and weight for estimat-

ing the degree of obesity, has been widely studied for the 

association with the prognosis of cardiac arrest patients [5-9]. 

Many of these studies have reported that patients with higher 

BMI are more likely to have better outcomes; however, the re-

sults were conflicting. We hypothesized that these conflicting 

results could be explained by the absence of consideration of 

detailed muscle and fat composition in BMI. So, we sought 

to investigate the association of muscle and fat composition 

with neurologic outcomes at hospital discharge in success-

fully resuscitated OHCA patients. 

MATERIALS AND METHODS 

The Institutional Review Board of Seoul National University 

Bundang Hospital approved this study (No. B-1904-534-302). 

Written informed consent was obtained from the patient or 

legal representatives. 

Study Design and Setting 
The present study was a prospective, single-centre obser-

vational study involving OHCA patients, conducted in a 

tertiary teaching hospital between April 2019 and June 2021. 

The inclusion criteria were as follows: adult non-traumatic 

OHCA patients admitted to an intensive care unit (ICU) af-

ter achieving a sustained return of spontaneous circulation 

(ROSC). The exclusion criteria were as follows: (1) patients 

who did not achieve survival to ICU admission, (2) patients 

whose baseline cerebral performance category (CPC) was 3 

or 4 prior to cardiac arrest, (3) patients with end-stage malig-

nancies, (4) patients whose legal representatives refused to 

participate in the study, (5) patients who did not have a legal 

representative to obtain informed consent by the time of ICU 

admission, and (6) patients whose data acquisition could not 

be completed because of the required procedure or patient 

death. 

During the study, the emergency medical service (EMS) 

system was a two-tiered dispatch system in the area includ-

ing the study institution. When a patient suspected of cardiac 

arrest was reported, the two nearest available paramedic 

teams were dispatched to the scene. EMS provided basic life 

support, and if available, advanced life support (ALS) was 

dispatched. The ALS included securing an advanced airway 

and intravenous epinephrine administration under direct 

medical control through video call. When ROSC is achieved 

at the scene, the patient was transferred to an emergency de-

partment (ED). If the patient was not resuscitated, the patient 

was transferred to the ED while continuing cardiopulmonary 

resuscitation (CPR), as per the opinion of the emergency 

physician [10]. 

When a patient arrived at the ED without achieving ROSC, 

ALS was provided in the ED following the American Heart 

Association guidelines [11,12]. Chest compression was 

performed using Lund University Cardiopulmonary Assist 

System 2 (LUCAS-2) device (Physio-Control), an advanced 

airway was secured, and epinephrine was administered after 

securing an intravenous line. If the patient achieved ROSC 

at the ED, hospitalisation to the ICU and post-cardiac arrest 

care, such as cardiovascular interventions, targeted tempera-

ture management (TTM), and hemodynamic support were 

planned as needed. The TTM was applied with an automated 

surface cooling device (Arctic Sun) when legal representa-

tives agree to use it, and otherwise, a cold blanket was used 

as needed. If a patient presented to the ED with ROSC, ad-

mission to the ICU and post-cardiac arrest care were initiated 

■ There are conflicting results regarding the association 
between body mass index and the prognosis of cardiac 
arrest patients.

■ In this study, the proportion of lower limb muscle >23.1% 
showed an independent association with good neurolog-
ic outcomes, which could be one reason for the conflict-
ing results.

KEY MESSAGES
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forthwith. While ICU admission and post-cardiac arrest care 

were planned. 

Bioelectrical Impedance Analysis 
InBody S10 (InBody CO.), a bioimpedance analyser, was used 

to estimate body composition of the patients, including mus-

cle and fat mass. InBody S10 assesses the total and segmental 

body muscle and fat composition through direct segmental 

multi-frequency bioimpedance analysis [13,14]. It estimates 

body composition by using the difference in conductivity. 

Since adipose tissue has relatively lesser water content than 

do other tissues, conductivity decreases as body fat increas-

es. Based on these measurements, the composition ratio of 

muscle and fat could be calculated. 

A tetrapolar eight-point tactile electrode system was used 

for measurements (Figure 1). Two electrodes were attached 

to the distal part of both arms and legs, with the patient in the 

supine position. For the analysis of body composition at each 

segment, impedance measurements of six different frequen-

cies (1, 5, 50, 250, 500, and 1,000 kHz) and phase angle mea-

surements of three different frequencies (5, 50, and 250 kHz) 

wer e performed in each of five segments of the body (both 

arms, trunk, and both legs). 

Measurements were made in the ED or ICU. If the patient 

was moved to an available ICU immediately after achieving 

ROSC, the measurement was performed in the ICU. If the pa-

tient stayed in the ED while the ICU was being prepared, the 

measurement was performed at the ED. Total skeletal muscle 

mass, upper limb muscle mass, lower limb muscle mass, and 

total fat mass were measured. If the measurement could not 

be completed owing to necessary procedures required for the 

patient, or if the patient died before the measurement was 

completed after admission, the cases were defined as data 

acquisition failure. 

Clinical Data Collection and Preprocessing 
Clinical data were collected according to the Utstein registry 

templates and recorded on a standardised collection form 

by a research nurse [15]. Baseline characteristics such as 

age, sex, arrest location, presence of a witness, whether by-

stander CPR was performed, whether shock was delivered by 

automated external defibrillator (AED) with bystander CPR 

before EMS arrival, the first recorded rhythm, and prehospi-

tal low flow time (defined as the total amount of time CPR by 

EMS) were collected. Arrest locations were divided into pub-

lic and non-public places. Whether TTM was provided with 

automated surface cooling device after ROSC, and body type 

information such as height, weight, and waist-hip ratio mea-

sured after admission to the ICU were also recorded. BMI 

was calculated based on the measured height and weight. 

The ratio of total skeletal muscle, upper limb muscle, lower 

limb muscle, and total fat to total body weight was calculated 

and recorded using the InBody S10 measurements and body 

weight of the patient, respectively. As an outcome variable, 

the CPC assessed by the attending physician at the time of 

hospital discharge was used; a score of 1 or 2 was defined as a 

good neurologic outcome. 

Sample Size Determination Based on Power Analysis 
Sample size was calculated based on data of the association 

between lean body mass (weight of the entire body excluding 

fat component) and the outcome of OHCA patients [16]. In 

this study, a lean body mass ≥48.98 kg was associated with a 

good neurologic outcome after cardiac arrest, and the pro-

portion of patients with a lean body mass ≥48.98 kg in the 

two groups according to the neurologic outcome was 58.6% 

and 23.5%, respectively. A total of 66 patients were required 

to detect a similar difference with an 85% power at a two-sid-

ed alpha level of 0.05. 

Figure 1. Electrode of InBody S10 for body composition analysis.
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Statistical Analysis 
Patients were divided into two groups based on the neuro-

logic outcome at hospital discharge. For clinical data, con-

tinuous variables were expressed as median (interquartile 

range), and categorical variables were expressed as frequen-

cy (percentage), respectively. Wilcoxon rank-sum tests were 

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

Fisher exact test was used to compare categorical variables. 

Restricted cubic spline curves with four knots were used 

to examine the relationship between total skeletal muscle, 

upper limb muscle, and lower limb muscle relative to total 

body weight and neurologic outcome at discharge. Unad-

justed odds ratios (ORs) with 95% confidence intervals (CIs) 

for good neurologic outcome of the patients at hospital 

discharge were calculated according to the change in the 

proportion of each body composition. Subsequently, multi-

variable logistic regression analysis was performed to assess 

whether each body composition measured and calculated 

had an independent association with neurologic outcome 

at the time of discharge. Factors considered to be associated 

with the prognosis of patients such as age, sex, BMI, arrest 

location, the presence of a witness, whether bystander CPR 

was performed, whether shock was delivered with bystander 

CPR by AED before EMS arrival, the first recorded rhythm, 

and the prehospital low flow time were included in the mul-

tivariable analysis. For the body composition that showed 

an independent association with the neurologic outcome at 

hospital discharge in multivariable analysis, cut-off values 

were determined by Youden index through receiver operat-

ing characteristic (ROC) curve analysis, and with the cut-off 

value, multivariable analysis with the same covariable was 

performed. 

All data processing and statistical analyses were performed 

using the R software package, version 4.1.3 (R Foundation for 

Statistical Computing), and a two-tailed P-value <0.05 was 

considered statistically significant. 

RESULTS 

A total of 363 non-traumatic OHCA adult patients were treat-

ed in the ED during the study. Among them, 297 patients 

were excluded from the study, and 66 were enrolled (Figure 

2). Table 1 shows the clinical characteristics of enrolled pa-

tients, divided according to the neurologic outcome at hospi-

tal discharge. The incidence of a good neurologic outcome at 

hospital discharge was higher in younger patients and males. 

There was no significant difference in BMI or waist-hip ratio 

between groups. Among the body compositions measured, 

the proportion of total skeletal muscle and lower limb muscle 

was significantly higher in patients with good neurologic out-

come, and the proportion of fat mass and upper limb muscle 

had no difference between groups. 

Figure 3 shows the restricted cubic spline curves with 95% 

CI of the association between the proportion of each body 

composition measured by InBody S10 (total skeletal muscle, 

upper limb muscle, and lower limb muscle) and the odds of 

having a good neurologic outcome at hospital discharge. The 

proportion of total muscle and the proportion of lower limb 

muscle positively correlated with the possibility of having a 

good neurologic outcome, but the proportion of upper limb 

muscle did not have any linear correlation. Table 2 shows 

the unadjusted and adjusted OR for the association of the 

possibility of having a good neurologic outcome with each 

body composition. Among the analysed variables, only the 

Figure 2. Study flow diagram. OHCA: out-of-hospital cardiac arrest; CPC: cerebral performance category.

363 Non-traumatic adult OHCA patients

66 Final analysis

Excluded
245 Not achieved survival admission
  14 Baseline CPC 3–4
  15 Underlying end-stage malignant disease
  10 Failed to obtain informed consent 
    2 No legal representative for obtain informed consent
  11 Data acquisition failure

Enrollment

Analysis
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Table 1. Baseline characteristics of patients according to the neurologic outcome at discharge

Variable Total (n=66) Good neurologic outcome at 
discharge (n=26)

Poor neurologic outcome at 
discharge (n=40) P-value

Age (yr) 61.5 (53.0–78.8) 53.0 (43.2–60.8) 66.5 (58.0–83.0) <0.001
Male 44 (66.7) 23 (88.5) 21 (52.5) 0.006
Height (cm) 168.5 (160.2–174.0) 172.5 (168.2–178.0) 165.0 (155.0–172.0) 0.001
Weight (kg) 68.4 (60.5–80.0) 71.1 (65.3–80.8) 64.5 (54.0–79.2) 0.025
Body mass index (kg/m2) 24.7 (22.6–26.3) 25.0 (23.5–26.0) 24.6 (21.3–26.7) 0.641
Waist-hip ratio 0.8 (0.8–0.9) 0.8 (0.7–0.9) 0.8 (0.8–0.9) 0.120
Public location 35 (53.0) 14 (53.8) 21 (52.5) 1.000
Witnessed arrest 54 (81.8) 23 (88.5) 31 (77.5) 0.423
Bystander CPR 46 (70.8) 21 (80.8) 25 (64.1) 0.242
Shock delivered by AED before EMS 2 (3.0) 1 (3.8) 1 (2.5) 1.000
Initial shockable rhythm 29 (43.9) 23 (88.5) 6 (15.0) <0.001
Prehospital low flow time 22.0 (17.7) 15.1 (13.8) 26.0 (18.7) 0.019
Prehospital ROSC 33 (54.1) 25 (96.2) 8 (22.9) <0.001
TTM with automated surface cooling device 40 (60.6) 12 (46.2) 28 (70.0) 0.093
InBody measurement
 Fat mass (kg) 15.4 (11.3–19.0) 14.2 (11.4–19.3) 15.4 (11.5–18.3) 0.969
 Total skeletal muscle mass (kg) 29.8 (22.5–35.6) 31.8 (28.0–38.7) 26.5 (20.4–33.2) 0.007
 Upper limb muscle mass (kg) 5.7 (4.1–6.8) 6.0 (5.2–6.8) 5.4 (3.8–6.4) 0.115
 Lower limb muscle mass (kg) 17.1 (13.1–20.4) 19.0 (16.3–23.6) 14.9 (11.7–19.0) 0.001
Proportiona)

 Fat mass 21.0 (17.1–28.1) 20.0 (15.6–26.2) 22.0 (18.9–29.5) 0.097
 Total skeletal muscle 43.5 (39.0–46.6) 45.2 (41.5–46.9) 41.6 (36.9–44.8) 0.036
 Upper limb 8.0 (6.8–8.9) 8.3 (7.1–8.8) 7.7 (5.9–9.0) 0.537
 Lower limb 24.9 (21.0–27.9) 26.3 (24.4–28.9) 23.1 (20.4–25.8) 0.009

Values are presented as median (interquartile range) or number (%).
CPR: cardiopulmonary resuscitation; AED: automated external defibrillator; EMS: emergency medical service; ROSC: return of spontaneous circulation; TTM: 
target temperature management.
a) Proportions are calculated as a percentage of total body weight.

Figure 3. The restricted cubic spline curves for the association between the odds ratio of having good neurologic outcome and (A) the proportion 
of total skeletal muscle, (B) the proportion of upper limb muscle, and (C) the proportion of lower limb muscle. Each cubic spline curve was drawn 
with four knots. The dark line indicates the probability of a good neurologic outcome at hospital discharge, and the grey shaded area represents 
the 95% confidence interval.
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proportion of lower limb muscle showed an independent 

association with the possibility of having a good neurologic 

outcome at hospital discharge (adjusted OR, 2.29; 95% CI, 

1.06–13.98). Detailed results of multivariable logistic regres-

sion analysis on the association between the proportion of 

lower limb muscle and neurologic outcome, and OR and 95% 

CI for each variable included in the analysis are shown in 

Supplementary Table 1.  

The optimal cut-off value of the proportion of the lower 

limb muscle calculated through ROC curve analysis, which 

can predict a good neurological outcome, was 23.1%. (Sup-

plementary Figure 1). In multivariable logistic regression 

analysis, the adjusted OR of the proportion of lower limb 

muscle ≥23.1% for a good neurologic outcome at hospital 

discharge was 563.74 (95% CI, 1.86–2.94e8). 

DISCUSSION 

Results of the present study suggest that a high proportion of 

lower limb muscle is associated with a good neurologic out-

come at hospital discharge in OHCA patients who achieved 

sustained ROSC. The proportion of lower limb muscle 

>23.1% showed an independent association with good neu-

rologic outcomes. Considering that this study was conducted 

with a small population, it was difficult to properly perform 

subgroup analysis according to patient characteristics. How-

ever, because the association between body composition and 

the prognosis of OHCA patients may vary depending on the 

clinical characteristics, body composition according to neu-

rologic outcome is additionally assessed in each subgroup. 

To assess differences according to patient characteristics, 

body composition was additionally compared in subgroups 

according to age, sex, BMI, first recorded rhythm, and wheth-

er TTM was applied. Subgroups according to age were divid-

ed based on the age of 65, and subgroups according to BMI 

were divided into underweight (BMI <18.5 kg/m2), normal 

weight (18.5≤ BMI <25 kg/m2), and overweight (25 kg/m2≤ 

BMI). Supplementary Tables 2-6 show the body composi-

tion of patients in each subgroup. In subgroups according to 

clinical characteristics, differences in lower limb muscles be-

tween the two groups according to neurologic outcome were 

shown in patients with young age, with high BMI, and with 

an initial shockable rhythm. However, drawing conclusions 

about independent associations within each subgroup was 

difficult from these results. 

There have been several studies on the relationship be-

tween body composition and prognosis in various condi-

tions, such as cardiac arrest, and many of them focused on 

BMI. These studies have reported that a higher BMI is associ-

ated with better outcomes in critically ill patients, including 

cardiac arrest [5-7,17]. These results, which are contrary to 

the general negative perception of obesity, coined the ex-

pression "obesity paradox." However, these results were not 

always consistent. According to a meta-analysis that investi-

gated the association between BMI and mortality in critically 

ill patients, many included studies showed inconsistent 

results for statistical significance [18]. Furthermore, in the 

pooled analysis, overweight patients with a BMI of 25 to 29.9 

kg/m2 were associated with low mortality, but severely obese 

patients with a BMI >40 kg/m2 did not. 

