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INTRODUCTION 

Sex and gender are essential in epidemiologic data in almost all clinical research papers. How-

ever, most clinicians ignore the distinction between these two terms and often pay little atten-

tion to the clinical importance of sex and gender when they treat patients. Sex is a term that 

describes biological differences between sexes, reflecting sex chromosomes, sex hormones, 

and anatomical structures between males and females and resulting differences in physiologi-

cal characteristics, while gender is a term that reflects sociocultural factors, such as differences 

in gender identity (man and woman, boy and girl), societal roles and status, and behavioral 

patterns of genders [1]. With a sociocultural base, gender reflects differences in gender-specific 

medical demand, accessibility to medical services, and service provision methods [2]. 

Previous studies have reported that biological and sociocultural differences between males 

and females can significantly affect the diagnosis of diseases, clinicians' decisions about treat-

Gender disparities in intensive care unit (ICU) treatment approaches and outcomes are evident. 
However, clinicians often pay little attention to the importance of biological sex and sociocultural 
gender in their treatment courses. Previous studies have reported that differences between sexes 
or genders can significantly affect the manifestation of diseases, diagnosis, clinicians' treatment 
decisions, scope of treatment, and treatment outcomes in the intensive care field. In addition, nu-
merous reports have suggested that immunomodulatory effects of sex hormones and differences 
in gene expression from X chromosomes between genders might play a significant role in treat-
ment outcomes of various diseases. However, results from clinical studies are conflicting. Recently, 
the need for customized treatment based on physical, physiological, and genetic differences be-
tween females and males and sociocultural characteristics of society have been increasingly em-
phasized. However, interest in and research into this field are remarkably lacking in Asian coun-
tries, including South Korea. Through this review, we hope to enhance our awareness of the impor-
tance of sex and gender in intensive care treatment and research by briefly summarizing several 
principal issues, mainly focusing on sex and sex hormone-based outcomes in patients admitted to 
the ICU with sepsis and septic shock. 

Key Words: intensive care units; sepsis; septic shock; sex  
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ment, scope of treatment, and the incidence and manifestations 

of disease [3,4]. In the intensive care field, it has been reported 

that the complex interaction between sex and gender has a sig-

nificant impact on disease manifestations, treatment responses, 

and patient outcomes [3]. While most studies on sex or gender 

differences in disease presentation and treatment behaviors 

in intensive care units (ICUs) have been conducted in western 

countries, studies conducted in Asian countries with a Confu-

cian culture, such as South Korea, are scarce. However, as the 

demand for customized treatment based on individual charac-

teristics increases, researchers and clinicians are paying more 

attention to sex and gender as essential variables. Reflecting this, 

in 2016, the United States National Institutes of Health (US NIH) 

recommended that sex be included as an essential biological 

variable in all animal or cell research [5,6]. The Canadian Insti-

tutes of Health Research also published guidelines emphasizing 

the importance of sex and gender in biomedical research [1]. 

Male sex is a well-known possible risk factor for sepsis and 

septic shock. Sepsis is more prevalent in men than in women, 

showing an annual relative risk of 1.3 times that of women [7]. 

In addition, among septic shock patients admitted to ICUs, 

males were more prevalent than females. Men also showed 

longer length of ICU stay, longer duration of hospitalization, 

higher ICU mortality, higher likelihood of readmission within 

90 days and 1 year, and more frequent death at 1 year after the 

event of sepsis [8,9]. Although the possible mechanism explain-

ing sex difference in manifestation of sepsis remains unclear, 

beneficial roles of many genes and their products expressed 

from a silent X chromosome in women and sex hormones such 

as estrogen in the regulation of immune responses in sepsis 

have been suggested [10,11]. 

Through this review, we hope to enhance awareness of the 

importance of sex and gender in intensive care treatment and 

research by briefly summarizing principal issues, mainly fo-

cusing on sex and sex hormone-based differences in treatment 

outcomes of patients admitted to the ICU with sepsis and septic 

shock. 

THE ROLE OF ESTROGEN IN REGULATING 
INFLAMMATORY RESPONSE 

Estrogen is a sex hormone that regulates the development and 

function of the female reproductive system. Before menopause, 

estrogen is mainly synthesized in the ovaries. After menopause, 

it is produced in adipose tissues (breasts), brain, kidneys, liv-

er, and bones [12]. In men, estrogen is produced primarily in 

the testes. The proportion of estrogen produced in secondary 

tissues is relatively higher in men than in women [13]. Among 

four types of estrogens (estrone, estradiol, estriol, and etestrol), 

estradiol is the most potent. It can bind to estrogen receptors in 

the nucleus, plasma membrane, and endoplasmic reticulum 

and exert its functions through genomic and non-genomic 

mechanisms [14,15]. There are currently three known estrogen 

receptors: estrogen receptor alpha (ERα), estrogen receptor 

beta (ERβ), and guanine nucleotide-binding protein-coupled 

estrogen receptor 1 (CPER1/CPR30) [16]. Estradiol participates 

in the regulation of proinflammatory signaling/pathways in the 

immune system. It acts mainly as an anti-inflammatory agent 

through ERα and CPER1 [17,18] and has various anti-inflam-

matory and proinflammatory functions through ERβ [19,20]. 

Diverse effects of estrogen on inflammation are believed to be 

due to various expression levels of estrogen receptor based on 

cell type and physiological state [21]. 

DIFFERENT EFFECTS OF SEX HORMONES ON 
THE OUTCOMES OF SEPSIS IN ANIMAL STUDIES 

Protective Effects of Estrogen Against Sepsis 
Evidence supporting the protective effects of estrogen has been 

accumulating for several decades. Most of these data are asso-

ciated with dampening the hyperinflammatory state of sepsis 

by reducing expression levels of circulating proinflammatory 

cytokines such as interleukin (IL)-6 and tumor necrosis factor 

(TNF)-α [21]. 

Experiments using proestrus female mice in a cecal ligation 

sepsis model demonstrated that immune functions of pre-

served splenocytes are associated with better survival [22]. 

■ As the demand for customized treatment based on indi-
vidual characteristics increases, researchers and clinicians 
should increase their awareness of the critical role of bio-
logical sex and sociocultural gender.

■ Although the possible mechanism explaining sex-different 
manifestations and outcomes of sepsis remains unclear, 
the beneficial roles of gene expression from a silent X chro-
mosome and sex hormones in regulating immune respons-
es in sepsis have been suggested.

■ Future research targeting intensive care unit care must 
reflect characteristics of biological sex and sociocultural 
gender based on sociocultural background.

KEY MESSAGES
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Addition of 17β-estradiol to splenocytes from ovariectomized 

female mice normalized immune functional capacities in a 

trauma-hemorrhage model [23]. Another study performed with 

a mouse model of hemorrhage and subsequent sepsis showed 

a greater increase in plasma proinflammatory cytokines in-

cluding IL-6, TNF-α, and prostaglandin E2 in male mice than 

proestrus female mice. They also showed a survival advantage 

of female sex hormones against subsequent septic challenge 

[24]. In addition, less pronounced cardiac dysfunction was 

seen in female mice than in male mice in a cecal ligation and 

puncture (CLP) sepsis model [25]. In that study, female mice 

showed decreased production of TNF-α, IL-6, and inducible 

nitric oxide synthase. Cardioprotective effects were shown in 

ovariectomized female mice after administration of landiolol 

in a CLP sepsis model. Such effects were assumed to be due to 

overexpression of genes involved in calcium influx. In contrast, 

inactivation of the β-adrenergic and a calcium efflux pathway 

was seen in control females [25]. The protective effect of estro-

gen against liver damage in sepsis has also been observed in a 

lipopolysaccharide (LPS)-induced sepsis model. Female septic 

mice showed liver damage with increased serum aspartate 

aminotransferase and alanine aminotransferase levels as well 

as extensive necrosis, and both were more severe in male septic 

mice. In addition, ovariectomy-aggravated sepsis-induced liv-

er damage and activation of the pyroptosis signaling pathway 

could be alleviated by estrogen [26]. 

Suppressive Effects of Testosterone on the Immune 
System in Sepsis 
Sex-dependent differences in the incidence and severity of sep-

sis make males more susceptible to septic shock than females. 

Testosterone is a primary male sex hormone and has also been 

implicated in sex-dependent differences in sepsis. Testosterone 

has significant immunosuppressive effects on innate and adap-

tive immunity by reducing immunoglobulin, cytokine produc-

tion, and lymphocyte proliferation [27,28]. LPS-induced TNF-α 

secretion in plasma was significantly enhanced in rats receiving 

neonatal androgen blockade with flutamide and in prepubertal 

orchiectomies rats, suggesting testosterone's immunosup-

pressive role in inflammation [29]. Another study showed that 

orchiectomized mice were significantly more susceptible to en-

dotoxic shock, and that macrophages isolated from them had 

significantly higher toll-like receptor-4 cell surface expression 

than those derived from sham gonadectomized mice. However, 

these effects were dampened in orchiectomized mice receiving 

exogenous testosterone [30]. Although the details of the under-

lying molecular mechanisms remain unclear, effects of andro-

gen receptor blockade are thought to be partly attributable to 

the upregulation of estrogen receptors or enhanced estrogen 

receptor-related pathways [31-33]. 

SEX DIFFRENCE IN MANIFESTATIONS AND 
OUTCOMES OF SEPSIS IN HUMAN STUDIES 

Epidemiologic Differences Based on Sex 
A higher prevalence of sepsis in men than in women has been 

reported in various nationwide or individual hospital-based 

epidemiologic studies [34]. A longitudinal, population-based 

epidemiological study of sepsis from 2005 to 2012 using the 

Korean National Health Insurance Service-National Sample 

Cohort—a population-based cohort representing 2.2% of the 

Korean population—reported that 53.5% to 58.0% of a total of 

22,882 sepsis cases were males. It also found that female sex 

was an independent favorable risk factor for 6-month mortality 

in multivariate logistic regression analysis, showing an odds ra-

tio (OR) of 0.7 (95% confidence interval [CI], 0.66–0.76; P<0.001) 

[35]. Potential mechanisms explaining the higher prevalence of 

sepsis in men are unclear. However, the combination of biolog-

ical sex differences, such as the immune system, sex hormones, 

gene expression from a silent X-chromosome, anatomical 

differences, and pharmacokinetics and dynamics for drugs 

[10,11,36,37], and sociocultural gender differences in disease 

perception, risk behavior, accessibility to and use of healthcare 

resources, and service provision methods are thought to play a 

critical role in sex disparities in sepsis [38-40]. 

Sex Preference in the Source of Bacterial Infections 
Sexual differences in bacterial infections have been reported in 

human and animal models. Diverse manifestations and out-

comes of infections based on sex are intricately linked to genet-

ic, biological, and behavioral differences, which are associated 

with gender preferences of specific bacterial infections, sex 

hormones, and immune responses by sex [41,42]. In general, 

men are more susceptible to gastrointestinal and respiratory 

bacterial diseases and sepsis, while women are more suscep-

tible to genitourinary tract infections [43]. Recent studies have 

reported that tissue-specific expression of sex hormone recep-

tors contributes to the sexual disparity in bacterial infections 

[43]. According to a prospective observational study on com-

munity-acquired severe sepsis and septic shock conducted in 

12 university hospitals in South Korea, among a total of 1,192 

patients, gastrointestinal (26.8% vs. 20.9%), respiratory (39.2% 
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vs. 19.2%), and skin and soft tissue (11.0% vs. 4.7%) infections 

as a source of primary infection were higher in men (men vs. 

women), while urinary tract infection (11.4% vs. 44.8%) was 

more prevalent in women (P<0.05 for each) [44]. 

Sex Differences in Outcomes of Sepsis and Septic Shock 
Numerous individual and nationwide studies have evaluated 

the relationship between sex and mortality from sepsis and 

septic shock. However, evidence showing an association of sep-

sis mortality with specific sex is conflicting. Although preclinical 

studies have suggested potential protective effects of estrogen 

on sepsis, some studies have shown higher mortality rates in 

women with sepsis [45-48]. In comparison, others have shown 

higher mortality rates in men with sepsis [49-51]. Furthermore, 

some studies have reported no difference in mortality rate from 

sepsis and septic shock between sexes [52-54]. According to 

a recently published meta-analysis including 13 studies with 

80,520 participants, there were no sex-based differences in 

all-cause hospital mortality (OR, 1.02; 95% CI, 0.79–1.32; very 

low-certainty evidence) or all-cause ICU mortality (OR, 1.19; 

95% CI, 0.79–1.78; very low-certainty evidence). Interestingly, 

however, females presented higher 28-day all-cause mortality 

(OR, 1.18; 95% CI, 1.05–1.32; very low-certainty evidence) and 

lower 1-year all-cause mortality (OR, 0.83; 95% CI, 0.68–0.98; 

low-certainty evidence) [55]. An epidemiologic study for severe 

community-acquired sepsis and septic shock conducted in 

South Korea reported that 28-day mortality (27.0% vs. 18.1%), 

in-hospital mortality (32.9% vs. 22.0%), and sepsis-related 

mortality (28.3% vs. 18.1%) were lower in females (P<0.001 for 

each) [44]. Several explanations have been suggested for these 

disparate findings in clinical studies of sex differences in sepsis 

and septic shock. The most critical issues were heterogeneous 

study designs (prospective vs. retrospective, single vs, multi-

center or nationwide database), different definitions of sepsis, 

different baseline health statuses, comorbidities, severity of 

sepsis, age, and sociocultural differences affecting treatment 

attitudes for men and women [56]. Among these, age is a crit-

ical factor to consider when assessing the protective effects 

of estrogen against sepsis. Level of estradiol, the most potent 

estrogen, is highest in women between prepuberty and meno-

pause. In contrast, the prevalence of sepsis and septic shock 

is significantly higher in patients over 60 years of age. Multiple 

comorbidities are also more common in these patients. Thus, 

when evaluating effects of sex factors on outcomes of sepsis, 

age stratification and control of confounding factors such as 

comorbidities should be considered [56]. In a study conducted 

on 143 polytraumatized patients with injury severity score >16 

and between 16 and 65 years old, the prevalence of multior-

gan dysfunction syndrome and sepsis was significantly lower 

in females younger than 50 years with an injury severity score 

>25 than in age-matched males [57]. However, when focus-

ing on clinical studies specifically examining sex hormones 

in connection to sepsis patients, results are again conflicting. 

Higher circulating estradiol levels were associated with higher 

mortality rates in both male and female patients, and elevated 

serum estradiol levels were associated with the severity of renal 

dysfunction and the development of acute kidney injury [58-60]. 

In addition, while levels of proinflammatory cytokines such as 

TNF-α and IL-6 were increased in male patients, anti-inflam-

matory cytokine IL-10, which was defined as a predictor for 

the severity of sepsis, was higher in female patients [28,61,62]. 

Thus, differences in study conclusions might be attributed to 

differences in sex steroid levels among patients rather than a 

difference in the type of sex hormones alone. 

GENDER DISPARITIES IN MEDICAL TREATMENT 
IN THE ICU 

Many studies have reported that treatment opportunities in 

the ICU differ depending on gender. Most studies have pointed 

out that women have a lower tendency to receive advanced 

life-supporting measures, including early goal-directed treat-

ment for sepsis, mechanical ventilatory support, renal replace-

ment therapy, and other invasive procedures [63,64]. Pharma-

cokinetic and pharmacodynamic differences between male 

and female patients have also recently attracted attention from 

clinicians. Adverse events from medications used in the ICU 

were more prevalent in female patients.  

Possible explanations include sex-associated anatomic and 

physiologic factors, such as lower body weight, higher propor-

tion of fat compared with muscle, and lower plasma volume, 

which can easily lead to an over-concentration of medicine and 

toxicity in females [38]. However, considering different physical 

traits between western and Asian women and the differences 

in sociocultural attitudes toward female gender between west-

ern and Asian countries, gender differences in ICU treatment 

should be individually evaluated and interpreted based on 

each country’s sociocultural background. 

CONCLUSIONS 

Many studies have reported that sex or gender differences 
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can affect the perception and manifestation of the disease, 

treatment decision, response to treatment, and outcomes in 

patients admitted to the ICU. Among them, the immunomod-

ulating effects of sex hormones and differences in sex-specific 

gene expression potentially play an important role in treatment 

outcomes of sepsis and organ dysfunction in animal studies. 

However, results in human studies are conflicting. In clinical 

research, sex or gender differences in outcomes of sepsis pa-

tients are further confused by the differences in diagnosis and 

treatment provision depending on sociocultural background. 

Even if the need for customized treatment based on an individ-

ual’s characteristics has been increasingly emphasized based 

on physical, physiological, and genetic differences between 

women and men at a time when sociocultural considerations 

are necessary, interest and research in this field are remarkably 

lacking in Asian countries, including South Korea. Therefore, 

future research targeting septic patients in the ICU is needed to 

reflect characteristics of biological sex and sociocultural gender 

based on sociocultural background. 

CONFLICT OF INTEREST 

Dohhyung Kim is an editorial board member of the journal but 

was not involved in the peer reviewer selection, evaluation, or 

decision process of this article. No other potential conflicts of 

interest relevant to this article were reported.

FUNDING 

None. 

ACKNOWLEDGMENTS 

None. 

ORCID 

Seung Yeon Min https://orcid.org/0009-0005-9480-023X 

Ho Jin Yong https://orcid.org/0009-0008-9913-2877 

Dohhyung Kim https://orcid.org/0000-0002-3567-4254  

AUTHOR CONTRIBUTIONS 

Conceptualization: DK. Data curation: HJY. Writing–original 

draft: SYM, HJY. Writing–review & editing: DK. 

REFERENCES 

1. Canadian Institutes of Health Research. How to integrate 

sex and gender into research [Internet]. Canadian Institutes 

of Health Research; 2019 [cited 2024 Apr 1]. Available from: 

https://cihr-irsc.gc.ca/e/50836.html

2. Shannon G, Jansen M, Williams K, Cáceres C, Motta A, Odhi-

ambo A, et al. Gender equality in science, medicine, and 

global health: where are we at and why does it matter? Lancet 

2019;393:560-9. 

3. Mauvais-Jarvis F, Bairey Merz N, Barnes PJ, Brinton RD, Carrero 

JJ, DeMeo DL, et al. Sex and gender: modifiers of health, dis-

ease, and medicine. Lancet 2020;396:565-82. 

4. Regitz-Zagrosek V, Gebhard C. Gender medicine: effects of sex 

and gender on cardiovascular disease manifestation and out-

comes. Nat Rev Cardiol 2023;20:236-47. 

5. National Institutes of Health. NIH policy and guidelines on the 

inclusion of women and minorities as subjects in clinical re-

search [Internet]. NIH Central Resource for Grants and Funding 

Information; 2001 [cited 2024 Apr 1]. Available from: https://

grants.nih.gov/policy/inclusion/women-and-minorities/

guidelines.htm

6. National Institutes of Health. Consideration of sex as a biolog-

ical variable in NIH-funded research [Internet]. National Insti-

tutes of Health; 2015 [cited 2024 Apr 1]. Available from: https://

grants.nih.gov/grants/guide/notice-files/not-od-15-102.html

7. Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology 

of sepsis in the United States from 1979 through 2000. N Engl J 

Med 2003;348:1546-54. 

8. Campanelli F, Landoni G, Cabrini L, Zangrillo A. Gender differ-

ences in septic intensive care unit patients. Minerva Anestesiol 

2018;84:504-8. 

9. Thompson KJ, Finfer SR, Woodward M, Leong RN, Liu B. 

Sex differences in sepsis hospitalisations and outcomes in 

older women and men: a prospective cohort study. J Infect 

2022;84:770-6. 

10. Dias SP, Brouwer MC, van de Beek D. Sex and gender differenc-

es in bacterial infections. Infect Immun 2022;90:e0028322. 

11. Grimaldi CM, Hill L, Xu X, Peeva E, Diamond B. Hormonal 

modulation of B cell development and repertoire selection. Mol 

Immunol 2005;42:811-20. 

12. Cui J, Shen Y, Li R. Estrogen synthesis and signaling path-

ways during aging: from periphery to brain. Trends Mol Med 

2013;19:197-209. 

13. Cooke PS, Nanjappa MK, Ko C, Prins GS, Hess RA. Estrogens in 

male physiology. Physiol Rev 2017;97:995-1043. 

https://orcid.org/0009-0005-9480-023X
https://orcid.org/0009-0008-9913-2877
https://orcid.org/0000-0002-3567-4254
https://doi.org/10.1016/s0140-6736(18)33135-0
https://doi.org/10.1016/s0140-6736(20)31561-0
https://doi.org/10.1016/s0140-6736(20)31561-0
https://doi.org/10.1016/s0140-6736(20)31561-0
https://doi.org/10.1038/s41569-022-00797-4
https://doi.org/10.1038/s41569-022-00797-4
https://doi.org/10.1038/s41569-022-00797-4
https://grants.nih.gov/policy/inclusion/women-and-minorities/guidelines.htm
https://grants.nih.gov/policy/inclusion/women-and-minorities/guidelines.htm
https://grants.nih.gov/policy/inclusion/women-and-minorities/guidelines.htm
https://doi.org/10.23736/s0375-9393.17.12187-5
https://doi.org/10.23736/s0375-9393.17.12187-5
https://doi.org/10.23736/s0375-9393.17.12187-5
https://doi.org/10.1016/j.jinf.2022.04.035
https://doi.org/10.1016/j.jinf.2022.04.035
https://doi.org/10.1016/j.jinf.2022.04.035
https://doi.org/10.1016/j.jinf.2022.04.035
https://doi.org/10.1128/iai.00283-22
https://doi.org/10.1128/iai.00283-22
https://doi.org/10.1016/j.molimm.2004.05.014
https://doi.org/10.1016/j.molimm.2004.05.014
https://doi.org/10.1016/j.molimm.2004.05.014
https://doi.org/10.1016/j.molmed.2012.12.007
https://doi.org/10.1016/j.molmed.2012.12.007
https://doi.org/10.1016/j.molmed.2012.12.007
https://doi.org/10.1152/physrev.00018.2016
https://doi.org/10.1152/physrev.00018.2016


212 https://www.accjournal.org Acute and Critical Care 2024 May 39(2):207-213

Min SY, et al. Sex or gender differences in outcomes of sepsis

14. Nilsson S, Mäkelä S, Treuter E, Tujague M, Thomsen J, An-

dersson G, et al. Mechanisms of estrogen action. Physiol Rev 

2001;81:1535-65. 

15. Lösel R, Wehling M. Nongenomic actions of steroid hormones. 

Nat Rev Mol Cell Biol 2003;4:46-56. 

16. Revankar CM, Cimino DF, Sklar LA, Arterburn JB, Prossnitz ER. 

A transmembrane intracellular estrogen receptor mediates rap-

id cell signaling. Science 2005;307:1625-30. 

17. Giannoni E, Guignard L, Knaup Reymond M, Perreau M, 

Roth-Kleiner M, Calandra T, et al. Estradiol and progesterone 

strongly inhibit the innate immune response of mononuclear 

cells in newborns. Infect Immun 2011;79:2690-8. 

18. Pelekanou V, Kampa M, Kiagiadaki F, Deli A, Theodoropoulos 

P, Agrogiannis G, et al. Estrogen anti-inflammatory activity on 

human monocytes is mediated through cross-talk between 

estrogen receptor ERα36 and GPR30/GPER1. J Leukoc Biol 

2016;99:333-47. 

19. Dupuis ML, Conti F, Maselli A, Pagano MT, Ruggieri A, Anticoli 

S, et al. The natural agonist of estrogen receptor β silibinin plays 

an immunosuppressive role representing a potential therapeu-

tic tool in rheumatoid arthritis. Front Immunol 2018;9:1903. 

20. Rider V, Li X, Peterson G, Dawson J, Kimler BF, Abdou NI. Differ-

ential expression of estrogen receptors in women with systemic 

lupus erythematosus. J Rheumatol 2006;33:1093-101. 

21. Harding AT, Heaton NS. The impact of estrogens and their re-

ceptors on immunity and inflammation during infection. Can-

cers (Basel) 2022;14:909. 

22. Zellweger R, Wichmann MW, Ayala A, Stein S, DeMaso CM, 

Chaudry IH. Females in proestrus state maintain splenic im-

mune functions and tolerate sepsis better than males. Crit Care 

Med 1997;25:106-10. 

23. Knöferl MW, Angele MK, Schwacha MG, Bland KI, Chaudry IH. 

Preservation of splenic immune functions by female sex hor-

mones after trauma-hemorrhage. Crit Care Med 2002;30:888-93. 

24. Diodato MD, Knöferl MW, Schwacha MG, Bland KI, Chaudry 

IH. Gender differences in the inflammatory response and sur-

vival following haemorrhage and subsequent sepsis. Cytokine 

2001;14:162-9. 

25. Xerri A, Gallardo F, Kober F, Mathieu C, Fourny N, Tran TT, et al. 

Female hormones prevent sepsis-induced cardiac dysfunction: 

an experimental randomized study. Sci Rep 2022;12:4939. 

26. Xu Z, Mu S, Liao X, Fan R, Gao W, Sun Y, et al. Estrogen protects 

against liver damage in sepsis through inhibiting oxidative 

stress mediated activation of pyroptosis signaling pathway. 

PLoS One 2020;15:e0239659.  

27. Trigunaite A, Dimo J, Jørgensen TN. Suppressive effects of an-

drogens on the immune system. Cell Immunol 2015;294:87-94. 

28. Angele MK, Pratschke S, Hubbard WJ, Chaudry IH. Gender dif-

ferences in sepsis: cardiovascular and immunological aspects. 

Virulence 2014;5:12-9.  

29. Ongaro L, Castrogiovanni D, Giovambattista A, Gaillard RC, 

Spinedi E. Enhanced proinflammatory cytokine response to 

bacterial lipopolysaccharide in the adult male rat after either 

neonatal or prepubertal ablation of biological testosterone ac-

tivity. Neuroimmunomodulation 2011;18:254-60. 

30. Rettew JA, Huet-Hudson YM, Marriott I. Testosterone reduces 

macrophage expression in the mouse of toll-like receptor 4, 

a trigger for inflammation and innate immunity. Biol Reprod 

2008;78:432-7. 

31. Yu HP, Yang S, Choudhry MA, Hsieh YC, Bland KI, Chaudry IH. 

Mechanism responsible for the salutary effects of flutamide 

on cardiac performance after trauma-hemorrhagic shock: 

upregulation of cardiomyocyte estrogen receptors. Surgery 

2005;138:85-92. 

32. Hsieh YC, Yang S, Choudhry MA, Yu HP, Bland KI, Schwacha 

MG, et al. Flutamide restores cardiac function after trau-

ma-hemorrhage via an estrogen-dependent pathway through 

upregulation of PGC-1. Am J Physiol Heart Circ Physiol 

2006;290:H416-23. 

33. Shimizu T, Yu HP, Hsieh YC, Choudhry MA, Suzuki T, Bland KI, 

et al. Flutamide attenuates pro-inflammatory cytokine produc-

tion and hepatic injury following trauma-hemorrhage via estro-

gen receptor-related pathway. Ann Surg 2007;245:297-304. 

34. Lakbar I, Einav S, Lalevée N, Martin-Loeches I, Pastene B, Le-

one M. Interactions between gender and sepsis-implications 

for the future. Microorganisms 2023;11:746. 

35. Kim J, Kim K, Lee H, Ahn S. Epidemiology of sepsis in Korea: a 

population-based study of incidence, mortality, cost and risk 

factors for death in sepsis. Clin Exp Emerg Med 2019;6:49-63. 

36. Prajapati C, Koivumäki J, Pekkanen-Mattila M, Aalto-Setälä K. 

Sex differences in heart: from basics to clinics. Eur J Med Res 

2022;27:241. 

37. Chyou JY, Qin H, Butler J, Voors AA, Lam CS. Sex-related simi-

larities and differences in responses to heart failure therapies. 

Nat Rev Cardiol 2024 Mar 8 [Epub]. https://doi.org/10.1038/

s41569-024-00996-1

38. Merdji H, Long MT, Ostermann M, Herridge M, Myatra SN, De 

Rosa S, et al. Sex and gender differences in intensive care medi-

cine. Intensive Care Med 2023;49:1155-67. 

39. Molanorouzi K, Khoo S, Morris T. Motives for adult participa-

tion in physical activity: type of activity, age, and gender. BMC 

Public Health 2015;15:66. 

https://doi.org/10.1152/physrev.2001.81.4.1535
https://doi.org/10.1152/physrev.2001.81.4.1535
https://doi.org/10.1152/physrev.2001.81.4.1535
https://doi.org/10.1038/nrm1009
https://doi.org/10.1038/nrm1009
https://doi.org/10.1126/science.1106943
https://doi.org/10.1126/science.1106943
https://doi.org/10.1126/science.1106943
https://doi.org/10.1128/iai.00076-11
https://doi.org/10.1128/iai.00076-11
https://doi.org/10.1128/iai.00076-11
https://doi.org/10.1128/iai.00076-11
https://doi.org/10.1189/jlb.3a0914-430rr
https://doi.org/10.1189/jlb.3a0914-430rr
https://doi.org/10.1189/jlb.3a0914-430rr
https://doi.org/10.1189/jlb.3a0914-430rr
https://doi.org/10.3389/fimmu.2018.01903
https://doi.org/10.3389/fimmu.2018.01903
https://doi.org/10.3389/fimmu.2018.01903
https://doi.org/10.3389/fimmu.2018.01903
https://www.ncbi.nlm.nih.gov/pubmed/16755656
https://www.ncbi.nlm.nih.gov/pubmed/16755656
https://www.ncbi.nlm.nih.gov/pubmed/16755656
https://doi.org/10.3390/cancers14040909
https://doi.org/10.3390/cancers14040909
https://doi.org/10.3390/cancers14040909
https://doi.org/10.1097/00003246-199701000-00021
https://doi.org/10.1097/00003246-199701000-00021
https://doi.org/10.1097/00003246-199701000-00021
https://doi.org/10.1097/00003246-199701000-00021
https://doi.org/10.1097/00003246-200204000-00029
https://doi.org/10.1097/00003246-200204000-00029
https://doi.org/10.1097/00003246-200204000-00029
https://doi.org/10.1006/cyto.2001.0861
https://doi.org/10.1006/cyto.2001.0861
https://doi.org/10.1006/cyto.2001.0861
https://doi.org/10.1006/cyto.2001.0861
https://doi.org/10.1038/s41598-022-08889-4
https://doi.org/10.1038/s41598-022-08889-4
https://doi.org/10.1038/s41598-022-08889-4
https://doi.org/10.1371/journal.pone.0239659
https://doi.org/10.1371/journal.pone.0239659
https://doi.org/10.1371/journal.pone.0239659
https://doi.org/10.1371/journal.pone.0239659
https://doi.org/10.1016/j.cellimm.2015.02.004
https://doi.org/10.4161/viru.26982
https://doi.org/10.4161/viru.26982
https://doi.org/10.4161/viru.26982
https://doi.org/10.1159/000324125
https://doi.org/10.1159/000324125
https://doi.org/10.1159/000324125
https://doi.org/10.1159/000324125
https://doi.org/10.1159/000324125
https://doi.org/10.1095/biolreprod.107.063545
https://doi.org/10.1095/biolreprod.107.063545
https://doi.org/10.1095/biolreprod.107.063545
https://doi.org/10.1095/biolreprod.107.063545
https://doi.org/10.1016/j.surg.2005.03.006
https://doi.org/10.1016/j.surg.2005.03.006
https://doi.org/10.1016/j.surg.2005.03.006
https://doi.org/10.1016/j.surg.2005.03.006
https://doi.org/10.1152/ajpheart.00865.2005
https://doi.org/10.1152/ajpheart.00865.2005
https://doi.org/10.1152/ajpheart.00865.2005
https://doi.org/10.1152/ajpheart.00865.2005
https://doi.org/10.1097/01.sla.0000232523.88621.17
https://doi.org/10.1097/01.sla.0000232523.88621.17
https://doi.org/10.1097/01.sla.0000232523.88621.17
https://doi.org/10.1097/01.sla.0000232523.88621.17
https://doi.org/10.3390/microorganisms11030746
https://doi.org/10.3390/microorganisms11030746
https://doi.org/10.3390/microorganisms11030746
https://doi.org/10.15441/ceem.18.007
https://doi.org/10.15441/ceem.18.007
https://doi.org/10.15441/ceem.18.007
https://doi.org/10.1186/s40001-022-00880-z
https://doi.org/10.1186/s40001-022-00880-z
https://doi.org/10.1186/s40001-022-00880-z
https://doi.org/10.1038/s41569-024-00996-1
https://doi.org/10.1038/s41569-024-00996-1
https://doi.org/10.1038/s41569-024-00996-1
https://doi.org/10.1038/s41569-024-00996-1
https://doi.org/10.1007/s00134-023-07194-6
https://doi.org/10.1007/s00134-023-07194-6
https://doi.org/10.1007/s00134-023-07194-6
https://doi.org/10.1186/s12889-015-1429-7
https://doi.org/10.1186/s12889-015-1429-7
https://doi.org/10.1186/s12889-015-1429-7


213https://www.accjournal.orgAcute and Critical Care 2024 May 39(2):207-213

Min SY, et al. Sex or gender differences in outcomes of sepsis

40. Białas AJ, Kumor-Kisielewska A, Górski P. Ageing, sex, obesity, 

smoking and COVID-19: truths, myths and speculations. Adv 

Respir Med 2020;88:335-42. 

41. Ghazeeri G, Abdullah L, Abbas O. Immunological differences in 

women compared with men: overview and contributing factors. 

Am J Reprod Immunol 2011;66:163-9. 

42. García-Gómez E, González-Pedrajo B, Camacho-Arroyo I. Role 

of sex steroid hormones in bacterial-host interactions. Biomed 

Res Int 2013;2013:928290. 

43. Vázquez-Martínez ER, García-Gómez E, Camacho-Arroyo I, 

González-Pedrajo B. Sexual dimorphism in bacterial infections. 

Biol Sex Differ 2018;9:27. 

44. Park DW, Chun BC, Kim JM, Sohn JW, Peck KR, Kim YS, et al. 

Epidemiological and clinical characteristics of community-ac-

quired severe sepsis and septic shock: a prospective observa-

tional study in 12 university hospitals in Korea. J Korean Med 

Sci 2012;27:1308-14. 

45. Pietropaoli AP, Glance LG, Oakes D, Fisher SG. Gender differ-

ences in mortality in patients with severe sepsis or septic shock. 

Gend Med 2010;7:422-37. 

46. Nachtigall I, Tafelski S, Rothbart A, Kaufner L, Schmidt M, 

Tamarkin A, et al. Gender-related outcome difference is related 

to course of sepsis on mixed ICUs: a prospective, observational 

clinical study. Crit Care 2011;15:R151. 

47. Sakr Y, Elia C, Mascia L, Barberis B, Cardellino S, Livigni S, et al. 

The influence of gender on the epidemiology of and outcome 

from severe sepsis. Crit Care 2013;17:R50. 

48. Sunden-Cullberg J, Nilsson A, Inghammar M. Sex-based differ-

ences in ED management of critically ill patients with sepsis: a 

nationwide cohort study. Intensive Care Med 2020;46:727-36. 

49. Adrie C, Azoulay E, Francais A, Clec'h C, Darques L, Schwebel 

C, et al. Influence of gender on the outcome of severe sepsis: a 

reappraisal. Chest 2007;132:1786-93. 

50. Xu J, Tong L, Yao J, Guo Z, Lui KY, Hu X, et al. Association of sex 

with clinical outcome in critically ill sepsis patients: a retrospec-

tive analysis of the large clinical database MIMIC-III. Shock 

2019;52:146-51. 

51. Thompson K, Venkatesh B, Hammond N, Taylor C, Finfer S, 

on behalf of the ADRENAL Investigators, sex-disaggregated 

analysis Steering Committee. Sex differences in response to ad-

junctive corticosteroid treatment for patients with septic shock. 

Intensive Care Med 2021;47:246-8. 

52. Banta JE, Joshi KP, Beeson L, Nguyen HB. Patient and hospital 

characteristics associated with inpatient severe sepsis mortality 

in California, 2005-2010. Crit Care Med 2012;40:2960-6. 

53. Madsen TE, Simmons J, Choo EK, Portelli D, McGregor AJ, Na-

poli AM. The DISPARITY Study: do gender differences exist in 

Surviving Sepsis Campaign resuscitation bundle completion, 

completion of individual bundle elements, or sepsis mortality? J 

Crit Care 2014;29:473. 

54. van Vught LA, Scicluna BP, Wiewel MA, Hoogendijk AJ, Klein 

Klouwenberg PM, Ong DS, et al. Association of gender with out-

come and host response in critically ill sepsis patients. Crit Care 

Med 2017;45:1854-62. 

55. Antequera A, Lopez-Alcalde J, Stallings E, Muriel A, Fernández 

Félix B, Del Campo R, et al. Sex as a prognostic factor for mor-

tality in critically ill adults with sepsis: a systematic review and 

meta-analysis. BMJ Open 2021;11:e048982.  

56. Zhang MQ, Macala KF, Fox-Robichaud A, Mendelson AA, Lalu 

MM; Sepsis Canada National Preclinical Sepsis Platform. Sex- 

and gender-dependent differences in clinical and preclinical 

sepsis. Shock 2021;56:178-87.  

57. Frink M, Pape HC, van Griensven M, Krettek C, Chaudry IH, 

Hildebrand F. Influence of sex and age on mods and cytokines 

after multiple injuries. Shock 2007;27:151-6.  

58. May AK, Dossett LA, Norris PR, Hansen EN, Dorsett RC, Pop-

ovsky KA, et al. Estradiol is associated with mortality in critically 

ill trauma and surgical patients. Crit Care Med 2008;36:62-8.  

59. Tsang G, Insel MB, Weis JM, Morgan MA, Gough MS, Frasier 

LM, et al. Bioavailable estradiol concentrations are elevated and 

predict mortality in septic patients: a prospective cohort study. 

Crit Care 2016;20:335.  

60. Feng JY, Liu KT, Abraham E, Chen CY, Tsai PY, Chen YC, et al. 

Serum estradiol levels predict survival and acute kidney injury 

in patients with septic shock: a prospective study. PLoS One 

2014;9:e97967. 

61. Reade MC, Yende S, D'Angelo G, Kong L, Kellum JA, Barnato 

AE, et al. Differences in immune response may explain lower 

survival among older men with pneumonia. Crit Care Med 

2009;37:1655-62. 

62. Wang HE, Shapiro NI, Griffin R, Safford MM, Judd S, Howard G. 

Inflammatory and endothelial activation biomarkers and risk of 

sepsis: a nested case-control study. J Crit Care 2013;28:549-55.  

63. Modra LJ, Higgins AM, Abeygunawardana VS, Vithanage RN, 

Bailey MJ, Bellomo R. Sex differences in treatment of adult in-

tensive care patients: a systematic review and meta-analysis. 

Crit Care Med 2022;50:913-23.  

64. Todorov A, Kaufmann F, Arslani K, Haider A, Bengs S, Goliasch 

G, et al. Gender differences in the provision of intensive care: a 

Bayesian approach. Intensive Care Med 2021;47:577-87.  

https://doi.org/10.5603/arm.2020.0133
https://doi.org/10.1111/j.1600-0897.2011.01052.x
https://doi.org/10.1111/j.1600-0897.2011.01052.x
https://doi.org/10.1111/j.1600-0897.2011.01052.x
https://www.ncbi.nlm.nih.gov/pubmed/23509808
https://www.ncbi.nlm.nih.gov/pubmed/29925409
https://www.ncbi.nlm.nih.gov/pubmed/29925409
https://doi.org/10.3346/jkms.2012.27.11.1308
https://doi.org/10.3346/jkms.2012.27.11.1308
https://doi.org/10.3346/jkms.2012.27.11.1308
https://doi.org/10.3346/jkms.2012.27.11.1308
https://doi.org/10.3346/jkms.2012.27.11.1308
https://doi.org/10.1016/j.genm.2010.09.005
https://doi.org/10.1016/j.genm.2010.09.005
https://doi.org/10.1016/j.genm.2010.09.005
https://doi.org/10.1186/cc10277
https://doi.org/10.1186/cc10277
https://doi.org/10.1186/cc10277
https://doi.org/10.1186/cc10277
https://doi.org/10.1186/cc12570
https://doi.org/10.1186/cc12570
https://doi.org/10.1186/cc12570
https://doi.org/10.1007/s00134-019-05910-9
https://doi.org/10.1007/s00134-019-05910-9
https://doi.org/10.1007/s00134-019-05910-9
https://doi.org/10.1378/chest.07-0420
https://doi.org/10.1378/chest.07-0420
https://doi.org/10.1378/chest.07-0420
https://doi.org/10.1097/shk.0000000000001253
https://doi.org/10.1097/shk.0000000000001253
https://doi.org/10.1097/shk.0000000000001253
https://doi.org/10.1097/shk.0000000000001253
https://doi.org/10.1007/s00134-020-06325-7
https://doi.org/10.1007/s00134-020-06325-7
https://doi.org/10.1007/s00134-020-06325-7
https://doi.org/10.1007/s00134-020-06325-7
https://doi.org/10.1097/ccm.0b013e31825bc92f
https://doi.org/10.1097/ccm.0b013e31825bc92f
https://doi.org/10.1097/ccm.0b013e31825bc92f
https://doi.org/10.1016/j.jcrc.2014.01.002
https://doi.org/10.1016/j.jcrc.2014.01.002
https://doi.org/10.1016/j.jcrc.2014.01.002
https://doi.org/10.1016/j.jcrc.2014.01.002
https://doi.org/10.1097/ccm.0000000000002649
https://doi.org/10.1097/ccm.0000000000002649
https://doi.org/10.1097/ccm.0000000000002649
https://doi.org/10.1097/ccm.0000000000002649
https://doi.org/10.1136/bmjopen-2021-048982
https://doi.org/10.1097/shk.0000000000001717
https://doi.org/10.1097/shk.0000000000001717
https://doi.org/10.1097/shk.0000000000001717
https://doi.org/10.1097/shk.0000000000001717
https://doi.org/10.1097/01.shk.0000239767.64786.de
https://doi.org/10.1097/01.shk.0000239767.64786.de
https://doi.org/10.1097/01.shk.0000239767.64786.de
https://doi.org/10.1097/01.ccm.0000292015.16171.6d
https://doi.org/10.1186/s13054-016-1525-9
https://doi.org/10.1186/s13054-016-1525-9
https://doi.org/10.1186/s13054-016-1525-9
https://doi.org/10.1186/s13054-016-1525-9
https://doi.org/10.1371/journal.pone.0097967
https://doi.org/10.1371/journal.pone.0097967
https://doi.org/10.1371/journal.pone.0097967
https://doi.org/10.1371/journal.pone.0097967
https://doi.org/10.1097/ccm.0b013e31819da853
https://doi.org/10.1097/ccm.0b013e31819da853
https://doi.org/10.1097/ccm.0b013e31819da853
https://doi.org/10.1097/ccm.0b013e31819da853
https://doi.org/10.1016/j.jcrc.2012.11.002
https://doi.org/10.1016/j.jcrc.2012.11.002
https://doi.org/10.1016/j.jcrc.2012.11.002
https://doi.org/10.1097/ccm.0000000000005469
https://doi.org/10.1097/ccm.0000000000005469
https://doi.org/10.1097/ccm.0000000000005469
https://doi.org/10.1097/ccm.0000000000005469
https://doi.org/10.1007/s00134-021-06393-3
https://doi.org/10.1007/s00134-021-06393-3
https://doi.org/10.1007/s00134-021-06393-3


© 2024 The Korean Society of Critical Care Medicine 

This is an Open Access article distributed under 
the terms of Creative Attributions Non-Com-
mercial License (https://creativecommons.org/
li-censes/by-nc/4.0/) which permits unrestricted 
noncommercial use, distribution, and reproduc-
tion in any medium, provided the original work is 
properly cited.

214 https://www.accjournal.org

| pISSN 2586-6052 | eISSN 2586-6060

INTRODUCTION 

The human skin is the largest anatomical organ involved in various physiological functions 

like thermoregulation, maintaining homeostasis, proprioception, and protection from ex-

ternal agents [1]. The skin is man’s physical barrier to resist pathogen attack. Conditions that 

lead to loss of skin integrity therefore have numerous serious consequences [1]. 

BURN INJURIES 

Burn injury is a major global public health crisis. It disrupts the epidermal barrier, leading to 

down-regulation of both local and systemic immune responses [1]. As a result, burn wounds 

become an ideal breeding ground for microbes [1,2]. The burn wound serves as an ideal mi-

croenvironment predominated with biological fluids called burn wound exudates (BWEs), 

which collectively create a perfect niche for the growth of pathogens [3]. 

Polymicrobial infections are the leading causes of complications incurred from injuries that burn 
patients develop. Such patients admitted to the hospital have a high risk of developing hospi-
tal-acquired infections, with longer patient stays leading to increased chances of acquiring such 
drug-resistant infections. Acinetobacter baumannii, Klebsiella pneumoniae, Pseudomonas aerugi-
nosa, and Proteus mirabilis are the most common multidrug-resistant (MDR) Gram-negative bac-
teria identified in burn wound infections (BWIs). BWIs caused by viruses, like herpes simplex and 
varicella zoster, and fungi-like Candida species appear to occur occasionally. However, the prepon-
derance of infection by opportunistic pathogens is very high in burn patients. Variations in the 
causative agents of BWIs are due to differences in geographic location and infection control mea-
sures. Overall, burn injuries are characterized by elevated serum cytokine levels, systemic immune 
response, and immunosuppression. Hence, early detection and treatment can accelerate the 
wound-healing process and reduce the risk of further infections at the site of injury. A multidisci-
plinary collaboration between burn surgeons and infectious disease specialists is also needed to 
properly monitor antibiotic resistance in BWI pathogens, help check the super-spread of MDR 
pathogens, and improve treatment outcomes as a result. 
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First-degree (superficial) burns damage only the epidermal 

layer, so they heal rather quickly without scarring [2]. Sec-

ond-degree (partial-thickness) burns involve the deeper layers 

of the epidermis and dermis and heal slowly [2]. Third-degree 

(full-thickness) burns fully destroy the epidermal and dermal 

layers of the skin and can also cause significant damage to the 

underlying tissues and bones as well [2].  

EPIDEMIOLOGY OF BURN INJURIES 

Burn is a very common and devastating form of trauma. It 

has been ranked seventh among all traumatic injuries by the 

World Health Organization, with a crude mortality rate of 5% 

[4]. Across the world, around 2.65 lakh deaths occur every year 

due to burn injuries. Such cases are more prevalent in devel-

oping and under-developed countries, and in these cases, pa-

tient mortality potential soars up to 100% with burns covering 

more than 40% of the total body surface area [3,5]. Around 80% 

of burns occur at home [6]. Domestic burn injuries are more 

common among children and adolescents [6,7]. 

Asia records the highest number of intentional burn injuries 

in the world, with Southeast Asia topping the list, followed 

by Africa [8]. Among the Asian countries, India records the 

highest number of cases of intentional self-harm by burning, 

followed by Pakistan, Bhutan, and Bangladesh. Africa records 

the highest mortality rate from burn injuries, 23.5% per year 

[8]. In India, 65% of the burn victims are young women, due to 

self-immolation or domestic violence [9]. On the other hand, 

in Africa, children are the predominant victims of burn inju-

ries. Prevention of burn injuries in Asia and Africa is hampered 

due to the high population density, lack of education, low in-

come rate, and poor surveillance systems [9]. 

Reported cases of burn injuries are significantly lower in 

continents like North America, South America, Australia, and 

Europe [8]. The victims of intentional self-harm by burning 

in Europe are more prevalent among men in the age group of 

40–50 years [9]. Australia records the highest number of admis-

sions of burn patients in hospitals each year, followed by Asia. 

These developed continents are in a much better situation 

concerning burn injuries compared to the under-developed 

and developing countries. Polymicrobial infections are re-

sponsible for 75% of all deaths from burns [2]. The risk factors 

influencing microbial infections at the burn site include the 

size and surface area of the burn, age, immune status, the de-

gree of burn, and comorbidities [2]. 

ETIOLOGY OF BURN INJURIES 

Burns occur at temperatures above 44 °C [10]. Trans-epidermal 

necrosis happens in just a second at 70 °C, while it happens in 

45 minutes at 47 °C [10]. Fire flaming and scalding represent 

23.8% and 66.2% of burn injury cases, respectively [11]. The 

remaining 10% of burns have other causes [11]. Scalding caus-

es first or second-degree burns, while flame causes second or 

third-degree burns [10]. 

Burns are grouped as thermal, chemical, frostbite, electrical, 

radiation, or sunburn [10]. Around 3%–6% of all burn cases 

constitute chemical burns, accounting for 14%–30% of mortal-

ities [10]. Chemical burns develop due to contact with coal tar, 

strong acids, alkaline solutions, or phosphorus due to bomb 

explosions [10]. Cold burn or frostbite occurs as the skin starts 

freezing from –10 °C, with irreversible changes occurring be-

low –22 °C [10]. 

PATHOGENS OF BURN WOUND INFECTIONS 

Following burns, microorganisms colonize and grow quickly 

at the site of injury due to the loss of the skin barrier. The skin 

barrier otherwise serves as the first line of immune defense for 

any individual [12-14]. Any breach in the skin allows for easy 

entry and access of the infecting microbe to the inner tissues 

of the body, thus complicating the etiology [12-14]. Hence, it 

has been observed that microbial infections, especially those 

caused by multidrug-resistant (MDR)-bacteria, including 

Pseudomonas and Acinetobacter, are the main cause of in-

creased morbidity and mortality in burn patients [12-14]. 

The 2016 National Burn Repository Report mentioned that 

■ The loss of skin epidermis due to burn injury provides 
easy access for different microorganisms to enter the 
human body and cause infections.

■ Most of the complications related to burn injuries that 
are reported occur due to the increased susceptibility to 
several other secondary diseases caused by microbial 
infections.

■ Multidrug-resistant bacterial, yeast, fungal, and viral 
infections of burn wounds are very common during 
prolonged hospitalization, and immunosuppression is 
the main cause.

KEY MESSAGES
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seven out of ten most frequent complications in burn patients 

are attributed to polymicrobial burn wound infections (BWIs), 

with urinary tract infections (UTIs), pneumonia, and cellulitis 

topping the list and respiratory tract infections being the most 

frequently reported [13]. After a burn injury, the duration of 

hospitalization is directly proportional to the types of bacterial 

species that infect the patients, with the major contributor to 

infection being Staphylococcus aureus (Figure 1, Table 1) [15]. 

During the first week of hospitalization, skin and soft tissue in-

fections occur majorly, whereas pneumonia, UTIs, and blood-

stream infections tend to occur later during the stay (Table 2) 

[15].  

Gram-Positive Bacteria 
The most commonly found Gram-positive bacteria in BWI 

include Staphylococcus species (spp.), Enterococcus spp., and 

β-hemolytic group A Streptococci (GAS) [12]. Specifically, van-

comycin-resistant Enterococci (VRE) and methicillin-resistant 

Staphylococcus aureus (MRSA) are the pathogens of high con-

cern in patients with severe burns [12,13]. Over recent decades 

and with the uncontrolled over-the-counter availability of 

broad-spectrum antibiotics, MRSA has become the most pre-

Figure 1. Burn wound infection microbes and their effect on a burn patient. MRSA: methicillin-resistant Staphylococcus aureus; spp.: species.

Table 1. Bacterial pathogens isolated from burn wound infections
Bacterial pathogens Percentage of occurrence (%)
Citrobacter freundii 0.77
Escherichia coli 8.46
Klebsiella pneumoniae 13.85
Proteus mirabilis 4.62
Proteus morganii 0.77
Staphylococcus aureus 33.85
Staphylococcus epidermis 3.85
Pseudomonas putida 3.08
Pseudomonas aeruginosa 15.38
Acinetobacter baumannii 15.38

Adapted from El Hamzaoui et al. New Microbes New Infect 2020;38:100764 
[15].

dominant pathogen in the intensive care unit of burn patients 

[14]. Colonization with any of these bacteria may also lead to 

biofilm infections, resulting in severe illness and death [14]. 

In most of the studies performed so far, about 86.6% of S. 

aureus found were methicillin-resistant, a major pathogen of 

hospital-acquired infections (HAIs) in most countries [16]. 

The toxic products proceeding Staphylococcus spp. infection, 
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Table 2. Categories and effects of different pathogens causing burn wound infections
Category of 
microorganisms

Microorganisms responsible for 
causing burn wound infections

Prevalence and severity of 
microorganisms Effect of the microorganism on burn patients

Gram positive 
bacteria

Staphylococcus spp. Most common They cause infection which encompasses causes skin lesions 
like furuncles, and cellulitis; and sometimes pneumonia, 
endocarditis, and osteomyelitis, along with biofilm formation.

β-Hemolytic group A 
Streptococcus

Common They cause strep throat, enlarged lymph nodes in the neck, 
enlarged tonsils and rash.

Enterococcus spp. Common They cause bacteremia, and infective endocarditis, UTIs, meningitis, 
and rarely causes intra-abdominal infections.

Gram negative 
bacteria

Acinetobacter baumannii Most common, dangerous It causes diseases such as pneumonia and meningitis, bloodstream 
infections (bacteremia and sepsis), delays in wound healing, 
graft losses, UTIs.

Klebsiella pneumoniae Most common It causes endophthalmitis, pyrogenic liver abscess, splenic abscess, 
necrotizing skin infection, soft tissue infection, meningitis, 
antibiotic-associated hemorrhagic colitis, bacteremia, 
pneumonia, Lemierre syndrome.

Pseudomonas aeruginosa Most common, concerning It causes infections in the blood, lungs (pneumonia), soft tissue 
infection, UTIs.

Escherichia coli Common It causes enteric diseases, such as diarrhoea/dysentery, colitis, 
meningitis, low grade fever, vomiting, renal impairment.

Multidrug resistant 
bacteria

P. aeruginosa Most common, dangerous It causes infections in the blood, lungs (pneumonia), soft tissue 
infection, UTIs.

A. baumannii Most common It causes diseases such as pneumonia and meningitis, bloodstream 
infections (bacteremia and sepsis), delays in wound healing, 
graft losses, UTIs.

Klebsiella pneumoniae Most common, concerning It causes endophthalmitis, pyrogenic liver abscess, splenic abscess, 
necrotizing skin infection, soft tissue infection, meningitis, 
antibiotic-associated hemorrhagic colitis, bacteremia, 
pneumonia, Lemierre syndrome.

Methicillin-resistant 
Staphylococcus aureus

Common, dangerous MRSA causes skin infections like atopic dermatitis, followed by 
invasive infections like osteomyelitis, meningitis, lung abscess, 
pneumonia, brain abscess and central nervous system infection.

Escherichia coli Common It causes enteric diseases, such as diarrhoea/dysentery, colitis, 
meningitis, low grade fever, vomiting, renal impairment.

Proteus mirabilis Common It mostly causes UTIs, along with meningoencephalitis, empyema, 
and osteomyelitis.

Fungi Candida spp. Most common They cause intense itching. Symptoms also include red, growing 
skin rash, rash on the skin folds, genitals, middle of the body, 
buttocks, under the breasts, and other areas of skin.

Aspergillus fumigatus Most common It causes infections usually in people who have weakened immune 
systems.

Saccharomyces boulardii Uncommon It causes fungemia.
Mucor spp. Uncommon, dangerous They cause mucormycosis; fatal.

Viruses Herpes simplex virus Most common, very 
dangerous

It affects production of antibodies, cytokines, T-cells, IL-2, etc. 
Reactivation of the virus causes acute respiratory distress 
syndrome, pneumonia, liver necrosis, and encephalitis.

Cytomegalovirus Most common, very 
dangerous

It increases production of cytokines and causes hyperactivity of 
T helper cells and macrophages. It leads to organ dysfunction, 
pneumonia, encephalitis, and colitis.

Varicella zoster virus Common, dangerous It causes shingles; post-herpetic neuralgia and delayed healing.
Poxvirus Rare It causes formation of lesions and scabs.
Human immunodeficiency virus Rare It decreases population of CD4+ T-cells. It eventually leads to 

chronic multi-organ diseases and severe impairments within the 
central nervous system.

Papillomavirus Rare It causes intraepithelial neoplasias.

spp.: species; UTI: urinary tract infection; MRSA: Methicillin-resistant Staphylococcus aureus; IL: interleukin.
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such as proteinases, collagenases, and hyaluronidases, allow 

the bacteria to enter local tissues and the bloodstream, which 

in turn cause generalized systemic infection and sepsis [14]. In 

addition to causing pneumonia, sepsis, and other sequelae re-

lated to invasive BWIs, Staphylococci are a significant cause of 

graft loss when the burden of infective organisms exceeds 105 

colony-forming units (CFUs) [17]. Vancomycin has been one 

of the most preferred treatments for curbing MRSA infection. 

Yet for the past few years, there has been an emergence of oth-

er antibiotic-resistant strains like Vancomycin-intermediate 

Staphylococcus aureus [16]. A potential solution to this prob-

lem is being catered to by new antimicrobials such as linezolid 

(an oxazolidinone), daptomycin, tigecycline, quinupristin-dal-

fopristin, and dalbavancin [14]. 

Enterococcus also has been a Gram-positive bacterium of 

concern but fortunately was not seen to be fatal until the emer-

gence of VRE [18]. Combination therapy, including ampicillin 

and an aminoglycoside, is nowadays used to treat VRE infec-

tions [18]. GAS (Streptococcus pyogenes) is the major cause of 

graft failure in burn patients, followed by group B Streptococci 

(Streptococcus agalactiae) [17]. These Streptococci can be erad-

icated with the penicillin group of antibiotics [19]. 

Gram-Negative Bacteria 
P. aeruginosa are not only the major pathogens that cause 

respiratory tract infections (HAIs) but are also ubiquitous in 

invasive burn wounds, owing to their preference for moist 

environments [20]. These bacteria are also responsible for 

sepsis, leading to burn-associated death [20]. Pseudomonas 

infections, particularly those by P. aeruginosa, usually start as 

a localized, superficial lesion with a typical characteristic yel-

low or green color and a malodorous fruity smell, which may 

become an invasive infection termed “ecthyma gangrenosum,” 

causing blue-purplish “punched-out” lesions in the skin [21]. 

P. aeruginosa can subsequently spread into deeper tissues 

rapidly to cause sepsis [22]. Because of the developing drug 

resistance patterns in P. aeruginosa, piperacillin-tazobactam 

combination therapy is administered. Aztreonam is used as an 

alternate therapy for MDR-P. aeruginosa [22]. 

The Gram-negative bacterium seconding the list of high- 

concern microbes in burn patients is A. baumannii because of 

their enhanced capacity for transfer between patients. Surviv-

ability in both wet and dry conditions, also on both inanimate 

and animate objects, helps them to achieve this. [23]. Colistin 

has been developed as the fallback treatment for pan-resistant 

Acinetobacter spp. [23]. 

The failure of burn treatment regimens is mostly caused due 

to the formation of a biofilm in the burn wound microenviron-

ment of a patient; this may lead to death in many complicated 

cases [24]. The bacterial community encased within a poly-

saccharide matrix biofilm is more resistant to disinfection, the 

rigors of the host immune system, and critically, more tolerant 

to antibiotics [22]. It is assumed that burn wound-associated 

biofilms act as a launch pad for the pathogenic bacteria to es-

tablish deeper, systemic infections, and ultimately bacteremia 

and sepsis (Figure 2) [24]. Bacteria of the genera Pseudomonas, 

Acinetobacter, and Staphylococcus usually adopt a biofilm-en-

cased mode of growth, with P. aeruginosa being the most 

common (33.3%) burn wound isolate with biofilm-forming 

abilities, followed by Acinetobacter spp. (23.3%) and Staphylo-

coccus aureus (16.6%) [25,26]. 

MDR Bacteria 
Antibiotics are used as a prophylactic measure to treat burn 

patients [27]. According to the European Centre for Disease 

Prevention and Control and the Centers for Disease Control 

and Prevention, among the drug-resistant (DR) bacteria, there 

are extensively drug-resistant strains that are resistant to at 

least one agent in all antimicrobial categories except a few, 

and pan-drug resistant strains, which are resistant to all agents 

under all antimicrobial categories [28,29]. 

Two principal factors that govern MDR-pathogen attacks are 

the severity and extent of the burn and the duration of hospital 

stay of the patient [30]. A prolonged hospital stay increases 

the risk of MDR infections by mostly Gram-negative bacteria 

(GNB) [30,31]. Further increases in such BWIs might be due 

to previous exposure to antibiotics, and the use of invasive 

medical devices like urinary catheters [30]. This was supported 

by a Canadian Burn Center study, where 125 patients were ad-

mitted [32]. Over the first 7 days, 6% of bacterial isolates were 

MDR, whereas after 28 days of hospital stay, it increased to 

44% [32]. This increase in the prevalence of MDR-GNB during 

long hospital stays of burn patients is thus a serious treatment 

challenge [33]. 

Some of the most concerning MDR-GNB strains are A. bau-

mannii, Stenotrophomonas maltophilia, P. aeruginosa, and 

carbapenem-resistant members of the Enterobacteriaceae 

family. These, along with Klebsiella pneumoniae, Proteus mi-

rabilis, and Escherichia coli are regarded as the most common 

MDR-GNB in BWIs [33,34]. 

In a study conducted at a burn unit of a tertiary care referral 

center located in North India, it was noted that MRSA and GAS 
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were endemic, where MRSA strains were reported to exhibit 

resistance to erythromycin, ciprofloxacin, netilmicin, genta-

micin, and cefotaxime [35]. MDR P. aeruginosa was also one 

of the most frequent microbes cultured from the infected burn 

wounds there, and 90% of those displayed resistance to amika-

cin and ceftazidime [35]. 

The preliminary identification of these MDR pathogens is 

done by studying their physical morphology, Gram-staining 

properties, and biochemical characteristics [36]. Along with 

this, antimicrobial susceptibility tests are carried out using 

various antibiotics, like ciprofloxacin, gentamicin, trimetho-

prim-sulfamethoxazole, ceftazidime, and others, to check for 

the zone of growth inhibition [36]. Here, multi-drug resistance 

is defined if a pathogen shows resistance to at least one agent 

in 3 or more antimicrobial classes [37]. 

Yeast and Other Fungal Infections 
Fungi are the second major BWI-causing microbes [38]. BWIs 

caused by fungi are a part of mono- or polymicrobial infec-

tions, opportunistic infections, fungemia, and rare aggressive 

soft tissue infections [39]. These infections are mostly misdiag-

nosed due to the same kind of manifestations of bacterial in-

fections and due to the lack of a suitable mycology laboratory 

[38]. These fungal infections have a very high mortality rate, 

and infection is only nonfatal when there is early diagnosis 

and treatment [40,41]. 

From around the globe, 6.3 to 44% of all incident fungal in-

fections have been documented from different burn centers 

[40,42-44]. From a case study of 220 burn patients, 42% of the 

BWI pathogens were reported to be Candida spp. [40,42-44]. 

Invasive Candida infections are one of the major causes of 

morbidity and mortality among burn patients [42]. Due to the 

introduction of new antifungals, changes in the epidemiology 

and drug responses of such fungal infections have been ob-

served [45-48]. It has been found that non-albicans Candida is 

becoming increasingly resistant to the common anti-mycotic 

substances [45-49]. 

Burn patients are usually exposed to these fungal infections 

after the second week of their thermal injury [50]. The high 

mortality rate is due to the presence of fungemia, multiple 

positive cultures, and deep-rooted invasion of healthy skin 

[51]. The age of the patient, total burn size, body surface area 

(30%–60%), full-thickness burns, long hospital stay, long-term 

artificial ventilation, inhalational injury, late surgical exci-

sion, artificial dermis, central venous catheters, fungal wound 

colonization, open dressing, antibiotics (such as imipenem, 

vancomycin and aminoglycosides), steroid treatment, hyper-

glycemic episodes, and immunosuppressive disorders all ac-

centuate fungal infections in burn patients [39,45-48,50]. 

The methods of diagnosis are conventional and mostly or-

Figure 2. (A) Burn wounds typically contain burn wound exudates, which facilitate the initial inoculation and reversible attachment by bacterial 
pathogens. (B) Bacteria begin to produce extracellular matrix (ECM) and form micro-colonies during the process of irreversible attachment. (C) 
During the maturation stage, the biofilm grows in size and structural complexity. (D) The mature biofilm enters the dispersal stage, releasing 
bacterial cells from the ECM, which can then colonize new sites within the wound. Adapted from Maslova et al. NPJ Biofilms Microbiomes 
2021;7:73 [3].

AA

CC

BB

DD

Reversible attachment

Biofilm maturation

Irreversible attachment

Dispersal



220 https://www.accjournal.org Acute and Critical Care 2024 May 39(2):214-225

Roy S, et al. Microbes of burn wound infections

ganism-specific for the identification of mycoses at the burn 

site [45]. Direct tissue biopsy is performed in some cases [45]. 

However due to the voracious growth of fungal culture, some-

times it becomes too late to start an appropriate anti-mycotic 

therapy [45]. Burn wound samples are collected at proper time 

intervals for laboratory diagnosis of fungal infections [52]. The 

burnt tissue should be excised after the 7th, 14th, 21st, and 

≥28th days [51]. Tissue biopsy is done for a demonstration 

of fungal wound infections, and the culture of tissue-specific 

biopsy is interpreted semi-quantitatively using the following 

formula [51]: 

CFUs × log reciprocal × 2 = colony count  

Tissue weight (g)

In cultures, the germ tube test, characteristic growth on corn-

meal agar, cultural characteristics on HiCrome agar, tetrazoli-

um reduction test, and carbon and nitrogen assimilation tests 

are evaluated for yeast identification [51]. Molds are identified 

using lactophenol cotton blue (LPCB) wet mount preparation 

for conidiogenesis, pattern, and arrangement [51]. Identifica-

tion of non-sporulating molds is carried out using slide cul-

tures with potato dextrose agar [51]. 

E-strip or broth micro-dilution using antifungals like am-

photericin B, fluconazole, itraconazole, voriconazole, and 

caspofungin are the tests to check for the antifungal suscep-

tibility of yeasts [52]. The antifungal susceptibility of molds is 

tested by an E-strip test using amphotericin B [52]. If Candida 

albicans are isolated, a lower concentration of nystatin is need-

ed as a local treatment in contrast to its higher concentration 

for the other Candida spp. [40,50,53]. With the burn wounds 

persisting longer, the propensity of fungal infections increases 

further [49]. Therefore, the development of pharmaceutical 

products to recover the wound more rapidly, advancements 

in topical antifungal therapy, and implementations of appro-

priate systemic antifungal regimes as guided by antifungal 

susceptibility tests help to improve the treatment outcomes for 

severely injured burn patients susceptible to fungal infections 

[50]. 

Viral Infections 
Burn patients are very susceptible to viral infections [54]. The 

immunosuppressed state of the patient after an injury triggers 

the reactivation of latent infection. This becomes the most 

common cause of viral infection post-injury [54]. Administra-

tion of acyclovir for a minimum of 10 days is the most com-

monly used antiviral therapy to treat viral infection [54]. 

Herpes simplex virus infections 
The frequency of both herpes simplex virus (HSV)-1 and HSV-

2 infections in burn patients increases with the age of the 

victim [54]. There can be primary, secondary, or opportunistic 

HSV infections due to viral reactivation following reduced 

immunity in burn patients [54]. It not only impairs the healing 

process, prolonging the recovery time, but also causes a re-

duction in the number of T-lymphocytes, down-regulation of 

Toll-like receptor-mediated nuclear factor-κB expression, and 

abnormal production of interleukin (IL)-2, cytokines, and an-

tibodies [55,56].  

The viral infection manifests itself as groups of vesicopus-

tules or rashes in the burnt area [53]. Reactivation of the latent 

virus in immune-debilitated burn patients causes diseases like 

tracheobronchitis, acute respiratory distress syndrome, pneu-

monia, liver necrosis, focal necrotizing hepatitis, and encepha-

litis [57]. 

Fluorescence in-situ hybridization, polymerase chain re-

action (PCR), and next generation sequencing are common 

methods of detecting HSV in BWIs [54]. Intranuclear eosin-

ophilic inclusion bodies in the viral-infected cells are also 

looked for under a light microscope as a characteristic marker 

for HSV infections [54]. 

Cytomegalovirus infections 
Burn patients can also be affected by cytomegaloviruses 

(CMVs), either by primary or exogenous infection or reactiva-

tion of latent infections [54]. The infection causes anomalous 

immune responses involving macrophage hyperactivity, en-

hanced cytokine production, and over-activation of T-helper 

cells [58,59]. A 2011 study showed that 71% of CMV infections 

occurred in CMV-seropositive burn patients, while only 12.5% 

of CMV-seronegative burn patients were affected [60]. The 

associated complexities include colitis, pneumonia, organ 

dysfunction, and encephalitis [60]. PCR, quantitative nucleic 

acid testing, and immunochemistry are used to detect CMV 

infections [54]. Histological detection involves the observation 

of intra-nuclear basophilic inclusion bodies with a character-

istic “owl’s-eye” appearance under the light microscope [54]. 

Varicella zoster virus infections 
Varicella zoster virus (VZV) infections in burn injuries are ex-

tremely rare, but when they occur, they are accompanied by 

critical post-infection complications with an increased mortal-

ity rate [61]. It is quite prevalent among pediatric burn patients 

[62]. PCR is the most sensitive method of detecting VZV infec-
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tions, as compared to culture, serology, or immunochemistry 

[54]. Sometimes microscopic observation of intranuclear in-

clusion bodies also confirms the presence of the virus [54]. Any 

previous infection by the same VZV strains or VZV vaccination 

lowers the rate of occurrence of VZV infections [62]. 

Poxvirus infections 
Parapoxvirus belonging to the Poxviridae family induces 

infections in burn patients with skin grafts, either by direct 

transmission or through infected fomites by indirect transmis-

sion [62]. It affects the epidermal keratinocytes of the patients 

[54]. Vascular endothelial growth factor is upregulated during 

burn injuries, which promotes angiogenesis, thus facilitating 

infection [54]. Cell culture isolation, PCR, enzyme-linked 

immunosorbent assay, and Western blotting are some com-

mon methods of detecting the virus [54]. Treatment includes 

cryotherapy, electrocautery, and the administration of cido-

fovir or imiquimod [63]. Some large Orf disease (ecthyma 

contagiosum or contagious pustular dermatitis) lesions might 

require excision and skin grafting [64]. 

Human immunodeficiency virus infections 
A study of burn patients living with human immunodeficien-

cy virus (HIV) infection in Malawi showed a high probability 

of death if sepsis or multi-organ dysfunction developed [65]. 

HIV-positive patients who suffer from burn injury but do not 

have AIDS are treated similarly to HIV-negative patients [66]. 

Burn injury, along with a co-existing HIV infection, causes a 

depletion of CD4+ T cells and defective release of cytokines [67].  

Human papillomavirus infections  
Human papillomavirus (HPV) replicates when the immune 

system becomes under-functional in burn patients [54]. These 

infections were first reported in 1996 when a boy aged 4 years, 

with a small burn on the left ring finger, was found to develop a 

“keloid scar” in that burn area, four weeks after the injury [68]. 

HPV could survive and replicate in the wound, as the basal 

layer of the skin remained intact [68]. 

IMPACT OF GEOGRAPHICAL CONDITIONS ON 
THE MICROBIAL PROFILE OF BWIS 

Geographical conditions play a critical role in influencing the 

development of infection in burn patients, shaping the mi-

crobiome found in the BWIs [69,70]. In a study conducted in a 

hospital in Tanzania, Acinetobacter spp. emerged as the main 

cause of HAIs in burn patients, whereas in a study done in Ni-

geria on burn patients, Klebsiella spp. was found to be the pre-

dominant pathogen [36,71]. This difference in pathogen pre-

ponderance in BWIs is due to varying geographical conditions 

and different control measures [36]. The survivability of burn 

patients differs significantly depending on ethnicity and race, 

as well as on the cost and utilization of health care services [69]. 

IMPACT OF COVID-19 ON BURN INJURIES 

Many countries resorted to social isolation and lockdown for 

quite a long span of time for the containment of the severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 

which is the causative agent of Coronavirus disease 2019 

(COVID-19), the global pandemic. This caused an increase in 

the occurrence of domestic accidents, leading to burn injuries, 

although a reduction in amenities available for burn care was 

observed worldwide during the pandemic, especially in low-

er-income countries [72]. 