These inconsistent results also have been reported in stud-

ies on cardiac arrest patients. Several studies have suggested 

that a higher BMI is not consistently associated with a better 

prognosis [5,8]. Moreover, a recent study reported that a 

higher BMI might be associated with a poorer prognosis in 

cardiac arrest patients [9]. In accordance with the inconsis-

tency, our study showed no significant difference in BMI be-

tween the two groups classified by the neurologic outcome. 

Beyond the application of the conventional BMI, some 

studies focused on the proportion of muscle in the body. In 

efforts to examine the idea that body composition, especially 

the skeletal muscle mass in the body, would influence the 

Table 2. Association between the skeletal muscle mass and neurologic outcome at hospital discharge
Variable Unadjusted OR 95% CI Adjusted ORa) 95% CI
Proportion of total skeletal muscle 1.1 1.01–1.21 2.32 0.31–19.08
Proportion of upper limb muscle 1.11 0.87–1.43 0.62 0.15–1.55
Proportion of lower limb muscle 1.18 1.04–1.35 2.29 1.06–13.98

OR: odds ratio; CI: confidence interval; CPR: cardiopulmonary resuscitation.
a) For calculating adjusted odds ratios, factors thought to be associated with patient prognosis in previous studies such as age, sex, body mass index, arrest 
location, the presence of a witness, whether bystander CPR was performed, whether shock was delivered with bystander CPR by automated external defibrillator 
before emergency medical service arrival, the first recorded rhythm, and the prehospital low flow time were included in the multivariable analysis.



110 https://www.accjournal.org Acute and Critical Care 2023 February 38(1):104-112

Jang DH, et al. Lower limb muscle and neurologic outcome in OHCA 

outcome of diseases, some researchers have focused on sar-

copenia. Sarcopenia, defined as the lack of muscle mass or 

muscle strength, and occurring mainly in older patients, has 

been reported to be associated with cardiovascular or respi-

ratory diseases [19,20]. These studies suggested that skeletal 

muscle mass has an association with underlying conditions 

of patients, such as exercising, nutritional status, and the 

presence of metabolic diseases, that are difficult to assess. In 

addition, a recent study on patients with in-hospital cardiac 

arrest reported that skeletal muscle depletion prior to cardiac 

arrest was associated with higher long-term mortality and 

poor neurologic outcomes [21]. Additionally, sarcopenia is 

often accompanied by an increase of adipose tissue in older 

patients, and this sarcopenic obesity is associated with an 

increase in mortality of patients [22,23]. In the present study, 

the proportion of total skeletal muscle mass correlated with 

a good neurologic outcome of OHCA patients, as demon-

strated by the restricted cubic spline curve and univariable 

analysis, although it was not statistically significant in the 

multivariable analysis. 

The underlying mechanism regarding the association 

between skeletal muscle mass and the prognosis of OHCA 

patients is unclear. A potential mechanism proposed in pre-

clinical studies is the association with myokines, which are 

anti- inflammatory hormone-like cytokines secreted by skel-

etal muscles [24,25]. Since post-cardiac arrest syndrome is a 

systemic inflammatory condition similar to sepsis [12], suffi-

cient muscle mass and its myokine secreting capacity before 

cardiac arrest could ensure anti-inflammation and thus may 

lead to a favourable prognosis of patients. In addition, myok-

ines have been suggested to have a protective effect against 

metabolic abnormalities in cardiovascular disease [26,27]. 

Beyond conventional BMI or the composition of the whole 

body, some researchers have focused on the composition of 

each section of the body. These studies reported that the risk 

of cardiovascular disease decreased as the limbs-to-trunk fat 

mass or fat-free mass ratio increased [28-30]. Although most 

of these studies focused mainly on the fat mass of each part 

of the body, rather than on the muscle mass, the results of 

these studies have suggested that the decreased limb mass 

may be related to the higher risk of cardiovascular or meta-

bolic diseases. Another study investigated the association of 

the circumference of limbs with cardiovascular and all-cause 

mortality in patients [31]. In this study, the circumference of 

the calf and thigh was suggested to be related to the progno-

sis of the patients. The circumference of the calf or thigh may 

have a correlation with the muscle mass of the lower limb, 

and from this point of view, these results can be comparable 

to the findings of the present study. Similarly, another recent 

study reported that the muscle size of the lower limb was as-

sociated with the prognosis of patients diagnosed with coro-

navirus disease 2019 [32]. The lower limb consists of a large 

percentage of muscle mass in the body and is highly related 

to performance, which is difficult to measure objectively. 

The present study has several limitations. Firstly, this was 

a single-centre study with a small sample size. Secondly, 

although we performed multivariable analysis to correct for 

several possible confounders, the prognosis of OHCA pa-

tients is influenced by various complex factors. Accordingly, 

unmeasured confounders might have influenced the results. 

Thirdly, the muscle mass for each region used in the analy-

sis was indirectly measured using the InBody S10. Although 

there have been several reports supporting the measurement 

of muscle mass through a bioimpedance analyser such as the 

InBody S10, the indirect measurement method could be bi-

ased. Lastly, owing to the characteristic of the measurement 

method of the InBody S10 device, whereby electric current 

does not flow through the head, the muscle mass of the head 

and neck was not completely included in the analysis. 

In conclusion, the results of the present study suggested 

that the higher proportion of lower limb muscle to the body 

weight was independently associated with the probability of 

having a good neurologic outcome in OHCA patients. 
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Background: We assessed predictors of mortality in the intensive care unit (ICU) and investigated 
if Glasgow coma scale (GCS) is associated with mortality in patients undergoing endotracheal in-
tubation (EI). 
Methods: From February 2020, we performed a 1-year study on 2,055 adult patients admitted to 
the ICU of two teaching hospitals. The outcome was mortality during ICU stay and the predictors 
were patients’ demographic, clinical, and laboratory features. 
Results: EI was associated with a decreased risk for mortality compared with similar patients (ad-
justed odds ratio [AOR], 0.32; P=0.030). This shows that EI had been performed correctly with 
proper indications. Increasing age (AOR, 1.04; P<0.001) or blood pressure (AOR, 1.01; P<0.001), re-
spiratory problems (AOR, 3.24; P<0.001), nosocomial infection (AOR, 1.64; P=0.014), diabetes (AOR, 
5.69; P<0.001), history of myocardial infarction (AOR, 2.52; P<0.001), chronic obstructive pulmo-
nary disease (AOR, 3.93; P<0.001), immunosuppression (AOR, 3.15; P<0.001), and the use of anes-
thetics/sedatives/hypnotics for reasons other than EI (AOR, 4.60; P<0.001) were directly; and GCS 
(AOR, 0.84; P<0.001) was inversely related to mortality. In patients with trauma surgeries (AOR, 
0.62; P=0.014) or other surgical categories (AOR, 0.61; P=0.024) undergoing EI, GCS had an inverse 
relation with mortality (accuracy=82.6%, area under the receiver operator characteristic 
curve=0.81). 
Conclusions: A variety of features affected the risk for mortality in patients admitted to the ICU. 
Considering GCS score for EI had the potential of affecting prognosis in subgroups of patients such 
as those with trauma surgeries or other surgical categories. 

Key Words: endotracheal intubation; Glasgow coma scale; intensive care unit; logistic models; 
mortality; risk factors  
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INTRODUCTION 

Endotracheal intubation (EI) for oxygenation, ventilation, and airway protection is carried 
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out for advanced airway management particularly in trau-

ma patients [1]. However, the potential risks associated with 

the procedure have led to some controversies regarding the 

indications and timing of EI [1-4]. Patients with decreased 

consciousness are frequently candidates for EI. The American 

College of Surgeons Committee on Trauma and the Eastern 

Association for the Surgery of Trauma recommended EI for 

patients with a Glasgow coma scale (GCS) of 8 or lower [1,5]. 

Later, the Eastern Association for the Surgery of Trauma added 

the GCS of 9–12 as a level 3 recommendation for EI [6]. A re-

view study suggested that EI has been commonly carried out 

in patients with altered mental status (GCS >8) [7]. 

There are still uncertainties concerning the relation of GCS 

with EI indication. A cohort study of patients with drug or al-

cohol intoxication suggested that EI is not mandatory even in a 

GCS of 8 or less [8]. In patients with GCS of 7 or 8 and isolated 

head injury, immediate EI was reported to be associated with 

higher mortality risk, while it was recommended for blunt 

head injury patients younger than 45 years and a GCS of 7 on 

admission [9]. Another study suggested that EI in trauma pa-

tients with GCS of 6 to 8 on admission increased mortality and 

that the use of a GCS threshold to mandate EI should be revis-

ited [1]. However, in a review of 1,000 intubations carried out 

in the first 2 hours after arrival at a Level I trauma center, Sise 

et. al [7] reported that early EI was safe and effective in trauma 

patients and that the Eastern Association for the Surgery of 

Trauma Guidelines might miss patients who would benefit 

from EI early after injury. The clinical risk or advantages of EI 

in medical patients with a low GCS score has not been well es-

tablished yet [7,9,10]. 

Nevertheless, GCS is a useful scoring system for predicting 

mortality in the intensive care unit (ICU) [11] even in a mixed 

population of critically ill patients [12]. Information on the pre-

dictive ability of GCS scores aids caregivers in coordinating the 

healthcare team and in improving outcomes for both patient 

and family on admission and discharge [13,14]. However, the 

potential of GCS for decision-making on EI still requires care-

ful evaluation. 

The aim of conducting the present study was to assess the as-

sociation of GCS with the mortality rate in subgroups of patients 

undergoing EI. This would help the reader to see if GCS could be 

of prognostic value in patients undergoing EI. We hypothesized 

that GCS would be associated with different EI outcomes at least 

in some patient categories. We also assessed predictors of mor-

tality in the ICU to identify patients who most benefit from EI in 

a sample of ICU patients based on their GCS score. 

MATERIALS AND METHODS 

Design and Setting 
From February 2020 for one year we carried out a study of ICU 

patients. The study was conducted by the Critical Care Quality 

Improvement Research Center, affiliated with Shahid Beheshti 

University of Medical Sciences. It was performed in accor-

dance with the Declaration of Helsinki. Ethics approval was 

obtained from the Institutional Review Boards of AJA Univer-

sity of Medical Sciences (No. IR.AJAUMS.REC.1397.697696). 

All participants or their companions signed written consents 

for using patients’ data in the analyses. Patients were from two 

teaching hospitals affiliated with Universities of Medical Sci-

ences. The hospitals are well-equipped settings with high pa-

tient turnovers and are large referral and subspecialty centers. 

Data Collection 
We included all adult patients who were admitted to the ICU. 

For patients with readmission within the study time period, 

only the first ICU admission was considered for data entry and 

analysis. A number of demographic, clinical, and laboratory 

features were recorded for each patient. Also, patients were 

monitored for undergoing any important procedure, and for 

mortality during the ICU stay. The GCS scores were deter-

mined by four study anesthesiologists and intensivists who 

were experts in the assessment of patients. In each work shift, 

a study nurse recorded the information for each patient. Data 

were entered into a paper form, and then, into the spreadsheet 

of Microsoft Office Excel software. 

■ Patients undergoing endotracheal intubation (EI) had a 
lower mortality risk compared with similar patients.

■ Increasing age, systolic blood hypertension, respiratory 
problems, nosocomial infection, diabetes, history of myo-
cardial infarction, chronic obstructive pulmonary disease, 
immunosuppression, and the use of anesthetics/seda-
tives/hypnotics during intensive care unit stay are directly 
associated with mortality.

■ Considering Glasgow coma scale (GCS) score for EI had 
the potential of changing prognosis in subgroups of pa-
tients.

■ To decrease the risk of mortality, GCS score should be 
used for decision making on EI, at least in patients under-
going trauma surgery or other surgical categories.

KEY MESSAGES
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Outcome and Predictors 
The outcome of the study was mortality during ICU stay. The 

predictors were primarily selected based on a consensus of 

the authors considering the limits of time, budget, and per-

sonnel [15,16]. We recorded patients’ sex and age, significant 

comorbidities, vital signs, information on nosocomial infec-

tions if any, the reason for admission, arterial blood gas, and a 

number of other laboratory test results, GCS on admission or 

immediately before EI (for patients undergoing EI), and signif-

icant procedures (including EI). All recorded variables reflect-

ed the status of patients on admission (e.g., comorbidities) or 

within their ICU stay (e.g., blood pressure). All patients arrive 

at the ICU without EI. The EI variable was recorded as a binary 

feature rather than numeric. Therefore, patients with re-in-

tubation during their ICU stay were also labeled 1. Data were 

assessed for variables’ distribution, missing values, duplicate 

cases, and severe class imbalance (less than 1% frequency for 

any level). 

Feature Selection and Modeling 
We used the random forest to estimate variable importance. 

The random forest was used for feature selection because of 

its good performance, low overfitting, easy interpretability, 

and robustness to the presence of correlated features [17]. 

The data were then partitioned into development (training) 

and validation (test) datasets; 80, and 20%, respectively. Next, 

we included the selected variables into a binary logistic mod-

el and evaluated the performance of the regression. Three 

logistic models were developed: a base model, the second 

model incorporating the interaction term of EI×GCS, and the 

third with added EI×GCS×admission category. The strength 

of associations was reported using adjusted odds ratios (ORs) 

with 95% confidence intervals (CIs). The model’s fitness was 

assessed with chi-squared tests and the amount of variation in 

the dependent variables explained by the models was evalu-

ated using Nagelkerke R2. We investigated the performance of 

classifiers by calculating accuracy metrics: the percentage of 

the correctly classified records, sensitivity, specificity, positive 

predicted value, F1, balanced accuracy, and area under the 

receiver operator characteristic. For statistical analyses, point 

estimates, 95% CI, and p-values were calculated. P-values less 

than 0.05 were considered significant. Results are presented as 

mean and standard deviation (SD) for continuous variables, 

and as absolute numbers (%) for categorical data. The means 

of the continuous variables were compared using independent 

sample t-tests. The normality of the outcome variables was 

examined with the Shapiro-Wilk test and the homogeneity 

of variances was investigated with Levene’s test. Either a chi-

square test or Fisher’s exact test was used for testing differenc-

es among the study groups for categorical variables. 

Software 
We imported the data into R software version 4.0.2 (A language 

and environment for statistical computing (R Foundation for 

Statistical Computing; https://www.R-project.org/). R is a well-

known free software environment for statistical and machine 

learning libraries and graphics. We used a variety of R pack-

ages for the analysis. All the packages were downloaded from 

the Comprehensive R Archive Network (https://cran.r-project.

org/), the official R package repository, or the GitHub (https://

github.com/) website.  

RESULTS  

Participants 
Data from 2,055 patients were analyzed. There were no miss-

ing data or duplicate cases in our sample. Mean age (SD) was 

55.0 years (15.6 years) and 983 patients (47.8%) were women. 

Overall, 865 patients (42.1%) died and 893 (43.5%) underwent 

EI. A GCS of 10 was used as an indication for EI with no ex-

ceptions, all patients with GCS ≤10 underwent EI, no patients 

with GCS >11 underwent EI (Figure 1). Table 1 shows the 

Figure 1. Bar chart of Glasgow coma scale (GCS) categories in patients 
with or without undergoing endotracheal intubation. Intubated 
patients had a GCS of 10 or less.
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main characteristics of dead and alive groups of ICU patients. 

There were statistically significant differences between the 

two groups in reason for admission, nosocomial infection, 

surgery, diabetes, myocardial infarction, chronic obstructive 

pulmonary disease, immunosuppression, use of anesthetics/

sedatives/ hypnotics for reasons other than EI, age, systolic 

blood pressure, and fraction of inspired oxygen (FiO2) were 

significantly different between the two groups. Figure 2 shows 

the results of the feature selection. The features were sorted 

according to their importance to the prediction. We included 

the selected predictors in logistic regression models. 

Model Development 
We constructed three logistic models of mortality: model 1 

included the selected predictors, model 2 incorporated the 

interaction term of EI×GCS into the model 1, and model 3 

added EI×GCS×admission category to model 2. The mod-

el 1, was well-fitted to the data, χ2(19)=693.817, P<0.001, 

Nagelkerke R2=0.534, Hosmer and Lemeshow goodness 

of fit test χ2(59)=2.464, P≈1.000, Akaike's information cri-

terion (AIC)=1,305.1. The model 2 was also well-fitted, 

χ2(20)=708.370, P<0.001, Nagelkerke R2=0.523, Hosmer and 

Lemeshow χ2(59)=13.833, p≈1.000, AIC=1,292.5. But the model 

3 was the best, χ2(32)=802.848, P<0.001, Nagelkerke R2=0.575, 

Hosmer and Lemeshow χ2(59)=10.755, P≈1.000, AIC=1,222.1. 

Also, pairwise comparisons between the models showed that 

model 2 is not statistically different from model 1, χ2(1)=2.626, 

P=0.105, ∆AIC=12.6; however, model 3 is better than model 2, 

χ2(12)=94.479, P<0.001, ∆AIC=70.4. 

Model Validation and Specification 
Analysis showed a high performance for model 3; accuracy 

(95% CI): 82.6% (79.4%–85.5%), McNemar's test P<0.001, 

sensitivity=90.4%, specificity=71.8%, positive predicted val-

Table 1. Patients’ characteristics
Feature Dead group (n=865) Discharged group (n=1,190) P-value
EI 355 (41.0) 538 (45.2) 0.066b)

Female 416 (48.1) 567 (47.6) 0.877b)

Reason for admission <0.001b)

 Elective brain surgery 108 (12.5) 159 (13.4)
 Trauma surgery 92 (10.6) 337 (28.3)
 Other surgeriesa) 140 (16.2) 296 (24.9)
 Respiratory problems 287 (33.2) 99 (8.3)
 Others 238 (27.5) 299 (25.1)
Nosocomial Infection 201 (23.2) 106 (8.9) <0.001b)

Surgical patient 340 (39.3) 794 (66.7) <0.001b)

Emergency surgery 191 (22.1) 432 (36.3) <0.001b)

Diabetes 446 (51.6) 185 (15.5) <0.001b)

Myocardial infarction 292 (33.8) 99 (8.3) <0.001b)

COPD 221 (25.5) 61 (5.1) <0.001b)

Immunosuppression 175 (20.2) 120 (10.1) <0.001b)

Anesthetics/sedatives/hypnotics for reasons other than EI 754 (87.2) 872 (73.3) <0.001b)

Age (yr) 61.6±14.3 50.2±14.7 <0.001c)

GCS 10.7±2.5 10.7±2.4 0.965c)

SBP (mm Hg) 113.0±19.4 105.5±19.9 <0.001c)

Blood pH 7.4±0.1 7.4±0.1 0.071c)

PaO2 69.2±22.7 69.2±22.9 0.939c)

PaCO2 39.8±11.3 39.9±11.4 0.935c)

FiO2 45.6±19.6 47.8±20.6 0.017c)

Values are presented as number (%) or mean±standard deviation.
EI: endotracheal Intubation; COPD: chronic obstructive pulmonary disease; GCS: Glasgow coma scale; SBP: systolic blood pressure; PaO2: partial pressure of 
oxygen; PaCO2: partial pressure of carbon dioxide; FiO2: fraction of inspired oxygen.
a) Other surgeries included a wide variety of surgical procedures other than elective brain and trauma surgeries such as different urological surgeries, 
gynecological surgeries, abdominal surgeries, mastectomy, bypass surgeries, etc.; b) Chi-square test; c) t-test.
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ue=81.6%, F1=85.8%, balanced Accuracy=81.1%, and area un-

der the receiver operator characteristic=0.81 (Figure 3). Table 2 

shows the association of predictors with mortality. Overall, EI 

decreased the risk for mortality in ICU patients when adjusted 

for other risk factors. Patients with respiratory problems, nos-

ocomial infection, diabetes, history of myocardial infarction, 

chronic obstructive pulmonary disease, immunosuppression, 

use of anesthetics/sedatives/hypnotics during ICU stay for 

reasons other than EI showed a greater risk for mortality. Also, 

death risk increased with increasing age and systolic blood 

pressure. In addition, GCS had plausibly an inverse relation 

with the risk of mortality. Of the model’s interaction terms, 

two were significant and two were not. The significant terms 

showed that in the “trauma” and “other” surgeries undergoing 

EI, GCS had an inverse relation with mortality compared with 

the reference category ("other medical problems"). However, 

in the “respiratory” problems and “elective brain” surgeries, 

patients undergoing EI did not show a significant relation be-

Figure 2. Variable importance for predicting mortality rate. The white boxplots illustrate the confirmed selected features. PaO2: partial pressure of 
oxygen; PaCO2: partial pressure of carbon dioxide; EI: endotracheal intubation; FiO2: fraction of inspired oxygen; SBP: systolic blood pressure; GCS: 
Glasgow coma scale; COPD: chronic obstructive pulmonary disease; MI: myocardial infarction.

tween their GCS and the risk for mortality. 

DISCUSSION 

We assessed mortality predictors for ICU patients, and also 

mortality rate in subgroups of patients to see if GCS could 

affect the outcome of EI. Our study showed that a variety of 

predictors had a significant relation with ICU mortality. Pa-

tients undergoing EI had a decreased risk for mortality when 

adjusted for other risk factors. This does not imply that EI 

should be prescribed for all patients but shows that EI had 

been performed correctly with proper indications. Other risk 

factors of death were having respiratory problems, nosocomial 

infection, diabetes, history of myocardial infarction, chronic 

obstructive pulmonary disease, immunosuppression, and 

the use of anesthetics/sedatives/hypnotics for reasons other 

than EI during ICU stay. A small, but statistically significant 

relationship was present between age or blood pressure and 
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jury in two groups of GCS 3–5 (n=99) and GCS 6–8 (n=49) and 

compared them in predictors of EI success. They concluded 

that patients with GCS <9 should be considered as heteroge-

neous populations. The sample size in Bendinelli’s study [25] 

was too small to allow subgroup analysis. Our study extended 

the concept of heterogeneity of patient groups to diagnostic 

categories and showed hidden relations with mortality in the 

subgroups. Studies suggested that to support the EI of patients 

with medical problems based on a GCS score, other factors 

such as disease trajectory, diagnosis, and prognosis, must be 

considered [10]. Again our study extended this concept to sur-

Table 2. The odds ratio for predictors of mortality
Predictor Adjusted OR 95% CI P-value
EI 0.32 0.11–0.89 0.030
Male 1.12 0.86–1.47 0.384
Elective brain surgery 1.27 0.83–1.95 0.266
Trauma surgery 1.06 0.68–1.63 0.808
Other surgeries 1.17 0.79–1.74 0.403
Respiratory problems 3.24 2.15–4.90 <0.001
Nosocomial infection 1.64 1.11–2.43 0.014
Diabetes 5.69 4.25–7.67 <0.001
History of myocardial infarction 2.52 1.78–3.58 <0.001
COPD 3.93 2.60–6.03 <0.001
Immunosuppression 3.15 2.10–4.76 <0.001
Anesthetics/sedatives/hypnotics for 

reasons other than EI
4.60 3.18–6.73 <0.001

Age 1.04 1.03–1.06 <0.001
Systolic blood pressure 1.01 1.01–1.02 <0.001
Respiratory rate 1.01 0.93–1.08 0.881
FiO2 0.99 0.98–1.01 0.392
GCS 0.84 0.76–0.92 <0.001
Intubation×GCS 1.16 0.95–1.42 0.144
Intubation×GCS×elective brain 

surgery
1.10 0.78–1.54 0.573

Intubation×GCS×trauma surgery 0.62 0.42–0.90 0.014
Intubation×GCS×other surgeries 0.61 0.40–0.93 0.024
Intubation×GCS×respiratory 0.90 0.61–1.34 0.624

Intubation×GCS evaluates if the association of EI with mortality depends 
on the value of GCS. Also, intubation×GCS×patient subgroup shows if the 
relation between intubation and mortality depends on the value of GCS in 
each subgroup. The table shows that the relation of intubation and mortality 
is not significantly dependent on GCS in the whole sample. However, for 
“trauma” and “other” surgical categories the relation between intubation and 
mortality is inverse and significant. This means that considering GCS scores 
for EI had the potential of affecting prognosis in these two subgroups of 
patients.
OR: odds ratio; CI: confidence interval; EI: endotracheal intubation; COPD: 
chronic obstructive pulmonary disease; FiO2: fraction of inspired oxygen; 
GCS: Glasgow coma scale.

the risk for mortality. These relations are clinically plausible 

and expected. Older patients have greater illness severity and 

more comorbidities and therefore higher risk for mortality 

[18]. Patients with nosocomial infection [19,20], diabetes [21], 

respiratory diseases [22,23], myocardial infarction, and blood 

hypertension have been frequently reported to have a higher 

risk for ICU mortality.  

Overall, many studies implied that GCS could be used as 

an indicator for clinical decision-making in critical patients. 

In a trauma quality improvement program study, Jakob et al. 

included patients with a GCS score of 7 or 8 and isolated head 

injury. They reported that immediate intubation was associat-

ed with higher mortality (OR, 1.79; 95% CI, 1.31–2.44; P<0.001) 

[9]. Our data of patients undergoing brain surgery suggested 

that there is no significant relation between EI and mortality 

considering GCS score. The difference may be explained as 

due to including different populations with different sam-

ple sizes; head trauma in their study (n=2,727) versus brain 

surgery in ours (n=267). Patients with head trauma are more 

prone to mortality than people undergoing elective brain sur-

gery. Our study confirmed the association of age with the risk 

of ICU mortality reported in other studies [24]. However, our 

estimated OR for age was not very high. 

Our study suggested that group heterogeneity should be no-

ticed in investigating ICU patients to make clinical guidelines. 

Bendinelli et al. [25] included patients with traumatic brain in-

Figure 3. The area under the receiver operator characteristic (ROC) 
curve (0.81). The black line represents the model prediction and the 
diagonal gray line denotes the ROC curve of a random classifier.
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gical patients. 

Adding the interaction terms of EI×GCS and EI×GCS×ad-

mission category to our logistic models improved the per-

formance metrics. This showed that there is a significant 

association between EI and GCS, and lower mortality rates. 

However, the specification of the final model indicated that 

such relations are evident in subgroups of patients. Our anal-

ysis revealed that the mortality among patients having EI and 

undergoing trauma surgery or a variety of surgeries other than 

trauma or brain surgery is associated with GCS. Nevertheless, 

in patients with respiratory problems or brain surgery, such a 

relation is not significant. This shows that the value of GCS is 

practically important for decision-making on EI in subgroups 

of ICU patients. 

Conversely, research suggested that the GCS score does not 

provide supportive evidence for carrying out EI. In a study car-

ried out by Hatchimonji et al. [1], the effect of EI on mortality 

and length of ICU stay was assessed in trauma patients with a 

GCS score of 6–8. They included 6,676 patients and reported 

increased mortality associated with EI (OR, 1.05; 95% CI, 1.03–

1.06). They also reported similar results in patients with (OR, 

1.04; 95% CI, 1.02–1.06) and without head injuries (OR, 1.06; 

95% CI, 1.03–1.10). It was concluded that in patients with GCS 

of 6–8, intubation on arrival was associated with an increase 

in mortality and that the use of a strict threshold GCS to man-

date EI should be revisited [1]. Our results were in accordance 

with Hatchimonji’s study [1] in patients with brain surgery 

and respiratory insufficiency. However, we cannot appreciate 

the general message of their study despite their advantage 

in including a large sample. They categorized patients into 

with and without head injuries; narrowed the range of GCS 

scores to 6–8; confined patients’ characteristics to a small set of 

predictors; and estimated a 3 to 10% increase in mortality for 

intubated patients. Models based on GCS still provide useful 

information in estimating the risk for mortality in ICU patients 

with specific health problems [11,26,27]. We are not trying to 

suggest that GCS alone should be used as a guide to EI in all 

ICU patients, but we suggest that considering GCS score has 

the potential of changing prognosis in subgroups of patients 

such as in trauma surgeries. Improved healthcare for individ-

uals requires predicting certain health-related outcomes and 

the logistic regression for binary outcomes is a frequently used 

techniques for developing predictive models [28]. 

We assessed a large number of predictors of mortality in ICU 

patients. Our analyses were straightforward and the results 

had similarities with what has been reported in the literature. 

Our sample size was enough to find statistically significant 

large associations. However, for some predictors such as age, 

systolic blood pressure, and respiratory rate the results seemed 

statistically significant while practically unimportant. There-

fore, overpowering of the statistical tests is not unlikely and 

the results should be interpreted cautiously. We were not able 

to well identify all subgroups of patients benefiting from GCS 

considerations in decision-making for EI. While we recognized 

generic categories of patients, our data were not enough to 

let us make recommendations for specific medical or surgical 

patients or to suggest specific cut-offs for GCS in all patient 

subgroups. We did not extend our results beyond the available 

data but, to assess other possible consequences of GCS guid-

ance for decision making on EI, such as hospital stay and the 

long-term complications, further research with larger sample 

sizes is needed. 

We found in our study that a variety of predictors have a sig-

nificant relation with ICU mortality. Our results suggested that 

patients undergoing EI had a decreased risk for mortality com-

pared with similar patients without EI. Increasing age, systolic 

blood pressure, respiratory problems, nosocomial infection, 

diabetes, history of myocardial infarction, chronic obstructive 

pulmonary disease, immunosuppression, and the use of anes-

thetics/sedatives/hypnotics during ICU stay for reasons other 

than EI were directly associated, and GCS was inversely relat-

ed to ICU mortality risk. Considering GCS score for EI had the 

potential of affecting prognosis in subgroups of patients such 

as those with trauma surgeries or other surgical categories. 
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Background: Alcohol use disorders (AUD) are common in patients admitted to intensive care units 
(ICU) and increase the risk for worse outcomes. In this study, we describe factors associated with 
patient mortality after ICU admission and the effect of chemical dependency (CD) counseling on 
outcomes in the year following ICU admission. 
Methods: We retrospectively reviewed patient demographics, hospital data, and documentation of 
CD counseling by medical providers for all ICU patients with AUD admitted to our institution be-
tween January 2017 and March 2019. Primary outcomes were in-hospital and 1-year mortality. 
Results: Of the 527 patients with AUD requiring ICU care, median age was 56 years (range, 18–86). 
Both in-hospital (12%) and 1-year mortality rates (27%) were high. Rural patients, comorbidities, 
older age, need for mechanical ventilation, and complications were associated with increased risk 
of in-hospital and 1-year mortality. CD counseling was documented for 73% of patients, and 50% 
of these patients accepted alcohol treatment or resources prior to discharge. CD evaluation and 
acceptance was associated with a significantly decreased rate of readmission for liver or alco-
hol-related issues (36% vs. 58%; odds ratio [OR], 0.41; 95% confidence interval [CI], 0.27–0.61) 
and 1-year mortality (7% vs. 19.5%; OR, 0.32; 95% CI, 0.16–0.64). CD evaluation alone, regardless 
of patient acceptance, was associated with a significantly decreased 1-year post-discharge mor-
tality rate (12% vs. 23%; OR, 0.44; 95% CI, 0.25–0.77). 
Conclusions: ICU patients with AUD had high in-hospital and 1-year mortality. CD evaluation, re-
gardless of patient acceptance, was associated with a significant decrease in 1-year mortality. 
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INTRODUCTION 

Alcohol is the most used drug in the United States, with 50% of the population reported using 

alcohol in the past month according to the 2020 National Survey on Drug Use and Health [1]. 

Alcohol is also the most abused drug. Of the 138 million current alcohol users in the United 

States, 61 million reported binge drinking in the past month and 28 million, or 10% of the 
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population, met criteria for alcohol use disorder (AUD) in the 

past year [1]. Alcohol use and abuse is associated with numer-

ous detrimental physical and mental health effects [2], and 

between 2011 and 2015, excessive drinking was responsible for 

261 deaths per day [3]. Harmful alcohol use is the third leading 

cause of preventable death in the United States [4]. In addition, 

alcohol abuse and its consequences are costly. In 2006, the 

estimated hospital costs for treatment of alcohol-related issues 

exceeded $5 billion, but the total estimated economic cost of 

excessive drinking exceeded $220 billion [5]. 