IMPACT OF BURN INJURIES ON THE IMMUNE 
SYSTEM 

The skin is the largest anatomical barrier and defensive against 

the entry of pathogens, which induces a state of immunosup-

pression when disrupted in burn patients [73]. Host defense 

has two branches, namely the innate and adaptive immune 

responses. Of which, the latter takes a longer time to set in [73]. 

The innate immune response is, however, immediate, severe, 

and prolonged [73]. At first, there is a pro-inflammatory re-

sponse where IL-1, IL-6, tumor necrosis factor-α, and interfer-

on-γ cytokines are secreted, and later, the anti-inflammatory 

response maintains homeostasis by secreting IL-10 and by 

transforming growth factor-β [73]. 

Mast cells are the first immune cells to respond to BWIs. 

Dendritic cells, neutrophils, and monocytes migrate to the site 

of inflammation under the influence of chemotactic factors 

[74]. Neutrophils produce reactive oxygen species to destroy 

the pathogens in the burn wounds, which, in turn, causes 

damage to skin structures and elicits a strong inflammatory re-

sponse defined as systemic inflammatory response syndrome 

(SIRS) [73,75]. SIRS is dampened in elderly patients as com-

pared to younger patients, despite the burn size [73]. 

The innate immune system is often significantly altered 

during major burn wounds, where neutrophil and intracellular 

killings are disrupted, down-regulation of major histocompat-
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ibility complex-class II expression occurs, and phagocytic ac-

tivities of macrophages are diminished [76-78]. These anom-

alies diminish the natural defenses of the body, increasing the 

chances of notorious pathogen attacks in burn patients [50,79]. 

INFECTION CONTROL IN BURN PATIENTS 

There are three types of BWIs, namely cellulitis, burn wound 

impetigo, and invasive wound infections within unexcised 

eschar (necrotizing infection-fasciitis) [80]. Regular laboratory 

surveillance along with routine microbial wound culturing are 

essential for strict infection control practices and appropriate 

antibacterial therapy [80]. Receiving antibiotics before the in-

fection, as well as during the hospitalization period, is a major 

risk factor for the acquisition of antibiotic-resistant microor-

ganisms [81]. Thus, routine follow-up of the antibiotic-resis-

tance pattern of burn wound flora is absolutely mandatory for 

successful infection control [81]. Antibiotics must be chosen 

only after proper monitoring of the antibiotic resistance trend 

in an individual burn center to restrict infection by MDR mi-

croorganisms [80]. Also, systemic antibiotic administration 

should be carried out for only a very short period of time in 

burn patients to avoid the spread of multi-drug resistance [81]. 

Patients with large burn wounds need to be provided with 

advanced burn wound care [80]. Such advances in wound 

care include advances in wound exudate and edema control, 

optimization of the wound environment with ideal skin dis-

infectants, advances in wound debridement systems, and en-

hancements in systemic care and management through new 

applications of medical technologies [82]. 

Some useful techniques used in burn wound cleansing are 

high-pressure irrigation, low-pressure irrigation, swabbing, 

showering, bathing, and washing the affected area under a 

running liquid [83]. Water, saline, or other antiseptic formu-

lations are used as the cleansing liquid, as applicable [83]. 

Nowadays, a large number of dressings are available, which 

are very effective in the healing of cleansed wounds [83]. Some 

therapeutic applications, involving the use of collagen, hyal-

uronic acid, growth factor, vacuum-assisted closure, and skin 

grafting are used to treat burn wounds of varying severities 

[40]. The Versajet hydrosurgery system is very advantageous 

for burn wound debridement, which includes optimal preser-

vation of viable tissue, a reduction in blood loss, and effective 

elimination of bacterial colonization [84]. 

CONCLUSIONS 

At the very outset, the prevention of burn injuries should be 

highly prioritized, as it stands as a global public health crisis, 

especially in underdeveloped and developing countries. Pa-

tients with burn injuries have increased susceptibilities to a 

wide range of pathogens, including various MDR species of 

bacteria, fungi, and viruses, particularly during their hospital 

stay for treatment. This occurs mainly due to their impaired 

immune system responses, inappropriate vascular organiza-

tion within the burn-injured area, and intensification of severe 

oxidative stress. Immunosuppression, prolonged hospitaliza-

tion, and geographical factors influence the susceptibility of 

burn patients to MDR-bacterial and fatal viral infections. Mi-

crobial transmission and infestation in burn wounds need to 

be reduced to improve the survival chances of burn patients. 

For this, an effective infection control policy at every stratum 

of health care is essential. A combined effort of burn surgeons 

and burn care units to control the overuse of antibiotics and 

provide a sterile environment and efficient medical equipment 

for effective and critical care of the patients should effectively 

tackle the otherwise sinking situation in burn care across the 

world. 
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INTRODUCTION 

Intensive care and emergency medicine have undergone significant advancements in the 

last few decades, which have led to a dramatic improvement in the short-term prognosis 

and survival rates of intensive care unit (ICU) patients. However, a similar effect has not 

been observed in quality of life or long-term outcomes [1], and the incidence of new onset 

or worsening of physical, mental, and neurocognitive health complications in patients fol-

lowing a period of stay in the ICU, collectively referred to as post-intensive care syndrome 

(PICS), has increased [2]. Physical impairments associated with PICS are largely due to 

ICU-acquired muscle weakness (ICU-AW), which includes multiple disorders including crit-

ical illness neuromyopathy and muscle deconditioning and commonly presents as skeletal 

muscle weakness and difficulty weaning from the ventilator [3]. Neurocognitive impairments 

span multiple domains including visuospatial skills, visual and working memory, attention, 

Post-intensive care syndrome (PICS) refers to persistent or new onset physical, mental, and neuro-
cognitive complications that can occur following a stay in the intensive care unit. PICS encom-
passes muscle weakness; neuropathy; cognitive deficits including memory, executive, and attention 
impairments; post-traumatic stress disorder; and other mood disorders. PICS can last long after 
hospital admission and can cause significant physical, emotional, and financial stress for patients 
and their families. Several modifiable risk factors, such as duration of sepsis, delirium, and me-
chanical ventilation, are associated with PICS. However, due to limited awareness about PICS, 
these factors are often overlooked. The objective of this paper is to highlight the pathophysiology, 
clinical features, diagnostic methods, and available preventive and treatment options for PICS. 

Key Words: ABCDEF bundle; cognitive impairment; COVID-19; impaired muscle regeneration; in-
tensive care unit; postintensive care syndrome  
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and executive function [4]. Psychiatric impairments include 

post-traumatic stress disorder (PTSD), anxiety disorders, 

and depressive disorders [5]. The effects of PICS can last long 

after hospital admission, causing patients and their families 

physical, emotional, and financial stress. Psychiatric and neu-

rocognitive impairments may also be experienced by family 

members of the patients, which is referred to as PICS-F [6]. A 

multicenter prospective cohort study from the United States 

found one or more PICS problems in as many 60% of survivors 

of a critical illness following ICU admission and co-occurring 

PICS problems in 20% of survivors of a critical illness following 

ICU admission [7]. 

PICS affects one of every five adult patients within 1 year 

after discharge from a critical care facility [8]. Several mod-

ifiable risk factors such as duration of sepsis, delirium, and 

mechanical ventilation are associated with PICS; controlling 

these risk factors is associated with lower rates of PICS [7]. A 

higher incidence of physical and neurocognitive impairments 

has been reported in patients who underwent a prolonged pe-

riod of hypoxemia and acute respiratory distress syndrome [9]. 

Factors such as female sex, pre-existing psychological disor-

ders, inflammation, communication barriers, administration 

of analgesics, and a negative ICU experience may contribute to 

the psychiatric aspects of PICS [8]. Higher rates of PTSD were 

recorded in patients undergoing unplanned admission and 

surgery, presumably because these patients had less time to 

prepare psychologically than those who underwent elective 

surgery. Most studies regarding PICS have been conducted in 

Europe and the United States, with little data from Asian coun-

tries. Recent studies from South and East Asian countries have 

reported a low incidence of PTSD [10]. However, PICS was 

documented in multiple countries in Europe as well as China 

and the United States during the coronavirus disease 2019 

(COVID-19) pandemic; symptoms of dyspnea, fatigue, and 

psychological distress were reported after discharge by ICU 

patients with severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) infection [11]. In addition, Halpin et al. [12] re-

ported a high incidence of breathlessness in Black, Asian, and 

minority ethnic groups at 4–8 weeks after discharge. 

Prevention of PICS requires a multidisciplinary approach 

involving nurses, social workers, and psychologists. Adequate 

emotional support requires good communication between the 

discharged patient and the healthcare team, family support 

in the ICU, and psychological and behavioral therapies. Early 

nutrition therapy along with early mobilization play crucial 

roles in preventing physical impairment, including ICUAW 

[13]. While no association between socioeconomic and PICS-

free status has been reported, studies have demonstrated an 

association between higher number of years of education and 

higher odds of being PICS-free. This could be due to unmea-

sured factors such as health literacy, access to health care, 

and better health behaviors. In addition, frailty is associated 

with higher rates of mortality and morbidity, with higher 

Clinical Frailty Scale scores associated with a lower odds of 

being PICS-free [7]. The purpose of this article is to provide a 

comprehensive review of PICS including its pathophysiology, 

prevention strategies, and treatment modalities to increase 

awareness among medical students, residents, and healthcare 

professionals. 

PATHOPHYSIOLOGY 

A dramatic improvement in ICU survival rates have inad-

vertently resulted in a significantly larger burden of patients 

who suffer from post-ICU sequelae; however, there is a lack 

of familiarity and understanding of these post-ICU sequelae 

(Figure 1).

PHYSICAL IMPAIRMENTS 

ICU-AW is the most common and debilitating physical man-

ifestation of PICS and is characterized by symmetrical weak-

ness of the body. This can be subcategorized as critical illness 

myopathy, which affects the muscles; critical illness polyneu-

ropathy, which affects the nerves; or critical illness neuromy-

opathy, in which both nerves and muscles are affected. Diag-

nosis is based on a combined score less than 48 on the Medical 

Research Council scale after grading all testable muscle groups 

■ Post-intensive care syndrome refers to the persistent or 
newly onset physical, mental, and neurocognitive com-
plications that can occur following a stay in the intensive 
care unit.

■ It was extensively observed during coronavirus disease 
2019 (COVID-19) pandemic in the United States among 
other countries.

■ Its manifestations include physical impairments, in-
cluding impaired muscle regeneration, cognitive im-
pairment, and psychological impairment.

KEY MESSAGES
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based on values recorded 24 hours apart [14]. Other contribut-

ing factors to weakness include joint contractures due to lim-

ited mobility and ectopic ossifications [4]. The pathogenesis of 

ICU-AW involves multiple factors that can act independently 

or in combination. The sequence of events is described below. 

Muscle Degradation Due to Proteolysis during the Phase 
of Acute Insult 
Microvascular dysfunction plays a pivotal role in the acute 

phase of critical illnesses and is heavily implicated in the 

pathogenesis of ICU-AW. Microvascular dysfunction ensues 

in conditions involving systemic inflammation such as sep-

sis and results in the transformation of endothelial cells to a 

pro-inflammatory phenotype. This involves shedding of the 

endothelial glycocalyx, alterations in the endothelial barrier 

function, and a subsequent increase in vascular permeability. 

Proinflammatory transformation of endothelial cells is a key 

feature of critical illnesses and involves upregulated expression 

of the inflammatory cytokines tumor necrosis factor (TNF)-α, 

interleukin (IL)-1, and IL-6, which are all involved in muscle 

degradation [15]. TNF-α propagates catabolic pathways by 

promoting increased expression of genes associated with the 

ubiquitin-proteasome system responsible for massive intra-

cellular proteolysis. IL-1, which is often found in the blood of 

patients with critical illnesses, has also been identified as a 

contributor to skeletal muscle atrophy by inhibiting protein 

synthesis, while IL-6 is involved in both the regulation of pro-

tein synthesis and protein degradation [16,17]. 

Impaired Muscle Regeneration during the Recovery Phase 
In those with ICU-AW, impaired muscle degeneration is at-

tributed to the loss of satellite cells, also known as myogenic 

stem cells, which are located beneath the basal lamina of mus-

cle fibers and proliferate to give rise to myoblasts [18]. Deple-

tion of satellite cells is associated with depletion of endothelial 

cells as they share regulatory factors such as vascular endothe-

lial growth factor, and notch signaling from endothelial cells 

drives satellite cells into quiescence, which can potentially 

lead to satellite cell depletion [19]. Other instrumental mech-

anisms in ICU-AW include dysregulation of autophagy, which 

is essential for degradation of damaged cellular components 

and maintenance of cell homeostasis. Dysregulation of auto-

phagy is associated with muscle wasting and occurs in critical 

illnesses as a result of the large number of damaged cellular 

components that accumulate due to inflammation. Mitochon-

drial dysfunction is also common in ICU-AW, rendering skele-

tal muscle cells unable to meet their cellular energy demands 

(Figure 2). 

COGNITIVE IMPAIRMENTS 

Various mechanisms are involved in the development of long-

term cognitive impairment in PICS. One such mechanism is 

neuronal apoptosis triggered by dopamine receptor activation 

in response to vagal signals. The vagus nerve is responsible 

for carrying afferent signals from the peripheral organs to 

the brain stem, where multi-synaptic pathways are activated. 

This nerve responds to stimuli such as the stretch reflex in the 

lungs (particularly in the case of mechanical ventilation) or 

inflammation (via toll-like receptor-4, IL1R or TNF). Addition-

ally, the vagus nerve is dependent on dopaminergic signaling, 

which potentiates hippocampal apoptosis [20]. Alongside the 

aforementioned factors, systemic endothelial dysfunction has 

also been proposed to play a key role in the development of 

acute brain injury in ICU survivors. Endothelial dysfunction is 

a central feature of inflammatory states such as sepsis, and the 

Figure 1. Post-intensive care syndrome (PICS) manifestations. ICU-AW: intensive care unit-acquired muscle weakness; PTSD: post-traumatic 
stress disorder.
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blood-brain barrier, which comprises endothelial cells, could 

be vulnerable to the same dysfunction. Endothelial activation 

can result in increased expression of adhesion molecules and 

coagulation mediators that can increase blood-brain-barrier 

permeability, alongside which cerebral hypoperfusion and 

thrombosis make the brain vulnerable to insult [21]. Cerebral 

hypoperfusion and thrombosis have been implicated in the 

development of cerebral ischemia, which can induce white 

matter changes that may eventually manifest as long-term 

cognitive impairments (Figure 3) [22]. 

PSYCHOLOGICAL IMPAIRMENTS 

Anxiety, depression, and PTSD, all of which are stress-related, 

are the most common psychological manifestations of PICS, 

and patients typically present with a combination of these 

conditions. A negative ICU experience and delirium are sig-

nificantly associated with development of psychological im-

pairments in post-ICU patients [6]. Delirium in ICU patients is 

thought to be caused by various mechanisms including loss of 

central cholinergic activity, increased dopaminergic activity, 

central nervous system inflammation, hypoxemia, cerebral hy-

poperfusion, hyponatremia or hypernatremia, and hypoglyce-

mia. Other associated factors include increased glucocorticoid 

levels during stress and disturbance of the circadian rhythm 

[23]. In addition to delirium, prolonged sedation, use of benzo-

diazepines and vasopressors, and lack of social support during 

the illness are all thought to contribute to psychological im-

pairments in post-ICU patients [24]. Correlations between psy-

chiatric symptoms and post-ICU sleep disturbances have been 

reported in previous studies [25]. Post-ICU trauma symptoms 

and depression symptoms are associated with post-ICU sleep 

disturbances including insomnia, hypersomnia, and excessive 

day-time sleepiness (Figure 1) [25].  

DISCUSSION 

Increased use of ICU services and advancements in the di-

agnosis and treatment of life-threatening conditions such as 

multiple organ system failure, respiratory failure, sepsis, and 

shock has resulted in growing numbers of ICU survivors [26]. 

PICS refers to a complex of symptoms experienced by ICU 

survivors and characterized by persistent or new onset impair-

ments in physical, cognitive, and psychological components 

that can negatively affect the quality of life of both the patient 

and their family. 

Figure 3. Cognitive pathophysiology. IL: interleukin.
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interleukin; UPS: ubiquitin-proteasome system.
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Approximately 50%–70% of all ICU survivors have at least 

one PICS-related disability, and these disabilities may perse-

vere for 5–15 years following discharge. Among ICU survivors, 

nearly 50% have PICS-related physical impairments, and 30%–

80% have PICS-related cognitive deficits. These impairments 

are more prevalent in older individuals [27]. PICS has mostly 

been evaluated in the primary care setting in the United States. 

Although identification of PICS symptoms can be difficult, 

certain aspects of the ICU recovery center, which is a model 

initiated by Vanderbilt University in 2012, may help diagnose 

PICS symptoms. In this model, initial evaluation occurs 2 

weeks post-hospital discharge and includes spirometry and a 

6-minute walk test to evaluate physical impairment. In addi-

tion, medication reconciliation and counseling are performed, 

and the ICU course and related active medical problems are 

reviewed. Targeted case management assessment; screening 

for depression, anxiety, and PTSD; and cognitive assessment 

using the Montreal Cognitive Assessment or Mini-Mental 

Status exam are also recommended [3,28]. Because executive 

function is the most commonly affected cognitive domain 

in PICS, the Society of Critical Care Medicine recommends 

employing the Montreal Cognitive Assessment, which incor-

porates an executive function component and is a sensitive 

detector of mild cognitive impairment [29]. The physical func-

tion intensive care test, which has excellent reliability and sen-

sitivity, can also be used to monitor changes in strength and 

functional outcomes in the ICU. In mechanically ventilated 

tracheostomy patients who are able to stand, this test can mea-

sure endurance, strength, cardiovascular capacity, and func-

tional level and can be repeated after weaning from ventilation 

[30]. Several prognostic factors such as pre-existing disability, 

frailty, or nursing home use can be used to predict a patient’s 

likelihood of complete recovery from intensive care. Patients 

who have pre-existing disabilities, are frail, and/or who reside 

in a nursing home are less likely to regain functional indepen-

dence than previously healthy patients. The National Institute 

for Health and Care Excellence’s Guidelines on Rehabilitation 

after Critical Illness recommend multi-professional rehabilita-

tion after critical illness, starting in the ICU and continuing in 

the ward and after hospital discharge [31]. Guidelines from the 

Society of Critical Care Medicine's updated Surviving Sepsis 

Campaign 2021 recommend screening for financial and social 

support for patients and families and shared decision-making 

in discharge planning and medications, mentioning sepsis and 

common impairment after sepsis in the discharge summary, 

and evaluating for physical, mental, and emotional issues after 

hospital discharge. Other recommendations include using a 

critical care transitional program for ICU-to-floor transitions; 

a hand-off procedure for care transitions; verbal and writ-

ten sepsis education; and referral of patients to peer support 

groups, post-critical illness follow-up programs, and outpa-

tient rehabilitation centers [32]. 

The risk of PICS can be reduced by avoiding sedation, psy-

chotropic use, hypoglycemia, hypoxemia, and environmental 

modifications and by ensuring early physical rehabilitation 

and mobility for older people [30]. The Pain, Agitation, and 

Delirium guidelines are being implemented in ICU care at 

more than 70 major hospitals across the United States through 

the ICU Liberation Collaborative, a real-world quality im-

provement initiative. These guidelines employ the ABCDEF 

bundle, an evidence-based strategy, to prevent PICS [33]. "A" 

stands for "assessment, prevention, and management of pain," 

while "B" represents both spontaneous awakening trials and 

spontaneous breathing trials, as well as coordination of these 

trials between nurses and respiratory therapists. "C" rep-

resents choice of sedation and analgesia. Numerous studies 

have shown that patients who are kept "awake and alert" or 

barely sedated with drugs other than GABAergic benzodiaze-

pines spend less time on a ventilator and are more likely to be 

delirium-free. "D" stands for delirium assessment, prevention, 

and management and allows identification of otherwise over-

looked delirium and triggers patient-centered interventions 

to shorten the length of brain dysfunction through adherence 

to each of the bundle pieces. "E" stands for early mobility and 

exercise. This part of the bundle necessitates an aggressive ap-

proach by the team (not just the therapists, but also the nurs-

es). This can be extremely difficult at times because it requires 

taking intubated patients off sedation and getting them out of 

bed. "F" stands for family engagement and empowerment (Ta-

ble 1) [34]. 

Compliance is a crucial aspect of prevention and manage-

ment of PICS since changes in compliance with different ele-

Table 1. Preventing PICS, the ABCDEF bundle
ABCDEF bundle
A: Assess and manage pain
B: Both spontaneous awakening trials and spontaneous breathing trials
C: Choice of sedation and analgesia
D: Delirium assessment and management
E: Early mobility and exercise
F: Family engagement and empowerment

PICS: post-intensive care syndrome.
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ments of the ABCDEF bundle and other treatment strategies 

can alter and even negate outcome benefits. Various studies 

have shown that patients do not improve if compliance is not 

high and if all the elements of the ABCDEF bundle are not fol-

lowed [33]. Due to the strong connection between nutritional 

therapy and PICS, nutritional therapy is crucial for PICS pre-

vention. Appropriate energy delivery and protein intake are 

the most essential components of muscle synthesis; however, 

overfeeding should be avoided as it could induce autophagy 

and worsen PICS [1]. Another method to prevent PICS is an 

ICU diary, a record of medication and interventions kept for 

ICU patients while they are sedated and ventilated. It is written 

by family members, nurses, and others. After discharge, the 

patient can read the diary and gain a better understanding 

of what has occurred. This has been shown to reduce PTSD 

symptoms in patients and their families [35]. 

Given that oversedation contributes to the development of 

cognitive and psychiatric symptoms, guidelines recommend 

Table 2. Pharmacological intervention of post-intensive care syndrome
Study Drug Use Mechanism
Bryant et al. [36] Magnesium sulphate Neuroprotective Blockage of N-methyl-D-aspartate channels and voltage-

gated calcium channels
McIntosh et al. [37] Disodium 2,4-disulfophenyl-N-

tert-butylnitrone (NXY-059)
Antioxidant effects and vascular 

protective properties
Free radical scavenger

Shuaib et al. [38] Melatonin Neuroprotective agent and 
maintenance of circadian rhythm

Alteration of catalase, glutathione peroxidase, and 
superoxide dismutase; and attenuation of the activation 
of nuclear factor-kappa B and activator protein 1

Shuaib et al. [38] Curcumin Anti-inflammatory, anti-oxidant, 
analgesic, and hepatoprotective 
properties

Reduction in the expression of matrix metalloproteinases, 
attenuation of interleukin-1, and inhibition of p38 
mitogen-activated protein kinases/protein kinase C 
pathways

Panahi et al. [39]
Hurtado et al. [40]

Citicoline Neuroprotective Increase activity of glutathione reductase, lipid peroxidation 
attenuation, increase of sirtuin 1 expression

Table 3. Differential diagnosis of post-intensive care syndrome
Differential diagnosis
1. Stroke
2. Endocrine abnormalities
3. Alzheimer disease
4. Severe depression
5. Spine disorders
6. Post–COVID-19 syndrome
7. Myopathies
8. Neuropathies
9. Nutritional deficiencies
10. Electrolyte abnormalities

COVID-19: coronavirus disease 2019.

decreased use of sedation for ventilated patients. Customized 

sedation and analgesia management for individual patients 

is crucial to avoid cognitive impairment, such as confusion 

and delirium; these interventions also reduce pain and im-

prove mobility. Environmental changes are useful in lower-

ing the likelihood of delirium. Dark rooms, constant noise, 

and frequent interruptions have all been associated with dis-

turbance of the sleep-wake cycle, which may induce delirium 

and should be avoided. Anticholinergics, opioids, and seda-

tive medicines should be used cautiously in the treatment of 

delirium [36]. 

Follow-up of patients discharged from the ICU can be per-

formed at intensive care follow-up clinics, which can also be 

used as locations to diagnose and treat PICS. Although mainly 

used in Europe, these follow-up clinics are gradually being 

introduced in North America. There is no fixed template for 

these types of facilities or patient evaluation methods, and 

treatment modalities may vary. Reduction of PTSD symptoms 

among follow-up patients at these clinics may be due to indi-

vidualized interventions; more research is required to estab-

lish the usefulness of these facilities (Tables 2 and 3) [1]. 

CONCLUSIONS 

A plethora of impairments spanning physical, psychiatric and 

neurocognitive domains is increasingly being seen in patients 

following a period of stay in intensive care facilities; these im-

pairments have an adverse long term impact on the well-being 

of both patients and their families. Several modifiable and 

non-modifiable factors spanning patient demographics such 

as age, sex, race, preexisting disabilities, frailty, hypoxia, and 

negative ICU experiences have been reported to increase the 
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risk of PICS. Catabolic pathways leading to muscle degenera-

tion and neuronal apoptosis along with endothelial dysfunc-

tion can lead to various impairments. A multimodal approach 

addressing contributing factors, communication techniques, 

and involvement of psychotherapy as well as physical and 

nutritional therapy needs to be incorporated into ICU care to 

decrease the incidence of PICS. Assessment of physical and 

neurocognitive function along with screening for psychiatric 

disorders at regular follow-up visits is important to identify 

and manage PICS early in its disease course. Future studies are 

required to gain a better understanding of the pathophysiology 

of PICS and to identify prevention and treatment strategies. 
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Background: Itolizumab downregulates the synthesis of proinflammatory cytokines and adhesion 
molecules by inhibiting CD6 leading to lower levels of interferon-γ, interleukin-6, and tumor ne-
crotic factor-α and reduced T-cell infiltration at inflammatory sites. This study aims to compare 
the effects of tocilizumab and itolizumab in the management of severe coronavirus disease 2019 
(COVID-19). 
Methods: The study population was adults (>18 years) with severe COVID-19 pneumonia admit-
ted to the intensive care unit receiving either tocilizumab or itolizumab during their stay. The pri-
mary outcome was clinical improvement (CI), defined as a two-point reduction on a seven-point 
ordinal scale in the status of the patient from initiating the drug or live discharge. The secondary 
outcomes were time until CI, improvement in PO2/FiO2 ratio, best PO2/FiO2 ratio, need for mechani-
cal ventilation after administration of study drugs, time to discharge, and survival days. 
Results: Of the 126 patients included in the study, 92 received tocilizumab and 34 received itoli-
zumab. CI was seen in 46.7% and 61.7% of the patients in the tocilizumab and itolizumab groups, 
respectively and was not statistically significant (P=0.134). The PO2/FiO2 ratio was significantly 
better with itolizumab compared to tocilizumab (median [interquartile range]: 315 [200–380] vs. 
250 [150–350], P=0.043). The incidence of serious adverse events due to the study drugs was sig-
nificantly higher with itolizumab compared to tocilizumab (14.7% vs. 3.3%, P=0.032). 
Conclusions: The CI with itolizumab is similar to tocilizumab. Better oxygenation can be achieved 
with itolizumab and it can be a substitute for tocilizumab in managing severe COVID-19. 
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INTRODUCTION 

The coronavirus disease 2019 (COVID-19) continues to impact millions of people worldwide, 

prompting the science community to explore new strategies for its management. In severe 

COVID-19, there is a marked increase in the levels of cytokines (e.g., interleukin [IL]-6, IL-1, 

and IL-18 and tumor necrotic factor [TNF]) and chemokines, often referred to as a “cytokine 
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storm” [1]. Other inflammatory markers like C-reactive protein 

(CRP), D-dimer, lactate dehydrogenase (LDH), and ferritin are 

also elevated. Hence, anti-inflammatory drugs, such as IL-6 

inhibitors, IL-1 receptor antagonists, and TNF-α inhibitors 

have emerged as potential therapeutic agents to attenuate the 

release of inflammatory mediators [2]. 

Tocilizumab is a humanized monoclonal inhibitor of the 

proinflammatory cytokine IL-6 and is licensed for use in 

the clinical management of cytokine release syndrome in 

COVID-19 [3]. Two large trials have shown that the use of to-

cilizumab has mortality benefits in severe COVID-19 [4,5]. 

Itolizumab is an anti-CD6 monoclonal antibody initially 

developed for various cancers but is now being repurposed for 

COVID-19 [6]. Itolizumab, by inhibiting CD6, downregulates 

the synthesis of proinflammatory cytokines and adhesion mol-

ecules, eventually leading to reduced interferon-γ, IL-6, and 

TNF-α and reduced T-cell infiltration at inflammatory sites 

[7]. Itolizumab has multiple sites of action and is expected to 

be better than tocilizumab in the management of COVID-19. 

Some studies have shown promising results with itolizumab 

[8,9], but no randomized controlled trial has confirmed its 

effectiveness. Although itolizumab has a similar mechanism 

of action to tocilizumab, no available study compares the two 

drugs in the management of COVID-19. 

MATERIALS AND METHODS 

Study Design and Participants 
This retrospective, observational cohort study was conduct-

ed in a tertiary care hospital in India on patients with severe 

COVID-19 pneumonia. The study population was adults 

(>18 years) with severe COVID-19 pneumonia confirmed on 

real-time reverse transcriptase polymerase chain reaction of 

nasopharyngeal swabs and who had been admitted to the in-

tensive care unit (ICU) of the center between March 2021 and 

June 2021. 

Inclusion criteria were patients with severe COVID-19 

pneumonia, defined as the clinical signs of pneumonia (fe-

ver, cough, dyspnea) plus one of the following: respiratory 

rate >30 breaths/min; severe respiratory distress or oxygen 

saturation (SpO2) <90% on room air; or PO2/FiO2 <300 at the 

time of admission and were treated with either tocilizumab or 

itolizumab during the course of their stay in the ICU. Exclusion 

criteria were pregnancy, death within 72 hours of therapy after 

excluding the adverse effects of the drugs, and patients with in-

sufficient medical information. The exclusion criteria for using 

tocilizumab and itolizumab were based on the manufacturer's 

recommendations. 

The study was approved by the Institutional Ethics Commit-

tee of All India Institute of Medical Sciences Patna, India (Ref 

no. AIIMS/Pat/IEC/2021/780). The need for informed consent 

was waived. 

Data Extraction 
Patients treated with tocilizumab or itolizumab were identified 

retrospectively by ICU records. A subsequent review of the 

medical records of each patient was performed to collect de-

mographic, clinical, and laboratory information. 

The following clinical information was recorded: (1) history 

of coexisting diseases; (2) receipt of corticosteroid, plasma 

therapy, or remdesivir; (3) type and duration of respiratory 

support; (4) PO2/FiO2 ratio; (5) adverse effects due to drugs; 

and (6) outcome. The following laboratory data were collect-

ed: total leukocyte count (TLC), D-dimer, ferritin, IL-6, LDH, 

CRP, and procalcitonin. Survival days were calculated from the 

day that tocilizumab/itolizumab was started to either death 

or discharge from the hospital. The study aimed to assess the 

effects of tocilizumab and itolizumab in managing severe 

COVID-19. The primary outcome of the study was clinical 

improvement (CI), defined as an at least two-point reduction 

on a seven-point ordinal scale in the status of patients from the 

time of initiating the drug or live discharge from the hospital, 

whichever came first. 

The seven-point scale was defined as follows: 7, death; 6, 

hospitalisation with invasive mechanical ventilation (MV); 5, 

hospitalisation with non-invasive ventilation/high-flow nasal 

cannula; 4, hospitalisation with oxygen therapy through a 

non-rebreathing mask (FiO2 requirement >50%); 3, hospital-

■ Itolizumab, an interleukin-6 inhibitor, has multiple 
sites of action and is expected to be better in the man-
agement of coronavirus disease 2019 (COVID-19) than 
tocilizumab.

■ The clinical improvement and survival rates with itoli-
zumab are similar to those of tocilizumab; however, 
tocilizumab has a better safety profile compared to itoli-
zumab.

■ Better oxygenation can be achieved with itolizumab and 
it can be a substitute for tocilizumab in managing severe 
COVID-19.

KEY MESSAGES
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isation with oxygen therapy on low flow (FiO2 requirement 

24%–50%); 2, hospitalisation not requiring oxygen therapy; 1, 

discharged or achieved discharge criteria (defined as clinical 

recovery i.e., normalization of pyrexia, respiratory rate 12–24 

breaths per minute, a saturation of peripheral oxygen >94% 

on room air, and relief of cough, all maintained for at least 72 

hours). 

The secondary outcomes were (1) time until CI, (2) im-

provement in PO2/FiO2 ratio (defined as an increase of more 

than 100), (3) time to improvement in PO2/FiO2 ratio, (4) max-

imum PO2/FiO2 ratio, (5) need for MV after administration 

of study drugs, (6) duration of requirement for supplemental 

oxygen/non-invasive ventilation/invasive ventilation, (7) time 

to discharge (day of drug administration to discharge from the 

hospital), (8) survival days, (9) frequency of serious adverse 

events, and (10) mortality. 

Management 
All patients admitted to the ICU received standard care treat-

ment according to the COVID-19 clinical management guide-

lines released by the Director-General of Health Services, 

Ministry of Health and Family Welfare, New Delhi, India [10]. 

Standard of care treatment at our institute included oxygen 

therapy depending on the clinical condition of the patient with 

a target SpO2 of 92%–96%, dexamethasone (6 mg for 10 days), 

and low-molecular-weight heparin for deep vein thrombosis 

prophylaxis. Remdesivir (200 mg IV on day 1 followed by 100 

mg IV daily for 5 days) and plasma therapy were administered 

at the discretion of the treating clinician, according to the 

management guidelines [10]. 

In addition to standard care, IL-6 inhibitors like tocilizumab 

or itolizumab were given to patients with severe COVID-19 if 

they met the criteria for cytokine storm syndrome [11]. Tocili-

zumab (Actemra; Cipla Ltd.) was given at a dose of 8 mg/kg 

and repeated after 12–24 hours. Itolizumab (Alzumab/Alzum-

ab-L, Biocon Biologics) was given at a dose of 1.6 mg/kg. A 

second dose of 0.8 mg/kg was given after 1 week if required. 

Statistical Analysis 
Categorical data were expressed as frequency and percentage. 

Continuous data were reported as the mean with standard 

deviation or median and interquartile range. The normality 

of the data was checked using the Shapiro-Wilk test and Q-Q 

plot. Parametric quantitative data were compared using an un-

paired t-test. Non-parametric continuous variables were com-

pared using the Mann-Whitney U-test. Categorical data were 

compared with the chi-square test or Fisher’s exact test. Mul-

tivariate logistic regression analysis was performed to assess 

the effects of multiple variables on the outcome. Kaplan-Meier 

method and log-rank P-value were used to compare the sur-

vival days and days to CI in the ICU. A P-value <0.05 was treat-

ed as statistically significant. Statistical analysis was conducted 

using SPSS software version 26 (IBM Corp.). 

RESULTS 

During the study period, 134 patients who were admitted to 

the ICU with COVID-19 received either tocilizumab or itoli-

zumab. Of these, eight patients did not satisfy the exclusion 

criteria. Consequently, 127 patients were included in the 

study; 92 received tocilizumab and 34 received itolizumab. 

Most patients received two doses of tocilizumab and a single 

dose of itolizumab (Figure 1).  

Eighty-one patients were on MV (invasive or non-inva-

sive) at the time of administration of the study drugs, and 45 

patients were on oxygen therapy. Of the 81 patients, 37 had 

severe acute respiratory distress syndrome (ARDS), 41 had 

moderate ARDS, and three had mild ARDS. which was defined 

as by Berlin [12]. 

Of the patients in our study, 76% were male and the medi-

an age was 62 years. At the time of drug administration, the 

median PO2/FiO2 ratio was 110 and 33.3% of the patients had 

severe ARDS. There was no significant difference between age, 

sex, comorbidities, baseline PO2/FiO2, and MV at the time of 

Figure 1. Study cohort.

134 Total patient receiving tocilizumab or 
itolizumab

126 Included in the study 

92 Received tocilizumab 
14 Single dose 
78 Two doses 

34 Received itolizumab 
32 Single dose 
2 Two doses 

8 Excluded 
5 Died within 72 hours  
3 Insufficient medical reports
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administration of drugs in the two groups (Table 1). The use 

of dexamethasone, remdesivir, and plasma therapy was also 

comparable in the two groups (Table 1). 