Alcohol abuse impacts individuals’ perception of the prob-

lem and ability to obtain treatment when needed. The vast 

majority of individuals with substance abuse disorder do not 

feel that they need treatment, with only 2.5% of people with 

substance abuse disorder perceiving a need for treatment [1]. 

In trauma patients, a formal discussion with their medical pro-

viders about their alcohol use, screening for alcohol abuse, and 

a discussion of how their alcohol use contributed to their inju-

ry has been shown to significantly decrease recidivism in these 

patients for traumatic injury associated with alcohol use [6,7]. 

The acuity and direct correlation of the two problems (alcohol 

use and their injury) has been hypothesized to be a “teachable 

moment” with greater chance of initiation of change [8]. 

Alcohol abuse that leads to an intensive care unit (ICU) ad-

mission is another opportunity for medical providers to use 

the life-threatening medical problem to help patients with 

AUD recognize the issue and may be an impetus for seeking 

treatment or behavioral change. In this study, we describe the 

patient population admitted to a tertiary referral center ICU 

serving a large, rural area, including risk factors associated 

with worse outcomes in patients with AUD and evaluating the 

effect of chemical dependency (CD) referral and evaluation. 

MATERIALS AND METHODS 

We performed a retrospective review of patients admitted 

to an ICU in our Level 1 Trauma Center located in Northern 

Minnesota, in the upper Midwest of the United States serving 

a large rural area between January 1, 2017 and March 31, 2019. 

Patients with documented AUD (alcoholism, alcohol depen-

dence, and alcohol abuse) were included in the study group. 

All patient’s charts were reviewed to ensure that they had an 

alcohol use history consistent with an AUD. Patients with only 

social alcohol use and those who opted out of research with 

the healthcare system were excluded. In addition, patient chart 

and ICU stays were reviewed, and any patient that was admit-

ted to the ICU only for monitoring and who did not require in-

tensive care of for least 48 hours was excluded. Intensive care 

was defined as a need for continuous intravenous medications 

requiring at least hourly titration by an ICU nurse, mechani-

cal ventilation, or evidence of at least one ICU treated organ 

failure. This study was reviewed, monitored, and approved by 

the Institutional Review Board of Essentia Institute of Rural 

Health, Duluth, MN, USA (No. EH20653).  Patient consent was 

waived for this study.  

After the study cohort was identified and electronically ab-

stracted, manual chart review was performed for all patients 

by the first author (KC). All patient demographics, including 

age, sex recorded at birth, self-identified race, marital status, 

and insurance type were recorded. Current or former use of 

tobacco or other drugs of abuse was collected, as well as if the 

patient was still drinking alcohol prior to admission. ICU and 

hospital data were recorded for all patients, including prima-

ry reason for admission, hospital and ICU length of stay, use 

of mechanical ventilation or non-invasive ventilation, and 

complications that occurred during the hospital stay. Compli-

cations were included in analysis as a composite variable of 

any complication during the hospital admission, as well as by 

individual complication type (alcohol withdrawal, infection, 

septic shock, organ failure, acute respiratory distress syn-

drome, thrombotic complications or bleeding complications). 

ICU type was defined not by the physical location, but by the 

primary intensivist team (medical critical team or surgical/

trauma critical care team). All critical care physicians at our 

hospital are board certified in critical care. Trauma ICU and 

surgical ICU were defined as cared for by the surgical/trauma 

critical care team and then patients’ reason for admission. If 

■ Alcohol use disorder associated with critical illness con-
tinues to be associated with high mortality rates in the 
hospital and in the year after admission.

■ Providers caring for patients with alcohol use disorder 
should be aware of the increased risk of complications 
and mortality, to mitigate this risk when possible and 
guide goals of care discussions.

■ Provider-initiated chemical dependency counseling 
during the index admission for their critical illness, was 
associated with decreased 1-year mortality rates and read-
missions.

KEY MESSAGES
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admitted due to injury, the patient was classified as trauma 

ICU. If not injured, they were defined as surgical ICU. Manual 

chart review was performed of all in-patient documentation 

by the medical provider for documented discussion of alco-

hol-related CD evaluation and counseling regarding the health 

and quality of life benefits of alcohol cessation. If CD evalu-

ation and counseling was documented as being performed, 

the chart was then reviewed for documentation of patient 

acceptance of further support, referrals, or a verbal willingness 

to quit. This provider-initiated CD counseling was performed 

once the patient was recovering from their critical illness and 

most occurred outside of the ICU. In-hospital and 1-year mor-

tality, and 6-month post-discharge readmissions due to alco-

hol abuse or its complications were also documented. 

Statistical analysis was performed using IBM SPSS version 

26.0 (IBM Corp.). Descriptive analysis was performed for the 

cohort, as well as comparing outcome variables. Primary 

outcome variables were in-hospital mortality, 1-year post-dis-

charge mortality, and 6-month post-discharge readmission. 

Variables were compared using chi-square tests for categor-

ical variables, and Mann-Whitney U-tests for continuous, 

non-normally distributed variables. Binary logistic regression 

was used for multi-variate analysis, which controlled for pa-

tient age, sex, and any variables associated with the outcome 

variable in univariate regression analyses. P-values of less than 

0.05 were considered statistically significant. 

Figure 1. Flowchart of patient inclusion and exclusion.

8,112 Patients admitted to the
intensive care unit between

Jan 1, 2017, and Mar 31, 2019

7,463 Patients excluded as they did not have 
a diagnosis of an alcohol use disorder

122 Patients excluded as they did not 
require intensive care or had a length of 

stay of less than 48 hours

649 Patients had a documented 
alcohol use disorder

527 Patients in study cohort

Table 1. Patient demographics for all patients with alcohol abuse 
admitted for intensive care
Variable No. of patients (%) (n=527)
Age (yr)a) 56 (18–86)
Age <65 yr 121 (23)
Sex
 Female 160 (30)
 Male 367 (70)
Race
 White 418 (79)
 Black 11 (2)
 American Indian/Alaska native 88 (17)
 Asian/Hawaiian/Pacific islander 6 (1)
 Unknown 4 (0.7)
Rural 189 (36)
Insurance
 Uninsured 115 (21)
 Private 71 (14)
 Medicare 156 (29)
 Medicaid 185 (36)
Comorbidity
 Liver failure 241 (46)
 Diabetes mellitus 111 (21)
 Cancer 52 (10)
 Chronic renal disease 85 (16)
 Cardiac disease 311 (60)
 Chronic respiratory disease 154 (29)
 Thrombocytopenia 194 (37)
 Mental health diagnosis 307 (58)
Two or more comorbidities 424 (80)
Still drinking prior to admission 463 (88)
Tobacco useb)

 Current 322 (61)
 Former 121 (23)
 Never 83 (16)
Other drug useb)

 Current 100 (19)
 Former 23 (4)
 Never 401 (77)

(Continued to the next page)

RESULTS 

During the study period, 649 patients were admitted to our 

ICU with a diagnosis associated with AUD, which accounted 

for 8% of ICU admissions during the time period. Upon chart 

review, 122 patients were excluded as they did not require ICU 

care or had an ICU length of stay less than 48 hours, leaving 

527 patients in our cohort (Figure 1). Patient demographics are 

described in Table 1. There was a wide age range, from 18 to 
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86 years. Median age was 56 years. Seventy percent of patients 

were male, and the majority were Caucasian, followed by 

American Indian/Alaska native, Black, and Asian/Native Ha-

waiian/Pacific islander. Over a one third of patients were from 

rural localities, 80% had two or more comorbidities, and 46% 

had liver failure or cirrhosis diagnosed prior to their admis-

sion. Even with the high number of patients with existing liver 

failure/cirrhosis, most patients (88%) were still drinking just 

prior to their admission. Of the 241 patients with liver failure/

cirrhosis diagnosed prior to admission, 40% were still drinking. 

The primary reason for admission varied as depicted in Fig-

ure 2. ICU care was performed in medical ICUs three-quarters 

of the time, followed by trauma then surgical ICU. The median 

ICU length of stay was 3 days, and the median hospital length 

of stay was 8 days. Most patients had at least one complication 

during their hospital stay (81%) (Figure 3). The most common 

complications were symptomatic alcohol withdrawal, infec-

tions, and bleeding. Compared to patients who did not have 

complications, patients with complications had significantly 

longer hospital stays (median: 9 days; interquartile range 

[IQR]: 5–14 vs. 4 days [2–7]) and ICU stays (median [IQR]: 4 

days [2–7] vs. 2 days [2–3]). Approximately half of patients were 

discharged to home, followed by discharge to skilled nursing 

or acute rehab. Nine percent were discharged to inpatient 

Variable No. of patients (%) (n=527)
ICU care type
 Medical ICU 396 (75)
 Trauma ICU 89 (17)
 Surgical ICU 42 (8)
Intubated during admission 263 (50)
Blood transfused during admission 115 (22)
ICU length of stay (day)c) 3 (2–6)
Hospital length of stay (day)c) 8 (4–13)
Complication during hospital stay 428 (81)
Discharge dispositionb)

 Home 267 (51)
 Skilled nursing 72 (14)
 Acute rehab 36 (7)
 Inpatient mental health treatment 46 (9)
 Other hospital 6 (1)
 Against medical advice 15 (3)
 Hospice 20 (4)
In-hospital mortality 63 (12)
1-Year mortality 144 (27)
6-Month readmission for alcohol or liver 

related issue
239 (48)

ICU: intensive care unit.
a) Median (range); b) Some values were missing for these variables; c) 
Median (interquartile range).

Table 1. Continued

Figure 2. Primary reason for admission to the intensive care unit for patients with alcohol use disorder or alcoholic liver failure. GI: 
gastrointestinal.
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Figure 3. Complications during the hospital stay in patients with alcohol use disorder or alcoholic liver failure. In-hospital complications is 
reported as a composite variable (any patient that had one or more of the subcategories of complications listed) and as individual complications. 
ARDS: acute respiratory distress syndrome.
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mental health treatment and 12% of patients died during their 

hospital stay. In our cohort of ICU patients with severe AUD, 

almost one third died within a year of ICU admission based on 

available mortality data. 

Mortality 
Table 2 depicts patient and hospital variables and their associ-

ation with in-hospital mortality and 1-year mortality. Patients 

who died in the hospital were significantly older (median age 

[IQR]: 59 years [50–67] vs. 55 years [44–63]; P=0.008). Patients 

who died in the hospital also had longer ICU stays (median 

age [IQR]: 6 days [3–10] vs. 3 days [2–5]; P<0.001). There was 

no statistically significant difference in total hospital length of 

stay.  

To better clarify independent risk factors associated with 

in-hospital mortality, a binary logistic regression was per-

formed controlling for patient age, sex, number of comorbid-

ities, and including risk factors for inpatient mortality identi-

fied as statistically significant in univariate regression analyses 

(rurality, cirrhosis or liver failure prior to admission, need 

for mechanical ventilation, and in-hospital complications). 

Figure 4 details the adjusted odds ratio (OR) and 95% confi-

dence interval (CI) for each variable in this model. There was 

an independently associated increased risk of death for each 

additional comorbidity, liver failure and respiratory failure. 

The model had a Hosmer and Lemeshow test P-value of 0.97. 

For patients with pre-existing liver failure or cirrhosis, in-hos-

pital mortality was significantly higher for Child-Pugh class C 

(A=15%, B=14%, C=37%; P<0.001). Model for end-stage liver 

disease (MELD) scores for patients that died were significant-

ly higher than those that survived their hospital stay (median 

[IQR]: 26 [15–34] vs. 8 [12–24]; P<0.001). 

Mortality within 1 year of ICU admission was high, with 27% 

of all patients admitted to the ICU with AUD dying within 1 

year. Sixty-three patients died in the hospital, and 81 patients 

of the 464 patients who survived discharge died in the year af-

ter admission. One-year mortality rates were higher in females, 

older patients, and rural patients (Table 2). Increased number 

of comorbidities was also associated with higher rates of 1-year 

mortality. Patients with pre-existing liver disease or cirrhosis 

had a 1-year mortality rate of 47%. In patients with liver failure 

prior to admission, patients with a Child-Pugh Score C had a 

65% 1-year mortality rate, compared to Child-Pugh scores of A 

or B (35%, P<0.001). MELD score was also associated with risk 

of 1-year mortality (median [IQR]: 1-year mortality group, 23 

[16–30] vs. survivor, 17 [12–23]; P<0.001). 

In addition to high risk of mortality, our cohort had a high 

readmission rate within 6 months of their index ICU admission 

(Table 3). Of the 464 patients that survived to discharge after 

their ICU admission, 48% were readmitted. Although most of 

our cohort was male, females were significantly more likely to 

be readmitted. Patient with liver failure/cirrhosis diagnosed 

prior to their ICU admission (OR,1.99; 95% CI, 1.37–2.91) had 

significantly higher odds of being readmitted. Patients that 
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Table 2. Mortality rate by patient and hospital stay variables
Variable In-hospital mortality (%)a) P-value 1-Year mortality (%)b) P-value
Female 14 0.26 33 0.05
Age ≥65 yr 16 0.14 39 <0.001 
Race 0.64 0.81
 White 12 27
 Black 0 18
 American Indian/Alaska native 11 30
 Asian/Hawaiian/Pacific islander 10 20
 Unknown 0 0
Rural 16 0.04 35 0.01
Insurance status 0.02 <0.001
 Uninsured 9 30
 Private insurance 7 16
 Medicare 19 38
 Medicaid 10 21
Comorbidity
 Liver failure 23 <0.001 47 <0.001
 Diabetes mellitus 15 0.22 36 0.02
 Cancer 23 0.01 52 <0.001
 Chronic renal disease 24 <0.001 45 <0.001
 Cardiac disease 15 0.01 32 0.01
 Chronic respiratory disease 19 0.01 39 <0.001
 Thrombocytopenia 22 <0.001 40 <0.001
 Mental health diagnosis 14 0.15 27 0.86
Two or more comorbidities 15 <0.001 32 <0.001
Still drinking 11 0.01 24 <0.001
Current tobacco use 12 0.99 26 0.43
ICU type 0.52 0.01
 Medical 13 30
 Surgical 10 29
 Neurotrauma 9 15
Mechanical ventilation 21 <0.001 32 0.02
Complication in the Hospital 15 <0.001 31 <0.001
Alcohol withdrawal 9 0.01 21 <0.001
Septic shock 38 <0.001 55 <0.001
Cardiac complication 36 <0.001 52 <0.001
Renal failure 34 <0.001 55 <0.001
ARDS 49 <0.001 69 <0.001
Thrombosis 19 0.02 47 0.04
Received blood transfusion 17 0.04 37 0.01

ICU: intensive care unit; ARDS: acute respiratory distress syndrome.
a) n=63 (12%); b) n=144 (27%).

were readmitted had significantly higher odds of dying within 

the year after their ICU admission compared to those who 

were not readmitted (OR, 2.68; 95% CI, 1.60–4.50). 

Effects of Provider-Initiated CD Discussions 
To evaluate the effect of provider-initiated CD discussion 

regarding their alcohol abuse and its effect on their health, 

we evaluated the subset of patients in our cohort who were 

still drinking prior to admission and survived to discharge. 
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Sixty-four patients had complete alcohol cessation prior to 

admission and 103 patients died in the hospital, leaving 414 

patients in this subgroup analysis. A total of 303 patients (73%) 

had a documented CD discussion by a provider. Table 4 de-

scribes the patient and hospital-level factors associated with 

CD evaluation. Older patients, as well as those with Medicare 

insurance, longer hospital stays, admissions with sepsis, and 

with more comorbidities were less likely to have a CD evalu-

ation during their stay. Hospital length of stay was longer in 

patients that did not receive CD evaluation, but ICU stay was 

not different and there was no significant difference in the rate 

of complications. Of the 303 patients that received CD evalu-

ation, 153 (50%) accepted CD support and information on al-

cohol cessation and voiced a desire to quit. CD evaluation and 

acceptance was associated with a significantly decreased rates 

of readmission for liver or alcohol related issues (36% vs. 58%; 

OR, 0.41; 95% CI, 0.27–0.61) and significantly decreased rates 

of 1-year mortality (7% vs. 19.5%; OR, 0.32; 95% CI, 0.16–0.64). 

CD evaluation alone, regardless of patient acceptance, was 

associated with a nonsignificant decreased rate and odds of re-

admission for alcohol or liver issues in the next 6 months (48% 

vs. 57%; OR, 0.68; 95% CI, 0.43–1.05), and with a significantly 

decreased rate in mortality 1-year after admission (12% vs. 

23%; OR, 0.44; 95% CI, 0.25–0.77). 

DISCUSSION 

In this large, retrospective cohort study based in a predomi-

nately rural area of the Upper Midwest of the United States, 

we found that ICU admission in patients with alcohol abuse is 

common and associated with high morbidity and mortality.  

Alcohol abuse was identified in approximately 8% of ICU 

admissions at our hospital, which is similar to other studies, 

where alcohol abuse has been associated with 7%–34% of 

Figure 4. Forest plot depicting the adjusted odds ratio (OR) for in-hospital mortality and patient or hospital-stay associated factors using logistic 
regression. Comorbidities, liver failure, and need for mechanical ventilation were independently associated with risk of in-hospital death. CI: 
confidence interval.
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of their admission. Christensen et al. reported that patients 

admitted to the ICU for issues related to alcohol abuse with 

any chronic complications had an increased risk of death that 

continued for 3 years after their initial admission [17]. Patients 

with alcoholic liver disease or cirrhosis were at the highest 

risk of death in our study, with a 23% in-hospital mortality rate 

and a 47% 1-year mortality rate. Mortality rates for patients 

with liver cirrhosis admitted to the ICU have ranged from 

18%–100% in other studies [18-26]. While in-hospital mortality 

has been decreasing in more recent studies to rates more in 

line with our findings, long-term mortality rates remain high 

for patients with liver disease who require ICU admission 

[24,27,28]. Improvements in supportive care can resolve the 

acute illness, but long-term treatments for liver failure are still 

lacking. Liver dysfunction has been associated with impaired 

immune functioning, higher risk of bleeding, increased rates 

and worse outcomes in acute respiratory distress syndrome, 

and changes in metabolism and nutrition, which may account 

for the increased risk of mortality in these patients during and 

after acute illness [29-35]. 

Other risk factors for increased mortality in patients with 

AUD in our study included increased comorbidities at time 

of admission, need for mechanical ventilation, complications 

during the hospital stay, and need for blood transfusions. 

These findings are similar to other risk factors for death in all 

patients needing ICU care. In addition, we found that rural 

patients had significantly increased rates of in-hospital and 

1-year mortality when compared to non-rural patients. Al-

cohol use in rural communities varies by region; however, 

current AUD has a lower prevalence in suburban areas (11%) 

compared to urban areas (14%) and is highest in rural areas 

(15%) [36]. Rural patients also tend to have higher rates of 

comorbidities and may have less access to preventive health 

care. In our study, while men accounted for the majority of 

patients, female sex was associated with an increased risk of 

death within a year of ICU admission. 

We found that in addition to the high risk of mortality, pa-

tients with alcohol abuse admitted to the ICU required sig-

nificant resource utilization. ICU and hospital lengths of stay 

were long, and 80% of patients had a complication during their 

hospital stay, and the vast majority required intubation during 

their stay, leading to high resource utilization in this patient 

group. Cervellione et al. [37] evaluated ICU resource utilization 

in patients with drug and alcohol abuse and reported similar 

hospital and ICU lengths of stay (median: hospital length of 

stay, 6 days; ICU length of stay, 3 days). They also found that 

Table 3. Patient and hospitalization variables associated with 6-month 
readmissions related to alcohol use

Variable 6-Month
readmission rate (%)a) P-value

Female 58 0.04
Age ≥65 yr 46 0.25
Self-reported race 0.47
 White 49
 Black 64
 American Indian/Alaska native 58
 Asian/Pacific islander 56
Rural 48 0.31
Insurance status <0.001
 Uninsured 67
 Private insurance 36
 Medicare 53
 Medicaid 46
Comorbidity
 Diabetes 45 0.16
 Chronic renal disease 60 0.15
 Cancer 53 0.85
 Cardiac disease 52 0.76
 Chronic respiratory disease 50 0.70
 Thrombocytopenia 51 0.31
 Mental health disorder 52 0.62
 Cirrhosis/liver failure 61 <0.001
Two or more comorbidities 53 0.10
Still drinking prior to admission 50 0.18
Current tobacco use 50 0.78
Intubated during hospital stay 44 0.01
Complication in the hospital 55 0.01
Alcohol withdrawal 54 0.59
Septic shock 41 0.12
Cardiac complication 47 0.55
Renal failure 57 0.31
ARDS 39 0.19
Thrombotic complication 62 0.22
Received blood transfusion 59 0.09

ARDS: acute respiratory distress syndrome.
a) n=239 (48%).

ICU admission [9-15]. Death during the index hospitalization 

was common, with 12% of patients dying during their hos-

pital stay. This is similar to other studies that have evaluated 

alcohol dependence or abuse in ICU patients, which have 

reported mortality rates between 9%–30% [9-16]. In addition 

to high mortality in the hospital, we found these patients are 

at significant risk for death within a year of their admission. 

Specifically, 27% of the patients in our study died within a year 
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the median cost per day was approximately $5,000 [34]. In ad-

dition to the resource utilization during the index admission, 

almost half of the patients in our study’s cohort were read-

mitted due to alcohol related issues in the 6 months after dis-

charge. This number is likely an underestimate of the true rate 

of readmission, as patients may have presented to an outlying 

hospital whose data would not be available to this study. 

Theoretically, most, if not all ICU admissions associated with 

AUD described in this study are preventable. If patients can de-

crease or cease alcohol use, overall population health could be 

significantly improved, and hospital costs could be decreased. 

In our study, we found that provider-led CD counseling and 

treatment discussions were associated with significant reduc-

tions in the rates of readmission and subsequent mortality. 

Using these high-risk situations as opportunities for employing 

motivational interviewing techniques to assist patients with 

changing their alcohol use, and hopefully setting up treatment 

options, has been described by other groups [8,38,39]. Impor-

tantly, in the present study, we found that even when patients 

did not voice acceptance of treatment support or a willingness 

to change, the CD counseling received was still associated 

with a decrease in 1-year mortality and a nonsignificant trend 

Table 4. Patient and admission variables associated with alcohol chemical dependency counseling
Variable All patients (n=414) CD evaluation (n= 303) No CD evaluation (n=111) P-value
Agea) (yr) 54 (18–83) 51 (18–76) 60 (27–83) <0.001
Female 120 (29) 85 (28) 35 (32) 0.49
Race 0.52
 White 324 (78) 240 (79) 84 (76)
 Black 11 (3) 6 (2) 5 (5)
 American Indian/Alaska native 50 (17) 50 (17) 20 (18)
Rural 138 (33) 99 (33) 39 (35) 0.64
Insurance <0.001
 Uninsured 78 (20) 62 (22) 16 (15)
 Private 62 (15) 52 (18) 10 (9)
 Medicare 100 (25) 57 (19) 43 (40)
 Medicaid 157 (39) 118 (41) 39 (36)
ICU length of stayb) (day) 3 (2–5) 3 (2–5) 3 (2–8) 0.24
Hospital length of stayb) (day) 8 (4–13) 7 (4–12) 9 (5–17) 0.01
Comorbidity
 Diabetes mellitus 78 (18) 48 (16) 28 (25) 0.03
 Chronic renal disease 46 (11) 23 (8) 23 (21) <0.001
 Cancer 28 (7) 16 (5) 12 (11) 0.05
 Cirrhosis 73 (25) 55 (26) 18 (22) 0.50
 Cardiac disease 230 (56) 146 (48) 84 (76) <0.001
 Chronic respiratory disease 109 (26) 62 (21) 47 (42) <0.001
 Thrombocytopenia 119 (29) 79 (26) 40 (36) 0.05
 Psychiatric diagnosis 245 (59) 185 (61) 60 (54) 0.20
Reason for admission
 Acute intoxication 33 (8) 31 (10) 2 (2) 0.01
 Alcohol withdrawal 62 (15) 53 (18) 9 (8) 0.02
 Traumatic injury 77 (19) 68 (22) 9 (8) 0.01
 Sepsis/infection 41 (10) 24 (8) 17 (15) 0.03
 Suicide/overdose 36 (9) 33 (11) 3 (3) 0.01
Complication during admission 283 (68) 204 (67) 79 (71) 0.46
Readmission for alcohol/liver issue within 6 months 207 (50) 144 (48) 63 (57) 0.08
1-Year mortality 62 (15) 36 (12) 26 (23) 0.01

Values are presented as number (%) unless otherwise indicated.
a) Median (range); b) Median (interquartile range).
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toward lower readmission rates. We feel that every opportunity 

for motivational change and active discussion with patients is 

important as even if they are not willing to change at the time 

of initial discussion, it may lay important groundwork for sub-

sequent opportunities. Clark et al. [40] found that for patient 

with unhealthy alcohol use admitted to the ICU, the severity 

of acute illness was significantly associated with a readiness 

to change. Providers need to continue to support patients and 

advocate for healthy behavior modifications.  

We found that there are opportunities for improving the 

rates of CD counseling offered by providers, possibly indica-

tive of provider biases that led them to not provide counseling 

where it may have been valuable for patients. For example, 

older patients were less likely to have CD counseling during 

their stay. It is possible that providers felt that alcohol use in 

older patients is more deeply embedded and less likely to be 

amendable to habit change; however, this is a missed oppor-

tunity for intervention. In addition, patients admitted for treat-

ment of sepsis or infection were less likely to have alcohol CD 

counseling. Patients admitted with alcohol intoxication, over-

dose, or withdrawal had high rates of CD counseling docu-

mented, including rates that were higher than in patients with 

AUD who did not have an AUD diagnosis directly attached to 

the admission etiology. This highlights the need for greater 

provider awareness and use of alcohol use and abuse screen-

ing for patients without alcohol-related admission diagnoses. 

In addition, active and standardized approaches to inpatient 

alcohol screening and counseling have been associated with 

improved rates of identifying patients at risk and improving 

outcomes [6,7]. This may be evidenced in our high rate of 

alcohol CD counseling in our trauma patients, where screen-

ing and brief interventions have been standardized and have 

high rates of use [41], particularly compared to other hospital 

admitting services. Currently, other ICU services do not have 

standard protocol for who should receive CD counselling, it 

is left to provider discretion. While the present study did not 

identify significant race or gender disparities, other studies 

have noted disparities in access to substance abuse treatment 

and screening based on race and gender, and providers should 

be cognizant of possible implicit biases [42]. Standardization 

of alcohol use screening and CD counseling across all care 

groups may help decrease these disparities. 

Access to treatment for alcohol disorders remains an issue in 

the United States. In a 2020 national survey, numerous barriers 

to receiving treatment were identified [1]. The most common 

reason, reported by 19% of patients, was a lack of health care 

coverage and not being able to afford treatment [1]. Stigma 

regarding alcohol abuse may also be an ongoing hinderance 

to receiving alcohol use treatment when needed, with 12% re-

porting that they felt that receiving treatment for their alcohol 

issues would cause their neighbors or community members to 

have a negative opinion about them [1]. Medical providers dis-

cussing alcohol abuse and its consequences may help patients 

feel supported in requesting treatment and decrease stigma, 

assisting patients and families with viewing AUDs as treatable 

medical conditions, not individual failings or weaknesses. 

We added to the literature on the high risks associated with 

alcohol abuse and critical illness through our focus in this 

study on a mainly rural population, as well as by limiting the 

retrospective review to those patients receiving ICU care for 

organ dysfunction. By removing patients who were only mon-

itored in the ICU, we described those patients with critical 

illness associated with alcohol abuse and AUD. The study is 

limited by its single center design, as well as the use of retro-

spective data. Due to the limitations of the available data, we 

did not use an alcohol use screening tool to identify and quan-

tify the severity of alcohol abuse and instead used diagnoses 

entered into the medical record to identify our cohort, which 

may have missed patients who qualified. We were also unable 

to grade alcohol abuse based on amount of alcohol used by 

patient report. In addition, mortality may have been higher, as 

our access to mortality data for the study cohort was limited to 

mortality data available in the medical record. 

ICU patients with alcohol abuse and AUD continue to have 

high rates of in-hospital mortality, as well as ongoing risk of 

death in the year following index admission. These patients 

accounted for high ICU and hospital resource use and had 

high rates of readmissions. Provider-led CD counseling can be 

associated with significant improvements in patient outcomes, 

and ongoing efforts to increase rates of in-hospital alcohol use 

screening and interventions to provide treatment options are 

imperative. 
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INTRODUCTION 

The incidence of feed intolerance to enteral nutrition is 31% to 46% in intensive care unit (ICU) 

patients [1]. The American Society of Parenteral and Enteral Nutrition guidelines recommend 

daily monitoring of the feed intolerance by observing symptoms of vomiting, flatulence, bow-

el movement, abdominal distension with pain, and radiological evaluations [2]. In most of 

the studies these symptoms are non-specific and increased gastric reserve volume (GRV) is 

still the most frequently occurring proxy marker of gastric intolerance (GI) [3]. Hence manual 

aspiration technique despite its shortcomings is still the frequently utilized technique by the 

Background: Although gastric reserve volume (GRV) is a surrogate marker of gastrointestinal dys-
function and feeding intolerance, there is ambiguity in its estimation due to problems associated 
with its measurement. Introduction of point-of-care ultrasound as a tool for anesthetists kindled 
interest in its use for GRV estimation. 
Methods: In this prospective observational study, we recruited 57 critically ill patients and ana-
lyzed 586 samples of GRV obtained by both ultrasonography (USG) and manual aspiration.
Results: The analysis showed that USG-guided GRV was significantly correlated (r=0.788, P<0.001) 
and in positive agreement with manual aspiration based on Bland-Altman plot, with a mean dif-
ference of 8.50±14.84 (95% confidence interval, 7.389–9.798). The upper and lower limits of 
agreement were 37.7 and –20.5, respectively, within the ±1.96 standard deviation (P<0.001). The 
respective sensitivity and positive predictive value, specificity and negative predictive value, and 
area under the curve of USG for feeding intolerance were 66.67%, 98.15%, and 0.82%, with 
96.49% diagnostic accuracy.
Conclusions: Ultrasonographic estimation of GRV was positively, significantly correlated and in 
agreement with the manual aspiration method and estimated feeding intolerance earlier. Routine 
use of gastric USG could avoid clinical situations where feeding status is unclear and there is high 
risk of aspiration and could become a standard practice of critical care.
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ICU nursing staff (97%) the world over to decide the feeding 

practice to be followed in the ICU setup [1-4] Thus, we did this 

study to see the diagnostic accuracy of ultrasonographic (USG) 

guided over manual aspiration technique for evaluation of 

GRV in critically ill patients in our ICU. 

MATERIALS AND METHODS 

Research Ethics 
The study was performed according to the Helsinki Declara-

tion and approved by the Research Ethics Committee or the 

Institutional Review Board of Indra Gandhi Medical College as 

well as Clinical Trials Registry of India (CTRI/2020/10/028261). 

The study was conducted between October 2020 and Septem-

ber 2021 on 57 adult critically ill patients. Informed consent 

was taken from patients’ attendants or patients as applicable.

Patients between 18 and 80 years of either sex who were en-

terally fed, not on any prokinetics for feed intolerance and with 

an anticipated ICU stay of at least 5 days were enrolled in the 

study. Patients having bowel surgery within 24 hours, GI bleed, 

obstruction, perforation, malabsorption syndrome, abnormal 

liver function test; serum glutamic-oxaloacetic transaminase/

serum glutamic pyruvic transaminase more than three times 

normal and/or total bilirubin more than three times normal 

and morbid obesity/pregnancy (unable to achieve right lateral 

position) were excluded from the study. 

Patients meeting the criteria were identified and written in-

formed consent was taken from the attendant. A brief history 

was taken regarding the comorbidities like hypertension, type 

2 diabetes mellitus, acute kidney injury, and hypothyroidism. 

The patient’s age, weight, sex, and baseline vitals were also 

noted. All patients were subjected to bedside ultrasonography 

for measurement of GRV followed by manual aspiration for the 

same measurement twice a day in the morning and evening 

prior to feeding with last feed at least 4 hours prior to estima-

tion of GRV. 