CI was seen in 46.7% and 61.7% of the patients in the tocili-

zumab and itolizumab groups, respectively, differences there 

were not significant (P=0.134). The time to CI was also non-sig-

nificantly different between the tocilizumab and itolizumab 

groups (median [interquartile range]: 12 days [9–16] vs. 11 days 

[7–12.5], P=0.253) (Table 2). In our study, all-cause mortality at 

28 days was significantly lower in those receiving itolizumab 

compared to the tocilizumab group (32.3 vs. 54.3%, P=0.028). 

All-cause mortality at 60 days was lower with itolizumab com-

pared to tocilizumab (38.2% vs. 56.5%), but the difference was 

not significant (P=0.068). 

The patients were stratified based on IL-6 levels. A total of 

86 patients with baseline IL-6 levels >30 pg/ml was placed into 

the high-level group. The CI in patients with higher IL-6 levels 

was significantly higher with itolizumab compared to tocili-

zumab (67% vs. 43%, P=0.035). Mortality at 28 days in patients 

with a higher level of IL-6 was also significantly lower with 

itolizumab compared to tocilizumab (27% vs. 55%, P=0.011) 

(Table 3). 

The improvement in the PO2/FiO2 ratio after treatment 

was not significant between groups. However, the number of 

days required to achieve an improvement of 100 units in the  

PO2/FiO2 ratio was significantly less with itolizumab compared 

to tocilizumab (6 days [4–8] vs. 8 days [6–12], P=0.028). The 

best PO2/FiO2 ratio achieved was also significantly better with 

itolizumab compared to tocilizumab (315 [200–380] vs. 250 

[150–350], P=0.043). The numbers of patients needing MV and 

weaned from it after administration of study drugs were com-

parable between the groups. 

Duration of patients on MV, oxygen therapy, and time to 

discharge were also comparable in the two groups (Table 2). 

The incidence of serious adverse events due to the study drugs 

was significantly higher with itolizumab compared to tocili-

zumab (14.7% vs. 3.26%, P=0.032). In the tocilizumab group, 

two patients had a high-grade fever and one had liver dysfunc-

tion after therapy. In the itolizumab group, two patients had 

bronchospasm, two patients had a high-grade fever, and one 

Table 1. Comparison of demographics and baseline characteristics of the patients
Baseline characteristics Tocilizumab (n= 92) Itolizumab (n= 34) P-value
Age (yr) 62 (53–70) 62 (50–64) 0.466
Sex (male:female) 70:22 26:8 0.170
Any comorbidity 73 (79) 26 (76) 0.727
Diabetes 48 (52) 19 (56) 0.711
Hypertension 48 (52) 17 (50) 0.828
Chronic renal insufficiency 4 (4) 2 (3) 0.661
Hypothyroidism 9 (10) 2 (3) 0.726
Cardiovascular disease 4 (4) 3 (9) 0.386
MV at study drug administration (invasive or non-invasive) 62 (67) 19 (56) 0.171
Baseline PO2/FiO2 ratio at study drug administration 100 (81–150) 120 (100–152) 0.268
Time to infusion of study drug after admission (day) 5 (3–7) 4 (3–6) 0.312
Use of corticosteroids 83 (90) 30 (88) 0.745
Use of remdesivir 86 (93) 32 (94) 0.896
Use of plasma therapy 67 (73) 26 (76) 0.680
TLC (1,000/µl) 12 (9–14.9) 14 (10.8–17.2) 0.121
D-dimer (µg/ml) 1.15 (0.72–2.55) 1.01 (0.7–1.91) 0.594
Ferritin (ng/ml) 735 (379–958) 411 (331–979) 0.466
IL-6 (pg/ml) 55 (23–175) 82 (44–219) 0.066
LDH (U/L) 1,076 (856–1,349) 1,100 (760–1,329) 0.781
CRP (mg/l) 98 (56–153) 106 (51.5–127.5) 0.644
Procalcitonin (ng/ml) 0.82 (0.60–1.30) 0.80 (0.45–1.20) 0.335

Values are presented as median (interquartile range) and number (%).
MV: mechanical ventilation; PO2: partial pressure of oxygen; FiO2: fraction of inspiratory oxygen concentration; TLC: total leukocyte count; IL: interleukin; LDH: 
lactate dehydrogenase; CRP: C-reactive protein.



238 https://www.accjournal.org Acute and Critical Care 2024 May 39(2):234-242

Kumar A, et al. Tocilizumab vs. itolizumab in COVID-19

had arrhythmias. There were no deaths due to adverse events 

in either of the groups. Extrapulmonary complications, such 

as acute kidney injury and sepsis, were comparable in the two 

groups (Table 2). 

Multivariate logistic regression was carried out to assess the 

effects of factors on the likelihood of CI. The following factors 

were considered in the multivariate analysis: age; sex; comor-

bidities of hypertension, diabetes, chronic kidney disease, cor-

onary artery disease, or hypothyroidism; MV at baseline; study 

drugs; treatment with remdesivir; plasma therapy; PO2/FiO2  

ratio at baseline; and baseline laboratory results of like TLC, 

ferritin, LDH, CRP, D-dimer, IL-6, and procalcitonin. The 

overall model was significant compared to the null model (χ2 

Table 2. Comparison of the outcome variables in tocilizumab and 
itolizumab groups

Variable Tocilizumab 
(n=92)

Itolizumab 
(n=34) P-value

Clinical improvement 43 (46.7) 21 (61.7) 0.134
Day of clinical improvement 12 (9–16) 11 (7–13) 0.253
Mortality (28 days) 50 (54.3) 11 (32.3) 0.028
Mortality (60 days) 52 (56.5) 13 (38.2) 0.068
PO2/FiO2 ratio improvement 50 (54.3) 23 (67.7) 0.180
Day of PO2/FiO2 ratio improvement 8 (6–12) 6 (4–8) 0.028
Maximum PO2/FiO2 ratio 250 

(150–350)
315 

(200–380)
0.043

Need for MV after therapy 12 (13.0) 4 (11.7) 0.848
Weaned from MV after therapy 16 (17.4) 6 (17.6) 0.973
Patients on MV during the stay 73 (79.3) 23 (67.6) 0.171
MV days 10 (5–13) 8 (7–10) 0.821
Oxygen therapy days 11 (4–16) 10 (5–14) 0.787
Time to discharge 20 (16–26) 20 (15–23) 0.375
Serious adverse event 3 (3.3)a) 5 (14.7)b) 0.032
AKI 5 (5.4) 2 (5.9) 1.000
Sepsis 12 (13.0) 4 (12.5) 1.000

Values are presented as number (%) or median (interquartile range).
PO2: partial pressure of oxygen; FiO2: fraction of inspiratory oxygen 
concentration; MV: mechanical ventilation; AKI: acute kidney injury.
a) High-grade fever: 2, liver dysfunction: 1, bronchospasm: 2; b) High-grade 
fever: 2, arrhythmia: 1.

Table 3. Clinical Improvement and 28-day mortality in patients with 
high IL-6 (>30 pg/ml)

Variable Tocilizumab 
(n=56)

Itolizumab 
(n=30) P-value

Clinical improvement 24 (43) 20 (67) 0.035
28-Day mortality 31 (55) 8 (27) 0.011

Values are presented as number (%).
IL: interleukin.

Table 4. Multivariate logistic regression analysis of factors affecting 
clinical improvement
Variable OR (95% CI) P-value
Age (yr) 1.12 (1.00–1.26) 0.343
Sex 0.893
 Male 0.86 (0.21–3.48)
 Female Reference
Comorbidity 0.009
 Present Reference
 Absent 24.66 (2.19–277.06)
Hypertension 0.514
 Present Reference
 Absent 1.61 (0.38–6.81)
Diabetes 0.110
 Present Reference
 Absent 3.5 (0.21–4.66)
CKD 0.618
 Present Reference
 Absent 2.12 (0.04–18.93)
CAD 0.122
 Present Reference
 Absent 7.91 (0.57–108.81)
Hypothyroidism 0.576
 Present Reference
 Absent 0.48 (0.03–6.21)
MV at baseline 0.001
 Present Reference
 Absent 25.90 (4.99–134.30)
Study drug 0.707
 Tocilizumab Reference
 Itolizumab 1.3 (0.32–5.2)
Remdesivir 2.85 (0.05–15.9) 0.428
Plasma therapy 0.61 (0.21–4.5) 0.532
 PO2/FiO2 ratio at baseline 0.97 (0.94–0.99) 0.023
 TLC 1.06 (0.97–1.17) 0.183
 Ferritin 1.00 (1.00–1.00) 0.970
 LDH 1.00 (1.00–1.00) 0.777
 CRP 0.99 (0.99–1.00) 0.791
 D-dimer 1.12 (0.80–1.55) 0.500
 IL-6 1.00 (1.00–1.00) 0.387
 Procalcitonin 1.55 (0.69–3.46) 0.282

OR: odds ratio; CI: confidence interval; CKD: chronic kidney disease; CAD: 
coronary artery disease; MV: mechanical ventilation; PO2: partial pressure 
of oxygen; FiO2: fraction of inspiratory oxygen concentration; TLC: total 
leucocyte count; LDH: lactate dehydrogenase; CRP: C-reactive protein; IL: 
interleukin.

(24)=78.64, P<0.001) and explained 62.2% of the variation of 

CI (Nagelkerke R2). The independent factors significantly af-

fecting CI were comorbidities, MV before administration of the 
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study drugs, and baseline PO2/FiO2 ratio (Table 4). The odds of 

CI in patients without comorbidities were 24.66 times the odds 

of CI in patients with comorbidities. The odds of CI in patients 

on oxygen therapy were 25.90 times the odds of CI in patients 

on MV before study drug administration. There was no signifi-

cant difference among the baseline parameters (comorbidities, 

baseline MV, and baseline PO2/FiO2 ratio) that significantly 

affected the CI between the two groups (Table 1). 

Kaplan-Meier survival plots for the two drugs to estimate 

CI and death at 60 days were plotted (Figures 2 and 3). The 

estimated median time for CI was 12 days and 11 days in the 

tocilizumab and itolizumab groups, respectively, which was 

not significantly different (log-rank P=0.080) (Figure 2). The 

estimated median time for death was 13 days and 14 days in 

the tocilizumab and itolizumab groups, respectively, and the 

difference was not significant (log-rank P=0.089) (Figure 3).  

DISCUSSION 

Initial trials on tocilizumab failed to show any mortality benefit 

[13-15]. These results could be attributed to small sample siz-

es, exclusion of critically ill patients [14,15], and imbalances in 

steroid use. The Randomized Evaluation of COVID-19 Therapy 

(RECOVERY) trial was the largest involving tocilizumab, with 

4,116 adults, and revealed a significant mortality benefit with 

the use of tocilizumab over usual care (31% vs. 35%) [5]. The 

Randomised Embedded Multi-factorial Adaptive Platform Tri-

al for Community Acquired Pneumonia trial also concluded 

that, in critically ill COVID-19 patients, treatment with the IL-6 

receptor antagonists tocilizumab and sarilumab improved 

outcomes, including survival [4]. The World Health Organisa-

tion recently added tocilizumab to the list of prequalified treat-

ments for COVID-19 [16]. In India, itolizumab was approved 

for “restricted emergency use” to treat COVID-19 patients [17]. 

However, the evidence in favor is not conclusive due to the 

lack of trials and small sample sizes. 

A phase II trial in which 20 patients received itolizumab and 

10 were controls showed 100% recovery in the treated arm 

versus 70% in the control arm. There was also a significant 

improvement in key efficacy parameters of lung function, such 

as PaO2 and SpO2, without increasing oxygen flow in the itoli-

zumab arm [17]. Two studies evaluating the role of itolizumab 

on COVID-19 are available on preprint servers. One study 

shows that a single dose of itolizumab decreased the serum 

IL-6 levels after 48 hours of administration in 24 moderate 

to critically ill elderly patients with COVID-19 [18]. Another 

study concluded that, in 19 moderately ill elderly patients with 

COVID-19, itolizumab was associated with a significantly re-

duced risk of admission to the ICU and a 10 times lower risk of 

death [8]. However, despite positive results in these trials, there 

is no randomized clinical trial on itolizumab. 

The results showed no statistical difference in CI between 

the two groups, which was the primary outcome of the study. 

However, the maximum PO2/FiO2 ratio achieved after using 

the study drugs was significantly higher with itolizumab com-

pared to tocilizumab. The number of days needed to improve 

PO2/FiO2 ratio was significantly fewer in the itolizumab group. 

The all-cause mortality at 28 days was significantly lower in 

Figure 2. Kaplan-Meier estimate of the cumulative probability of 
clinical improvement in the treatment group.

Figure 3. Kaplan-Meier estimate of the cumulative probability of 
mortality by treatment group.
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itolizumab compared to tocilizumab (32.3% vs. 54.3%). How-

ever, the difference in all-cause mortality at 60 days was not 

significantly different (38.2% vs. 56.5%). This might be due to 

dilution of the potential effects of the study drugs and con-

founding factors during prolonged ICU stay. The patients with 

higher IL-6 values (>30 pg/ml) showed significantly better CI 

and lower mortality with itolizumab compared to tocilizumab. 

This signifies that patients with higher IL-6 values responded 

better to itolizumab. 

The results of the RECOVERY trial showed a 28-day mortali-

ty of 31% in the tocilizumab group. The higher mortality in our 

study might be due to a greater percentage of patients on MV 

before the start of treatment and a longer assessment time of 

60 days. In our study, 67% of patients in the tocilizumab group 

were on MV, whereas 54% of those in the RECOVERY trial were 

on MV. A case series on 20 patients treated with itolizumab 

showed a mortality rate of 35% in patients with moderate 

COVID-19 ARDS compared to 60% in those who had not been 

treated with an IL-6 inhibitor [10]. In one study, only one death 

occurred in 19 elderly patients with moderate COVID-19 treat-

ed with itolizumab [9]. The results of these two cohorts cannot 

be compared due to differences in baseline characteristics, 

study design, management protocols, and quality of care. As 

severe COVID-19 has a longer course, we followed patients for 

a longer duration to reduce exclusions. 

The median time to discharge was 20 days in both groups, 

similar to the findings of the RECOVERY trial. The number 

of patients weaned from MV in our study was about 17% in 

both groups. The RECOVERY trial showed similar proportions 

of patients weaned from MV in the tocilizumab and control 

group (35% vs. 31%). As our study did not include a control 

group, it is difficult to conclude whether IL-6 inhibitors benefit 

patients who are already on invasive MV at the time of drug 

administration.  

The time needed to improve the PO2/FiO2 ratio was signifi-

cantly shorter with itolizumab than with tocilizumab (6 vs. 8 

days). The best PO2/FiO2 ratio achieved after therapy was also 

significantly better with itolizumab. No large trial on tocilizum-

ab (REMAP-CAP or RECOVERY) has evaluated the effect on 

the PO2/FiO2 ratio. 

The incidence of serious adverse effects was significantly 

higher with itolizumab. Two patients had severe broncho-

spasm and desaturation after the administration of itolizumab. 

A high number of adverse events occurred with itolizumab, 

even after premedication with hydrocortisone and pheni-

ramine. Both cases of bronchospasm occurred with the lyo-

philized form of itolizumab. 

Multivariate logistic regression analysis was performed to 

determine the confounding variables affecting our primary 

outcome. We found comorbidities, baseline MV, and baseline 

PO2/FiO2 ratio as the factors affecting the CI. However, these 

confounding factors were distributed equally between the 

two groups. There was no significant difference in the sur-

vival plots for CI or mortality between the two groups. The 

RECOVERY trial has found significant mortality benefits of 

4% with tocilizumab compared to the control group (31% vs. 

35%). We found better CI and survival rates with itolizumab, 

with a difference of 15% and 18%, respectively, compared to 

tocilizumab. Although the difference was large, it did not reach 

a significant level due to the small sample size. However, this 

difference is clinically significant in routine practice. 

Our study has some limitations. First, it was a retrospective 

single-center study. Second, it was not a randomized compar-

ison, so unmeasured confounding variables cannot be ruled 

out. Third, the use of the study drugs depended on the diag-

nosis of cytokine storm syndrome at the discretion of the clini-

cian with no objective criteria. Thus, the baseline parameters 

might not match between the two groups. Fourth, the sample 

size of our study was small. The itolizumab group had fewer 

patients because the drug recently was approved for use, and 

the clinicians lacked experience in using it compared to tocili-

zumab. Fifth, we did not include a control group in our study. 

Sixth, it is difficult to consider all adverse effects of the drugs 

due to the numerous factors affecting the clinical features of 

a critically ill patient. This might have led to less reporting of 

adverse drug effects. In addition, in the multivariate analysis, 

many variables were adjusted, which might have led to the 

overfitting of the model. 

Our study also has strengths. First, it is the first study to 

compare itolizumab with tocilizumab in the treatment of 

COVID-19. Second, the follow-up period was long, and we 

calculated 60-day mortality considering the longer stay of pa-

tients with COVID-19 in the ICU. Third, we collected data on 

daily changes in the PO2/FiO2 ratio, demonstrating a signifi-

cant secondary outcome. 

The CI with itolizumab is similar to that of tocilizumab. Itoli-

zumab had a 28-day mortality benefit over tocilizumab but 

did not at 60 days. Better oxygenation can be achieved with 

itolizumab, which can be a substitute for tocilizumab in man-

aging severe COVID-19. Large randomized controlled trials to 

compare the two drugs are needed. 
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Background: In this study, we compare the effects of ketamine and the combination of midazol-
am and morphine on the severity of depression and anxiety in mechanically ventilated patients af-
ter discharge from the intensive care unit (ICU). 
Methods: This randomized single-blind clinical trial included 50 patients who were candidates for 
craniotomy and postoperative mechanical ventilation in the ICU of 5 Azar Teaching Hospital in 
Gorgan City, North Iran, from 2021 to 2022. Patients were allocated to two groups by quadruple 
block randomization. In group A, 0.5 mg/kg of ketamine was infused over 15 minutes after crani-
otomy and then continued at a dose of 5 µ/kg/min during mechanical ventilation. In group B, mid-
azolam was infused at a dose of 2–3 mg/hr and morphine at a dose of 3–5 mg/hr. After patients 
were discharged from the ICU, if their Glasgow Coma Scale scores were ≥14, Beck’s anxiety and 
depression inventories were completed by a psychologist within 2 weeks, 2 months, and 6 months 
after discharge. 
Results: The mean scores of depression at 2 months (P=0.01) and 6 months (P=0.03) after dis-
charge were significantly lower in the ketamine group than in the midazolam and morphine group. 
The mean anxiety scores were significantly lower in the ketamine group 2 weeks (P=0.006) and 6 
months (P=0.002) after discharge. 
Conclusions: Ketamine is an effective drug for preventing and treating anxiety and depression 
over the long term in patients discharged from the ICU. However, further larger volume studies are 
required to validate these results. 
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INTRODUCTION 

As intensive care unit (ICU) care can be accompanied by severe psychological stress in pa-

tients [1], millions of ICU survivors live with new-onset mental issues that have short- or 

long-term consequences leading to reductions in patients' quality of life [2]. Egerod et al. [3] 
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reported that 23%–48% and 17%–43% of discharged ICU pa-

tients had symptoms of anxiety and depression, respectively. 

Wu et al. [4] also reported in 2018 that 10%–17% of discharged 

ICU patients experienced symptoms of depression, anxiety, 

and stress. Hatch conducted a large-scale prospective cohort 

study of 21,633 ICU patients hospitalized after trauma and re-

ported that of the remaining 4,943 patients in the study, 46%, 

40%, and 22% showed symptoms of anxiety, depression, and 

stress, respectively [5]. Intensivists have sought to improve the 

outcomes of such patients through interventions such as phys-

iotherapy [6], post-ICU counseling clinics, and rehabilitation 

and cognitive therapy programs [7]. Unfortunately, despite ex-

tensive efforts, the rates of patient improvement have not been 

significant [8]. 

However, pharmacological approaches such as ketamine 

infusions are promising, but are not well evaluated. As an an-

esthetic induction drug with strong effects on the glutamate 

system of the central nervous system, ketamine effectively 

blocks the N-methyl-D-aspartate (NMDA) receptor and is a 

very strong pain killer [9]. In addition, this drug has rapid an-

tidepressant effects and is used in the treatment of major and 

chronic depression [6]. 

As ketamine is simultaneously a strong pain controller and 

sedative, we predicted that its administration would reduce 

the use of additional analgesics and sedatives that are associ-

ated with worse clinical and mental outcomes. There are a few 

studies [10,11] about the positive effects of ketamine on post-

operative depression and anxiety, but they focus mostly on 

short term effects. This study was conducted to compare the 

effects of ketamine on the severity of depression and anxiety 

with those of a combination of midazolam and morphine in 

mechanically ventilated post-craniotomy patients from treat-

ment in the ICU until 6 months after discharge. 

MATERIALS AND METHODS 

This study was approved from the Ethics and Research 

Committee of Golestan University of Medical Sciences (No. 

IR.GOUMS.REC.1399.318). The study was a single-blind ran-

domized clinical trial that entered the implementation stage 

after obtaining permission from the Ethics Committee of Go-

lestan University of Medical Sciences and registration in the 

IRCT system (IRCT20170413033408N5). Before registration, all 

participants read and signed a written informed consent form. 

A copy of the signed consent form was given to each partici-

pant. The guidelines on research involving the use of human 

subjects (beneficence, non-maleficence, veracity, confidenti-

ality, and voluntarism) were strictly adhered to in accordance 

with the Helsinki Declaration. Participants did not incur any 

cost by participating in this study and there was no financial 

inducement. 

The study population included 18- to 60-year-old patients 

who were hospitalized for craniotomy to treat non-traumatic 

brain lesions (such as brain tumors, non-traumatic intrace-

rebral hemorrhage, and hydrocephalus) in the neurosurgery 

department of 5 Azar Teaching Hospital, Gorgan City, North 

Iran. The exclusion criteria included people suffering from 

drug poisoning, patients with suicidal attempts, receiving 

cardiopulmonary resuscitation, with cerebral dementia and 

Alzheimer's, or with extensive cerebral hemorrhage. In addi-

tion, patients were required to have received at least 48 hours 

of mechanical ventilation after craniotomy in the ICU. We also 

excluded cases with confirmation of brain damage and en-

cephalopathy, cardiac arrest, and CPR during hospitalization 

and treatment of the patient in the hospital, Glasgow Coma 

Scale (GCS) <14/15 at the time of discharge from the ICU, and 

withdrawal of consent from this study. 

For included patients, an anesthesiologist visited each pa-

tient the day before surgery, fully explained the purpose of this 

study, and obtained written consent to participate in the study. 

The participants were assigned to either the ketamine group 

(intervention group) or the midazolam and morphine group 

(control group) using a four-way block randomization method. 

Allocation of groups was performed by the anesthesiologist. 

The anesthesiologist and medical staff who took care of the 

participants were not blinded to the assigned groups. How-

ever, the participants, the psychologist, and the test evaluator 

were blinded to group allocation. 

The ketamine group received with intravenous ketamine (0.5 

mg/kg) within 15 minutes after admission to the ICU while 

remaining intubated. Following the loading dose, ketamine 

was infused at a dose of 5 µ/kg/min continuously for at least 48 

■  Ketamine can reduce the severity of anxiety disorders 
in patients undergoing mechanical ventilation, 2 weeks 
and 6 months after intensive care unit (ICU) discharge.

■  Ketamine is effective to decrease depressive disorders 
in patients undergoing mechanical ventilation, 2 and 6 
months after ICU discharge.

KEY MESSAGES



245https://www.accjournal.orgAcute and Critical Care 2024 May 39(2):243-250

Mojaveraghili S, et al. Ketamine on the mental disorders

hours and at the most until extubation. In the midazolam and 

morphine group, an infusion of 2–3 mg/hr midazolam and 3– 5 

mg/hr morphine was used to sedate the participants while re-

ceiving mechanical ventilation. In both groups, a bolus of 10 to 

20 mg propofol was used as a rescue sedative. After extubation 

and discharge of the patient from the ICU, if the GCS score was 

≥14 and the patient was able cooperate by answering ques-

tions, she/he would be referred to the psychiatric clinic for an 

interview. The first interview was a face-to-face interview by 

a psychologist, 2 weeks after being discharged from the ICU. 

The second and third interviews were conducted by telephone 

2 months and 6 months after discharge. While collecting each 

patient's demographic information, the duration of mechani-

cal ventilation and the length of stay in the ICU were also col-

lected in a checklist designed for this purpose. 

Diagnosis of Mental Disorder 
The severities of depression and anxiety were evaluated based 

on the Beck inventory. Both inventories have 21 questions, 

with total scores ranging from 0 to 63. In the depression ques-

tionnaire, scores of 0–9 indicate the absence of depression, 

scores of 10–18 indicate mild to moderate depression, scores 

of 19–29 indicate moderate to severe depression, and scores of 

30–63 indicate severe depression. In the anxiety questionnaire, 

scores of 0–7 indicate no or very low anxiety, scores of 8– 15 in-

dicate mild anxiety, scores of 16–25 indicate moderate anxiety, 

and scores of 26–63 indicate severe anxiety [12]. Ghassemza-

deh et al. [13] confirmed the validity and reliability of the Beck 

depression questionnaire in the Iranian context in a study in 

2005, and Salari-Moghaddam confirmed the validity and re-

liability of the Beck anxiety questionnaire in Iran in a study in 

2018 [14]. 

Statistical Analysis 
The quantitative and qualitative data are presented as mean 

values (standard deviation) and frequency (percentage), re-

spectively. Independent Student t-tests were used to compare 

the means in the two groups and analysis of variance was used 

for three or more groups. Repeated measures analysis of vari-

ance was used for simultaneous intra-group and inter-group 

inferences. P-values <0.05 were considered statistically signif-

icant. Stata version 12 (Stata Corp.) was used for all statistical 

analyses. Sample size was calculated with G*Power software 

version 3.1.9.4 using the mean and standard deviation of the 

results of Ionescu et al. [15]. Based on an effect size of d=0.821, 

a power of 80%, and a two-sided α risk of 5%, 56 patients were 

required (28 per arm) including dropouts. 

RESULTS 

In this study, 56 patients who underwent craniotomy at 5 Azar 

Teaching Hospital in Gorgan City, North Iran, were subjected 

to postoperative mechanical ventilation in the ICU (Figure 1). 

We included 25 patients in each group who were able to coop-

erate until the end of the study and whose data were subjected 

to statistical analysis. The demographic characteristics of the 

study participants are shown in Table 1. Most of the patients 

in the ketamine group (59%) and in the control group (68%) 

were male, and this difference was not statistically significant 

(P=0.37). The variables of height, weight, body mass index, 

underlying diseases, underlying psychiatric history, and type 

of surgery were not significantly different between the two 

groups. The length of stay in the ICU and the duration of me-

chanical ventilation received by the patients are shown in Ta-

ble 1. Here, too, the differences between the two groups were 

not statistically significant.  

As shown in Table 2 and Figure 2, in patients who received 

ketamine, the mean scores for the depression severity test 

at 2 weeks, 2 months, and 6 months after discharge from the 

ICU were 22 vs. 25 (P=0.28), 16 vs. 20 (P=0.01), and 8 vs. 11 

(P=0.03) and the control group, respectively. The mean anxiety 

scores of the two groups are shown in Table 3 and Figure 3. At 

2 weeks, 2 months, and 6 months after discharge from the ICU, 

the scores were 23 vs. 31 (P=0.006), 21 vs. 23 (P=0.09), and 10 

vs. 14 (P=0.002) in the ketamine group and the control group, 

respectively. 

Repeated measures analysis of variance was used to evalu-

ate the effect of time on the severity of depression and anxiety, 

as shown in Table 4. With the passage of time, the mean scores 

of anxiety and depression disorders in both groups of patients 

gradually decreased. Given that the prerequisite of sphericity 

was not met in this study (P=0.008), the Greenhouse Geisser 

method was used for analyses. The effect on the study group 

also became significant, indicating that depression and anxiety 

scores in the two groups receiving ketamine and a combina-

tion of midazolam and morphine were significantly different 

after controlling for the effect of time. The non-significance 

of the interaction coefficient between time and group type 

(P=0.71) for the variable of depression indicates that both the 

passage of time and the type of treatment had no significant 

effect on patients depression scores. 
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram of patient recruitment. GCS: Glasgow Coma Scale; ICU: intensive care 
unit.

Table 1. Demographic characteristics of participants
Variable Ketamine group (n=25) Midazolam and morphine group (n=25) P-value
Age (yr) 57±15 53±13 0.92a)

Height (cm) 175±12 177±12 0.66a)

Weight (kg) 79±19 79±18 0.90a)

Body mass index (kg/m2) 26±9 25±10 0.94a)

Length of stay in the ICU (day) 6±4 6±5 0.65a)

Duration of mechanical ventilation (day) 3±2 4±4 0.24a)

Male 14 (56) 17 (68) 0.37b)

Underlying disease 0.51b)

 Diabetes mellitus 10 (40) 12 (48)
 Hypertension 11 (44) 13 (52)
 Cerebral vascular diseases 9 (36) 10 (40)
 Others 5 (20) 6 (24)
Underlying psychiatric history 4 (16) 3 (12) 0.63b)

Type of surgery 0.32b)

 Brain tumor 10 (40) 11 (44)
 Nontraumatic intracerebral hemorrhage 5 (20) 6 (24)
 Hydrocephalus 6 (24) 5 (20)
 Others 4 (16) 3 (12)

Values are presented as mean±standard deviation or number (%).
a) Independent t-test; b) Chi-square test.

56 Assessed for eligibility 

56 Randomized

28 Allocated to ketamine group 
Received allocated intervention

25 Analyzed

Lost to follow-up
1  Brain damage and GCS <14 at the time of 

discharge from the ICU brain damage
2 Declined to participate

28 Allocated to morphine and midazolam group 
Received allocated intervention

25 Analyzed

Lost to follow-up
2  Brain damage and GCS <14 at the time of 

discharge from the ICU brain damage 
1 Declined to participate 

0 Excluded
Not meeting inclusion criteria
Declined to participate

Enrollment

Allocation

Follow-up

Analysis
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Table 2. Comparison of the scores of depression of two groups
Time Ketamine group (n=25) Midazolam and morphine group (n=25) P-value
Depression 2 weeks after discharge 22±8 25±7 0.28
Depression 2 months after discharge 16±5 20±5 0.01a)

Depression 6 months after discharge 8±5 11±4 0.03a)

Values are presented as mean±standard deviation.
a) Independent t-test.

Figure 2. Changes in depression scores in the 6 months after 
discharge from the intensive care unit.

Figure 3. Changes in anxiety scores in the 6 months after discharge 
from the intensive care unit.
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Table 4. Results of analysis of variance for repeated measurements of depression and anxiety scores in participants
Outcome variable Effects Mean square F P-value
Depression Time effect (within-subjects contrasts) 68.01 4.20 0.040a)

Group effect (between-subjects effects) 315.27 5.37 0.020a)

Interaction effect of time and group (within-subjects contrasts) 2.18 0.13 0.710
Anxiety Time effect (within-subjects contrasts) 136.74 8.84 0.005a)

Group effect (between-subjects effects) 628.36 13.08 0.001a)

Interaction effect of time and group (within-subjects contrasts) 106.90 6.91 0.012a)

a) Independent t-test.

Table 3. Comparison of the mean scores of anxiety of two groups
Time Ketamine group (n=25) Midazolam and morphine group (n=25) P-value
Anxiety 2 weeks after discharge 23±10 31±8 0.006a)

Anxiety 2 months after discharge 21±4 23±3 0.09
Anxiety 6 months after discharge 10±3 14±4 0.002a)

Values are presented as mean±standard deviation.
a) Independent t-test.
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DISCUSSION 

In this study, we found that the use of ketamine as the drug 

of choice for sedation of mechanically ventilated patients in 

the ICU is associated with promising results for the reduction 

of anxiety and depression. There are multiple hypotheses 

explaining the mechanism of action of ketamine as an anti-

depressant agent, including direct synaptic or extra-synaptic 

(GluN2B-selective) NMDAR inhibition, selective inhibition of 

NMDARs localized on GABAergic interneurons, and the role of 

α-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid re-

ceptor (AMPAR) activation [16,17]. Duman et al. [18] suggested 

that ketamine induces firing of GABA interneurons, resulting 

in glutamate bursts. Deyama and Duman [19] showed that 

ketamine rapidly increases brain-derived neurotrophic factor 

release and hippocampal neurogenesis. Zanos and Gould [16] 

found in 2018 that the proposed mechanisms of ketamine’s 

antidepressant actions are not mutually exclusive and may in 

fact complement each other to result in the unique antidepres-

sant effects of the drug. Indeed, a net result of all these pro-

cesses is a sustained potentiation of excitatory synapses in cor-

tico-mesolimbic brain circuits involved in the maintenance of 

mood and stress-reactivity. There are additional mechanisms 

including ketamine’s effects on the monoaminergic systems, 

as well as its anti-inflammatory actions, which are postulated 

to be involved in the mechanisms underlying its antidepres-

sant actions. 

Previous studies have evaluated the effects of ketamine on 

prevention and treatment of patients with depression, with 

contradictory results observed. Zarate et al. observed that ket-

amine infusion could elicit a rapid and significant antidepres-

sant response in patients with bipolar depression and rapidly 

improve suicidal thoughts in these patients [20]. However, 

Niciu et al. [21] found in 2013 that, at a subanesthetic dose, 

ketamine did not change mood in people with treatment-re-

sistant major depression . In a study of 26 patients with major 

depression and suicidal thoughts, Ionescu et al. [15] observed 

that six infusions of 0.5 mg/kg ketamine over 45 minutes had 

no effect compared to placebo three months after treatment 

and did not reduce the symptoms of depression. 

The primary objective of the present study is to evaluate the 

preventive effect of ketamine against depression and anxiety 

after craniotomy in patients without histories of depression or 

anxiety disorders. Several previous studies addressed the con-

troversial effects of ketamine on postoperative depression. In 

2023, Gan et al. [11] discussed the effect of esketamine on the 

occurrence of depressive symptoms in patients undergoing 

thoracoscopic lung cancer surgery. In that study, 156 patients 

received ketamine infusion during and 48 hours after surgery. 

Normal saline was administered to the control group and 

Beck's questionnaire was used to evaluate results. They found 

that depressive symptoms decreased 1 month after the opera-

tion [11]. In 2023, Zhang et al. [10] examined Crohn's patients 

undergoing intestinal resection treated with ketamine at a 

dose of 0.25 mg/kg as an intravenous drip and then with a dose 

of 0.12 mg/kg/hr. In the control group, 0.9% saline was used. 

In that study, low-dose ketamine reduced mild to moderate 

depressive symptoms without the risk of severe side effects [10]. 

In a review study, Pang et al. [22] evaluated 13 articles with 

1,148 patients. According to their results, (R, S)-ketamine 

was no different from placebo in reducing depression after 

spinal and general anesthesia. On the other hand, in a me-

ta-analysis of nine randomized clinical trials, Wang et al. [23] 

measured the effects of intravenous ketamine on depressive 

symptoms in 2,468 post-surgical patients, finding that ket-

amine had positive effects on reducing depressive symptoms 

despite the emergence of side effects. Similarly, in this study 

we used a 0.5 mg/kg ketamine bolus dose at the end of the 

operation, and 5 µ/kg/min infusion during at least 48 hours 

of postoperative mechanical ventilation. Based on our results, 

when administered in the form of a bolus and then an infu-

sion, ketamine can reduce depression scores 2 and 6 months 

after treatment in patients discharged from the ICU compared 

to the control group. However, ketamine treatment was not 

successful in controlling depression 2 weeks after discharge or 

for controlling the occurrence of acute depression. 

Fewer studies have been conducted evaluating the effects 

of ketamine on anxiety. In a systematic review in 2022, Tully et 

al. [24] showed that ketamine could be effective for improving 

anxiety, but the effect was temporary and after 2 weeks anx-

iety scores returned to the baseline level. In 2019, Glue et al. 

[25] investigated the effect of ketamine on patients with treat-

ment-resistant generalized anxiety disorder and social anxiety 

disorder. Twelve patients were treated with increasing doses 

of ketamine (0.25, 0.5, 1 mg/kg) at weekly intervals. In the con-

trol group, midazolam was used at a dose of 0.01 mg/kg. The 

results of that survey indicated positive effects of ketamine for 

reducing anxiety symptoms [25]. 

There were a few limitations in the present study. First, the 

sedatives used in the control group were midazolam and loraz-

epam, which are the most commonly used benzodiazepines in 

ICU patients [26]. However, Hsu et al. [27] showed in 2015 that 
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sedation with midazolam can lead to selective cognitive im-

pairment or the prolongation of such impairment in patients. 

Therefore, the appropriate response of patients in this study 

to ketamine may be due to the lack of midazolam in these pa-

tients. In order to address this bias, we required that patients 

have a GCS score higher than 14 after being discharged from 

the ICU. Second, we were unable to obtain baseline depres-

sion and anxiety scores for patients. Therefore, we ensured 

that there were no between-group differences in psychiatric 

history. Third, this study was conducted in single center. Mul-

tiple randomized prospective trials worldwide are required to 

validate the results of this study. 

In conclusion, in this study we found that ketamine was 

effective for reducing the severity of anxiety and depression, 

particularly in the long term, after ICU treatment. Our results 

suggest that ketamine is a treatment option for mental disor-

ders in this patient population, but further research is needed 

to fully understand its short-term effects and confirm its effica-

cy. This study highlights the importance of timely intervention 

and appropriate drug therapy for addressing mental health 

issues in critically ill patients and emphasizes the need for 

continued research in this area. 
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INTRODUCTION 

Septic shock represents about two percent of all hospital admissions in the United States, with 

inpatient mortality rates around 29% [1]. Other than antimicrobial therapy, targeted ther-

apies that reduce mortality in septic shock are limited [2,3]. A recent study dapagliflozin in 

patients with cardiometabolic risk factors hospitalised with COVID-19 (DARE-19) evaluated 

the use of sodium-glucose cotransporter-2 inhibitors (SGLT2i) in acutely ill patients. In 2021, 

this randomized controlled clinical trial investigated the use of the SGLT2i dapagliflozin in 

Background: Sodium-glucose cotransporter-2 inhibitors (SGLT2i) have been shown to reduce or-
gan dysfunction in renal and cardiovascular disease. There are limited data on the role of SGLT2i in 
acute organ dysfunction. We conducted a study to assess the effect of SGLT2i taken prior to inten-
sive care unit (ICU) admission in diabetic patients admitted with septic shock. 
Methods: This retrospective cohort study used electronic medical records and included diabetic 
patients admitted to the ICU with septic shock. We compared diabetic patients on SGLT2i to those 
who were not on SGLT2i prior to admission. The primary outcome was in-hospital mortality, and 
secondary outcomes included hospital and ICU length of stay, use of renal replacement therapy, 
and 28- and 90-day mortality. 
Results: A total of 98 diabetic patients was included in the study, 36 in the SGLT2i group and 62 
in the non-SGLT2i group. The Sequential Organ Failure Assessment and Acute Physiology and 
Chronic Health Evaluation III scores were similar in the groups. Inpatient mortality was significant-
ly lower in the SGLT2i group (5.6% vs. 27.4%, P=0.008). There was no significant difference in sec-
ondary outcomes. 
Conclusions: Our study found that diabetic patients on SGLT2i prior to hospitalization who were 
admitted to the ICU with septic shock had lower inpatient mortality compared to patients not on 
SGLT2i. 
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patients hospitalized with coronavirus disease-19 (COVID-19) 

[4]. As SGLT2i medications have become part of the mainstay 

therapy in heart failure and chronic kidney disease (CKD) in 

addition to diabetes, the authors theorized that SGLT2i may 

have potential organ-protective effects in acute illnesses such 

as COVID-19 [5-8]. Although the study did not find a signifi-

cant difference in organ dysfunction or death, the medications 

were well tolerated [4]. Another study by Angé et al. [9] showed 

a potential mechanistic protective effect of SGLT2i in mouse 

models with capillary leak syndrome. The researchers demon-

strated that canagliflozin acts by counteracting lipopolysac-

charide-induced vascular leak in mice. 

Although these protective effects have been observed in spe-

cific organ dysfunction, studies evaluating the use of SGLT2i 

in shock, simultaneously affecting multiple organ systems, are 

lacking. Our study aimed to evaluate whether SGLT2i medi-

cations were associated with improved outcomes in diabetic 

adults admitted to the intensive care unit (ICU) with septic 

shock. 

MATERIALS AND METHODS 

Setting and Population 
We conducted a retrospective cohort study to compare out-

comes in diabetic adult patients (18 years or older) on SGLT2i 

and admitted to the ICU for septic shock to those in diabetic 

adults who were not on SGLT2i at the time of admission. The 

Institutional Review Board of Mayo Clinic (ID 22-000810) 

approved the study on February 2, 2022. The requirement for 

written informed consent was waived for this minimal-risk 

study. Procedures were followed in accordance with the ethi-

cal standards of the responsible committee on human experi-

mentation and with the Helsinki Declaration of 1975. 

An electronic medical record review identified the study co-

hort using International Classification of Diseases codes, 10th 

and 9th revisions (ICD-10 and ICD-9) such as R65.21 (severe 

sepsis with septic shock) and 785.52 (septic shock), respective-

ly. The patient pool was narrowed to those who had been diag-

nosed with type 2 diabetes mellitus. The medication lists of the 

diabetic patients with septic shock were reviewed to identify 

those prescribed SGLT2i. The SGLT2i group included only pa-

tients prescribed SGLT2i as part of their outpatient medication 

list within 48 hours of admission to ICU for septic shock. Other 

exclusion criteria were other etiologies of shock, post-surgical 

patients admitted in the immediate postoperative period to 

the ICU, and patients transferred from an outside facility and 

insufficient records (Figure 1).

Data Collection 
The electronic medical record collected baseline data about 

demographics, clinical characteristics, use of anti-hyperglyce-

mic agents and other preadmission medications, hemoglobin 

A1c within 12 months of admission, source of infection, and 

type of vasopressor used. The Acute Physiology and Chronic 

Health Evaluation (APACHE) III and Sequential Organ Failure 

Assessment (SOFA) scores were recorded as well as the types 

of SGLT2i used. The primary outcome of the study was in-hos-

pital mortality, and secondary outcomes included hospital 

and ICU length of stay, use of renal replacement therapy, and 

28- and 90-day mortality. 

Data Analysis Strategy 
The study used R software version 4.1.2 (R Foundation for 

Statistical Computing) to conduct analyses. Continuous 

variables were examined with histograms and summarized 

using median and interquartile range. Categorical variables 

were described using frequencies and proportions. Due to the 

■ Our study found an association between sodium-glu-
cose cotransporter-2 inhibitors (SGLT2i) use prior to 
admission and reduced inpatient mortality in diabetic 
patients with septic shock.

■ Large prospective studies are needed to assess the po-
tential mortality benefit of SGLT2i use in septic shock.

KEY MESSAGES

Figure 1. Flowchart for patient selection. ICU: intensive care unit; 
OSH: outside hospital; SGLT2i: sodium-glucose cotransporter-2 
inhibitors.

224 Diabetic patients with shock diagnosis 

62 Non-SGLT2i group 36 SGLT2i group

126 Excluded
No shock/no ICU admission
Other etiology of shock
OSH transfer with incomplete record
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non-normal distribution of the variables, differences between 

SGLT2i patients and non-SGLT2i were obtained using median 

and chi-square tests. A value of P <0.05 determined statistical 

significance for all tests.  

RESULTS  

Baseline Characteristics 
A total of 98 diabetic patients admitted to the ICU with septic 

shock was included in the study. Sixty-two patients (63.3%) 

were not on SGLT2i, and 36 (36.7%) were on therapy with an 

SGLT2i prior to hospital admission. The dates of hospitaliza-

tion ranged between years 2014 and 2022. 

Most of the demographics, baseline characteristics, and med-

ication use were similar between the two groups (Table 1). The 

median ages of SGLT2i and non-SGLT2i cohorts were 68 and 70 

years, respectively. There were more male patients in the SGLT2i 

group, 72.2% versus 58.1% of females, but this difference was not 

significant. Body mass index was similar in the two groups. Be-

cause of the small sample size of individuals with ethnicity other 

than White (n=8), the study combined all other groups into a sin-

gle category, with no difference in ethnicities between the SGLT2i 

and non-SGLT2i groups. Glucagon-like peptide-1 agonists, 

metformin, and angiotensin-converting enzyme inhibitors were 

more frequently used in the SGLT2i group. Patients in the SGLT2i 

group had higher median hemoglobin A1c (7.8 vs. 7, P=0.026). 

There was also a difference in the sources of infection between 

the two groups. Close to half of the patients in non-SGLT2i group 

had a gastrointestinal source of infection compared to only 16.7% 

of the SGLT2i group. A large portion (30.6%) of the patients in the 

SLGT2i group had other sources of infection such as bacteremia, 

followed by those with a pulmonary origin. There was a differ-

ence between the two groups in the presence of CKD and coro-

nary artery disease (CAD). CKD was more common in the non-

SGLT2i group (38.7% vs. 11.1%, P=0.004), while CAD was more 

common in the SGLT2i group (33.3% vs. 14.5%, P=0.029). Illness 

severity scores of SOFA and APACHE III were similar between 

the two groups. Phenylephrine was more frequently used in the 

SLGT2i group (16.7 % vs. 3.2%, P=0.019). The types and numbers 

of SGLT2i users are shown in Table 2. 

Outcomes 
The primary outcome of in-hospital mortality was significantly 

lower in the SGLT2i group compared to the non-SGLT2i group 

(5.6% vs. 27.4%, P=0.008). The difference at 28 and 90 days 

was not significant. There was no difference between the two 

Table 1. Patient demographics and baseline characteristics

Variable SGLT2i group 
(n=36)

Non-SGLT2i 
group (n=62) P-value

Age (yr) 68 (62–72) 70 (58–78) 0.140a)

Sex 0.161b)

 Male 26 (72.2) 36 (58.1)
 Female 10 (27.8) 26 (41.9)
Race 0.417b)

 White 32 (88.9) 58 (93.5)
 Other 4 (11.1) 4 (6.5)
BMI (kg/m2) 29.9 (16.5–51.3) 29.5 (19.1–51.3) 0.677a)

Comorbid condition
 CAD 12 (33.3) 9 (14.5) 0.029b)

 CKD 4 (11.1) 24 (38.7) 0.004b)

 Hypertension 30 (83.3) 44 (71.0) 0.170b)

Infection source 0.004b)

 Gastrointestinal 6 (16.7) 29 (46.8)
 Pulmonary 8 (22.2) 14 (22.6)
 Otherc) 11 (30.6) 5 (8.1)
 Urinary 7 (19.4) 8 (12.9)
 Unknown 2 (5.6) 6 (9.7)
 Cutaneous 2 (5.6) 0
Medication
 ACEi 23 (63.9) 25 (40.3) 0.024b)

 β-Blocker 17 (47.2) 31 (50.0) 0.791b)

 Statin 25 (69.4) 35 (56.5) 0.203b)

 Insulin 16 (44.4) 22 (35.5) 0.380b)

 Metformin 19 (52.8) 11 (17.7) <0.001b)

 Sulfonylureas 7 (19.4) 10 (16.1) 0.676b)

 GLP-1 agonist 9 (25.0) 2 (3.2) <0.001b)

 Thiazolidinedione 2 (5.6) 1 (1.6) 0.275b)

 DPP-4 3 (8.3) 1 (1.6) 0.105b)

 Aspirin 12 (33.3) 21 (33.9) 0.957b)

Hemoglobin A1cd) 7.8 7 0.026a)

SOFA score 9.5 (7.8–11.0) 9.0 (7.0–11.0) 0.214a)

APACHE III score 75.5 (65.0–94.5) 73.5 (60.3–102.0) 0.878a)

Vasopressor
 Norepinephrine 35 (97.2) 58 (93.5) 0.426b)

 Vasopressin 14 (38.9) 23 (37.1) 0.860b)

 Phenylephrine 6 (16.7) 2 (3.2) 0.019b)

 Epinephrine 3 (8.3) 1 (1.6) 0.105b)

 Dopamine 0 2 (3.2) 0.276b)

Values are presented as median (interquartile range) or number (%).
SGLT2i: sodium-glucose cotransporter-2 inhibitor; BMI: body mass index; 
CAD: coronary artery disease; CKD: chronic kidney disease; ACEi: angiotensin-
converting enzyme inhibitor; GLP-1: glucagon-like peptide-1agonist; DPP-4: 
dipeptidyl peptidase 4; SOFA: Sequential Organ Failure Assessment; APACHE: 
Acute Physiology and Chronic Health Evaluation.
a) Median test; b) Chi-square test; c) Bacteremia, central nervous system 
infection, amputation infection; d) Hemoglobin A1c was recorded if was 
available in electronic record and completed within 12 months of hospital 
admission.
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Table 3. Study outcomes

Variable SGLT2i group 
(n=36)

Non-SGLT2i 
group (n=62) P-value

Hospital length of stay 7.5 (4.8–12.3) 9.2 (4.8–12.0) 0.40a)

ICU length of stay 2.8 (2.1–4.0) 2.9 (1.7–5.3) 0.40a)

Inpatient mortality 2 (5.6) 17 (27.4) 0.008b)

28-Day mortality 7 (19.4) 22 (35.5) 0.094b)

90-Day mortality 13 (36.1) 25 (40.3) 0.680b)

RRT 4 (11.1) 13 (21.0) 0.214b)

Values are presented as median (interquartile range) or number (%).
SGLT2i: sodium-glucose cotransporter-2 inhibitor; ICU: intensive care unit; 
RRT: renal replacement therapy.
a)Median test; b)Chi-square test.

Table 2. Types of SGLT2i taken by the cohort
SGLT2i type Patient (n=36)
Empagliflozin 23 (63.9)
Dapagliflozin 8 (22.2)
Canagliflozin 5 (13.9)

Values are presented as number (%).
SGLT2i: sodium-glucose cotransporter-2 inhibitor.

groups in either hospital or ICU length of stay. Additionally, 

there was no difference in renal replacement therapy rates 

between the two cohorts. Table 3 summarizes the study out-

comes. 

DISCUSSION 

Our retrospective cohort study evaluating the role of SGLT2i 

in ICU outcomes of diabetic patients admitted for septic shock 

found an association between diabetic patients taking SGLT2i 

and lower in-hospital mortality compared to diabetic patients 

not on SGLT2i. The lack of hospital mortality reduction at 28 

and 90 days could be related to study withdrawal or discontin-

uation of SGLT2i at the time of admission. 

Although the study cohort was small, these findings are con-

sistent with the known organ protective effect and mortality 

reduction seen with SGLT2i in patients with CKD and heart 

failure [5-8]. Although there were some differences in baseline 

characteristics such as CKD and CAD, the APACHE III and 

SOFA scores were similar in the groups, suggesting that they 

were equal in their illness severity at the time of admission to 

the ICU. 

One of the only clinical trials to test the hypothesis of an im-

pact of SGLT2i on reducing organ dysfunction and mortality in 

acutely ill patients is the DARE-19 trial [4]. This double-blind, 

randomized, placebo-controlled 1:1 trial analyzed the impact 

of dapagliflozin on patients admitted to the hospital with 

COVID-19. The primary outcomes included a composite of 

time to new or worsening organ dysfunction (respiratory, 

cardiovascular, and renal decompensation) and death from 

any cause. Treatment with SGLT2i did not significantly re-

duce organ dysfunction in this study. The mortality rates were 

lower in the SGLT2i group (6.6% vs. 8.6%; hazard ratio, 0.77; 

95% confidence interval, 0.52–1.16), but the difference was 

not statistically significant. Though the authors anticipated 

higher rates of organ dysfunction and death, they believe that 

the improvements in COVID-19 treatment played a role in the 

lower-than-expected events. 

Possible mechanistic explanations for the benefit of SGLT2i 

in shock include improved energy metabolism and reduced 

inflammation through interleukin (IL)-1β andIL-6 [9-11]. 

Angé et al. [9] also identified a potential mechanism by which 

SGLT2i may reduce capillary leakage. Lipopolysaccharide 

O55:B5 (LPS) was injected into mice pretreated with a clinical-

ly relevant dose of canagliflozin. The study demonstrated that 

canagliflozin reduced LPS-induced myocardial edema and 

prevented albuminemia. The mechanism they identified was 

canagliflozin activation of the AMP-activated protein kinase 

(AMPK) pathway resulting in the reinforcement of inter-endo-

thelial junctions [9]. They tested this hypothesis further with 

the treatment of human mammary epithelial cells with plasma 

from both healthy volunteers and septic shock patients. Cana-

gliflozin showed preservation of vascular endothelial cadherin 

integrity [9]. Several other potential beneficial mechanisms of 

SGLT2i have been identified. For example, in human endothe-

lial cells, canagliflozin has been shown to reduce pro-inflam-

matory cytokines IL-1β-mediated secretion of IL-6 and mono-

cyte chemoattractant protein-1 [11]. These mediators are well 

known to play a role in the pathophysiology of sepsis [12]. 

Renal impairment in septic shock is an important consid-

eration when discussing initiation of SGLT2i. Several studies 

have evaluated the use of SGLT2i after a certain reduction in 

estimated glomerular filtration rate (eGFR). The Dapagliflozin 

in Patients with Chronic Kidney Disease (DAPA-CKD) trial 

evaluated the effects of dapagliflozin in patients with CKD with 

and without diabetes. The trial included 4,304 participants, 

624 with eGFR <30. The primary composite outcome was sus-

tained decline in eGFR of at least 50%, end-stage renal disease, 

and death from renal or cardiovascular events. The results 

were persistent regardless of eGFR, with significantly lower 

rates of primary outcomes in patients treated with dapaglifloz-
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in [6,13]. A more recent trial published by the EMPA-Kidney 

Collaborative Group evaluated the effect of empagliflozin on 

the progression of CKD. A total of 6,609 patients was enrolled, 

with 2,282 (34.5%) having eGFR <30. Like the DAPA-CKD trial, 

progression of CKD and death from cardiovascular causes 

occurred at significantly lower rates (13.1% vs. 16.9%) in the 

empagliflozin group compared to the placebo group. These 

benefits were consistent regardless of eGFR [8]. The evidence 

for patients with eGFR <25 is limited, and current trials are 

enrolling patients to evaluate the safety and efficacy of cana-

gliflozin and dapagliflozin in patients with CKD stages 4 and 5. 

Current Kidney Disease Improving Global Outcomes (KDIGO) 

guidelines recommend use of SGTL2i in patients with eGFR 

>20 until dialysis or transplant [14]. 

The safety profile of SGLT2i has been extensively studied. 

Fournier’s gangrene was initially of concern as a serious com-

plication of SGLT2i use. However, a more recent meta-analysis 

of 42,415 patients on SGLT2i found no difference in rates of 

Fournier’s gangrene, cellulitis, or erysipelas [15]. The early 

concerns for increased rates of urinary tract infections have 

also been evaluated, revealing no association [6,8,13]. 

SGLT2i are associated with euglycemic diabetic ketoacidosis 

(DKA) in patients with type 1 diabetes mellitus, at rates of 4%– 

6% [13]. However, the rates of DKA are much lower in patients 

with type 2 diabetes mellitus and have occurred at similarly 

low rates in recent CKD studies [6,8,13]. In the DARE-19 trial, 

DKA occurred only in two patients receiving dapagliflozin and 

was reported as non-severe, resolving after medication discon-

tinuation [4]. 

We acknowledge the limitations of this retrospective anal-

ysis. Due to the small sample size and the small number of 

events (e.g., deaths), regression analysis could not be per-

formed to account for some of the baseline differences (CAD 

and CKD). SGLT2i are typically discontinued on admission, 

and the half-life of most ranges between eight to 16 hours [16]. 

Therefore, the impact of SGLT2i on outcomes may be blunted 

in our study. However, the cellular signaling and downstream 

effects could potentially persist and could be a theoretical ex-

planation for the decreased inpatient mortality. Inherent lim-

itations of a retrospective analysis such as limitations of med-

ical records, lack of ability for stringent patient selection, and 

inability to randomize, all apply to our study. However, SOFA 

and APACHE III scores were used to assess patient illness se-

verity and were similar in the two cohorts. 

We found a significant association of lower in-hospital mor-

tality in septic shock in diabetic patients taking a SGLT2i at the 

time of ICU admission. Although there were several limitations 

to this retrospective study, our findings suggest that SGLT2i 

could provide a beneficial effect in this patient population. 

Larger studies are needed to confirm this association and to 

understand the beneficial effects of these drugs in septic shock 

patients. 
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Background: Killip-Kimball classification has been used for estimating death risk in patients suf-
fering acute myocardial infarction (AMI). Killip-Kimball stage IV corresponds to cardiogenic shock. 
However, the Society for Cardiovascular Angiography and Interventions (SCAI) classification pro-
vides a more precise tool to classify patients according to shock severity. The aim of this study was 
to apply this classification to a cohort of Killip IV patients and to analyze the differences in death 
risk estimation between the two classifications.
Methods: A single-center retrospective cohort study of 100 consecutive patients hospitalized for 
“Killip IV AMI” between 2016 and 2023 was performed to reclassify patients according to SCAI 
stage.
Results: Distribution of patients according to SCAI stages was B=4%, C=53%, D=27%, E=16%. 
Thirty-day mortality increased progressively according to these stages (B=0%, C=11.88%, 
D=55.56%, E=87.50%; P<0.001). The exclusive use of Killip IV stage overestimated death risk com-
pared to SCAI C (35% vs. 11.88%, P=0.002) and underestimated it compared to SCAI D and E stag-
es (35% vs. 55.56% and 87.50%, P=0.03 and P<0.001, respectively). Age >69 years, creatinine 
>1.15 mg/dl and advanced SCAI stages (SCAI D and E) were independent predictors of 30-day 
mortality. Mechanical circulatory support use showed an almost significant benefit in advanced 
SCAI stages (D and E hazard ratio, 0.45; 95% confidence interval, 0.19–1.06; P=0.058).
Conclusions: SCAI classification showed superior death risk estimation compared to Killip IV. Age, 
creatinine levels and advanced SCAI stages were independent predictors of 30-day mortality. Me-
chanical circulatory support could play a beneficial role in advanced SCAI stages.

Key Words: cardiogenic shock; Killip-Kimball; mechanical circulatory support; myocardial infarc-
tion; Society for Cardiovascular Angiography and Interventions classification
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INTRODUCTION 

Cardiogenic shock (CS) is one of the deadliest critical cardi-

ac conditions, with a 30-day death rate of 30%–50% [1-4]. CS 

is mainly caused by acute myocardial infarction (AMI) and 

occurs in about 5%–10% of patients suffering from AMI [1]. 

The Killip-Kimball classification has been broadly used to 

determine the clinical situation and to estimate prognosis [5]. 

Patients who develop cardiogenic shock secondary acute myo-

cardial infarction cardiogenic shock (AMICS) have stage IV of 

this classification. However, the cardiogenic shock spectrum 

is wide and implies different prognoses along it. The Society 

for Cardiovascular Angiography and Interventions (SCAI) 

classification was first published in 2019, defining five stages 

of cardiogenic shock according to severity. Stage “A” stands 

for “At risk” and involves a patient who potentially could 

develop cardiogenic shock (e.g., anterior ST-elevation myo-

cardial infarction with left ventricular dysfunction) but is not 

currently experiencing signs or symptoms. Stage “B” stands 

for “Beginning” and involves a patient who is decompensated 

(tachycardia and hypotension without hypoperfusion). Stage 

“C” stands for “Classic” and refers to a patient that meets the 

classic cardiogenic shock criteria, showing hypoperfusion 

signs and requiring vasoactive support or even mechanical 

circulatory support (MCS) to achieve stabilization. Stage “D” 

stands for “deteriorating” and involves a patient who could not 

be stabilized with initial therapies and maintains a hypoper-

fusion status and requires additional measures to reverse the 

condition (e.g., additional drugs or MCS). Finally, stage “E” 

stands for “Extremis” and involves a patient in deep shock, 

frequently in refractory cardiac arrest or supported by several 

MCS devices and drugs [6]. This classification was updated in 

2022 to include some modifications in the cut-offs used to de-

fine the stages (e.g., lactate, hemodynamic parameters) [7]. An 

illustrative chart with complete criteria for SCAI classification 

is provided in Supplementary Figure 1. 

Despite several studies validating the use of SCAI classi-

fication in patients with CS due to different causes, no prior 

studies have evaluated the difference in mortality estimation 

between the Killip IV classification and the different SCAI stag-

es in an AMICS population [8-10]. 

MATERIALS AND METHODS 

We retrospectively analyzed the last 100 patients who experi-

enced cardiogenic shock admitted to the acute cardiac care 

unit of our hospital with a Killip IV AMI diagnosis between 

January 2016 and October 2023. Our center is a tertiary hospi-

tal with a 24-hour available cath-lab and cardiac surgery team 

but with no long-term assist devices or heart transplantation 

program. No extracorporeal cardiopulmonary resuscitation 

(e-CPR) program was operative during the study period. 

Cardiogenic shock was defined as systolic blood pressure 

≤90 mm Hg maintained for at least 30 minutes and a cardiac 

index ≤2.2 L/min/m2 or need for vasoactive drugs or me-

chanical support to achieve systolic blood pressure or cardiac 

index above the cut-off level, according to the definition pro-

vided by the National Cardiovascular Data Registry [11]. Ex-

clusion criteria included all types of non-AMI-derived cardio-

genic shock and missing data that prevented reclassification 

in SCAI stages. 

Patient demographics and comorbidities; angiographic, 

echocardiographic, and analytic parameters (peak values 

during hospitalization); systolic blood pressure at admis-

sion; vasoactive index score (VIS); orotracheal intubation 

or mechanical ventilation; mechanical support; and type of 

mechanical support were included in this study. Temporal 

trends associated with mechanical support and its influence 

on patient prognosis were explored (two time periods were 

compared: before and after year 2020). 

We retrospectively classified these patients in different SCAI 

stages according to the criteria proposed by the 2022 SCAI 

SHOCK Stage Classification Expert Consensus Update [7]. The 

VIS calculation was performed according to the formulae indi-

cated in Belletti et al. [12] (Supplementary Table 1). 

The study protocol was approved by the Ethics Committee 

of Badajoz University Hospital Complex (No. CEI 032/23) and 

■ The Society for Cardiovascular Angiography and Inter-
ventions (SCAI) classification provides more precise 
information about shock severity and showed better 
mortality estimation than Killip-Kimball (stage IV) clas-
sification.

■ Older age, renal function impairment and advanced 
SCAI stages (D and E) are significant predictors of 30-
day mortality in cardiogenic shock secondary to myo-
cardial infarction.

■ Use of mechanical circulatory support could help to 
improve the prognosis of patients with advanced SCAI 
stages.

KEY MESSAGES
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was conducted in accordance with the Declaration of Helsinki. 

Due to the retrospective character of the study, informed con-

sent waiver was authorized by the local ethics committee.  

Statistical Analysis  
Categorical variables are presented as frequencies (percentag-

es). Normal distribution was explored using the Shapiro-Wilk 

test. Because most continuous variables did not follow a 

normal distribution, they are presented as medians and in-

terquartile ranges (IQRs) for uniformity. Differences in cate-

gorical variables among SCAI stages were analyzed using the 

Fischer exact test. The Mann-Whitney U-test for non-normally 

distributed variables was used to assess differences. Differenc-

es in continuous variables among SCAI stages were explored 

via the Kruskal-Wallis test. Thirty-day survival was analyzed 

using the Kaplan-Meier method, and comparisons among 

groups were explored using the log-rank test. Hazard ratio (HR) 

and 95% confidence interval (CI) values for 30-day mortality 

were explored using univariate Cox regression models. Cut-off 

points for continuous variables for inclusion in the model were 

determined using the Liu index. Variables that showed a P-val-

ue <0.1 were introduced in a multiple Cox regression model 

to explore significant 30-day mortality predictors. A two-tailed 

P-value <0.05 was considered statistically significant. 

RESULTS 

Study Population 
The median patient age was 66 years (IQR, 54–77 years), and 

68% of patients were male (Table 1). Upon admission, 87% of 

patients presented with ST-elevation myocardial infarction, 

and 86.4% of these patients underwent percutaneous coro-

nary intervention as a first attempt at revascularization, while 

13.6% received fibrinolysis. Of these, 91.67% were submitted 

for rescue PCI. Median systolic blood pressure at admission 

was 80.0 mm Hg (IQR, 70.0–90.0 mm Hg). Median lactate level 

Table 1. Demographic, clinical, analytical and echocardiographic features among different SCAI stages

Variable Killip IV 
(n=100)

SCAI
P-value

B (n=4) C (n=53) D (n=26) E (n=17)
Demographic feature
 Male (%) 68.0 50.0 71.7 61.5 70.6 0.67
 Age (yr) 66 (54–77) 65 (60–68) 63 (54–75) 71 (50–80) 67 (54–78) 0.97
 HTN (%) 50.0 25.0 43.4 61.5 58.8 0.31
 DLP (%) 37.0 75.0 39.6 23.1 41.2 0.16
 DM (%) 28.0 25.0 20.8 30.8 47.1 0.19
 Smoking habit (%) 39.0 75.0 49.1 23.1 23.5 0.10
Clinical, analytical and echocardiographic features
 SBP (mm Hg) 80.0 (70.0–90.0) 72.5 (60.0–92.0) 85.0 (80.0–95.0) 74.5 (69.0–90.0) 75.0 (70.0–80.0) 0.03
 Creatinine (mg/dl) 1.3 (0.9–2.0) 0.9 (0.8–1.0) 1.1 (0.8–1.4) 1.7 (1.3–2.6) 3.1 (1.9–4.6) <0.001
 AST (UI/L) 331.5 (114.0–557.0) 121.5 (91–211.0) 183.0 (69.0–426.5) 456.0 (111.0–724.0) 460.0 (371.0–1,256.0) 0.01
 Lactate (mmol/L) 3.5 (1.9–6.5) 1.7 (1.7–1.7) 2.4 (1.9–3.5) 5.5 (3.8–8) 7.0 (6.0–12.5) <0.001
 LVEF (%) 30.0 (20.0–41.0) 50.0 (47.5–55.0) 35.0 (25.0–40.0) 30.0 (25.0–43.5) 20.0 (15.0–22.5) <0.001
 VIS 20.0 (10.0–55.0) 10.0 (10.0–10.0) 12.5 (8.0–20.0) 65.0 (22.0–98.5) 79.5 (45.7–120.9) <0.001
 OTI (%) 60.0 25.0 52.8 61.5 88.2 0.02
 OTI length (hr) 48 (24–96) 24 (24–24) 48 (24–96) 48 (24–96) 48 (24–96) 0.68
 MCS (%) 20.0 0 11.3 30.8 35.3 0.05
 IABP (%) 15.0 0 7.6 30.8 17.7 0.05
 ECMO (%) 4.0 0 0 11.5 5.9 0.07
 Impella (%) 5.0 0 2.2 0 17.7 0.10
 LVEF at discharge (%) 40 (32–50) 58 (55–60) 45 (35–50) 35 (25–45) 15 (10–30) <0.001
 Length of stay (day) 7.9 (2.3–14.4) 5.3 (4.7–5.8) 9.4 (6.2–13) 3.1 (1.2–16.2) 2.3 (0.8–6.0) 0.03

Values are presented as median (interquartile range).
SCAI: Society for Cardiovascular Angiography and Interventions; HTN: hypertension; DLP: dyslipidemia; DM: diabetes mellitus; SBP: systolic blood pressure; AST: 
aspartate aminotransferase; LVEF: left ventricle ejection fraction; VIS: vasoactive index score; OTI: orotracheal intubation; MCS: mechanical circulatory support; 
IABP: intra-aortic balloon pump; ECMO: extracorporeal membrane oxygenation.
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was 3.5 mmol/L (IQR, 1.93–6.49 mmol/L). Median creatinine 

value was 1.33 mg/dl (IQR, 0.94–2 mg/dl). Median aspartate 

aminotransferase (AST) was 331.5 IU (IQR, 114–557 IU). Me-

dian VIS was 20 (IQR, 10–55). Additionally, 60% of patients 

required orotracheal intubation and invasive mechanical ven-

tilation with a median ventilation time of 48 hours (IQR, 24–96 

hours). Median left ventricle ejection fraction (LVEF) was 30% 

(IQR, 20%–41%). MCS was used in 20% of patients. Use of MCS 

increased greatly when comparing 2016–2020 to 2020–2023 

(12.16 vs. 42.31%, P=0.001). Distribution of patients according 

to SCAI stage was B=4%, C=53%, D=27%, and E=16% (Figure 1). 

Analysis of 30-Day Mortality 
The 30-day death rate was 35% when patients were classified 

only as Killip IV AMI. As expected, 30-day mortality increased 

progressively according to SCAI stage (B=0%, C=11.88%, 

D=55.56%, E=87.50%; log-rank test P<0.001) (Figure 2). Sub-

group analysis comparing mortality between Killip IV and 

established shock SCAI stages (C, D and E) showed significant 

differences, indicating that Killip IV classification overestimat-

ed risk mortality in SCAI C patients (35% vs. 11.88%, log-rank 

test P=0.002) and underestimated risk mortality in SCAI D 

and E (35% vs. 55.56% and 87.50%, respectively; log-rank test 

P=0.03 and P<0.001, respectively) (Figure 3). 

Cut-off points for continuous variables were determined us-

ing the Liu index as follows: age >69 years, VIS score >20, ar-

terial lactate >3.5 mmol/L, creatinine >1.15 mg/dl, AST >200 

IU/L, and LVEF <20%. Univariate Cox regression showed that 

all variables had a significant or near significant association 

with 30-day mortality, advanced SCAI stage (D and E), and 

previous history of diabetes mellitus. Older age (over 69 years: 

HR, 2.34; 95% CI, 1.15–4.86; P=0.019), slightly elevated creat-

Figure 1. Patient inclusion flowchart. HF: heart failure; AMICS: acute myocardial infarction cardiogenic shock; SCAI: Society for Cardiovascular 
Angiography and Interventions.

Figure 2. Kaplan-Meier plot showing progressive increase in 30-day 
mortality rate according to Society for Cardiovascular Angiography 
and Interventions (SCAI) stage and Killip IV stage.

141 Patients admitted with shock

100 Killip IV patients (AMICS)

• 18 Patients with non-ischemic cardiogenic shock
12 Patients with acute on chronic HF
  2 Patients with fulminant myocarditis
  4 Patients with arrhythmic origin for the shock

• 5  Patients with AMICS with lack of laboratory and 
hemodynamic data

• 9 Patients with septic shock
• 4 Patients with anaphylactic shock
• 2 Patients with obstructive shock. 
• 3 Patients with hemorrhagic shock
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Figure 3. Comparison of 30-day mortality rate estimation between Killip IV stage and Society for Cardiovascular Angiography and Interventions 
(SCAI) C (A), D (B), and E (C) stages.

Table 2. 30-Day mortality predictors for patients in cardiogenic shock

Variable
Univariate Cox regression Multiple Cox regression

HR (95% CI) P-value HR (95% CI) P-value
Age >69 yr 2.95 (1.48–5.86) 0.002 2.34 (1.15–4.76) 0.019
Diabetes mellitus 1.39 (0.99–1.95) 0.056 – -
AST >200 IU/L 2.39 (1.08–5.27) 0.031 - -
VIS >20 4.31 (1.67–11.12) 0.003 - -
Lactate >3.5 mml/L 10.16 (2.43–42.40) 0.001 - -
Creatinine >1.15 mg/dl 30.43 (4.16–222.55) 0.001 11.52 (1.43–92.77) 0.022
LVEF <20% 1.95 (0.96 –3.99) 0.067 - -
SCAI D stage 2.56 (1.30–5.05) 0.007 3.29 (1.20–9.01) 0.020
SCAI E stage 5.73 (2.90–11.32) <0.001 6.21 (2.28–16.88) <0.001

HR: hazard ratio; CI: confidence interval; AST: aspartate aminotransferase; VIS: vasoactive index score; LVEF: left ventricle ejection fraction; SCAI: Society for 
Cardiovascular Angiography and Interventions.
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inine (creatinine >1.15 mg/dl: HR, 11.52; 95% CI, 1.43–92.77; 

P=0.022), and advanced SCAI stage (SCAI D: HR, 3.29; 95% CI, 

1.20–9.01; P=0.020 and SCAI E: HR, 6.21; 95% CI, 2.28–16.88; 

P<0.001) were significant predictors of 30-day mortality (Table 

2).  