A curved array, low frequency (2–5 MHz) probe of portable 

Sonosite ultrasound machine was used in abdominal scan 

mode settings. For the initial few USG readings, the help of a 

radiologist was taken. Scanning of the epigastrium in a sagittal 

plane was done while moving the transducer from the left to 

right subcostal margins. The gastric antrum was thus identified 

just below the left lobe of the liver and pancreas with the aorta/

superior mesenteric artery acting as an important landmark, a 

still good image of the antrum was taken between peristalsis. 

Cross-sectional area (CSA) was measured using the free-hand 

tracing tool built into the ultrasound machine. Gastric volume 

was calculated using the formula described by Perlas et al. [5] 

(Figure 1). 

USG gastric volume (ml)=27.0+14.6×right-lateral CSA−1.28×age. 

Manual aspiration was done by a 50 ml syringe through a 

14-G enteral tube and the contents were kept in a sterile con-

tainer and were reposed back. The study was continued every 

day and prokinetics were added guided by either of these 

measurements. If a single GRV ≥150 ml was measured by these 

techniques, levosulpiride 25 mg QID (4 times a day) was start-

ed. If GRV ≥250 ml was obtained, next feed was omitted. Effects 

of the prokinetic drug were assessed for the next 2 days and 

after that study stopped in that patient as it would change the 

GRV volume. Bowel movements were recorded along with any 

episodes of diarrhea, constipation, vomiting, stomach pain, 

■ Ultrasonographic (USG) estimation of gastric reserve vol-
ume is significantly correlated with the manual aspiration 
technique and can estimate feeding intolerance earlier.

■ Use if USG could avoid clinical situations where feeding 
status is unclear and there is a high risk of aspiration.

■ Our USG estimation study comprised of large 586 samples 
could be included in American Society of Parenteral and 
Enteral Nutrition guidelines for feeding intolerance.

KEY MESSAGES

Figure 1. Ultrasonogram of the gastric antrum. L: liver; A: aorta; 
P: pancreas; A–A: a gastric antrum anteroposterior diameter; B: 
craniocaudal diameter.
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RESULTS 

In our study out of 57 patients 25 (43.86%) were females and 

32 (56.14%) were males with a mean age of 50.49±14.1 years 

and mean weight of 60.67±9.15 kg (Table 1). Most patients in 

our study were undergoing neurosurgical procedures, i.e., 46 

patients (80.70%), 10 patients (17.54%) were being treated for 

medical disease, and 1 patient (1.75%) was undergoing general 

surgery. Patients who had increased GRV were from neurosur-

gery (three patients), and one patient with organophosphorus 

poisoning was diagnosed with USG estimation only. Patients 

were having various comorbidities like hypertension (19.30%), 

diabetes mellitus (7.02%), acute kidney injury (1.75%), single 

kidney (1.75%), and hypothyroidism (1.75%). None of the pa-

tients with these comorbidities had increased GRV during the 

study period. 

The baseline hemodynamic parameters were recorded at 

admission and were comparable (P>0.05). Forty-five patients 

(78.95%) were intubated and thus mechanically ventilated 

and 12 (21.05%) were on non-invasive ventilation or on a 

venturi mask. All four patients (8.80%)  in our study who were 

diagnosed with increased GRV were mechanically ventilated. 

Mean Glasgow Coma Scale was 6.7±3.26 and was 5.70 in four 

patients with increased GRV (Table 1). 

We noted other features of feed intolerance and nine pa-

tients (15.79%) had vomiting, four (7.02%) had episodes of 

stomach ache, 15 (26.32%) had constipation and four (7.02%) 

had episodes of increased flatulence. Out of four patients of in-

creased GRV vomiting, constipation, and flatulence were seen 

Table 1. Demographic factors and other symptoms that could affect gastric reserve volume estimation 
Parameter Total patients (n=57) Normal GRV (n=53) Increased GRV (n=4)
Age (yr) 50.50±14.10 50.27±11.89 51.25±13.07
Weight (kg) 60.67±9.15 60.37±7.98 64.50±6.65
Female 25 (43.86) 23 (92.00) 2 (8.00)
Male 32 (56.14) 30 (93.75) 2 (6.25)
Glasgow coma scale 6.70±3.26 - 5.70
Mechanical ventilation 45 (78.95) 41 (71.92) 4 (7.01)
Vomiting 9 (15.79) 6 (10.50) 3 (5.20)
Flatulence 4 (7.02) 2 (3.50) 2 (3.50)
Stomach ache 4 (7.02) 2 (3.50) 2 (3.50)
Enema 15 (26.32) 13 (22.80) 2 (3.50)
Vasopressors or adrenaline 30 (52.63) 27 (47.30) 3 (10.00)
Dual inotropes 3 (5.26) 3 (5.26) -
Opioid sedation 44 (77.19) 42 (73.68) 2 (3.50)

Values are presented as mean±standard deviation or number (%).
GRV: gastric residual volume.

and increased flatulence. The use of agents like noradrenaline, 

dopamine, opioids, and enema were not controlled and were 

recorded. In our institution, the enteral feed is given in a bolus 

technique over 10–15 minutes and the same was given to our 

patients and the bed was elevated at the head end to 30°–40° 

at the time of giving bolus feed. The patients were subjected to 

chlorhexidine mouthwash in the morning and evening. 

Power of the study was done on the basis of the study by 

Perlas et al. [5], with a correlation of r=0.86, power of 90%, and 

significance of P<0.05, thus sample size was 36 but we recruit-

ed 69 patients in the study duration, and 12 patients were ex-

cluded in total with 4 patients expired, Ryles tube removed in 2 

and 6 were, discharged from ICU before 5 days thus 57 patients 

with 586 measurements over the days were finally analyzed. 

The presentation of the Categorical variables was done in 

the form of number and percentage (%). On the other hand, 

the quantitative data were presented as the mean± standard 

deviation (SD) and as median with 25th and 75th percentiles 

(interquartile range) and were analyzed using Paired t-test. 

The sensitivity, specificity, positive predictive value (PPV), and 

negative predictive value (NPV) of the USG method were cal-

culated for predicting feed intolerance, Pearson correlation co-

efficient and Bland-Altman plot was used to see the correlation 

and agreement between the two methods. The data entry was 

done in the Microsoft Excel spreadsheet and the final analysis 

was done with the use of IBM SPSS ver. 21.0 (IBM Corp.). For 

statistical significance, P-value of less than 0.05 was considered 

statistically significant. 
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in three, two, and two patients, respectively. Thirty patients 

(52.63%) received noradrenaline and three patients (5.26%) 

received both dopamine and noradrenaline for hypotension. 

Only three out of 30 patients (10%) of the patients on nor-

adrenaline and none of the patients on dual inotropes had in-

creased GRV. Forty-four patients (77.19%) were given opioids 

while 13 (22.81%) were given non-opioid–based sedation in 

ICU. Only two out of these 44 patients (4.50%) on opioid seda-

tion had increased GRV in our study (Table 1). 

Levosulpiride was used in four patients during the study 

period, and we observed a mean 87.02%±4.55% (range, 

81.25–92.00) fall in GRV after its use. USG imaging was difficult 

in 21.05% (12 patients) while the resolution was optimal in 

rest 45 patients (78.95%). Total of 586 measurements of gastric 

aspirates taken over the days by USG and manual aspiration 

technique were recorded and the following observations were 

withdrawn (Table 2). 

We got significantly higher values of GRV (8.60±14.85 ml 

arithmetic mean) with USG as compared to the manual as-

piration in our study with no diurnal variation (P<0.001). 

USG-guided GRV was significantly correlated with manual 

technique by Pearson correlation coefficient, with the strength 

of association of r=0.788 (P<0.001) (Figure 2). 

We further confirmed the positive agreement between the 

two methods by Bland-Altman plot using the data of all 586 

times the measurements of GRV done over the days. The mean 

average of difference thus obtained was 8.50±14.84 (95% con-

fidence interval [CI], 7.389–9.798) The upper and lower limit 

of the agreement are 37.7 and –20.5 which too lie within the 

±1.96SD (P<0.001) (Figure 3). As manual aspiration is the gold 

standard technique for evaluating GRV, the incidence of feed 

intolerance included only patients with the manual aspiration 

technique. Thus, 5.26% (three patients) had feed intolerance 

in our study by this method. When using USG this percentage 

would have been 7% (four patients). 

The sensitivity and PPV, specificity and NPV, area under 

the curve (AUC; 95% CI) of the USG for finding out the feed 

intolerance was (66.67%, 98.15%, 0.82%) and diagnostic ac-

curacy of USG for detecting feed intolerance was 96.49%. We 

categorized the GRV obtained into two groups of >0.8 ml/kg 

labeled  as risk stomach and ≤0.8 ml/kg. The sensitivity, PPV, 

specificity, NPV, and AUC of the USG for ≤0.8 ml/kg stomach 

were 89.66%, 45.22%, 76.58%, 97.17%, and 0.83% with a diag-

nostic accuracy of 78.90%. It was (75% and 33.33%, 92.28% and 

98.63%, 0.84%) with diagnostic accuracy of 91.44% for USG 

method in detecting >0.8 ml/kg stomach (Table 3). 

Table 2. Comparison of mean gastric reserve volume (ml) and average 
gastric residual volume (mean/kg body weight) measured by USG and 
manual aspiration over the study period

Gastric reserve volume (ml) USG Manual 
aspiration P-value

Day 1 (n=57) <0.001
 Morning 31.98±24.32 20.65±18.28
 Evening 24.54±18.79 16.89±14.55
 Average 0.47±0.30 0.30±0.24
Day 2 (57) <0.001
 Morning 27.72±22.13 20.93±23.21
 Evening 26.39±31.07 18.33±27.46
 Average 0.44±0.38 0.31±0.37
Day 3 (n=57) <0.001
 Morning 24.99±21.06 17.44±25.95
 Evening 25.09±16.51 16.88±23.99
 Average 0.41±0.29 0.27±0.36
Day 4 (n=57) <0.001
 Morning 29.81±32.88 15.88±23.58
 Evening 23.94±24.65 11.32±15.66
 Average 0.45±0.47 0.22±0.32
Day 5 (n=56) <0.001
 Morning 21.45±20.18 11.11±17.42
 Evening 15.52±15.04 9.11±14.37
 Average 0.30±0.27 0.18±0.32
Day 6 (n=26) 0.002
 Morning 21.30±39.77 12.65±29.05
 Evening 13.27±10.85 8.04±12.97
 Average 0.28±0.33 0.16±0.28
Day 7 (n=11) 0.017
 Morning 13.99±8.78 11.55±6.73
 Evening 12.97±7.05 7.78±5.65
 Average 0.20±0.08 0.14±0.08
Day 8 (n=3) 0.669
 Morning 8.69±1.31 11.67±2.89
 Evening 8.36±2.24 8.33±7.64
 Average 0.14±0.02 0.16±0.08
Day 9 (n=2) 0.251
 Morning 7.85±6.29 0±0
 Evening 10.15±12.80 2.50±3.54
 Average 0.14±0.04 0.02±0.03
Day 10 (n=1) -
 Morning 50.4±0 90±0
 Evening 55.2±0 60±0
 Average 0.81±0 1.15±0

Values are presented as mean±standard deviation.
USG: ultrasonography.
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Figure 2. Correlation of gastric reserve volume (GRV, ml) between ultrasonography and manual aspiration. Pearson’s correlation coefficient: 
r=0.788 (P<0.001).

Figure 3. Bland-Altman plot of gastric reserve volume (GRV) measured by ultrasonography compared to manual aspiration. Sample size: 586; P 
(H0: mean=0) <0.001; 95% confidence interval [CI], 7.389–9.798; arithmetic mean, 8.6; standard deviation, 14.85; lower limit, -20.508 (95% CI, 
–2.568 to –18.448); upper limit,  37.695 (95% CI, 35.635 to 39.755).
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DISCUSSION 

Despite all the controversies regarding the estimation of GRV, 

it is still considered a definitive marker of gastrointestinal 

dysfunction and feeding intolerance followed by other fea-

tures like vomiting, diarrhea, stomach ache, and increased 

flatulence [3,4]. Although The NUTRIREA-2 trials (Impact of 

not measuring GRV on nosocomial pneumonia rates) have 

discredited the role of GRV estimation and have laid more 

stress on parenteral nutrition over the enteral route, but as the 

surgical patients included in these trials were less, hence the 

results cannot be generalized to predominantly surgical ICU 

like ours. They have reported high incidence of vomiting 39.6% 

over 27% in patients where GRV was not measured but their 

primary outcome was overall patients’ morbidity and caloric 

intake over the days [6,7]. 

When we searched the literature for various methods used 

for GRV estimation, we observed that people used manual 

aspiration, scintigraphy, acetaminophen absorption assay 

method, George method in which dye refractometry was used, 

gastric impedance monitoring various radiological methods 

like computed tomography (CT) scan [8,9]. Most of these 

methods are not validated and expensive hence cannot be 

done daily in patients to find the gastric volume to decide the 

next feed. So, the thrust lies on the manual technique which is 

time-consuming, gives lower values in single aspiration over 

continuous pressure aspiration [10], and leads to loss of gastric 

juices as aspirates are frequently discarded by the nurses and 

frequent aspirations lead to clogging of the NG tube. Parenter-

al nutrition is not a viable method in third-world countries due 

to the cost factor hence the focus again points to the optimi-

zation of enteral nutrition and the justifiable use of prokinetic 

therapy guided by its estimation. 

Perlas et al. [5] is credited with assessing the feasibility of 

USG for measuring gastric contents in 18 healthy volunteers 

in phase one and 36 volunteers in phase two trial in 2009 

and found good correlation between CSA lateral and volume 

(rho=0.731, P<0.001) for predicted volumes of 0–300 ml only. 

Gastric sonography could be a bedside diagnostic tool to mea-

sure GRV, but its routine use has been limited by its inclusion 

mostly in the domain of the radiologist.

Sharma et al. [11] did a preoperative assessment of CSA in 

both supine and lateral positions and inferred that the record-

ed gastric volume was significantly more in right lateral posi-

tion (P<0.001). Hence, we also took measurements in this po-

sition in our patients. Hamada et al. [12] compared USG with 

CT-guided gastric volume estimations and concluded that the 

results were positively correlating when performed in good 

conditions (65% [r=0.43]) and there was a clinically acceptable 

agreement between these two measurements (bias of –0.12 

cm2) and limit of agreement of (–2.21 to 1.96). They found that 

there was good reproducibility of volumes by ICU physicians 

over radiologist produced data in CT scan, but all measure-

ments which were obtained out of agreement were where USG 

was done with poor window. 

Sharma et al. [13] studied the gastric contents in the supine 

position with the aorta and IVC as a guideline in 30 critically ill 

patients. Gastric antrum CSA using aorta as landmark correlat-

ed with aspirated volume (R2=0.86, P<0.001) and a craniocau-

dal diameter of gastric antrum of <10 cm predicted a volume 

of <500 ml and <5 cm ml predicted GRV of <150 ml.  

In our study, we obtained a statistically significant positive 

linear relation between the two techniques with the strength of 

association of r=0.788 (P<0.001). They were in positive agree-

ment as seen by Bland-Altman plot. The sensitivity and PPV 

were 66.67% and were low in our study as the number of pa-

tients taken was small (57 patients) and the prevalence of the 

diseases was also low in our study as we studied the patients 

on admission with study ending on 5 days of admission in ICU 

and researcher believe that the median time for beginning of 

feed intolerance is 3rd day of ICU admission [3]. The specific-

ity and NPV were high (98.1%) thus the USG could accurately 

diagnose the feed intolerance in all patients in our study who 

were diagnosed by manual aspiration technique. 