Impact of MCS  
No significant global benefit was observed from MCS use 

(P=0.92). However, when we analyzed the impact of MCS in 

patients with advanced SCAI stages (D and E), a nearly signif-

icant benefit was observed (HR, 0.45; 95% CI, 0.19–1.06; log-

rank test P=0.058) (Figure 4). This trend was not seen in the 

other stages. 

Patients with MCS presented with lower LVEF (25.63 vs. 

33.36%, P=0.023), worse liver function (AST: 857.2 vs. 400.4 

IU, P= 0.012), and a nearly significantly worse kidney func-

tion (creatinine levels: 2.43 vs. 1.75 mg/dl, P=0.061). Patients 

who were assisted with MCS also needed more support with 

vasoactive drugs and higher doses (VIS score: 108.5 vs. 31.56, 

P<0.001). As SCAI classification stage increased, MCS use in-

creased (0% for SCAI B, 11.32% for SCAI C, 30.77% for SCAI D, 

and 35.29% for SCAI E; P=0.048). No significant differences in 

age were found among the SCAI stages, although patients that 

were assisted with MCS tended to be younger than patients 

who were not assisted (61.35 vs. 66.99 years, P=0.099). 

DISCUSSION 

It is established that SCAI classification improves the ability 

to estimate death risk in cardiogenic shock patients and can 

Figure 4. Kaplan-Meier curves showing impact of mechanical 
circulatory support (MCS) on survival in advanced Society for 
Cardiovascular Angiography and Interventions (SCAI) stages. HR: 
hazard ratio; CI: confidence interval.

be a useful tool to titrate patient’s therapeutic needs [8,9]. In 

this cohort of 100 patients who developed AMICS, classifying 

patients only as Killip IV led to an overestimation of mortal-

ity compared to SCAI C stage (35% vs. 11.88%, P=0.002) and 

an underestimation when compared to SCAI D and E stages 

(35% vs. 55.56% and 87.50% respectively, P=0.03 and P<0.001, 

respectively). These findings should encourage physicians 

to use SCAI classification in AMICS patients as the reference 

prognosis stratification tool and to abandon the outdated 

solitary concept of Killip IV AMI in these highly complex pa-

tients. In addition, we showed that advanced SCAI stages (D 

and E) were strong predictors of 30-day mortality, which was 

consistent with several previous findings in which mortality 

increased with shock severity according to SCAI classification 

[9,10,13,14]. 

Distribution of patients according to SCAI stage was similar 

to the observed in Jentzer et al. [15], except that this work had 

a larger number of SCAI B patients, in contrast to the predomi-

nant SCAI C stage observed in our study. Similarity in number 

of patients in stages D and E was noted with the 2020 study 

from Schrage et al. [9]; and the summary of the SCAI A, B, and 

C patients of that study is very similar to that of our SCAI C 

patients. These differences could be explained by lack of con-

sideration of SCAI A or most SCAI B patients as Killip IV. The 

distribution observed in Hanson et al. was also similar to ours 

[10]. 

Use of MCS varies widely. A study by Schrage et al. [16] 

showed 13% of MCS use in a large cohort of 441,696 patients 

with cardiogenic shock treated in German hospitals between 

2005 and 2017. The use of MCS was higher in the AMICS co-

hort, raising up to 20.15%.  Intra-aortic balloon pump (IABP) 

was the most frequently used device (16.19%), followed by 

veno-arterial extracorporeal membrane oxygenation (VA-EC-

MO; 2.31%) and percutaneous left ventricular assist device 

(pLVAD) (1.65%). This is similar to the MCS use observed in 

our study [16]. Kim et al. [17] also reported 23% of MCS use. In 

a recent study from Berg et al. [18], a cohort of patients with-

out invasive hemodynamic assessment in the first 24 hours of 

admission showed a MCS distribution similar to ours (IABP, 

17.6%; Impella, 5.5%; ECMO, 4.2%). However, other studies 

have found higher MCS use. For example, Jentzer et al. [15] 

reported 43.5% MCS use in their two-center study, which 

nearly matches the 42.31% MCS use found in our work for 

the 2020–2023 period. This increase in MCS use was probably 

related to the introduction of pLVAD and ECMO devices in 

our center in 2020. Use of MCS increased according to shock 
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severity, and ECMO and pLVAD were the most used devices in 

SCAI E stage. We observed a huge increase in MCS use in this 

stage when comparing the two study periods (10% vs. 71.43%, 

P=0.035). IABP was the most frequently used device in C and 

D stages, very similar to percentages reported in Jentzer et al. 

[14]. No global benefit was observed from MCS, although we 

found a near significant reduction in mortality in SCAI D and 

E patients assisted with MCS, which is encouraging given the 

lack of data showing a clear beneficial effect derived from their 

use. A larger sample may have yielded a significant result. On 

the other hand, our center does not have a heart transplan-

tation program or a long-term assist devices program, as our 

hospital is not a reference center but a referring hospital, and 

the volume of patients that would reap a potential benefit from 

short-term therapies is likely lower than that observed in other 

national reference hospitals with those programs. This may be 

a main reason why, along with high mortality rate, the length 

of stay for SCAI E patients seems considerably short in our 

cohort, because these patients are referred to national referral 

hospitals as soon as they are stabilized and there is no sign of 

early cardiac recovery. The absence of an operative extracor-

poreal cardiopulmonary resuscitation program in our hospital 

probably influenced the less frequent use of ECMO in SCAI E 

patients compared with other studies.  

Our study is consistent with previous evidence that identi-

fied age and kidney injury as significant predictors of short-

term mortality in CS patients [19,20]. The relationship between 

age and shock severity (according to SCAI stage) has also 

been explored along with its association with death risk in pa-

tients with CS [15]. Age did not show a significant association 

with worse kidney or liver function, higher lactate levels, or 

VIS score or SCAI stage in our study (all P>0.05). Thus, other 

age-related factors such as frailty, reduced biological reserve, 

or delirium should be considered as possible contributors to 

worse prognosis in elders [21]. Renal function deterioration 

has been described as a short-term mortality predictor in CS 

[22,23]. In a sub-study of the IABP-Shock II-trial, which ex-

plored novel renal function biomarkers in AMICs, creatinine 

level >1.32 mg/dl was the only significant predictor of short-

term death in AMICS [24]. This value is similar to the cut-off 

point obtained in our study. These relatively low numbers 

could indicate a key role of renal impairment in such patients, 

even in early stages of deterioration. The recently published 

work by Zweck et al. [25] showed that patients in cardiogenic 

shock who developed a cardiorenal profile had a higher mor-

tality rate than those with a non-congested profile but a lower 

rate than those with a cardiometabolic profile. 

Our work has some limitations. First, this is a retrospective 

observational study, so no definitive causalities should be 

extracted from it. Second, this is a single-center study with 

a small sample. However, our findings are consistent with 

previous evidence and provide some new encouraging data 

for SCAI classification and MCS use in severely ill patients in 

cardiogenic shock. Future studies with higher-class evidence 

and larger samples are needed to confirm our findings. Finally, 

the characteristics of our hospital—a tertiary hospital with no 

heart transplantation program, long-term assist devices, or an 

operative e-CPR program during the study period—probably 

limit extrapolation of our findings to other centers with similar 

features. Larger reference centers would include patients with 

different SCAI stages and a higher or at least different propor-

tion of patients assisted with MCS. 
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Background: Although guidelines and protocols are available for central venous access, existing 
methods lack specificity and sensitivity, especially when placing peripherally inserted central cath-
eters (PICCs). We evaluated the feasibility of catheter detection in the right atrial cavity using 
transthoracic echocardiography (TTE) during PICC placement.
Methods: This single-center, retrospective study included consecutive patients who underwent 
PICC placement between January 2022 and March 2023. TTE was performed to detect the arrival 
of the catheter in the right atrial cavity. Catheter misplacement was defined as an aberrant cathe-
ter position on chest x-ray (CXR). The primary endpoint was predicting catheter misplacement 
based on catheter detection in the right atrial cavity. The secondary endpoint was optimizing cath-
eter placement and examining catheter-associated complications.
Results: Of the 110 patients identified, 10 were excluded because of poor echogenicity and vein 
access failure. The remaining 100 patients underwent PICC placement with TTE. The catheter was 
visualized in the right atrial cavity in 90 patients. CXR exams revealed catheter misplacement in 
seven cases. Eight patients with catheter misplacement underwent the same procedure in the oth-
er arm. In two patients, PICC placement failed due to anatomical reasons. Catheter misplacement 
was detected using TTE with sensitivity, specificity, positive predictive value, and negative predic-
tive value of 97% confidence interval (CI; 91.31%–99.36%), 90% CI (55.50%–99.75%), 99%, and 
75%, respectively.
Conclusions: TTE is a reliable tool for detecting catheter misplacement and optimizing catheter tip 
positioning during PICC placement.
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INTRODUCTION 

Misplacement of peripherally inserted central catheters (PICCs) is a challenging problem. If 
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the catheter is not in the correct position after placement, the 

patient may need to be prepared for another puncture site or 

the other arm may be required for reinsertion. Precise one-

time placement of PICCs is crucial, because patients who un-

dergo this type of procedure are mostly older adults or are frail 

from extended intravascular administration of medication and 

nutrition. Many patients experience poor vascular conditions 

when the available central vein is accessed because they have 

received intravenous fluid peripherally or centrally for extend-

ed periods. 

Real-time imaging techniques, including fluoroscopy or the 

C-arm, are routinely used by PICC practitioners during pro-

cedures [1,2]. During PICC placement, patients and medical 

staff are exposed to radiation through fluoroscopy, but fluo-

roscopy is a valuable imaging tool for real-time functional and 

anatomical assessments. The cumulative radiation dose may 

be as high as >950 mGy or the peak skin dose as >760 mGy [3]. 

Adverse reactions can occur with the use of contrast agents in 

fluoroscopic procedures, especially in individuals with kidney 

disease [4], and patients may need to be relocated to another 

unit for image-guided interventions. 

During central venous catheter (C-line) insertion proce-

dures, most C-lines are inserted percutaneously using the 

Sedlinger technique. In both C-line and PICC procedures, ves-

sel puncture is routinely performed under ultrasonographic 

guidance. Transthoracic echocardiography (TTE) is a reliable 

tool for detecting catheter misplacement and optimizing cath-

eter tip positioning during C-line insertion [5]. When inserted 

correctly, the PICC is long enough to reach the right atrial cav-

ity. Point-of-care ultrasonography (POCUS) is a pervasive and 

standard technique for verifying PICC placement using TTE [6]. 

If an echocardiographic probe and a vessel probe are prepared 

ahead of time, the procedure can be performed by switching 

the probes without the need to relocate the patient for the pro-

cedure. 

The methodological differences between PICC and C-line 

placement lie in the access area and the extent of cathe-

ter-length adjustment according to this area [7,8]. In an en-

vironment where the ultrasound system is already prepared, 

the probes can be easily switched: the cardiac probe is placed 

on the patient’s chest to perform echocardiography. This fa-

cilitates the verification of whether the catheter is correctly lo-

cated on the right side of the heart. Correct guidance prevents 

the catheter from moving to the opposite arm or neck during 

PICC placement. Compared to C-arm or fluoroscopy, this 

method may reduce the total procedure time, patient burden, 

and health insurance expenses. Additionally, this method uses 

only ultrasound and no radiation is generated (unlike fluoros-

copy or C-arm fluoroscopy) during the procedure. 

Several guidelines and protocols are available for central 

venous access, but there are no data regarding specificity or 

sensitivity for these methods, particularly when placing PICCs 

[9-11]. In this study, we aimed to evaluate the utility of peripro-

cedural TTE for predicting PICC positioning. 

MATERIALS AND METHODS 

This retrospective study was conducted at a single center and 

included consecutive patients who underwent PICC place-

ment. All patients who underwent PICC implantation per-

formed by a single cardiovascular surgeon between January 

2022 and March 2023 were eligible for this study. The primary 

endpoint was predicting catheter misplacement based on 

catheter detection in the right atrial cavity. The secondary end-

points were optimizing catheter tip placement in the superior 

vena cava–right atrium (SVC–RA) junction on chest x-ray (CXR) 

and examining all catheter-associated complications. 

The study protocol was approved by the Chungnam Uni-

versity Hospital Institutional Review Board (No. 2023-04-018). 

Requirement for informed consent was waived by the Insti-

tutional Review Board because of the study retrospective de-

sign. Approval for publication was obtained from the patients 

whose photographs are included in this paper.

Vital signs were assessed before each procedure, and re-

al-time monitoring of electrocardiograms and pulse oximetry 

saturation was performed for each patient. Punctures were 

conducted under ultrasonographic guidance, and TTE was 

performed before and during the procedure. Catheter mis-

placement was defined as an aberrant catheter position (coiled, 

■ For high frailty patients who require critical care, mov-
ing patients to other locations equipped with fluoros-
copy or C-arm devices for peripherally inserted central 
catheter (PICC) placement can be dangerous and cum-
bersome.

■ When point-of-care ultrasonography is pervasive, bed-
side transthoracic echocardiography could be a reliable 
tool for detecting catheter misplacement and optimiz-
ing catheter tip positioning during PICC placement.

KEY MESSAGES
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directed toward the neck or other arm) on peri- or post-proce-

dural CXR. 

In this study, two types of catheters were used: (1) 5-Fr poly-

urethane 3-lumen Pro-PICC (MedComp) and (2) 5-Fr polyure-

thane 2-lumen Arrowg+ard Blue Advance PICC (Arrow PICC, 

Teleflex). Multiple ultrasonography devices were employed 

in various settings, including the intensive care unit, general 

ward, rehabilitation center, and operating room. These devices 

included 12L and 3Sc-RS probes (Venue Go Ultrasound Sys-

tem, GE), 11L and 3SP-D probes (Logiq S7 Expert Ultrasound 

System), UST-5413 linear and UST-5299 cardiac probes (Aloka 

F31 Diagnostic Ultrasound System, Hitachi), and 12L and 3Sc 

probes (Vivid S5 Ultrasound System, GE). 

Exclusion Criteria 
The exclusion criteria were as follows: (1) pre-procedural ul-

trasonography showing no adequate upper extremity veins 

during rapid peripheral vein assessment (RaPeVA); (2) poor 

pre-procedural echocardiographic window with difficulty 

finding the right atrial cavity; (3) signs of severe infection in the 

upper extremities; and (4) multiple former PICC puncture fail-

ures in both the upper extremities [10]. 

Ultrasonography and Echocardiography Pre-procedures 
All patients had their arms abducted in the supine position 

and fixed upward if they could not cooperate. First, the op-

erator measured the patient’s height and sternal length to 

calculate the catheter length in advance. A tourniquet was tied 

as high as possible on the shoulder of the arm selected for the 

procedure. Prior to the sterile drape, a RaPeVA using a linear 

probe was performed for the right arm [10]. In cases where 

the patient’s range of arm movement was limited, such as in 

patients with cerebral infarction, the opposite arm was moved 

first. The basilic vein in the upper arm was selected as the first 

target vessel and the brachial vein was identified as the next 

vessel, considering its size and tortuosity. Blood vessels with 

diameters ≥2 mm were selected as targets after tying the arm 

with a tourniquet. When no blood vessel was available in the 

first arm, the other arm was prepared and draped again. Once 

the target vessel was determined, the vein access point was 

pre-marked on the arm to save time and to use in actual pro-

cedures (Figure 1A). 

TTE was also briefly performed. Each patient was informed 

that their chest may be pressed before and during the proce-

dure. Similar to the apical four-chamber or subcostal views, 

the view that best showed the right atrial cavity was selected, 

and the chest area where the probe was located was marked. 

This procedure reduced the difficulty of finding a good view of 

the right atrial cavity (Figure 1B). 

Each patient was informed that a wide surgical drape had 

been applied during the procedure and the possibility of 

needing to prepare another arm if necessary was explained 

in advance. The surgical drapes were applied to the arms and 

chest in a typical manner. For the echocardiographic window, 

a surgical drape was prepared with a 10×10 cm hole in the ar 

ea marked in advance and exposed. Probes were wrapped in 

a sterile probe cover so that both the echocardiographic and 

linear probes could be used during the procedure. 

PICC Procedure and Real-Time Echocardiography 
All PICC procedures started with a puncture in a vein pre-

determined by RaPeVA, using ultrasonography in real-time. 

Under observation, 2–3 mL of 1% lidocaine was injected 

subcutaneously into the puncture site before puncture or 

after guidewire insertion. The catheter length was predicted 

and calculated during preparation, but the catheter was not 

trimmed in advance because when it is trimmed in advance, 

it may be too short to reach and confirm the right atrial cavity. 

The PICC was placed in a standard manner using the following 

catheter detection protocols. (1) If the target vein puncture was 

successful, a catheter was inserted, with the length calculated 

in advance, followed by guidewire insertion. (2) When the 

catheter was fully introduced to the calculated length, whether 

it was placed correctly in the right atrial cavity was determined 

using real-time TTE with an echocardiographic probe. (3) If 

the catheter was placed in the right atrial cavity on TTE, it was 

withdrawn until the tip was located at the SVC–RA junction. 

(4) If the catheter was not found in the right atrial cavity, it 

was retracted and reinserted, and the previous protocol was 

repeated. (5) If the catheter was not identified in the right 

atrial cavity again, periprocedural portable CXR was required. 

(6) If periprocedural portable CXR showed malposition, the 

procedure was considered to have failed and was then tried 

in the other arm. (7) If the catheter was placed at the SVC– RA 

junction on TTE, post-procedural CXR was performed for final 

confirmation. The practitioner determined the placement of 

the catheter. The practitioner and patient were kept in the pro-

cedure unit until CXR evaluation. 

Statistical Analysis 
All statistical analyses were performed using IBM SPSS sta-

tistics version 26. The sensitivity, specificity, and likelihood 
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ratio (LR) were calculated for TTE and CXR. Positive LR (LR+) 

was calculated as follows: sensitivity/(1–specificity). Negative 

LR (LR–) was calculated as follows: (1–sensitivity)/specificity. 

RESULTS 

We analyzed the records of 110 patients who underwent PICC 

placement at the Chungnam University Hospital between 

January 2022 and August 2023. Among these, 103 patients 

underwent the procedure directly on site without relocation. 

Seven patients who had previously undergone PICC place-

ment (failed or removed once) were relocated to the operating 

room. Of the 110 patients who underwent PICC placement, 

eight were excluded from this study because the right atrial 

cavity could not be identified clearly on pre-procedural TTE. 

Two additional patients were excluded because one was not 

eligible for the predetermined RaPeVA and the other experi-

enced puncture failure. Table 1 presents the basic character-

istics of the remaining 100 patients and the materials used. 

Among these patients, 92 experienced successful punctures in 

the first trial, while eight exhibited malpositioned catheters on 

periprocedural CXR and had to undergo the procedure in the 

other arm. Therefore, punctures were attempted a total of 108 

times. 

In the first trial, 90 patients were confirmed to have the cath-

eter enter the right atrial cavity on TTE in real-time. Among 

these, 89 patients had the catheter tip located at the SVC–RA 

junction on post-procedural CXR (Figure 2); the remaining 

patient exhibited catheter malposition. However, 10 patients 

were not confirmed to have had the catheter advance toward 

the right atrial cavity on TTE. Of these, the PICCs were malpo-

sitioned in seven patients, and all were removed immediately. 

A second trial was performed using the other arm in the 

eight patients with malpositioned catheters. In six of these pa-

tients, the catheters were confirmed to have entered the right 

atrial cavity on TTE in real-time, and all were properly posi-

tioned at the SVC–RA junction on the final CXR. The remain-

ing two patients were not confirmed to have had the catheter 

Figure 1. Before sterile draping: (A) rapid assessment of the peripheral vein by linear probe (12L) and (B) the best point for echocardiography in 
the apical four-chamber or subcostal view clearly shows the right atrial cavity by the echocardiographic probe (3Sc-RS) (GE Vivid S5 Ultrasound 
System).

AA BB
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Table 1. Enrolled patients and material characteristics
Variable Total (n=100) Catheter seen in RA (n=90) Catheter not seen in RA (n=10)
Age (yr) 68±12 64±7 69±9
Sex (male:female) 48:52 - -
BMI (kg/m2) 25.3±12.4 26.3±9.3 18.21±8.6
Indications for PICC
 After cardiac surgery 32 28 4
 After orthopedic surgery/rehabilitation 22 20 2
 Chronic kidney disease 18 16 2
 Cancer 11 10 1
 Infectious disease 10 9 1
 Gastrointestinal disease 7 7 0
Arrhythmiaa) 8 6 2
 Atrial fibrillation 6 4 2
 Ventricular junctional rhythm 2 2 0
Patients who underwent PICC placement 

previously (redo PICC placement)
7 4 3

Practice unit
 Intensive care unit 61 59 2
 General ward and rehabilitation center 32 26 6
 Operating room (for redo PICC placement) 7 5 2
PICC materialb)

 5-Fr double-lumen, arrow PICC 69 65 4
 5-Fr triple-lumen pro-PICC 31 25 6

Values are presented as mean±standard deviation or number.
RA: right atrium; BMI: body mass index; PICC: peripherally inserted central catheter.
a) Arrhythmia refers to a rhythm measured using an electrocardiogram during the procedure; b) PICC materials were randomly assigned to the practitioner 
depending on product availability.

Figure 2. Transthoracic echocardiography during peripherally inserted central catheter, apical four-chamber view: (A) hyperechogenic line 
(arrowhead represents the catheter heading from the RA to the RV) and (B) hyperechogenic artifact (arrow represents the catheter tip at the RV). 
LV: left ventricle; RV: right ventricle; RA: right atrium; LA: left atrium.

AA BB
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enter the right atrial cavity from the other arm, and the final 

CXR indicated malposition. Therefore, PICC placement was 

deemed to have failed, and the PICCs were removed immedi-

ately (Figure 3). 

The outcomes of the diagnostic tests were calculated by pre-

dicting catheter placement for 108 procedures, combining the 

first and second trials. Catheter misplacement was detected 

using TTE with sensitivity, specificity, positive predictive value, 

and negative predictive value of 97% confidence interval (CI; 

91.31%–99.36%), 90% CI (55.50%–99.75%), 99%, and 75%, re-

spectively. The LR+ and LR– were 9.69 (95% CI, 1.5–62.3) and 

0.03 (95% CI, 0.01–0.1), respectively (Table 2). 

Patient data were collected based on the catheter position 

confirmed using CXR, present illness, history of arrhythmia, 

patient age, and access location for complications associated 

with PICCs. Complications associated with PICCs that oc-

curred within 1 month of the procedure were followed up after 

the procedure. In total, 68 of the 100 analyzed patients had 

their catheters removed because of treatment termination, 

self-removal, or death. Catheter-associated complications 

were communicated to the attending physicians after a formal 

consultation with all relevant departments. 

Repositioning was indicated when the catheter tip did not 

reach the SVC–RA junction or pass through the right atrial 

cavity on post-procedural CXR. Four catheters required re-

positioning (all withdrawn), including three from the right 

basilic approach and one from the left brachial approach. In 

one of these four cases, the catheter passed through the tri-

Figure 3. Study protocol used to analyze the diagnostic test. PICC: peripherally inserted central catheter; TTE: transthoracic echocardiography; 
RaPeVa: rapid peripheral vein assessment; Rt: right; Lt: left; CXR: chest x-ray; SVC–RA: superior vena cava–right atrium.

110 PICC by TTE trial

TTE finding: Catheter on Rt atrial cavity 
seen in 90 patients

80 Rt arm approach 
10 Lt arm approach 

8 Other arm puncture trial 

TTE finding: Catheter on Rt atrial cavity 
seen 6 patients

3 Rt arm approach 
3 Lt arm approach

TTE finding: Catheter on Rt atrial cavity 
not seen 2 patients

2 Lt arm approach

Post-procedural CXR finding: 
6 Catheter tip on SVC-RA junction

Post-procedural CXR finding: 
2 Not seen on SVC-RA junction 

TTE finding: Catheter on Rt atrial cavity 
not seen in 10 patients

8 Rt arm approach 
2 Lt arm approach

10 Excluded
8 Rt atrial cavity unidentified on pre-procedural TTE 
2 Not eligible for RaPeVA and puncture failure 

Post-procedural CXR finding:
89 Catheter tip on SVC-RA 

Post-procedural CXR finding: 
1 Not seen on SVC-RA junction

Periprocedural CXR finding:
7 Not seen on SVC-RA junction

Periprocedural CXR finding: 
3 Catheter tip on the SVC-RA 
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cuspid valve, reached the right ventricle, and was withdrawn 

in real-time (Supplementary Video 1). Fluoroscopy or C-arm 

was not performed for catheter repositioning in any cases. 

Post-procedural CXR findings were the only reference for 

the length of catheter withdrawal. Two patients developed 

catheter-related infections, identified through blood culture 

analyses. Additionally, six patients experienced catheter 

thrombosis, which explained the ipsilateral arm edema and 

loss of PICC function in these cases. Of these six cases, five and 

one involved brachial and basilic approaches, respectively. All 

complicated PICCs were immediately removed (Table 3). 

DISCUSSION 

In this study, we employed a simple diagnostic method for 

catheter detection using TTE during PICC placement. Our 

method demonstrated sensitivity, specificity, positive predic-

tive value, and negative predictive value of 97%, 90%, 99%, and 

75%, respectively, indicating that the method is reliable. The 

LR+ was 9.69 and LR– was 0.03. Thus, we had strong evidence 

for ruling out catheter misplacement in most cases using this 

method. 

PICC placement has been performed at our center by the 

Department of Cardiovascular and Thoracic Surgery since 

March 2020. Initially, the method described in this paper was 

only used for a portion of the patients admitted to the inten-

sive care unit in our department. Gradually, its application ex-

panded to include patients with high frailty who were difficult 

to move to other units. Previously, our center usually placed 

PICCs using C-arm in a vascular laboratory or operating room 

equipped with a fluoroscope. However, considerable effort 

and risk are involved when transferring critically ill patients to 

certain procedural units. Furnishing a unit with the equipment 

necessary for PICC procedures is more useful than relocating 

the patients to separate procedural units. 

POCUS is extensively used in various ward and intensive 

care unit procedures. The cardiovascular surgeon who per-

formed procedures (YCJ) in this study specializes in treating 

critically ill patients and is familiar with the percutaneous 

puncture technique, central catheter insertion, and chest and 

vascular anatomy, and can promptly and accurately detect ar-

tifacts in the heart using TTE. However, this method does not 

require advanced techniques or detailed interpretation during 

TTE. Instead, it simply identifies whether catheter artifacts are 

present in the right atrial cavity. Classical blind techniques (in-

cluding CXR) are inferior to methods that use several different 

tools for detecting malposition [12]. Similar to C-arm and fluo-

roscopy, electrocardiography-electromagnetic guidance is an 

alternative to the existing methods [13]. However, electromag-

netic guidance is not widely utilized in South Korea because of 

insurance coverage guidelines for PICC procedures. 

In a retrospective study at a single institution, Kwon et al. 

[14] reported that optimal tip positions were achieved in the 

first trial in 91.6% of bedside PICC procedures. In 3.5% of the 

patients, a re-trial PICC placement or failure occurred. Even 

if multiple punctures are successfully tried in one arm, the 

Table 2. TTE as a diagnostic test for PICC detection

Diagnostic test
CXR findings

Positive Negative Total
TTE detection in the right 

atrial cavity
 Positive 95 1 96
 Negative 3 9 12
 Total 98 10 108

TTE: transthoracic echocardiography; PICC: peripherally inserted central 
catheter; CXR: chest x-ray.

Table 3. PICC placement results and complications
Variable Value
PICC puncture trials, access route (times)
 First arm, first trial 100
  Basilic vein, right 52
  Brachial vein, right 36
  Basilic vein, left 9
  Brachial vein, left 3
 Other arm, second trial 8
  Basilic vein, right 3
  Basilic vein, left 2
  Brachial vein, left 3
Total trials (times) 108
Secondary endpoint (case)
 Optimizing catheter placement after post-procedural CXR 4
  Withdrawal 4
  Introducing forward 0
 PICC failure 2
  SVC syndrome 1
  Subclavian vein stenosis and multiple collaterals 1
 Complication
  Catheter-related infection 2
  Catheter thrombosis 6

PICC: peripherally inserted center catheter; CXR: chest x-ray; SVC: superior 
vena cava.
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arm can develop angioedema. Catheter malposition is dire for 

both practitioners and patients. In the present study, if basic or 

brachial vein access failed after a puncture in the first arm, an 

immediate trial was performed with the other arm rather than 

with the same arm. Deep or superficial thrombosis frequently 

occurs in the arm when one or more veins are used in patients 

with high frailty or severe comorbidities [15]. Among our pa-

tients, 18% had stage 1–4 chronic kidney disorders, with seven 

individuals undergoing dialysis with arteriovenous fistulae 

in their arms. In these patients, if thrombosis occurred while 

placing a catheter in an upper extremity vein or if injuries were 

caused by puncture failure, creating an arteriovenous fistula or 

accessing a dialysis vessel may be challenging in the future.  

However, our method involved several difficulties. Perform-

ing the procedure at the bedside may be convenient for the 

patient, but greater preparation and maintenance are required 

to achieve readiness at the bedside compared to operating 

rooms, especially considering the necessity of applying sterile 

drapes for the arm, chest, and two probes. If patients have a 

sternotomy wound immediately after heart surgery, sterilizing 

the drape on the chest can be difficult. In this study, 29% of 

the patients underwent procedures in the intensive care unit 

immediately after heart surgery. However, the catheter-related 

infection complication rate (2%) was consistent with those re-

ported in other studies [7,8,14,16]. 

One advantage of our method is that while fluoroscopy 

requires at least two practitioners, this technique usually re-

quires only one practitioner, provided that the patient is coop-

erative. Importantly, the patients, practitioners, and assistants 

are not exposed to radiation during the procedure. Additional-

ly, the procedural cost is less than that of fluoroscopy in South 

Korea. 

Lack of familiarity with TTE may hinder identification of the 

echocardiographic window in the right atrial cavity, and fully 

identifying the SVC using TTE is challenging. Locating the 

SVC using transesophageal echocardiography is easy, but the 

procedure is invasive, causes discomfort to the patient, and re-

quires considerable practice. In this study, pre-procedural TTE 

failed to visualize the right atrial cavity in seven patients who 

underwent postcardiac surgery and one patient with cachexia 

in the rehabilitation unit. Consequently, these eight patients 

were excluded from this study. The SVC–RA junction can be 

visualized through the modified apical five-chamber view, 

modified parasternal short-axis view, and modified subcostal 

view [17]. However, periprocedural TTE led to false-positive 

catheter detection in one patient in our study. This patient had 

a body mass index of 12.43 kg/m2, and the rib shaft was mis-

taken for a catheter in the TTE apical four-chamber view. PO-

CUS has recently been used at the bedside. Owing to the ease 

of use of TTE, repetitive training will help practitioners find a 

good echocardiographic window by enabling simultaneous 

use of multiple modified views of the right atrial cavity and 

SVC–RA junction [6]. 

This study has some limitations. It was single-center and 

retrospective: numerous patients who underwent cardiovas-

cular surgery and those with high frailty were included, and 

selection bias inevitably occurred. Therefore, applying our 

method to all patients requiring PICCs would be premature. 

This method is intended for catheter detection only and not 

for PICC placement itself. It is unrelated to the success rates of 

numerous PICC placement protocols and is not comparable. 

Moreover, a single cardiovascular surgeon familiar with ultra-

sound and echocardiography performed the entire procedure 

for every patient. The various ultrasonography devices used in 

this study were heterogeneous in performance and resolution. 

Skilled detection and placement have a learning curve. This 

method is not comparable with several other detection meth-

ods that use electromagnetic guidance or fluoroscopy. Nev-

ertheless, this method could yield better PICC results when 

POCUS is used in many centers. 

In conclusion, bedside TTE is a reliable tool for detecting 

catheter misplacement and optimizing catheter tip position-

ing during PICC placement. In the future, we plan to conduct 

a comparative study using various tools that require central 

venous access. 
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INTRODUCTION 

One of the common causes of hospital admissions in the elderly is fractures resulting from 

falls, especially femoral neck fractures. There were an estimated 1.66 million hip fractures 

worldwide in 1990. According to the epidemiologic projections, this worldwide annual num-

ber will rise to 6.26 million by the year 2050 [1]. A study on hip fracture incidence performed 

in the Rohtak district of north India, the most populous country in the world, reported a 

crude incidence above the age of 50 years of 129 per 100,000 [2]. The corresponding figures 

were 105 and 159 per 100,000 men and women, respectively.  

Background: Patients with a fractured femur experience intense pain during positioning for 
neuraxial block for definitive surgery. Femoral nerve block (FNB) is therefore often given prior to 
positioning for analgesia. In our study, we compare the onset and quality of block of 0.25% bupiv-
acaine, 0.5% ropivacaine, and 1.5% lignocaine for FNB in fracture femur patients. 
Methods: Seventy-five adult femur fracture patients were equally and randomly divided into three 
groups to receive 15 ml of either 0.25% bupivacaine (group B), 0.5% ropivacaine (group R), or 
1.5% lignocaine (group L) for FNB prior to positioning for neuraxial blockade. Onset and quality of 
block were assessed, as well as improvement in visual analog scale (VAS) score, ease of positioning, 
and patient satisfaction. 
Results: Percentage decrease in VAS was found to be highest in group R (82.8%) followed by 
groups L and B. Time to achieve a VAS of less than 4 was found to be 26.2±2.4 minutes in group B, 
8.5±1.9 minutes in group R, and 4.1±0.7 minutes in group L (P<0.001). In group B, 12 patients re-
quired additional fentanyl to achieve a VAS <4. Patient positioning was reported to be satisfactory 
in all patients in group R and L, while in B it was satisfactory in 13 (52%) patients only. Patient ac-
ceptance of FNB was 100% in group R and L, but only 64% in group B. 
Conclusions: Based on our findings, 0.5% ropivacaine is a favorable choice for FNB due to early 
onset, ability to yield a good quality block, and good safety profile. 

Key Words: anesthesia; block; bupivacaine; femoral; lignocaine; nerve block; orthopedic; ropiva-
caine  
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The vast majority of femur fractures are treated by surgical 

repair, which is usually conducted under regional anesthesia. 

Central neuraxial blockade (CNB) is a widely accepted anes-

thetic technique for these cases [3]. However, positioning for 

CNB can be extremely painful for patients, resulting in sym-

pathetic activation and a subsequent increase in cardiac work 

load that may compromise high risk cardiac patients. Effective 

management of pain is important for patient comfort and to 

facilitate the performance of the CNB. Pain management in fe-

mur fracture patients has traditionally been based on systemic 

opioids, which have multiple adverse effects in frail and elderly 

patients. Blockade of the femoral nerve has been proposed as 

an alternative [4-8]. Femoral nerve block (FNB) produces good 

analgesia with very few side effects compared to opioids and 

non-steroidal anti-inflammatory drugs. 

Most studies have reported using lignocaine for FNB. Lig-

nocaine is an intermediate acting local anesthetic (LA) agent. 

Bupivacaine provides a longer duration of action, but has 

potentially life-threatening cardiac toxicity. Ropivacaine has 

emerged as a new and safer alternative to bupivacaine. Ropi-

vacaine has a greater degree of motor sensory differentiation, 

resulting in a relative reduction in motor blockade and less 

cardiac toxicity than bupivacaine [9]. Few studies, however, 

have directly compared the effectiveness of ropivacaine with 

other LAs in patients with femur fractures in terms of satisfac-

tory analgesia and ease of positioning prior to CNB. 

MATERIALS AND METHODS 

This prospective, randomized interventional study was con-

ducted in a tertiary care teaching institute (Vardhman Mahavir 

Medical College and Safdarjung Hospital) over a period of 1 

year after approval from the Institutional Ethics Board (IEC/

VMMC/SJH/Thesis/October/2017-029, dated 30.10.2017). In-

formed written consent was obtained. 

All American Society of Anesthesiologists grade I and II 

patients between 18 and 75 years who were scheduled to un-

dergo surgery for fracture neck femur and who consented to 

be a part of the study were included. Patients excluded from 

the study were those who had no baseline pain (visual analog 

scale [VAS] score <4), any contraindications to CNB, known 

allergy to LA agents, those requiring fixation of multiple frac-

tures and therefore general anesthesia, those with pre-existing 

peripheral neuropathies, inflammation or infection over the 

femoral injection site, or those with impaired cognition or de-

mentia making assessment of pain difficult. 

After a detailed pre-anesthetic check-up, complete systemic 

examination and relevant investigations, the purpose and pro-

tocol of the study were explained to patients. Patients were told 

to rate their pain on a scale of 0–10 where 0 denoted no pain 

and 10 denoted the worst pain imaginable (VAS). No sedative 

premedications were prescribed. Upon arrival in the premed-

ication room adjoining the operating room (OR), standard 

monitoring was performed, and an intravenous (IV) line was 

secured. 

Patients were randomized into three groups by a comput-

er-generated randomization algorithm. All patients received 

ultrasound guided FNB prior to transfer to the main operating 

theatre. The test drug in group B was 15 ml of 0.25% bupiv-

acaine, while that in group R was 15 ml of 0.5% ropivacaine 

and in group L was 15 ml of 1.5% lignocaine. Drugs were pre-

pared by a physician other than the one performing the block. 

Sensory blockade was evaluated at 5-minute intervals after 

performing the block using loss of perception to pinprick in 

the anterior and medial parts of the thigh (corresponding to 

femoral nerve sensory distribution). 

Sensory block was graded as follows [10]. Grade 0 (block 

failure): sharp pin felt even after 30 minutes; grade 1: analge-

sia, dull sensation felt; grade 2: anesthesia, no sensation felt. 

After achieving sensory loss as evaluated by skin pinprick, the 

patient was moved to the OR where CNB was administered in 

a sitting position. 

VAS scores were noted before the block, after achieving 

complete block, and during positioning for CNB. If a patient 

reported VAS score ≥4 during positioning, the procedure was 

stopped, and IV fentanyl 0.5 μg/kg was given every 5 minutes 

until the patient’s pain score decreased to <4 or up to a maxi-

mum dose of 3 μg/kg (whichever came first). If a pain score <4 

■ Femoral nerve block is an effective analgesic technique 
for positioning during central neuraxial block in fracture 
neck femur patients.

■ The choice of local anesthetic agents and their concen-
tration used can vary as per physician performing the 
block.

■ Amongst lignocaine, bupivacaine and ropivacaine, the 
agent providing best analgesia and maximum patient 
satisfaction is ropivacaine; it also exhibits a favorable 
safety profile.

KEY MESSAGES
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could not be achieved, patients were excluded from the study. 

Positioning was reattempted after reduction of VAS to <4. VAS 

score during patient positioning and the quality of the posi-

tion were recorded by the anesthesiologist administering the 

CNB. Duration of time to achieve VAS was recorded, as was 

the performance time (defined as the time from the beginning 

of patient positioning to the end of the performance of CNB). 

Patient positioning was evaluated as 0 (unsatisfactory) or 1 

(satisfactory). 

Intraoperative monitoring of relevant parameters such as 

heart rate, non-invasive blood pressure, and oxygen saturation 

was done. Any episode of hypotension (decrease in mean ar-

terial pressure, mean arterial pressure more than 20% of the 

baseline value) or bradycardia (heart rate less than 60/min) 

were noted and managed. Following surgery, all patients were 

transferred to the postanesthetic care unit, where standard 

monitoring was performed. Patient experience with FNB was 

evaluated 24 hours later, in the orthopedics ward, using a two-

point score: 0, bad, I will never repeat it; 1, good, if necessary, I 

would repeat it. 

Statistical Analysis 
Categorical variables are presented as numbers and percent-

ages (%) and continuous variables are presented as means 

±standard deviations and medians. Normality of data was test-

ed by the Kolmogorov-Smirnov test. If normality was rejected, 

then non-parametric tests were used. 

Statistical tests were applied as follows: (1) quantitative vari-

ables were compared using analysis of variance with repeated 

measurements/Kruskal Wallis tests (when data were not nor-

mally distributed) between three groups and paired t-test/ Wil-

coxon ranked sum tests within the groups across follow-ups. 

(2) Qualitative variables were correlated using the chi-square 

test/Fisher’s exact test. A P-value of <0.05 was considered sta-

tistically significant. Data were entered into excel spreadsheets 

and analyzed using IBM SPSS version 21.0 (IBM Corp.). 

RESULTS

A total of 75 patients were included in the study: 25 each in 

groups B, R. and L (Figure 1). The demographic profile of the 

study population is described in detail in Table 1, along with 

group-wise distributions. There were no significant differences 

in patient characteristics among the three groups (P>0.05). 

Preoperative vital parameters are presented in Table 2; these 

were also comparable among the three test groups. 

Patients were assessed preoperatively using VAS before FNB 

intervention and at the time of positioning patients for CNB 

after FNB. No case of block failure was observed in any test 

subject. Differences in VAS scores before and after FNB are 

presented in Table 3 for the three groups. Scores were compa-

rable before FNB; however, after the intervention, statistically 

significant differences were found in VAS scores between 

groups (bupivacaine vs. ropivacaine and bupivacaine vs. lig-

nocaine comparisons, but not the ropivacaine vs. lignocaine 

comparison). Percentage decrease in VAS was highest in group 

R (82.8%) followed by groups L (81.5%) and B (52.4%). Time 

to achieve a VAS less than 4 was 26.2±2.4 minutes in group B, 

8.5±1.9 minutes in group R, and 4.1±0.7 minutes in group L. 

Differences among the three groups were statistically signifi-

cant, as shown in Table 3. 

Grade 1 sensory block was achieved in all patients in all 

groups. Grade 2 sensory block was achieved in all patients in 

groups R and L. In group B, it was achieved in only 13 patients 

(52%). There were statistically significant differences in groups 

B vs. R and B vs. L. Average time taken to achieve grade 1 sen-

sory block was 11.7±1.8 minutes in group B, 3.9±0.5 minutes 

in group R, and 2.4±0.3 minutes in group L. Average time for 

grade 2 sensory block to set in was 26.2±2.4 minutes in group 

B, 8.7±1.5 minutes in group R, and 4.1±0.7 minutes in group L. 

These differences among groups were statistically significant 

(Table 3). 

Figure 1. Flowchart for patients selection and division into study 
groups. FNB: femoral nerve block.

89 Patients with femoral neck fractures posted for 
surgery evaluated for inclusion into the study

75 Patients met the inclusion criteria and were 
divided into three study groups

14 Patients excluded 
7 Lack of consent
4 Presence of peripheral neuropathies 
3 Infection over site of FNB

Group B received
15 ml of 0.25% 

bupivacaine in FNB

Group R received
15 ml of 0.5% 

ropivacaine in FNB

Group L received
15 ml of 1.5% 

lignocaine in FNB
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Regarding the requirement of fentanyl for positioning for 

CNB, there were statistically significant differences in groups 

B vs. R and B vs. L; 12 (48%) patients in group B required ad-

ditional fentanyl, while no patients in groups R or L required 

fentanyl. Average time required to perform CNB was 9.9±1.3 

minutes in group B, 8.8±0.8 minutes in group R, and 8.3±0.7 

minutes in group L (Table 3). There were significant differenc-

es in groups B vs. R (P=0.002), B vs. L (P<0.001), and R vs. L 

(P=0.038). Patient positioning was satisfactory in all patients in 

groups R and L, while in group B it was satisfactory only in 13 

patients. There were significant differences between groups B 

and R, as well as B and L. Patient acceptance of FNB was 100% 

in groups R and L, while in group B only 16 patients (64%) con-

sidered the experience to be good. This difference in accep-

Table 2. Preoperative vitals parameters of the study population with group-wise division
Variable Group B (n=25) Group R (n=25) Group L (n=25) P-value
Heart rate (beats/min) 0.523
 Mean±SD 87.6±10.5 84.7±11.6 84.6±10.0
 Median (min–max) 88 (76–126) 86 (69–120) 86 (66–110)
 IQR 79.8–90.0 76.0–94.0 76.8–89.3
Mean arterial pressure (mm Hg) 0.361
 Mean±SD 83.0±4.6 82.4±5.7 84. 6±5.8
 Median (min–max) 81 (78–92) 81 (75–91) 85 (76–98)
 IQR 80.0–84.0 77.8–88.3 78.6–89.0
Respiratory rate (breaths/min) 0.307
 Mean±SD 16.0±1.8 15.9±1.8 16.6±1.7
 Median (min–max) 16 (13–19) 15 (14–19) 16 (14–19)
 IQR 15.0–16.5 14.8–16.3 15.0–18.0
Oxygen saturation (%) 1.000
 Mean±SD 99.5±0.7 99.5±0.7 99.5±0.7
 Median (min–max) 100 (98–100) 100 (98–100) 100 (98–100)
 IQR 99–100 99–100 99–100

Group B: 0.25% bupivacaine; Group R: 0.5% ropivacaine; Group L: 1.5% lignocaine; SD: standard deviation; IQR: interquartile range.

Table 1. Demographic characteristics of the patient population with group-wise division
Variable Group B (n=25) Group R (n=25) Group L (n=25)
Age (yr)
 Mean±SD 37±12 37±10 36±18
 Median (min–max) 33 (26–71) 35 (21–60) 30 (16–73)
 IQR 30–37 29–45 25–50
Sex
 Male 7 (28) 7 (28) 7 (28)
 Female 18 (72) 18 (72) 18 (72)
Mean weight (kg) 60.2 62.2 56.4
ASA grading
 I 21 (84) 21 (84) 21 (84)
 II 4 (16) 4 (16) 4 (16)
Type of fracture (%)
 Inter-trochanteric 12 20 20
 Neck of femur 8 16 24
 Shaft of femur 80 64 56

Values are presented as number (%) unless otherwise indicated.
Group B: patients given 15 ml of 0.25% bupivacaine in femoral nerve block (FNB); Group R: patients given 15 ml of 0.5% ropivacaine in FNB; Group L: patients 
given 15 ml of 1.5% lignocaine in FNB; SD: standard deviation; IQR: interquartile range; ASA: American Society of Anesthesiologists.
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Table 3. Group-wise comparison of FNB onset, quality, improvement in VAS and time to perform neuraxial block
Variable Group B (n=25) Group R (n=25) Group L (n=25) P-value
VAS score before FNB 0.548
 Mean±SD 7.9±0.9 7.72±0.84 7.68±0.95 B vs. R: 0.351
 Median (min–max) 8 (6–9) 8 (6–9) 8 (6–9) R vs. L: 0.902
 IQR 7.8–8.3 7.0–8.0 7.0–8.0 L vs. B: 0.336
VAS score after FNB <0.001
 Mean±SD 3.7±1.2 1.3±0.5 1.4±0.5 B vs. R: <0.001
 Median (min–max) 3 (2–7) 1 (1–2) 1 (1–2) R vs. L: 0.560
 IQR 3.0–4.3 1.0–2.0 1.0–2.0 L vs. B: <0.001
Time to achieve VAS <4 (min) <0.001
 Mean±SD 26.2±2.4 8.5±1.9 4.1±0.7 B vs. R: <0.001
 Median (min–max) 27 (20–29) 9 (3–10) 4 (3–5) R vs. L: <0.001
 IQR 25–28 8–10 4.0–4.5 L vs. B: <0.001
Time to achieve grade 1 sensory block (min) <0.001
 Mean±SD 11.7±1.8 3.9±0.5 2.4±0.3 B vs. R: <0.001
 Median (min–max) 12 (8–15) 4 (2–4.5) 2.5 (2–2.9) R vs. L: <0.001
 IQR 10.8–13 3.9–4 2.0–2.7 L vs. B: <0.001
Time to achieve grade 2 sensory block (min) <0.001
 Mean±SD 26.2±2.4 8.7±1.5 4.1±0.7 B vs. R: <0.001
 Median (min–max) 27 (20–29) 9 (3–10) 4 (3–5) R vs. L: <0.001
 IQR 25–28 8–10 4–4.5 L vs. B: <0.001
Performance time for CNB (min) <0.001
 Mean±SD 9.9±1.3 8.8±0.8 8.3±0.7 B vs. R: 0.002
 Median (min–max) 10 (8–13) 9 (8–11) 8 (7–9) R vs. L: <0.001
 IQR 9–11 8–9 8–9 L vs. B: 0.038

FNB: femoral nerve block; VAS: visual analog scale; Group B: 0.25% bupivacaine; Group R: 0.5% ropivacaine; Group L: 1.5% lignocaine; SD: standard deviation; 
IQR: interquartile range.

tance was statistically significant (B vs. R, P=0.002 and B vs. L, 

P=0.002). No vascular punctures occurred nor were there any 

indications of systemic toxicity such as seizures, arrhythmias, 

cardiovascular collapse, hypotension, or bradycardia among 

patients in our study. 

DISCUSSION 

Advancements in the field of healthcare have increased the av-

erage life expectancy worldwide. The incidence of hospital vis-

its by geriatric patients with health problems such as fractures 

resulting from falls is increasing along with the increase in size 

world-wide of the geriatric population. Analgesia during po-

sitioning of femur fracture patients has traditionally relied on 

systemic opioids. Blockade of the femoral nerve was proposed 

as an alternative method of pain control in such situations 

to avoid the side effects of opioids as early as 1977 [6]. The 

benefits of femoral nerve blockade have been corroborated in 

multiple studies. Sia et al. [7] conducted a randomized study 

in femur fracture patients undergoing surgery under neuraxial 

blockade. They compared the ease and comfort of positioning 

during spinal anesthesia of FNB versus IV fentanyl and con-

cluded that FNB was more advantageous. Similarly, Jadon et 

al. [8] reported significantly better patient satisfaction and low-

er VAS scores when lignocaine-based FNB was given prior to 

positioning during spinal anesthesia in fracture femur patients 

as compared to IV fentanyl. 

Many researchers have compared various LA agents in FNB 

performed for primary surgery. Fanelli et al. [11] conducted a 

double-blind study comparing 0.75% ropivacaine, 0.5% bupi-

vacaine, and 2% mepivacaine for sciatic and femoral block for 

elective hallux valgus repair. The authors concluded that 0.75% 

ropivacaine was the most suitable choice of LA, with an onset 

similar to that of mepivacaine and postoperative analgesia 

intermediate between bupivacaine and mepivacaine. Similar 

to our study findings, the onset of sensory and motor blockade 

with ropivacaine was significantly shorter than with bupiva-

caine. However, the duration of postoperative analgesia was 
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longer with both bupivacaine and ropivacaine, which may be 

due to both sciatic and femoral block in their study versus FNB 

only in our study, as well as the nature of the surgery. Similar 

findings were reported in a multicenter study conducted by 

the Italian Society of Anesthesia [12] of patients undergoing 

foot and ankle surgery under sciatic-femoral block with in-

creasing doses of ropivacaine (0.5%, 0.75%, and 1%) and 2% 

mepivacaine. The authors concluded that 0.75% ropivacaine 

was the most suitable choice of LA for sciatic-femoral block, 

with an onset similar to mepivacaine and prolonged postoper-

ative analgesia. 

Kuthiala and Chaudhary [13] published a review article in 

which they reported that ropivacaine was a well-tolerated re-

gional anesthetic agent, effective for surgical anesthesia as well 

as the relief of postoperative and labor pain. The efficacy of 

ropivacaine was similar to that of bupivacaine and levobupiv-

acaine for peripheral nerve blocks. Clinically adequate doses 

of ropivacaine appear to be associated with a lower incidence 

or grade of motor block than bupivacaine. Thus, ropivacaine, 

with its efficacy, lower propensity for motor block, and re-

duced potential for CNS toxicity and cardiotoxicity, appears to 

be a favorable option for regional anesthesia and management 

of postoperative pain.  

The power of our study lies in its novelty. There is a paucity 

of literature comparing different LA agents in FNB given prior 

to positioning for CNB of painful fractures. Previous studies 

[11,12] have compared LA agents for lower limb blocks per-

formed for surgical procedures. Second, our outcome mea-

sures included objective criteria such as VAS score and time 

to performance of block, as well as subjective criteria such as 

patient feedback. This allowed for comprehensive comparison 

of LAs as described above. There are certain limitations to our 

study that should be taken into consideration. The sample size 

was small due to the limited duration of the study. The anes-

thesiologist performing the FNB could not be kept constant 

due to staffing reasons and rotational postings. Studies with 

different concentrations of each drug need to be conducted to 

determine the ideal concentration for sensory blockade. 

Based on our findings, we conclude that FNB with 0.5% 

ropivacaine before positioning for CNB provides good pain 

management and facilitates performance of CNB with excel-

lent patient acceptance, hence improving overall quality and 

efficiency of care. Ropivacaine exhibits a faster onset of action 

than bupivacaine and a longer duration of action than both 

lignocaine and bupivacaine, with a better safety profile than 

bupivacaine. 
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Background: This study evaluates the effectiveness of Therapeutic Hypothermia (TH) in treating 
poor-grade aneurysmal subarachnoid hemorrhage (SAH), focusing on functional outcomes, mor-
tality, and complications such as vasospasm, delayed cerebral ischemia (DCI), and hydrocephalus. 
Methods: Adhering to Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) 2020 guidelines, a comprehensive literature search was conducted across multiple data-
bases, including Medline, Embase, and Cochrane Central, up to November 2023. Nine studies in-
volving 368 patients were selected based on eligibility criteria focusing on TH in poor-grade SAH 
patients. Data extraction, bias assessment, and evidence certainty were systematically performed. 
Results: The primary analysis of unfavorable outcomes in 271 participants showed no significant 
difference between the TH and standard care groups (risk ratio [RR], 0.87). However, a significant 
reduction in vasospasm was observed in the TH group (RR, 0.63) among 174 participants. No sig-
nificant differences were found in DCI, hydrocephalus, and mortality rates in the respective partici-
pant groups. 
Conclusions: TH did not significantly improve primary unfavorable outcomes in poor-grade SAH 
patients. However, the reduction in vasospasm rates indicates potential specific benefits. The ab-
sence of significant findings in other secondary outcomes and mortality highlights the need for 
further research to better understand TH's role in treating this patient population. 

Key Words: hypothermia; intracranial vasospasm; mortality; stroke; subarachnoid hemorrhage  
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INTRODUCTION 

Therapeutic hypothermia (TH) has emerged as a critical intervention in the aftermath of car-

diac arrest resuscitation, celebrated for its neuroprotective properties [1]. A key aspect of TH 

is its ability to effectively reduce cellular metabolism, leading to decreased oxygen and energy 

demands in brain cells [2,3]. This metabolic reduction plays an integral role in lowering in-

https://doi.org/10.4266/acc.2024.00612
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tracranial pressure (ICP) and minimizing brain edema, which 

may help mitigate further brain injury [4,5]. 

Originally employed for its neuroprotective effects, the ap-

plication of TH has since expanded to include various forms of 

acute brain injuries, especially those characterized by hypox-

ic-reperfusion injuries such as cerebral infarction, intracranial 

hemorrhage (ICH) traumatic brain injury (TBI), and sub-

arachnoid hemorrhage (SAH) [6-9]. Despite its expanded use, 

the efficacy of TH in these scenarios, particularly in SAH, has 

sparked considerable debate [10]. Clinical studies have often 

yielded mixed or inconclusive results, highlighting a gap in the 

comprehensive understanding of TH's role in these contexts. 

Of particular interest is the application of TH in poor-grade 

SAH, where patients are confronted with exacerbated chal-

lenges like heightened ICP and significant cerebral swelling. 

The management of such cases remains a complex and press-

ing issue in neurocritical care. This study aims to scrutinize 

and quantify the clinical outcomes of TH in the management 

of poor-grade SAH. By delving into the nuances of TH's ap-

plication in this specific patient population, we hope to shed 

light on its potential benefits and limitations. This systematic 

review and meta-analysis aspire to provide a more detailed 

understanding of TH's therapeutic role in improving clinical 

outcomes for patients with poor-grade SAH, thereby contrib-

uting valuable insights to the field of neurocritical care. 

MATERIALS AND METHODS 

This study was conducted according to the Preferred Report-

ing Items for Systematic Reviews and Meta-Analyses: the 

PRISMA statement. The review was registered with the PROS-

PERO International prospective register of systematic reviews 

(registration number CRD42023479143). 

Search Strategy and Data Extraction 
Two independent reviewers systematically searched three da-

tabases (Medline, Embase, and the Cochrane Central Register 

of Controlled Trials). The search spanned from the inception 

of each database to November 2023, with no language or time 

restrictions. Search terms for each database can be found in 

Supplementary Table 1. 

Using predefined criteria, two authors independently as-

sessed all retrieved citations. Initially, titles and abstracts of 

identified articles were reviewed, excluding publications that 

clearly did not meet the inclusion criteria or were duplicative. 

Subsequently, two authors meticulously examined the full-

texts of articles that appeared to align with inclusion criteria, 

with the aim of further assessing their potential relevance. Ad-

ditionally, references within selected articles were scrutinized 

to identify relevant research. We conducted comprehensive 

analysis by including both randomized controlled trials (RCTs) 

and non-randomized studies (NRS), such as cross-sectional, 

case-control, and cohort studies. 

All citations were downloaded and managed in Endnote X9 

(Thompson ISI Research Soft), adhering to predefined stan-

dards. Rigorous checks were conducted to ensure data accura-

cy and completeness. Any discrepancies in search strategies or 

literature selection were resolved through discussion or arbi-

tration led by experienced authors to maintain consistency. 

Eligibility Criteria 
All studies included in our meta-analysis adhered to the fol-

lowing criteria: (1) adult patients (aged 18 or older) diagnosed 

with SAH resulting from aneurysm rupture, confirmed by 

definitive imaging and clinical manifestations. (2) Poor-grade 

aneurysmal SAH (aSAH) patients (Hunt & Hess Scale 4, 5, and 

modified Fisher Scale 3, 4) who have undergone securing of 

the aneurysm through clipping or coiling. (3) Patients treated 

with TH (temperature maintained at 35 °C or less). (4) The 

control group received equivalent therapeutic approaches, 

excluding TH. (5) Studies providing comprehensive documen-

tation of the therapeutic procedure, target temperature, and 

specified endpoints. 

Exclusion criteria for clinical studies were: (1) no control 

group was established in the study. (2) Studies applying TH to 

patients with TBI, ICH, ischemic stroke, or hypoxic ischemic 

■ Therapeutic hypothermia (TH) shows promise as a 
potential treatment for patients with poor-grade aneu-
rysmal subarachnoid hemorrhage (SAH), suggesting a 
beneficial effect on clinical outcomes.

■ Despite some variability in study results, the systematic 
review and meta-analysis provide evidence supporting 
the efficacy of TH in improving neurological outcomes 
and reducing mortality rates among this patient popula-
tion.

■ Further research is warranted to refine protocols, op-
timize timing, and identify the subset of SAH patients 
who would benefit most from TH, potentially shaping 
future clinical guidelines and treatment strategies.

KEY MESSAGES
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encephalopathy due to cardiac arrest, unrelated to SAH. (3) 

When TH is applied only during intraoperative procedures. (4) 

Studies involving animal models. 

Assessing Risk of Bias and Certainty of the Evidence 
To evaluate the risk of bias in the literature, two independent 

reviewers employed the bias risk assessment. When identi-

fying RCTs, the revised Cochrane Risk of Bias 2 tool (RoB 2) 

was employed [11]. The RoB 2 evaluation covered several 

domains: randomization process, intervention deviations, 

outcome measurement, missing data, selective reporting, and 

an overall risk assessment. Each domain received judgments 

of “low risk,” “some concerns,” or “high risk” based on the eval-

uation criteria. The assessment of bias in NRS was conducted 

using the Risk of Bias in Non-randomized Studies of Inter-

ventions (ROBINS-I) tool, with necessary modifications made 

for suitability [12]. Any discrepancies were resolved through 

discussion or by involving a third reviewer until a consensus 

was achieved. The assessment of the certainty of evidence was 

conducted using the GRADE (Grading of Recommendations 

Assessment, Development and Evaluation) approach, ensur-

ing a rigorous and transparent evaluation of the evidence's 

quality. 

Outcome Measurement 
Baseline clinical data extracted comprised patient age, sex, 

target temperature of TH group, duration of TH, cooling meth-

od, Fisher grade, Hunt and Hess grade, treatment method of 

ruptured aneurysm. The primary outcome measures the ef-

fectiveness of TH in enhancing the clinical outcomes of aSAH 

patients, as assessed by the Glasgow Outcome Scale (GOS) or 

modified Rankin Scale (mRS) scores. An unfavorable function-

al outcome is defined as severe disability, indicated by a GOS 

prognosis scale score ≤3 or an mRS score of ≥4. Secondary 

outcomes include the evaluation of vasospasm (angiographic 

vasospasm was confirmed by diagnostic subtraction angiogra-

phy, computed tomography (CT) angiography and perfusion 

scanning as well as by magnetic resonance imaging, with 

additional evidence of vasospasm observed in transcranial 

Doppler examinations), delayed cerebral ischemia (DCI; sub-

sequent native CT imaging and required a newly demarcated 

cerebral infarction), the occurrence of hydrocephalus (in cases 

where ventriculo-peritoneal shunt was performed due to de-

layed hydrocephalus), and in-hospital mortality, 

Statistical Analysis 
For our meta-analysis, Stata 18 (Stata Corp.) was utilized as 

the primary statistical software. Our analysis focused on bi-

nary data, and we compiled the effect size from each dataset, 

presenting the cumulative effect as a risk ratio (RR) with a 95% 

confidence interval (CI). We considered a two-tailed P-value of 

less than 0.05 as statistically significant. 

To evaluate study heterogeneity, we employed the I2 statis-

tic. An I2 value over 30% indicated moderate heterogeneity, 

while values surpassing 50% and 75% signified substantial 

and considerable heterogeneity, respectively. In instances of 

notable heterogeneity (P<0.05, I2>50%), an initial investigation 

into potential sources was conducted, followed by addition-

al sensitivity analyses to ascertain the appropriateness of a 

random-effects model for our data synthesis. Notably, in this 

meta-analysis, each of the nine studies focused on patients 

with aSAH, though there were differences in their demograph-

ic characteristics and intervention protocols. Consequently, 

these variations necessitated the use of a random-effects mod-

el for the analysis. This approach was consistent with the het-

erogeneity observed in some of the analyses (where I2>50%), 

as these variations could potentially lead to significant differ-

ences in study outcomes, thus underscoring the relevance of 

the random-effects model for data amalgamation. Additional-

ly, the possibility of publication bias was assessed using a fun-

nel plot. Sensitivity analyses were also performed using Stata 

18 to pinpoint and address any individual studies that might 

have disproportionately influenced the overall analysis.  

RESULTS 

Study Selection 
The search process and study exclusions are detailed in Figure 

1. Initially, a comprehensive search yielded 3,174 studies, re-

moving 561 duplicates. From the remaining 2613, 2548 were 

deemed irrelevant based on title and abstract screening. Full-

text analysis was performed on 65 studies, resulting in the 

exclusion of 56 due to various reasons, including insufficient 

data, lack of a comparison group, and the amalgamation of 

different stroke types (Supplementary Table 2). Eventually, the 

remaining 9 studies with a total of 368 patients were included 

in our final analysis. 

Characteristics of the Trials 
This meta-analysis scrutinizes nine studies conducted be-

tween 1997 and 2018, encompassing a total of 368 participants, 
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wherein 166 received TH and 202 served as controls. The study 

types comprised two RCTs and seven NRS, consisting of five 

retrospective observation studies, one prospective clinical pi-

lot study, and one prospective matching study. In the analysis 

of nine reviewed studies, the overall risk of bias was assessed. 

Among the two RCTs, one exhibited a low risk of bias, while 

the other displayed a high risk of bias. Among the seven NRS, 

excluding one with moderate risk of bias, the remaining six 

indicated a serious risk of bias (Supplementary Fig. 1). Sample 

sizes ranged from 15 to 72 patients, with a diverse geographi-

cal distribution: five studies from Asia, three from Europe, and 

one from the USA. The overview was described in Table 1 [13-

21]. 

The female ratio across these studies ranged from 27.4% to 

80.0%, with a mean age range of 44.6 to 57.6 years. The pre-

senting conditions primarily involved patients categorized 

under Hunt & Hess Scale 4, 5, modified Fisher Scale 3, 4, and 

World Federation of Neurosurgical Societies (WFNS) scale 4, 5. 

In the context of securing aSAH, five studies documented the 

use of either a surgical clip or coiling, two studies exclusively 

involved coiling, and two did not specify the treatment meth-

od. Outcome measurements were gauged using the GOS and 

the mRS, with mean follow-up times spanning from 2 weeks 

to 1 year. Therapeutic interventions targeted temperatures 

between 33 °C to 35 °C, with induction times varying from 1 

hour to 12 hours. Hypothermia was maintained for periods be-

tween 48 hours to 7 days, averaging 4.3 days, with rewarming 

rates employing passive warming or escalating at rates from 

0.5 °C per day to 1 °C per 4 hours. Cooling methods encom-

passed 5 surface cooling, 2 endovascular cooling, and 2 mixed 

approaches. The interval from onset to cooling ranged from 2 

hours to 48 hours, with shivering control systems implement-

ed in 5 studies and absent in 4 studies. The summary of the 

main values in TH is detailed in Table 2. 

Summary of Findings 
In a comprehensive analysis comparing the hypothermia 

group to the standard care group, various outcomes were eval-

uated (Table 3). The risk of an unfavorable function outcome 

is anticipated at 740 per 1,000 individuals in the standard care 

Figure 1. The flow diagram of the literature search. SAH: subarachnoid hemorrhage.

3,174 Records identified through 
database searching

763 Medline 
2,177 Embase
234 Cochrane 

2,613 Records screened after duplicates 
removed 

65 Full-text articles assessed for eligibility

9 Studies included in quantitative synthesis 
(meta-analysis)

56 Full-text articles excluded, with reason
  5 No SAH model, another data model 
  1 Cannot isolate SAH data 
18 No control group 
  4 Duplicates 
  7 Review articles 
12 No hypothermia management 
  5 Protocol only 
  3 Animal studies 
  1 Abstract only 

2,548 Records excluded
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group, but it is reduced to 644 per 1,000 in the hypothermia 

group, indicating a potential benefit of TH. The RR for this 

outcome is 0.87 (95% CI, 0.67–1.13), suggesting a slight reduc-

tion in the risk of unfavorable outcomes, based on an analysis 

of 271 participants across seven studies. For vasospasm, the 

risk in the standard care group is 466 per 1,000, decreasing 

to 294 per 1,000 in the hypothermia group. The RR for vaso-

spasm with TH is 0.63 (95% CI, 0.41–0.96), indicating a more 

pronounced effect in reducing the risk of vasospasm. This is 

derived from data involving 174 participants in four studies. 

Regarding DCI, under TH, the RR is 0.82 (95% CI, 0.47–1.45), 

indicating a slight reduction in risk, based on data from 130 

participants across three studies. In the comparison of hydro-

cephalus incidence, the RR for the hypothermia group is 1.14 

(95% CI, 0.63–2.08), suggesting a potential increase in risk. This 

assessment comes from 130 participants in three studies. Last-

ly, for mortality, the RR in the hypothermia group is 0.74 (95% 

CI, 0.35–1.56), suggesting a potential reduction in mortality 

risk. This result is based on data from 219 participants across 

five studies. 

The overall level of certainty for these outcomes is very low. 

This indicates that further research could significantly impact 

our confidence in these estimates and potentially alter the cur-

rent understanding of the effects of TH in these areas. 

Functional Outcome 
In a comprehensive review involving seven studies, a total of 

271 participants were analyzed, with 117 in the intervention 

group and 154 in the control group. The focus was on compar-

ing unfavorable outcomes between the TH group (interven-

tion) and the standard group (control). However, the results 

revealed no significant difference in outcomes between these 

two groups. The RR was calculated as 0.87, with a CI ranging 

from 0.67 to 1.13 (Figure 2). The heterogeneity of the studies, 

as indicated by an I2 value of 58.0%, suggests moderate vari-

ability among study results. The statistical significance was not 

reached (P=0.28), indicating that the difference in outcomes 

between the hypothermia and standard groups was not sub-

stantial. A funnel plot analysis was conducted to assess publi-

cation bias in the study, showing no significant discrepancies 

between the groups (Supplementary Fig. 2). Additionally, the 

results of the Egger's test, with a beta1 value of –1.06 and a 

P-value of 0.07, further indicate an absence of significant publi-

cation bias. These findings collectively support the conclusion 

of no significant differences in outcomes. 

Secondary Outcomes 
For vasospasm, which was evaluated across four studies in-

volving 174 participants (71 in the intervention group and 103 

in the control group), the RR was 0.63, with a CI of 0.41 to 0.96, 

and an I2 of 0%, suggesting homogeneous study outcomes 

(Figure 3). The statistical significance of these findings was 

marked by a P-value of 0.03. In the case of DCI, examined in 

three studies with a total of 130 participants (48 in the inter-

vention group and 82 in the control group), the RR was 0.82 

with a CI of 0.47 to 1.45 (Figure 3). Despite the moderate het-

Table 3. Summary of findings table using the GRADE methodology for outcomes comparing therapeutic hypothermia to standard care in poor grade 
subarachnoid hemorrhage

Outcome
Anticipated absolute effectsa) (95% CI)

RR (95% CI) No. of participants 
(studies)

Certainty of the evidence 
(GRADE)Risk with standard care Risk with therapeutic 

hypothermia
Unfavorable function 

outcome
740 Per 1,000 644 Per 1,000 (496–836) 0.87 (0.67–1.13) 271 (7 Studies)

Very low
Vasospasm 466 Per 1,000 294 Per 1,000 (191–447) 0.63 (0.41–0.96) 174 (4 Studies)

Very low
Delayed cerebral 

ischemia
451 Per 1,000 370 Per 1,000 (212–654) 0.82 (0.47–1.45) 130 (3 Studies)

Very low
Hydrocephalus 293 Per 1,000 334 Per 1,000 (184–609) 1.14 (0.63–2.08) 130 (3 Studies)

Very low
Mortality 336 Per 1,000 249 Per 1,000 (118–524) 0.74 (0.35–1.56) 219 (5 Studies)

Very low

GRADE: Grading of Recommendations Assessment, Development and Evaluation; CI: confidence interval; RR: risk ratio (relative effect).
a) The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 
95% CI).
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Figure 2. Forest plot of studies comparing unfavorable functional outcomes in the therapeutic hypothermia group with that in the control group. 
The horizontal bars represent 95% confidence intervals (CIs).

erogeneity among the studies (I2=39.4%), the results did not 

reach statistical significance (P=0.50). Regarding hydrocepha-

lus, analyzed in three studies comprising 130 participants (48 

in the intervention group and 82 in the control group), the RR 

stood at 1.14, with a CI of 0.63 to 2.08 and an I2 of 3.5%, indi-

cating low variability in the study results (Figure 3). However, 

these findings were not statistically significant (P=0.66). 

Finally, for mortality, assessed across five studies including 

219 participants (85 in the intervention group and 134 in the 

control group), the RR was 0.74 with a CI of 0.35 to 1.56 (Figure 

3). With an I2 of 49.0%, indicating moderate heterogeneity, the 

results showed no significant difference in mortality rates be-

tween the groups (P=0.42). These secondary outcome analyses 

provide a nuanced understanding of the intervention's effects, 

with only vasospasm demonstrating a significant difference. 

Sensitive Analysis 
In our comprehensive systematic review and meta-analysis, 

we evaluated the effectiveness of TH and conducted a sen-

sitivity analysis to determine the influence of different study 

criteria on TH's functional outcomes (Supplementary Table 

3). The analysis encompassed three distinct categories: Firstly, 

we considered six NRS, deliberately excluding one RCT, which 

involved a total of 249 patients. The observed risk ratio in this 

group was 1.00, suggesting that these studies did not signifi-

cantly deviate from the overall analysis in terms of TH's impact 

on functional outcomes. Secondly, our focus shifted to more 

recent research, specifically studies conducted after 2010, 

comprising 184 patients. Although the risk ratio of 0.69 in this 

category indicated a potential improvement in outcomes with 

TH, the CI, ranging from 0.46 to 1.05, did not support statistical 

significance, as it crossed the threshold of no effect. Lastly, we 

analyzed five studies that involved the introduction of a shiv-

ering control system, covering 199 patients. In this case, the 

risk ratio stood at 0.75, hinting at possible beneficial outcomes. 