Table 3. Sensitivity, specificity, positive predictive value, and negative predictive value of average GRV of ultrasonography for predicting feeding 
intolerance 
Ultrasonographic vs. manual 

aspiration
Sensitivity 

(95% CI), %
Specificity 

(95% CI), %
AUC 

(95% CI), %
Positive predictive 
value (95% CI), %

Negative predictive 
value (95% CI), %

Diagnostic 
accuracy, %

Feeding intolerance 66.67 (9.43–99.16) 98.15 (90.11–99.95) 0.82 (0.70–0.91) 66.67 (9.43–99.16) 98.15 (90.11–99.95) 96.49
Average GRV (≤0.8 ml/kg) 89.66 (78.83–96.11) 76.58 (71.06–81.51) 0.83 (0.79–0.87) 45.22 (35.92–54.77) 97.17 (93.94–98.95) 78.90
Average GRV (>0.8 ml/kg) 75.00 (47.62–92.73) 92.28 (88.74–94.99) 0.84 (0.79–0.87) 33.33 (18.56–50.97) 98.63 (96.52–99.62) 91.44

GRV: gastric reserve volume; CI: confidence interval; AUC: area under the curve.
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In our study, we did not find an association between other 

known features of GI with increased GRV values. Six patients 

(11%) had vomiting, two (3.7%) had an increased history of 

flatulence and stomach ache, 27 (51%) were on noradrenaline 

drip, three (5.26%) were on dual inotropes, 42 (79%) on opioid 

sedation, and 13 (24%) received enema without increased 

GRV in our study. Hamada et al. [12] also found no association 

between vasopressor use and increased GRV in his patients. 

Like our study, Sharma et al. [13] encountered difficulty in 21% 

of patients, Hamada et al. [12] could find good USG conditions 

in 65% of their patients after 4 hours of training in USG of ICU 

physicians and Sharma et al. [11] encountered some difficulty 

initially but once learned they, and Perlas et al. [5] found it was 

an easy method in all patients. 

The study had some limitations. Firstly, our study was con-

ducted on critically ill patients receiving enteral nutrition so 

study findings can partially be applied to other subject pop-

ulations (e.g., healthy adults, children, morbidly obese, and 

patients coming for emergency surgeries. Secondly, we did not 

study ventilator-associated pneumonia and mortality indica-

tors of the included patients. Finally, there was a small learning 

curve of ultrasonography which has to be mastered initially in 

the presence of a radiologist followed by individual practice. 

So, with practice, one learns to obtain an appropriate soft tis-

sue window to obtain images of the gastric antrum.

Bedside gastric ultrasonography can provide accurate 

information regarding GRV and feed intolerance as USG es-

timations were positively, significantly correlated and was in 

agreement with manual aspiration method of GRV calculation. 

USG-guided enteral nutrition and prokinetic use can curb its 

incessant use and resultant tachyphylaxis in ICU. 
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Since many critically ill patients cannot eat on their own, they often need nutritional sup-

port. However, gastric intolerance during enteral nutrition (EN), such as vomiting, aspira-

tion, diarrhea, and abdominal distension and firmness, can occur due to gastrointestinal 

dysfunction. To prevent this, gastric residual volume (GRV) has traditionally been moni-

tored [1]. Gastric contents can be manually aspirated with a syringe through a gastric tube 

at regular intervals of 4 to 8 hours to measure GRV, and if GRV exceeds a certain threshold, 

EN can be delayed to prevent complications [2]. 

However, GRV monitoring presents several challenges. First, GRV is not always a reliable 

indicator of gastric intolerance. Depending on the patient's condition, comorbidities, size 

and type of tube, position of the tip of feeding tube, and GRV measurement technique, the 

accuracy can vary. In addition, GRV measurement frequently interrupts EN and causes 

underfeeding [2]. Moreover, the results of the REGANE [3] and NUTRIREA 1 trials [4] called 

the clinical relevance of GRV measurement itself into question, and the Society of Critical 

Care Medicine (SCCM)/American Society for Parenteral and Enteral Nutrition (ASPEN) 

guidelines in 2016 recommended that GRV monitoring not be included in routine care pro-

tocols [5]. 

Ultrasonographically-measured anterior cross-sectional area has been used to assess 

gastric emptying time and to estimate gastric contents and volume for assessment of aspi-

ration risk in the perioperative period [6]. Recently, ultrasound has become widely avail-

able in intensive care units (ICUs). In this issue of Acute and Critical Care, Sharma et al. [7] 

demonstrates that GRV measurement by ultrasound has a significant correlation with man-

ually aspirated GRV. This was a small single-center study, so caution must be used when 

interpreting the results. However, most of the study subjects were high-risk neurosurgical 

patients with mechanical ventilation, opioid sedation, and vasopressor infusion. Although 

routine monitoring of GRV in the ICU is not recommended in the SCCM/ASPEN guidelines 

owing to the REGANE [3] and NUTRIREA 1 trials [4], they rarely include surgical and high-

risk patients and cannot be generalized. Therefore, GRV measurement is still a method that 

should be considered in high-risk patients, and even in the recent ESPEN guidelines, it is 

recommended to delay EN at a GRV of 500 mL/6 hours [8].  

A few years ago, a Journal of the American Medical Association (JAMA) editorial de-

scribed the “end of an era” for GRV; however, it seems premature to generalize this to all 

ICU patients [9]. GRV measurement by ultrasound is non-invasive, can be easily performed 

Will ultrasound be able to bring back the lost glory of 
gastric residual volume?
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bedside, and has the advantage of not being affected by the 

size or type of tube, and has low EN interference [10]. While 

studies to date suggest that ultrasound can be an important 

tool for GRV measurement, further large-scale studies are 

needed to restore the lost glory of GRV, showing that it has a 

positive impact on clinical outcomes in critically ill patients. 
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Propofol is widely used to sedate agitated patients in intensive care units. However, it can cause a 
rare but fatal complication, propofol-related infusion syndrome (PRIS). The pathophysiology of 
PRIS is not clear, and there is no definitive diagnosis and treatment. We report a successfully treat-
ed case of PRIS in a critically ill patient receiving low-dose propofol infusion. A 59-year-old male 
patient complaining of sudden chest pain repeatedly collapsed in an ambulance and the emergen-
cy room, and veno-arterial extracorporeal membrane oxygenation was delivered. He was diag-
nosed with a total occluded left anterior descending coronary artery in coronary angiography. On 
day 20, he showed arrhythmia, increased creatinine kinase (CK), and increased CK-MB and tropo-
nin I, accompanied by unstable hemodynamic status despite high-dose vasopressors. He was ad-
ministered propofol for 20 days at an average dose of 1.3 mg/kg/hr owing to issues with agitation 
and ventilator synchrony. We strongly suspected PRIS and immediately discontinued propofol infu-
sion, and he was successfully treated with aggressive supportive care. PRIS can occur in patients 
administered propofol for a prolonged period at low doses. Thus, clinicians should use propofol 
with caution for PRIS and change to alternative sedatives for long-term sedation. 

Key Words: carnitine; extracorporeal membrane oxygenation; propofol; propofol infusion syndrome
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Propofol is widely used for the intravenous induction of general anesthesia and other pro-

cedures in the operating room, as well as the sedation of agitated patients in intensive care 

units (ICUs). However, propofol causes various side effects, including hypotension, apnea, 

sinus bradycardia, depression of cardiac contractility, and rare but fatal propofol-related in-

fusion syndrome (PRIS) [1]. The pathophysiology of PRIS is not clear, and there is no defini-

tive diagnosis and treatment. Herein, we report the successful treatment of PRIS in a patient 

receiving low-dose propofol infusion with a history of extracorporeal membrane oxygen-

ation (ECMO) for cardiac arrest. 

CASE REPORT 

A previously healthy 59-year-old male patient complaining of sudden chest pain collapsed 

in the ambulance on the way to the emergency room. Emergency rescue technicians per-
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formed 20 seconds of cardiopulmonary resuscitation after 

shocking for ventricular fibrillation, and the return of sponta-

neous circulation was achieved. Upon arrival at our hospital, 

his blood pressure was 105/78 mm Hg, heart rate was 120 

beats/min, respiratory rate was 20 breaths/min, and body 

temperature was 35.8°C. He was diagnosed with ST-segment 

elevation myocardial infarction on an electrocardiogram 

(ECG). During the preparation for coronary angiography, re-

peated cardiac arrest occurred. Thus, we immediately applied 

veno-arterial (VA) ECMO. Percutaneous coronary interven-

tion reperfused the total occluded left anterior descending 

coronary artery via thrombectomy. After admission to ICU, he 

was sedated using remifentanil (0.2 µg/kg/min) and propofol 

(FreSOfol MCT 2%, 1.3 mg/kg/hr). On day 3, his hemodynam-

ic status and oxygenation improved, allowing for VA ECMO 

decannulation. 

On day 5, he presented with progressive acute kidney in-

jury, so we applied continuous renal replacement therapy 

(CRRT). Three days after decannulation, we applied veno-ve-

nous (VV) ECMO due to severe acute respiratory distress 

syndrome following hospital-acquired pneumonia. On day 

16, since he showed clinical improvement of pneumonia, we 

weaned him off VV ECMO. Sedatives for ventilator care were 

retained without dose reduction due to agitation and venti-

lator dyssynchrony, but vasopressors were slowly tapered ac-

cording to improved cardiac function. On day 18, the alanine 

aminotransferase and aspartate aminotransferase, which 

had been less than 150 units/L, were abruptly increased to 

719 units/L and 211 units/L, respectively and were consis-

tently increased until day 27 (Table 1). On day 20, he showed 

bundle branch block, increased creatinine kinase (CK), and 

increased CK-MB and troponin I. Due to suddenly aggravated 

hypotension, we increased the infusion rate of norepineph-

rine and epinephrine and added vasopressin. Acute renal 

failure (ARF) and metabolic acidosis are common features of 

PRIS, but they were attenuated to the previously maintained 

CRRT in our case. For 20 days, he received propofol admin-

istration at an average dose of 1.3 mg/kg/hr, and we could 

not decrease the propofol infusion rate owing to issues with 

agitation and ventilator synchrony. We strongly suspected 

PRIS and immediately discontinued propofol infusion. The 

initial serum triglyceride level after admission was 369 mg/dl,  

but no follow-up monitoring for serum triglyceride levels 

was performed. The cortisol level and thyroid function tests 

were within the normal ranges. After 24 hours of discontin-

uing propofol, the requirement for vasopressors was slowly 

decreased and vasopressin was tapered according to his sta-

bilized vital signs. However, the CK level continued to elevate 

to 139,066 IU/L (Table 1). Thus, for recovery from PRIS, we ad-

ministrated L-carnitine, which mitigates the effects of PRIS by 

supporting free fatty acid (FFA) metabolism, at a dose of 500 mg 

three times per day starting on day 23. After 2 days of carnitine 

administration, the CK level gradually declined, and the patient 

was stabilized with only low-dose norepinephrine (0.05 µg/

kg/min). He was discharged from the ICU on day 51 and trans-

ferred to a nursing hospital for rehabilitation on day 92. 

Table 1. Laboratory data in the intensive care unit
Variable Reference range HD 16 HD 18 HD 20 HD 21 HD 22 HD 23 HD 24 HD 26 HD 28 HD 30
CK-MB (ng/mL) 0.1 to 6.3 4.8 18.4 61.0 105.0 210.0 303.0 395.0 140.0 23.8 12.6
Troponin I (ng/L) 0.00 to 11.3 3.6 5.0 4.9 4.6 4.8 5.0 3.7 2.2 1.4 0.6
CK (U/L) 20 to 171 - - 18,063 27,264 62,250 139,066 178,730 46,330 2,531 77
Lactic acid (mmol/L) 0.5 to 2.0 0.9 0.5 1.0 1.9 2.2 3.5 4.0 2.6 2.1 1.8
AST (U/L) 5 to 45 131 719 1,110 1,414 2,145 3,090 3,375 1,333 345 170
ALT (U/L) 0 to 40 79 211 272 303 542 771 1,135 805 439 213
PH 7.35 to 7.45 7.43 7.33 7.41 7.41 7.53 7.46 7.43 7.48 7.44 7.49
PaCO2 (mm Hg) 35 to 45 30 46 37 32 25 29 36 32 36 29
PaO2 (mm Hg) 75 to 100 107 124 149 92 97 93 101 94 80 99
HCO3

- (mmol/L) 23 to 29 25.0 23.7 22.7 20.3 20.6 20.1 23.9 23.6 24.5 21.6
BE (mmol/L) –2 to 2 0.7 –2.3 –1.6 –3.4 –0.9 –2.8 –0.9 0.5 0.6 –0.9
Na+ (mmol/L) 136 to 145 137 133 132 133 135 132 132 137 138 136
K+ (mmol/L) 3.5 to 5.5 3.6 4.1 3.9 3.6 4.1 4.5 4.5 3.7 3.5 3.6

Continuous renal replacement therapy is started on HD 5.
HD: hospital day; CK: creatinine kinase; AST; aspartate aminotransferase; ALT: alanine aminotransferase; PaCO2: partial pressure of carbon dioxide; PaO2: arterial 
partial pressure of oxygen; HCO3

-: bicarbonate; BE: base excess; Na+: sodium; K+: potassium.
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DISCUSSION 

PRIS is a rare but lethal syndrome with an incidence of 1.1% 

and a mortality of 18% [2]. The current definition of PRIS in-

cludes metabolic acidosis, lactic acidosis, rhabdomyolysis, 

hyperkalemia, renal failure, hyperlipidemia, Brugada-like ECG 

change, arrhythmia, and cardiac failure. As most studies have 

shown, PRIS generally occurs in critically ill patients receiving 

propofol at a high dose (>5 mg/kg/hr) and prolonged (>48  

hours) administration [2-5]. However, in our case, he had 

received a low-dose propofol infusion rate of 1.3 mg/kg/hr, 

which is currently regarded as a safe dose, for sedation in the 

ICU. Although the previous implementation of CRRT masked 

metabolic acidosis and hyperkalemia, our patient showed 

typical PRIS symptoms on day 20, including lactic acidosis, 

rhabdomyolysis, arrhythmia, and unstable hemodynamics. 

Recently, a few studies reported PRIS cases after propofol 

infusion from low-dose or short duration in non-critically ill 

patients [6]. Since these cases showed only a subset of PRIS 

symptoms with metabolic acidosis, unlike our case, it is uncer-

tain whether these reports represent actual manifestations of 

PRIS. 

The pathophysiology of PRIS is still unknown due to the 

complicated process. Recent clinical and experimental studies 

have focused on dysfunction of the mitochondrial respiratory 

chain caused by propofol. Propofol inhibits carnitine palmi-

toyltransferase I, an outer membrane mitochondrial protein 

that transfers long-chain FFA into the mitochondria [7]. As a 

consequence of inhibiting the beta-oxidation of fatty acids, the 

accumulation of unutilized fatty acids is increased in diverse 

organs, and the production of adenosine triphosphate (ATP) 

is decreased in the mitochondrial respiratory chain. Also, 

propofol directly disturbs the flow of electrons down the mi-

tochondrial respiratory chain by interacting with coenzyme Q 

[8]. Under stress conditions, the imbalance between increased 

energy demand and decreased energy availability results in 

the depletion of ATP and cellular hypoxia in tissue, especially, 

in the heart and skeletal muscles. Lastly, propofol acts as an 

antagonist at beta-adrenoceptors and calcium channels in the 

heart, leading to decreased cardiac function and resistance to 

inotropes [9]. Because the occurrence of PRIS appears to re-

sult from an interaction between the pharmacologic action of 

propofol and clinical host conditions, it is important to know 

the risk factors associated with PRIS. In addition to high dose 

of propofol for a prolonged period, the cumulative dose of 

propofol higher than 240 mg is a significant risk factor for PRIS 

development [5]. Other potential other predisposing factors 

are the use of catecholamine and glucocorticoid, carbohy-

drate exhaustion, carnitine deficiency, inborn impairment of 

fatty acid oxidation, and critical illnesses including sepsis and 

neurological injuries [10]. In critically ill condition, catechol-

amines, which is activated by the central nervous system, and 

glucocorticoids contribute to acute skeletal and cardiac mus-

cle damage as priming factors. Propofol administration also 

functions as a triggering factor that causes energy deprivation 

and imbalance by mitochondria dysfunction, which lead to 

myocytolysis in skeletal and cardiac muscles. In our case, al-

though our patient received a low dose propofol infusion, the 

cumulative propofol dose was high as 624 mg/kg, and he has 

received a high dose of vasopressors at the time. 

The clinical features of PRIS include a sudden increase in 

lactic acid, unexplained metabolic acidosis, elevated CK and 

myoglobin, hyperlipidemia, and ECG changes. However, it is 

challenging to recognize PRIS symptoms in the early stages 

because its symptoms are nonspecific and overlap with signs 

that will commonly occur in critically ill patients with shock 

and organ dysfunctions. Especially, metabolic acidosis and 

rhabdomyolysis generally manifest in the early stage of PRIS, 

but these symptoms may be masked in a patient receiving 

CRRT for ARF, thereby delaying the diagnosis of PRIS [5]. Fur-

thermore, because the sedatives in ECMO patients need to re-

duce the risk of catheter dislodgement, to relieve pain, anxiety, 

and distress from critical illness, and to facilitate synchroniza-

tion between ventilator and patient, it is commonly used high 

doses for safety, consequently, may increase the risk for the 

PRIS development. Thus, clinicians should use propofol with 

caution for PRIS in critically ill patients who need long-term 

sedation, especially those undergoing CRRT or ECMO. 

The initiation of successful treatment depends upon the ear-

ly recognition of PRIS and the immediate discontinuation of 

propofol administration with a change to alternative sedative 

agents. The treatment for PRIS is aimed at the clinical mani-

festation of PRIS because there are no established or antidote 

treatment guidelines for PRIS. CRRT should be considered in 

patients showing persistent metabolic acidosis despite the ad-

ministration of sodium bicarbonate. Vasopressors and inotro-

pic agents will be needed in patients with cardiogenic shock, 

and especially, ECMO should be considered for patients with 

refractory cardiogenic shock. As L-carnitine can transfer long-

chain fatty acids to the mitochondria for beta-oxidation, ad-

equate L-carnitine supply may support FFA metabolism [11]. 

Moriyama et al. [12] showed that the administration of L-car-
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nitine in an animal study could facilitate FFA metabolism and 

prevent elevations in FFA concentrations induced by propofol. 

In our case, we used L-carnitine after recognizing PRIS be-

cause we thought that supplementation with L-carnitine was 

unlikely to cause harm and may be beneficial considering the 

etiology of PRIS. It is difficult to assess how much L-carnitine 

significantly affected the improvement of the patient in this 

case with PRIS. However, our patient showed a rapid recovery 

after L-carnitine supplementation. 

The best management of PRIS is prevention rather than 

treating PRIS that has occurred. Since the risk of PRIS is related 

to the dose and duration of propofol, it is recommended that 

the administration of propofol is used for less than 48 hours 

and less than the dose of 5 mg/kg/hr. If propofol sedation 

will be prolonged or a high dose cannot be avoided, such as 

applied ECMO, shock, and neurological injuries, clinicians 

should use propofol in as small a dose as possible by using a 

multimodal sedation regimen and change to alternative seda-

tives if the patient receives propofol at high dose (>5 mg/kg/hr) 

or prolonged (>48 hours) or high cumulative doses (>240 mg/

kg). Clinicians should routinely monitor PH, lactate, triglycer-

ide, CK, and cardiac marker, and should particularly check CK 

daily in a patient receiving CRRT to prevent delayed PRIS rec-

ognition due to masked metabolic acidosis by CRRT. Because 

the depletion of carbohydrates can increase lipolysis, early ad-

equate supplementation with carbohydrates while minimizing 

lipids can prevent PRIS. In this case, we overlooked the PRIS 

risk that could have occurred by long-term administration 

because propofol was administered at a low dose within the 

recommended dose range. 

In conclusion, PRIS can occur in patients administered 

propofol for a prolonged period at low doses that are current-

ly considered safe, as well as at high doses. Thus, clinicians 

should use propofol for a short period with a high index of sus-

picion for PRIS and change to alternative sedatives for long-

term sedation. Although the role of L-carnitine for PRIS is un-

certain, we propose considering L-carnitine supplementation 

based on the favorable outcome in our case, and further stud-

ies are needed to evaluate the effect of L-carnitine for treating 

PRIS. 
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In the article entitled “2021 KSCCM clinical practice guidelines for pain, agitation, deliri-

um, immobility, and sleep disturbance in the intensive care unit,” Figure 4 was incorrectly 

presented. The correct figure is as follows.

Yes

> 2 Errors

RASS=0

No

0–2
Errors

RASS other
than zero

0–1
Errors

>1 Errors

3. Altered level of consciousness 
· Current RASS level

2. Inattention
· "Squeeze my hand when I say the letter 'A'."

Read the following sequences of letters: SAVEAHAART
Errors: No squeeze with 'A' & Squeeze on letter other than 'A'

· If unable to complete letters → Pictures

1. Acute change of fluctuating course of mental status
· Is there an acute change from mental status baseline? Or  
· Has the patient's mental status fluctuated during the past 24 hours?

CAM-ICU negative
No delirium

CAM-ICU negative
No delirium

CAM-ICU negative
No delirium

CAM-ICU positive
Delirium present

4. Disorganized thinking 
1) Will a stone float on water?
2) Are there fish in the sea?
3) Dose one pound weight more than two?
4) Can you use a hammer to pound a nail?

Command: "Hold up this many fingers" (Hold up 2 fingers)
"Now do the same thing with the other hand" (Do not 
demonstrate)

Or "Add on more finger" (If patient unable to move both arms)

Figure 4. Delirium assessment tool: the Confusion Assessment Method for the intensive care unit 
(CAM-ICU) flowchart. RASS: Richmond Agitation-Sedation Scale.
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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.”

9) Funding
Funding for the research should be provided here. Providing 
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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.

C. Book Chapter

Authors of chapter. Title of chapter. In: Editors of book, edi-
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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 

described and explained in the legend.
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6. Other Publication Types
Other publication types such as guidelines, brief reports, and 

history articles may be accepted. The recommended format 

can be discussed with the Editorial Board.

MANUSCRIPT SUBMISSION

1. Submission Process
1) Authors are requested to submit their papers electronically 

using the online manuscript submission system available 

at: http://submit.accjournal.org/. Under this online system, 

only corresponding authors and first authors can submit 

manuscripts. The process of reviewing and editing will be 

conducted entirely through this system.

2) Authors and reviewers may check the progress of reviews 

and related questions/answers on this system. All progress 

in reviews will also be informed to corresponding authors.

3) Upon submission of a manuscript, authors should send a 

statement of copyright release and author agreement, which 

must be signed by all authors, by scanned file to the Editori-

al Office.

4) A proof by authors should be submitted within one week of 

the request.

5) During submission process, the authors ORCIDs will be re-

quested. The corresponding author’s ORCIDs is mandatory.

2. Article Processing Charge
There are no author submission fees. All costs for the submis-

sion process are supported by the Publisher.

3. Contact
For queries about manuscript submission, please contact:

Editorial Office #805-806, Yongseong Biztel, 109 Hangang-dae-

ro, Yongsan-gu, Seoul 04376, Korea

Tel: +82-2-2077-1533, Fax: +82-2-2077-1535,

E-mail: acc@accjournal.org

PEER REVIEW AND PUBLICATION PROCESS

1. Screening after Submission
1) Screening process will conducted after submission. If the 

manuscript does not fit the aims and scope of the Journal or 

does not adhere to the Instructions to authors, it may be re-

turned to the author immediately after receipt and without 

a review.

2) Before reviewing, all submitted manuscripts are inspect-

ed by Similarity Check powered by iThenticate (https://

www.crossref.org/services/similarity-check/), a plagia-

rism-screening tool. If a too high a degree of similarity score 

is found, the Editorial Board will do a more profound con-

tent screening.

3) The criterion for similarity rate for further screening is usu-

ally 15%; however, the excess amount of similarity in spe-

cific sentences may be also checked in every manuscript. 

The settings for Similarity Check screening are as follows: 

It excludes quotes, bibliography, small matches of 6 words, 

small sources of 1%, and the Methods section.

2. Peer Review Process
1) Submitted manuscripts will be reviewed by 2 or more ex-

perts in the corresponding field. The Editorial Board may 

request authors to revise the manuscripts according to the 

reviewer’s opinion. After revising the manuscript, the author 

should upload the revised files with a reply to each item of 

the reviewer’s opinion. The revised part should be marked 

as red font with underline.

2) The author’s revisions should be completed within 30 days 

after the request. If it is not received by the due date, the Ed-

itorial Board will not consider it for publication again.

3) The manuscript review process can be finished the second 

review. If further revision is requested, the Editorial Board 

may consider it.

4) The Editorial Board may request authors to correct English 

to reach a certain standard and authors should accept the 

request.

5) The Editorial Board will make a final decision on the ap-

proval of the submitted manuscript for publication and can 

request any further corrections, revisions, and deletions of 

the article text if necessary. Statistical editing is also per-

formed if the data requires professional statistical review by 

a statistician.

3. Process after Acceptance
If the manuscript is finally accepted, the proofreading will be 

sent to the corresponding author after professional manuscript 

editing and/or English proofreading. Proofreading should be 

performed again for any misspellings or errors by the authors.

Before final proofreading, the manuscript may appear at the 

journal homepage as an epub ahead of print with a unique 

DOI number for rapid communication. The epub ehead of 

print version will be replaced by the replacement XML file and 
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a final PDF.

4. Fee for Publication and Reprints
There is no article processing charge but an additional fee for 

reprints or color prints will be charged to authors. However, 

this policy could be changed in the future.

5. Copyright and Open access
Copyrights ownership is to be transferred to the KSCCM. The 

authors should submit “Authorship Responsibility and License 

Agreement Form” at the time of manuscript submission. This 

is an open access article distributed under the terms of the 

Creative Commons Attribution Non-Commercial License 

(http://creativecommons.org/licenses/by-nc/4.0), which per-

mits unrestricted use, distribution, and reproduction in any 

medium, provided the original work is properly cited.

6. Clinical Data Sharing Policy
ACC accepts the ICMJE recommendations for data sharing 

statement policy (http://icmje.org/icmje-recommendations.

pdf). All manuscripts reporting clinical trial results are recom-

mended to submit a data sharing statement following the IC-

MJE guidelines from 1 January 2019. Authors may refer to the 

editorial, “Data Sharing Statements for Clinical Trials: A Re-

quirement of the International Committee of Medical Journal 

Editors,” in JKMS Vol. 32, No. 7:1051-1053 (http://crossmark.

crossref.org/dialog/?doi=10.3346/jkms.2017.32.7.1051&do-

main=pdf&date_stamp=2017-06-05).
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Check List for Authors

A. Confirmation by authors

Items Check points

Originality ☐ Confirm that neither the manuscript submitted nor any part of it has been published or is being considered for 
publication elsewhere.

Research ethics ☐ Confirm that your study complies with the ethical guidelines for research and publication described in Good 
Publication Guidelines for Medical Journals and Guidelines on Good Publication.

Disclosure ☐ Disclose any commercial associations with specific products or financial support from any company.

Funding ☐ Acknowledge any research funds, sponsorships, or grants.

Thesis ☐ State that your article is a thesis for a degree such a Master’s or PhD degree, if applicable.

Presentation ☐ If your article was presented in a national or international meeting, describe this.

English proofreading ☐ State whether your article was revised or edited by a professional English proofreader.

B. Structure of article

Items Check points

Sequence ☐ Title page, abstract and keywords, main text, conflict of interest, (acknowledgments), references, table, table 
legends, figure legends

Title page ☐ Title: The title should be concise and precise. The first letters of nouns, adjectives, verbs, and adverbs in titles 
should be capitalized. The title should use generic drug names, not brand names.

☐ Authors and affiliations: First, middle, and last names should be included for each author. If the author is 
affiliated with multiple departments, this should be included in a footnote by their name. If authors are 
affiliated with multiple departments and hospitals, affiliations should be arranged in the order of authors and 
demarcated with a number.

☐ Running head: A running head of no more than 50 characters including letters and spaces should be included in 
English. If the included running head is inappropriate, the Editorial Board may revise it.

☐ Corresponding author: The corresponding author’s name, postal code, address, telephone number, fax number, 
e-mail address should be included.

Manuscript ☐ All manuscripts are typed in 12-point font size, double-spaced, and saved as an MS Word file.

☐ Any text that identifies me as the author or my affiliation is deleted from the title page and manuscript text.

☐ The title does not include abbreviations.

☐ The running head is less than 50 characters.

Original Article

☐ Manuscripts include an Abstract, Key Words, Introduction, Materials and Methods, Results, Discussion, Conflict 
of Interest, (Acknowledgments), References, Table(s), and Figure(s) in the order listed.

Letters to the Editor

☐ Letters to the Editor should include brief constructive comments that concern a published article; a short, free-
standing opinion; or a short, interesting case.
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Items Check points

Abstract ☐ Key words (up to 6 words) are chosen from the Index Medicus.

Original Article

☐ The abstract is less than 250 words and includes the following sections: Background, Methods, Results, and 
Conclusions.

Review

☐ The abstract must be less than 250 words.

Letters to the Editor

☐ No abstract is required. Body text should not exceed 1,000 words.

Images in Critical Care

☐ No abstract is required. The total text should not exceed 200 words.

Text ☐ The Introduction section presents the background and purpose of this study.

☐ All tables and figures are provided in English, and all abbreviations are explained.

☐ All tables and figures are cited in the text in order.

☐ All tables are included in the text file, and all figures are submitted as a separate file in “TIFF” or “JPEG” formats.

Original Article

☐ The text is organized into Introduction, Materials and Methods, Results, Discussion, (Acknowledgments), 
References.

☐ The Materials and Methods section provides information on permission obtained from my affiliation and from 
patients for a human trial or animal testing.

☐ The Discussion section is not a summary of results, but describes new and important findings without any 
duplicate contents.

References ☐ References are arranged in numerical order according to the sequence of citations in the text. For regular 
journals, the names of all authors (up to six) are listed in the reference list, and the abbreviation of et al. is used 
when the number of authors exceeds six. The article title is followed by the journal title, the year of publication, 
volume number, and page range. The list of references includes the statement, “Author(s) ensures the accuracy 
of all the references.”

☐ All references are cited in the text as numbers within brackets in the same order they appear in a reference list.

Letters to the Editor

☐ References list entries are limited to 5.

Images in Critical Care

☐ References list entries are limited to 5.

Tables ☐ Each table should be consecutively typed or printed on a separate sheet of paper in the order of citation in the 
text. Supply a brief title at the top of the table.

☐ The titles of tables start with “Table 1.” Footnotes should be provided consecutively in order of the information, 
statistics, and abbreviations.

☐ Footnoted information should be referenced using superscript small letters (ex; a, b) in alphabetical order.

Legends of Figures 
and Illustrations

☐ All figures and photos should be described in the text separately.

☐ The description order must be the same as in the footnotes in tables and should be in recognizable sentences.

☐ In microscopic pictures, staining methods and magnification ratio should be indicated.

Consent form(s) ☐ Copyright transfer form has been signed by all authors.

☐ Authorization and Release form for identifiable patient descriptions and photographs are included.
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Authorship Responsibility and License Agreement Form

Title :                                                                                                                                                                                                                              

Each author must read and sign the following statements. Completed statements should be send to the Editorial Office through the 

online manuscript submission system or e-mail (acc@accjournal.org).

I, as an author, submit my manuscript in consideration of the Editorial Board of Acute and Critical Care for reviewing, editing, 

and publishing.

I hereby transfer, assign, and otherwise convey copyright to the Korean Society of Critical Care Medicine upon acceptance of the 

manuscript for publication by Acute and Critical Care. I can use part or all of the contents of the manuscript providing that the orig-

inal work is properly cited.

The contribution is my original work, all of which has been carried out by those named as authors, and I will take public respon-

sibility for its content.

I agree to the standards and principles of coping with duplication and certify that the content of the manuscript, in all or in part, 

has not been published and is not being considered for publication elsewhere, unless otherwise specified herein.

I certify that I have disclosed potential conflicts of interest in the cover letter, including financial support or political pressure from 

interest groups, or academic problems.

Author’s printed name

                                                                                                                        

                                                                                                                        

                                                                                                                        

                                                                                                                        

                                                                                                                        

                                                                                                                                                      

Corresponding author’s printed name

     

1.

2.

3.

4.

5.

6.

(※ Please add the names and signatures of any additional authors)

Position

                                                                                                                        

                                                                                                                        

                                                                                                                        

                                                                                                                        

                                                                                                                       

                                                             

Position

                                                                                                                        

Signature

                                                           

                                                            

                                                            

                                                            

                                                                                                                                                      

                                                                                                                                                      

Signature

                                                           

Date

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

                                                                                                                                                      

Date
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