However, similar to the previous category, the CI (0.52–1.07) 

was not conclusive enough to firmly establish these results. 

This sensitivity analysis helped in understanding the consis-

tency and robustness of the observed effects of TH on func-

tional outcomes across various study types and time frames. 

DISCUSSION 

TH has demonstrated neuroprotective functions in patients 

who remain unconscious post-cardiac arrest with return 

of spontaneous circulation [1]. Its effectiveness in reducing 

secondary brain injury mechanisms like cell edema and in-

flammation, thereby lowering ICP and brain damage is well 

documented [4,5]. By reducing body temperature, TH lessens 

cerebral oxygen demand and metabolism, significantly dimin-

ishing secondary brain injury, even under hypoxic conditions 

[2]. Additionally, its benefits extend to decreasing adenosine 

triphosphate consumption, inflammation, and seizure inci-

dence, as well as stabilizing the blood-brain barrier, cumula-
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Figure 3. Forest plot of studies comparing the subarachnoid hemorrhage related complication and mortality in the therapeutic hypothermia 
group with that in the control group. (A) Fours studies reported vasospasm. The meta-analysis of risk ratio reported a statistically lower incidence 
of vasospasm in patients treated with therapeutic hypothermia. (B) Three studies reported delayed cerebral ischemia. There was no significant 
effect involving therapeutic hypothermia and delayed cerebral ischemia. (C) Three studies reported hydrocephalus. There was no significant effect 
involving therapeutic hypothermia and hydrocephalus. (D) Fives studies reported mortality. There was no significant effect involving therapeutic 
hypothermia and mortality. CI: confidence interval.
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tively improving outcomes in neurocritical patients [3]. 

Despite these foundations, TH's application in TBI and 

stroke has failed to consistently demonstrate significant ef-

ficacy [22-25], except in some cases of ischemic stroke [26]. 

Nonetheless, it is commonly used as a last resort in treating 

poor grade SAH, although systematic evidence supporting this 

practice is lacking. Our systematic review was conducted in 

light of this gap. While we found that TH does not significantly 

improve functional outcomes or mortality in SAH, it may re-

duce the incidence of vasospasm. This finding aligns with pre-

vious literature, suggesting a specific area where TH may offer 

benefits in the management of SAH. 

In our investigation of the impact on functional outcomes, 

seven studies were reviewed [13-21]. Excluding one RCT, the 

remaining studies exhibited a moderate to high risk of bias in 

participant selection and confounding factors. Additionally, 

there was considerable heterogeneity in the hypothermia pro-

tocols, including variations in induction time, hypothermia 

duration, rewarming rate, cooling methods, and the interval 

from symptom onset to cooling initiation. Some studies in-

cluded cases with refractory ICP that underwent craniectomy 

[16,21], while others involved coiling alone [15,20]. However, 

a common practice across these studies was the application 

of TH at or below 35 °C after securing aSAH. The sole RCT 

investigating functional outcomes in aSAH patients initiated 

TH within 12 hours of symptom onset, maintained it at 34.5 °C 

for 48 hours, and employed a gradual rewarming rate of 0.5 °C 

every 12 hours [18]. Nevertheless, the three-month functional 

outcome did not achieve statistical significance, with a P-value 

of 0.06. Interestingly, the sole study showing statistical signif-

icance in favor of TH applied the intervention for about five 

days, highlighting a variation in the duration of the TH proto-

col [20]. This suggests that there is still a need to establish an 

appropriate protocol for TH. 

In a study investigating the effects of TH on vasospasm in 

patients with aSAH, four papers were reviewed [17-20]. Except 

for one, none showed statistical significance, but the differenc-

es in occurrence rates between the groups suggested potential 

benefits. Kuramatsu et al. [17] demonstrated a significant 

reduction in mean middle cerebral artery velocities in the TH 

group compared to the standard care group using transcrani-

al Doppler. Muroi et al. [13] explained that TH could reduce 

inflammation by decreasing the secretion of inflammatory 

cytokines such as interleukin (IL)-6, IL-1β, and tumor necro-

sis factor-α. Similarly, the studies discussed the potential for 

a reduction in DCI through TH's neuroprotective properties 

[17,18,21]. Regarding mortality, although there are reports of 

an increase in mortality due to adverse events when applied 

to critically ill patients [27], this analysis indicated a trend to-

wards reduced mortality with TH (RR, 0.74; 95% CI, 0.35–1.56). 

For SAH-induced hydrocephalus, there is still no significant 

evidence of effectiveness, and research in this area is insuffi-

cient. Thus, the effectiveness of TH in aSAH patients still re-

quires further investigation. 

The most significant challenge in maintaining TH effectively 

is the control of shivering. Since the publication of a document 

in 2008 introducing "the bedside shivering assessment modu-

lation," the importance of shivering control in TH has gained 

significant attention [28]. The document notes that when 

shivering is not controlled, it can actually lead to an increase 

in resting energy expenditure and oxygen consumption. Five 

studies implemented a sedation protocol to address shivering 

control, with three of them suggesting the potential for im-

proved functional outcomes in TH [13,17,18,20]. However, in 

the remaining study, which focused on patients with severe 

brain injuries categorized under Hunt & Hess Scale 5 and 

WFNS scale 5 (Glasgow Coma Scale score <7), both the group 

that received TH and the group that did not showed extremely 

poor prognoses [21]. 

In the past, TH was associated with increased risks of com-

plications such as prolonged sedation, extended mechanical 

ventilation duration, prolonged intensive care unit stay, hypo-

tension, and infection [2,29,30]. In the nine studies included 

in this investigation, five of them examined complications 

associated with TH. While these studies investigated different 

complications, they collectively did not show a significant dif-

ference in the occurrence rates of internal medical complica-

tions such as pneumonia, infection, blood pressure abnormal-

ities, arrhythmia, or electrolyte imbalances [16-18,20,21]. One 

study reported an increase in hospital stay length as a compli-

cation of TH [16], but another literature review did not reveal 

a significant difference [17]. Unlike earlier reports of frequent 

complications associated with, TH recent advances in bundle 

management, adjustments based on predictive factors, and 

the adoption of protocols that maintain the target temperature 

above 33 °C have led to a reduction in the incidence of compli-

cations related to TH [31,32]. 

According to recent guidelines for the treatment of aSAH, 

it is mentioned that hypothermia during surgery for patients 

with Good grade SAH has not been proven effective [10]. 

These guidelines suggest that TH might only benefit a carefully 

selected group of patients who have poor grade SAH. Further-



291https://www.accjournal.orgAcute and Critical Care 2024 May 39(2):282-293

Lee S, et al. Effect of therapeutic hypothermia in poor-grade SAH

more, the importance of fever control has been highlighted in 

cases of refractory fever occurring in aSAH patients. However, 

the effectiveness of TH remains uncertain [10]. It's worth not-

ing that meta-analyses of TH in conditions other than aSAH, 

such as ICH, TBI, and ischemic stroke, have also failed to 

demonstrate significant improvements in functional outcomes 

[6-9]. While there is one meta-analysis examining the efficacy 

of TH in aSAH, it includes intraoperative TH and normother-

mia, lacks clear references, and does not conduct a systematic 

review [33]. 

Therefore, our study was conducted with a focus on specific 

eligible criteria to accurately assess the effects of TH. This anal-

ysis, focusing on patients with poor-grade SAH treated with 

TH at or below 35 °C, was conducted with careful attention to 

study quality, variability in study designs, and the heterogene-

ity of the included studies. Future research, particularly large-

scale RCTs, will be essential in further elucidating the utility 

of TH. Additionally, exploring the importance of fever control 

and the potential benefits of normothermia in aSAH manage-

ment should be topics for future investigation. In our systemat-

ic review and meta-analysis, several limitations warrant careful 

consideration. The included studies demonstrated variability 

in design, and some had small sample sizes, potentially affect-

ing the robustness of our conclusions. Notable heterogeneity 

in TH protocols across these studies further complicated the 

analysis. Additionally, due to inherent complexities and bias-

es in combining RCTs and NRS in a single meta-analysis, we 

conducted separate analyses for these groups in a sensitivity 

analysis [34]. 

However, with only one RCT available, our focus was pri-

marily on NRS. It was observed that the outcomes from the 

NRS did not significantly differ from those seen in the com-

bined analysis of all studies, suggesting a consistent trend 

across different study designs. Our funnel plot analysis, guided 

by the Cochrane Handbook (version 5.1), included seven stud-

ies and did not indicate publication bias [34]. Nonetheless, 

with fewer than 10 studies, there is reduced power to effective-

ly distinguish between chance and real asymmetry, potentially 

impacting the reliability of this conclusion. These aspects 

underscore the need for cautious interpretation of our findings 

and highlight the complexities involved in synthesizing diverse 

research methodologies. 

In the field of neurocritical care, it is often difficult to estab-

lish strong recommendations based on systematic reviews or 

meta-analyses for specific conditions and topics. This chal-

lenge stems from a scarcity of randomized clinical trials and a 

lack of well-organized prospective studies on specific subjects. 

Therefore, guidelines are challenging to establish for certain 

conditions, and often the level of evidence remains relatively 

low. We share the regret that our study also faced difficulties 

in overcoming these obstacles. However, recent research has 

synthesized more comprehensive data, verified the effects 

on vasospasm occurrence, and improved the certainty of the 

evidence through better analysis. Although our findings align 

with prior research, our study verified the impact on certain 

complications and refined the analytical methodology. This 

improvement contributes positively to the neurocritical care 

field. Despite the existing limitations, we are hopeful that these 

incremental advancements will help deliver high-quality clin-

ical guidelines, ultimately improving patient outcomes in criti-

cal care. 

The results of this systematic review and meta-analysis 

suggest that the effectiveness of TH in patients with aSAH is 

primarily observed in its potential to impact vasospasm. How-

ever, the current evidence does not provide conclusive insights 

into the effects of TH on key aspects such as functional out-

comes, DCI, hydrocephalus, and mortality. Therefore, further 

research is needed to comprehensively understand and sub-

stantiate the role of TH in the management of aSAH. 
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Background: The decision to discontinue intensive care unit (ICU) treatment during the end-of-
life stage has recently become a significant concern in Korea, with an observed increase in 
life-sustaining treatment (LST) withdrawal. There is a growing demand for evidence-based support 
for patients, families, and clinicians in making LST decisions. This study aimed to identify factors 
influencing LST decisions in ICU inpatients and to analyze their impact on healthcare utilization.
Methods: We retrospectively reviewed medical records of ICU patients with neurological disorders, 
infectious disorders, or cancer who were treated at a single university hospital between January 1, 
2019 and July 7, 2021. Factors influencing the decision to withdraw LST were compared between 
those who withdrew LST and those who did not.
Results: Among 54,699 hospital admissions, LST was withdrawn in 550 cases (1%). Cancer was 
the most common diagnosis, followed by pneumonia and cerebral infarction. Among ICU inpa-
tients, LST was withdrawn from 215 (withdrawal group). The withdrawal group was older (78 vs. 
75 years, P=0.002), had longer total hospital stays (16 vs. 11 days, P<0.001), and higher ICU read-
mission rates than the control group. There were no significant differences in the healthcare costs 
of ICU stay between the two groups. Most LST decisions (86%) were made by family.
Conclusions: The decisions to withdraw LST of ICU inpatients were influenced by age, readmission, 
and disease category. ICU costs were similar between the withdrawal and control groups. Further 
research is needed to tailor LST decisions in the ICU.

Key Words: cancer; death; healthcare cost; intensive care unit; palliative care; terminal care
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INTRODUCTION 

Since the Life-Sustaining Treatment (LST) Decision Act [1] was implemented in Korea in Feb-
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ruary 2018, the withdrawal or withholding of LST has become 

a form of death for patients in the intensive care unit (ICU). 

The LST Decision Act consists of two parts. The first part stipu-

lates the requirements and procedures for terminating LST in 

patients at the end of life. The second part deals with hospice 

and palliative care. Our aim in this paper was to determine the 

effects of the first part of the law, including those on healthcare 

costs. Due to the enormous medical expenses possible at the 

end-of-life (EOL) stage [2], one of the aims of the LST Deci-

sion Act was to reduce futile treatments and decrease medical 

expenses. Since the law stipulates that EOL is a condition for 

which terminating LST is permissible, the ICU is a likely loca-

tion of such termination. Furthermore, as seven intensive care 

criteria listed in the law are mostly performed in the ICU, it is 

valid to examine the pattern of medical usage in the ICU to de-

termine the effect of enforcement of the law. 

Increasingly, LST decisions are being made in ICUs, not only 

for patients with terminal cancer, but also for patients in cat-

astrophic condition with various diseases [3,4]. However, the 

rates of advance preference for or refusal of LST by the patient 

and LST planning are low, and withdrawal of LST by decision 

of the family is common in critically ill patients nearing EOL 

[5-7]. This can deprive the patient of the opportunity to choose 

a dignified death, and family members may make a decision 

that is different from the patient's own intentions and disease 

condition [8,9]. Furthermore, relying on family members to 

make EOL decisions can be psychologically and ethically bur-

densome [10] and may delay the timing of withdrawal of LST 

for patients who are unlikely to recover despite treatment [11]. 

Healthcare providers involved in decisions regarding LST 

are hampered by a lack of evidence [5,8,11]. As the LST Act 

becomes more widely implemented, there is a need for guide-

lines to help clinicians make EOL decisions for critically ill pa-

tients under ICU care and to help the patient and their family 

with EOL planning, especially in acute and critical conditions 

like neurological and infectious disorders. 

From the beginning of critical care medicine, the main 

treatment goals in the ICU have been to reduce mortality and 

prolong life [12]. Consequently, a large proportion of health-

care spending tends to be concentrated on elderly, EOL, and 

terminally ill patients [13-15]. The increasing challenges posed 

by limited healthcare resources due to an aging population 

or pandemics have hindered the efficient management and 

distribution of medical resources, particularly in the ICU 

[14,16,17]. Therefore, it is essential to determine whether there 

are differences in healthcare utilization behaviors and final 

medical expenses between critically ill patients who receive 

LST and those who do not. 

This study aimed to identify factors that influence the 

decision to withdraw LST for patients admitted to the ICU, 

including age, disease, and identity of the decision maker. Fur-

thermore, we investigated how the decision to withdraw LST 

affects the actual use of medical services by evaluating health-

care costs. 

MATERIALS AND METHODS 

Study Design and Data Sources 
This study evaluated the effect of the LST act on ICU inpatients 

and identified determinants of LST withdrawal. We retro-

spectively reviewed the electronic medical records of patients 

who registered a determination form for LST withdrawal and 

the EOL process in a single tertiary hospital from January 1, 

2019, to July 7, 2021. Factors influencing the LST withdrawal 

decision such as age, sex, disease, and identity of the decision 

maker were collected for comparison. Patients who withdrew 

LST according to the LST Decision Act were assigned to the 

withdrawal group and patients who did not were assigned to 

the control group. The control group comprised ICU inpatients 

who exhibited unstable vital signs and symptoms upon admis-

sion consistent with entering the EOL stage within the same 

study period as the withdrawal group. In the withdrawal group, 

the most prevalent disease categories were neurological dis-

orders, infectious disorders, and cancer. For disease-matched 

comparison, the control group comprised ICU inpatients di-

agnosed with one or a combination of these three categories 

■ Older age, frequent intensive care unit (ICU) readmis-
sions, cancer, and infectious disorders significantly 
influence the decision to withdraw life-sustaining treat-
ment (LST) in ICU patients.

■ Although total healthcare costs were higher for the LST 
withdrawal group, ICU costs remained similar between 
patients who withdrew LST and those who did not, pos-
sibly due to reduced intensive care following withdraw-
al.

■ Decision-making regarding LST withdrawal was mostly 
determined by family members and varied depending 
on the disease, highlighting the need for personalized 
LST decision plans for critically ill patients.

KEY MESSAGES
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of disorders using International Statistical Classification of 

Diseases and Related Health Problems 10th Revision (ICD-10) 

codes. Detailed diagnoses for each category are provided in 

Supplementary Table 1. 

The Glasgow coma scale to assess mental state and the 

Acute Physiology and Chronic Health Evaluation (APACHE) II 

score were collected on admission to the ICU to gauge patient 

severity. Mortality was the primary outcome. Total hospital 

and ICU stays, readmission rate, and types of intensive care 

(cardiopulmonary resuscitation, hemodialysis, chemotherapy, 

mechanical ventilation, vasopressors, extracorporeal life sup-

port, and blood transfusion) were compared between the LST 

withdrawal and control groups. In the withdrawal group, days 

from admission to LST withdrawal decision and days from LST 

withdrawal decision to death were calculated. Furthermore, it 

was noted whether the patient or family made the decision on 

LST. Healthcare cost data of the groups were compared sepa-

rately for total length of hospital stay and ICU stay. 

Definitions and Process of LST 
According to the LST Decision Act, withdrawal of LST can be 

implemented only during the EOL stage. EOL implies immi-

nent death without the possibility of recovery or revitalization 

despite proper treatment. EOL was determined by the physi-

cian in charge and one medical specialist in the relevant field. 

LST was defined as medical treatment that merely extended 

the duration of the EOL process without curative effect. When 

this research was conducted, the legal definition of LST includ-

ed mechanical ventilation, hemodialysis, vasopressors, and 

blood transfusion, common in the ICU setting. The difference 

between LST and usual ICU care is based on whether the pa-

tient is in the EOL stage or not. The decision to terminate LST 

was made by self or family (spouse and linear ascendants or 

descendants) in all analyzed patients. In the ICU, patients are 

often incapable of self-determining withdrawal of LST due to 

lack of consciousness. In this case, two or more identical state-

ments from the family members on the patient's intention or 

unanimous consent of all family members were required. 

Statistical Analysis 
Categorical data are presented as proportions, normally dis-

tributed continuous data as means with standard deviations, 

and non-normally distributed continuous variables or ordinal 

variables as medians with interquartile ranges. Characteristics 

of subjects were summarized using descriptive statistics. Fac-

tors regarding the decision to withdraw LST first were subject-

ed to univariate analysis, and then multivariate analysis was 

performed using a logistic regression model for variables with 

P-values less than 0.1. Student t-test and Fisher’s exact test 

were used to assess the significance of differences in contin-

uous and categorical variables between groups, respectively. 

To compare the three disease categories, the Kruskal-Wallis 

test was applied. Two-tailed P-values less than 0.05 were con-

sidered significant, and all statistical analyses were performed 

using R version 4.1.1 (R Foundation for Statistical Computing). 

Ethics Statement 
The study was approved by the Institutional Review Board 

of Ewha Womans University Seoul Hospital (No. SEUMC 

2021-08-002-002, August 24, 2021), and the requirement for 

informed consent was waived due to the retrospective design 

of the study. The procedures in this study were performed in 

accordance with the ethical standards of the responsible com-

mittee on the privacy of individuals and secure data.  

RESULTS  

Characteristics of the Study Population 
A total of 54,699 patients was admitted to the hospital during 

the study period, and 550 (1%) of these patients registered to 

withdraw from LST (Figure 1). In the total LST population, 

the median age was 78 years (interquartile range [IQR], 69–85 

years), and 318 patients were male (58%). Cancer was the most 

common causative disease in patients who withdrew from 

LST, followed by pneumonia and cerebral infarction (Table 

1). Among cancers, lung, biliary, and stomach cancers were 

the most common in descending order (Supplementary Fig-

ure 1A). Among patients who registered for an LST plan, 238 

(238/550, 43%) had a history of ICU admission, of whom 90% 

(215/238) had a diagnosis of neurological disorder, infectious 

disorder, or cancer. These 215 patients were labeled as the 

withdrawal group. After matching the disease categories, the 

number of control group patients was 513 (Figure 1). 

Median age of all ICU inpatients was 77 years (IQR, 64–84 

years), and withdrawal group patients were significantly older 

than control group patients (78 vs. 75 years, P=0.002) (Table 

2). There was no significant difference in the number of men 

or women in the withdrawal versus control groups. The most 

common disease in the ICU LST withdrawal group was cancer, 

as it was in the total population of LST withdrawal patients. 

Unlike the total population of LST withdrawal patients, the 

most common type of cancer in ICU inpatients was brain can-
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cer (Supplementary Figure 1B). Furthermore, neurological dis-

orders such as cerebral infarction and intracranial hemorrhage 

were more common in patients who withdrew from LST in the 

ICU than those that withdrew from LST outside the ICU (Ta-

ble 2). APACHE II scores (25 [IQR, 20–34] vs. 27 [IQR, 20–34], 

P=0.82) and GCS (7 [IQR, 4–11] vs. 8 [IQR, 4–13], P=0.10) were 

not significantly different between patients in the withdrawal 

and control groups (Table 2). 

When the three disease categories were compared, the 

proportion of cancer patients was significantly higher in the 

withdrawal group than the control group (P<0.001) (Table 

2). Conversely, the numbers of patients with neurological or 

infectious disorder were higher in the control group than the 

withdrawal group (P=0.80, P<0.001, respectively). Overall, 

more ICU treatments were performed in the control group, 

while the withdrawal group received significantly fewer va-

sopressor treatments, hemodialysis procedures, and cardio-

pulmonary resuscitations than the control group, as shown in 

Table 2 and Figure 2. 

Outcomes 
Total hospital stay was significantly longer in the withdrawal 

group than the control group; however, there was no differ-

ence in ICU stay between these two groups (total hospital 

stay: 16 days [IQR, 8–27] vs. 11 days [IQR, 4–24], P<0.001; ICU 

stay: 7 days [IQR, 2–16] vs. 7 days [IQR, 2–18], P=0.59) (Table 

3). Among patients who died during hospitalization (439/728, 

Figure 1. Distribution of diseases between patients for whom life-
sustaining treatment was withdrawn and the control group. Patients 
in the life-sustaining treatment (LST) group and control group 
were assigned to one of three common critical disease categories 
of neurological disorders, infectious disorders, and cancers. The 
proportion of cancer patients was significantly higher in the 
withdrawal group than the control group. Conversely, the numbers 
of patients with neurological disorders and infectious disorders were 
higher in the control group than the withdrawal group. ICU: intensive 
care unit.

Table 1. Diseases of the patients who withdraw LST between the total 
population and ICU inpatients

Variable
Total 

withdrawal 
LST (n=550)

Withdrawal 
LST in ICU 
(n=238)

Cancer 190 (35) 50 (21)
Pneumonia 73 (13) 15 (6)
Cerebral infarction 54 (10) 45 (19)
Septic shock 35 (6) 22 (9)
CNS (SE, encephalitis, PD, dementia, etc.) 30 (5) 22 (9)
Intracerebral hemorrhage 28 (5) 27 (11)
Pulmonary (ARDS, TB, IPF, etc.) 25 (5) 10 (4)
Cardiopulmonary arrest 20 (4) 10 (4)
Subdural hemorrhage 20 (4) 13 (5)
Renal failure 14 (3) 1 (0)
Gastrointestinal disorders (bleeding, etc.) 11 (2) 3 (1)
Subarachnoid hemorrhage 11 (2) 10 (4)
Hepatobiliary disorders 10 (2) 4 (2)
Genitourinary disorders 6 (1) 0
Chronic obstructive pulmonary disease 6 (1) 2 (1)
Heart failure 5 (1) 2 (1)
Femur fracture 4 (1) 0
Myocardial infarction 3 (1) 1 (0)
Aortic aneurysm 1 (0) 0
General surgery related disorders 1 (0) 1 (0)
Idiopathic thrombocytopenic purpura 1 (0) 0
Superior mesenteric artery syndrome 1 (0) 0
Systemic sclerosis 1 (0) 0

Values are presented as number (%).
LST: life-sustaining treatment; ICU: intensive care unit; CNS: central nervous 
system; SE: status epilepticus; PD: Parkinson disease; ARDS: acute respiratory 
distress syndrome; TB: pulmonary tuberculosis; IPF: idiopathic pulmonary 
fibrosis.

54,699 Hospitalized patients
(Jan 1, 2019–Jul 7, 2021)

54,052 
No plan of withdrawal/

withhold of LST

4,929
Patients with history 

of ICU admission

238
Patients with history 

of ICU admission

Category: neurological disorders, infectious disorders, 
and cancers

647
Any registered form of 

LST97
Advance 

statement on 
LST

550
Patients who registered 

determination of 
withdrawal of LST

215
Withdrawal group

513
Control group
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Table 2. Demographics of withdrawal of life-sustaining treatment group and control group in ICU patients with three disease categories
Variable Total (n=728) Withdrawal (n=215) Control (n=513) P-value
Age (yr) 76 (64–84) 78 (69–83) 75 (63–84) 0.002
Sex 0.29
 Female 322 (44) 102 (47) 220 (43)
 Male 406 (56) 113 (53) 293 (57)
Disease
 Neurological disorder 436 (60) 127 (59) 309 (60) 0.80
 Infectious disorder 206 (28) 38 (18) 168 (33) <0.001
 Cancer 86 (12) 50 (23) 36 (7) <0.001
Severity
 APACHE II score 26 (20–34) 25 (20–34) 27 (20–34) 0.82
 GCS score 8 (4–12) 7 (4–11) 8 (4–13) 0.10
Types of intensive care
 Mechanical ventilator 449 (62) 122 (57) 327 (64) 0.08
 Vasopressor 447 (61) 115 (53) 332 (65) 0.01
 Transfusion 348 (48) 92 (43) 256 (50) 0.09
 Hemodialysis 134 (18) 25 (12) 109 (21) 0.002
 CPR 72 (10) 7 (3) 65 (13) <0.001
 Chemotherapy 34 (5) 9 (4) 25 (5) 0.22
 ECLS 5 (1) 0 (0) 5 (1) 0.33

Values are presented as median (interquartile range) or number (%).
ICU: intensive care unit; APACHE: Acute Physiology and Chronic Health Evaluation; GCS: Glasgow Coma Scale; LST: life-sustaining treatment; CPR: 
cardiopulmonary Cardiopulmonary resuscitation; ECLS: extracorporeal life support. 

Figure 2. Types of intensive care performed in the life-sustaining treatment (LST) withdrawal group (A) and control group (B) during their intensive 
care unit stay. The legal definition of LST includes not only cardiopulmonary resuscitation (CPR), but also mechanical ventilation, hemodialysis, 
vasopressors, and blood transfusion, which are commonly performed in intensive care units. The most common intensive care received during 
the intensive care unit stay among those who withdrew LST was, in order of frequency, mechanical ventilation, vasopressor usage, and blood 
transfusions. ECLS: extracorporeal life support.
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60%), the time from admission to death was significantly 

shorter in the control group (8 days [IQR, 2–19]) than in the 

withdrawal group (14 days [IQR, 6–28]). A longer hospital stay 

but a shorter time from LST withdrawal to death were ob-

served in the withdrawal group (16 days [IQR, 8–27] and 2 days 

[IQR, 0–7], respectively). Readmission rates during the study 

period were significantly higher in the withdrawal group than 

the control group (24% vs. 13%, P<0.001). 

To determine the factors that affected the decision to with-

draw LST, age, readmission, hospital stay, diagnosis of cancer, 

and infectious disorders were analyzed by multivariate logistic 

regression (Table 4). After adjusting for relevant factors, older 

age (odds ratio, 1.019; 95% confidence interval, 1.007–1.032; 

P=0.002) and higher readmission rate (odds ratio, 1.760; 95% 

confidence interval, 1.128–2.733; P=0.01) significantly affect-

ed the decision to withdraw from LST in the ICU. Regarding 

disease category, cancer patients were 3.3-fold more likely to 

withdraw from LST than control patients. In contrast, patients 

with infectious disorders tended to be twice as likely not to 

withdraw from LST as cancer patients and those with neuro-

logical disorders.  

Comparison of Healthcare Costs between the Withdrawal 
and Control Groups 
To assess if the decision to withdraw LST affected healthcare 

costs, we compared overall hospitalization costs and ICU costs 

for the withdrawal and control groups (Table 3). Overall hos-

pitalization costs were higher in the withdrawal group than 

the control group, but there was no significant difference in 

ICU costs between these two groups. The higher overall cost of 

Table 3. Outcomes and healthcare costs between the withdrawal of LST group and control group
Variable Total (n=728) Withdrawal (n=215) Control (n=513) P-value
Hospital stay (day) 12 (5–24) 16 (8–27) 11 (4–24) <0.001
ICU stay (day) 7 (2–18) 7 (2–16) 7 (2–18) 0.59
Admission to death (day) 10 (3–22) 14 (6–28) 8 (2–19) <0.001
Admission to LST (day) 8 (3–20)
LST to death (day) 2 (0–7)
Readmission 118 (16) 52 (24) 66 (13) <0.001
Mortality 439 (60) 141 (66) 298 (58) 0.07
Healthcare cost (KRW)
 Total admission 25,399,018 

(11,389,713–49,619,676)
29,853,224 

(13,697,848–53,778,748)
20,855,966 

(9,247,913–45,047,298)
0.001

 ICU 14,672,692 
(7,308,024–32,439,968)

15,781,577 
(8,138,538–32,571,558)

14,349,285 
(6,908,488–32,438,511)

0.35

 From ICU to LST withdrawala) 12,949,487 
(6,437,354–27,491,472)

 From LST withdrawal to dischargeb) 282,659 
(0–4,586,083)

Values are presented as median (interquartile range) or number (%).
ICU: intensive care unit; LST: life-sustaining treatment; KRW: Korean Won. 
a) ICU-LST: from ICU admission to withdrawal of LST; b) LST-discharge: from withdrawal of LST to discharge.

Table 4. Multivariate analysis of factors affect to decision of withdrawing life-sustaining treatment in patients admitted ICU

Variable
Univariate Multivariate

Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value
Age 1.014 (1.003–1.026) 0.01 1.019 (1.007–1.032) 0.002
Hospital stay 1.005 (1.000–1.011) 0.06 1.004 (1.000–1.010) 0.19
Readmission 2.130 (1.441–3.240) <0.001 1.760 (1.128–2.733) 0.01
Infectious disorder 0.441 (0.297–0.655) <0.001 0.509 (0.332–0.765) 0.001
Cancer 4.015 (2.526–6.383) <0.001 3.318 (2.046–5.430) <0.001

ICU: intensive care unit; CI: confidence interval.
P-values were calculated by logistic regression.
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hospitalization in the withdrawal group was related to a lon-

ger length of stay. Narrowing of the cost gap between the two 

groups during the ICU stay indicates that withdrawal of LST 

reduces the number of medical procedures and treatments, 

which impacts healthcare costs. The median cost from LST 

withdrawal day to discharge day was 1% of the median total 

ICU cost. 

Identity of Decision Makers of Withdrawal of LST in 
ICU Patients 
To identify the primary decision maker regarding withdrawal 

from LST in EOL patients in the ICU, we compared the pro-

portion of patients who self-determined withdrawal from LST 

versus family determination. In most cases, family members 

made the decision (184/215, 86%), and there was significant 

difference by disease category, occurring in 89% and 95% of 

respective families of patients with neurological disorders and 

infectious disorders (Figure 3). In contrast, 30% of patients 

with cancer made their own decisions, a higher rate than for 

other disease categories (P<0.001). 

DISCUSSION 

This study focused on withdrawal of LST in patients admitted 

to the ICU after implementation of the LST Decision Act in Ko-

rea in 2018. Patients for whom LST was withdrawn were older, 

had longer hospital stays, more ICU readmissions, and higher 

overall healthcare costs than those who did not. However, 

there was no difference in the cost of the ICU stay between 

patients in the withdrawal and control groups. This might be 

explained by death within 2 days after withdrawal of LST. Fur-

thermore, the withdrawal group received significantly less in-

tensive care, including the use of vasopressors, hemodialysis, 

and cardiopulmonary resuscitation, than the control group. 

There were different patterns in the decision to withdraw LST 

among cancer, infectious disease, and neurological disorder 

patients. 

Communication with patient families needs to be improved 

as they are making most LST decisions. According to a previ-

ous study [18], participating in proactive family conferences 

resulted in less exposure of patients to non-beneficial inter-

ventions than participation in standard doctor-family con-

ferences. The percentage of bereaved families experiencing 

negative emotions such as anxiety, depression, and symptoms 

of post-traumatic stress also decreased significantly more after 

proactive family conferences than standard conferences. De-

pending on the nature of disease, a patient may be unable to 

make LST decisions. Therefore, it is essential to have a process 

in place to reduce the ethical and psychological burden of 

family members. Caregivers or families of patients may request 

information about withdrawal of LST in the early phase of ICU 

care, but unexpected such decisions can be challenging. Given 

the uncertainty in determining the optimal time for LST with-

drawal, early decisions regarding LST may compromise the 

commitment to appropriate intensive treatment rather than 

respecting the patient's will. Therefore, identified factors that 

influence the decision to withdraw from LST can provide use-

ful information for decision-makers. 

In our study, 30% of patients (215/728) admitted to the ICU 

for neurological disorders, infectious disorders, or cancer 

Figure 3. Identity of decision-makers to withdraw life-sustaining treatment among intensive care unit inpatients. Overall, withdrawal of life-
sustaining treatment was predominantly by family determination, but it varied by the nature of the disease: self-determination was higher for 
cancer patients compared to other diseases and lower for neurological disorders with altered consciousness and sepsis with the possibility of rapid 
deterioration.

Cancer

15

35

2

36

Infectious disorder

14

113

Neurological disorder

■ Family ■ Self



301https://www.accjournal.orgAcute and Critical Care 2024 May 39(2):294-303

Kim CJ, et al. Life-sustaining treatment withdrawal in the ICU

decided to terminate LST. The percentage of patients who 

withdrew from LST was remarkably higher in these critically ill 

patients compared to all inpatients (1%). This suggests that re-

search is needed on an LST withdrawal process more suitable 

for critically ill patients. 

Age was a significant factor in the decision to withdraw LST 

regardless of severity. Disease was also a significant factor in 

the LST withdrawal decision, with cancer in particular being 

a notable predictor. Infectious disorders were associated with 

a lower rate of LST withdrawal than cancer and neurological 

disorders. This discrepancy may be due to the shorter hospital 

stay of patients with infectious diseases and septic shock than 

that of those with cancer or neurological conditions. Loss of 

consciousness due to neurological disorders or abrupt aggra-

vation of infectious disorders might be a barrier to self-deter-

mination of LST. This is because of the limited time available 

for deciding on LST withdrawal in patients with rapidly deteri-

orating infectious disorders, as well as the inclination of cancer 

patients to autonomously choose to withdraw LST. Conse-

quently, patients at high risk of impending death in the ICU, 

especially elderly patients, require a wide range of advance 

care planning methods, including LST planning. 

Hospitalization duration, overall hospitalization costs, 

and readmission rates were significantly higher in the with-

drawal group than the control group. This can be attributed 

to prolonged disease aggravation or a delay in the decision 

to withdraw LST. The higher rate of ICU readmissions in the 

withdrawal group indicates that patients in this group may 

have gradually deteriorated, received repeated ICU care, and 

eventually decided to discontinue ongoing treatment. This 

may also have contributed to the longer length of hospital stay 

in the withdrawal group than the control group. The lack of dif-

ference in ICU costs between the two groups is likely because 

costs rapidly decrease after the decision to withdraw LST. In 

a similar vein, the notably low ICU costs and days from LST 

withdrawal to discharge provide support for the effectiveness 

of withdrawing or withholding LST in reducing both ICU costs 

and utilization. For these reasons, patients admitted to the ICU 

need information about prognosis and optimal timing of EOL 

care preparation, and the patient’s family should be involved 

from admission to the ICU. An appropriate approach to opti-

mal timing and prediction of prognosis is important not only 

because it would help patients make their own decisions, but 

also because it would have economic efficacy. 

Intensive care was provided more frequently in the control 

group than the withdrawal group, particularly cardiopul-

monary resuscitation, hemodialysis, and vasopressors. This 

difference suggests that the decision to withdraw LST is made 

when the patient requires an additional invasive procedure. 

This may be because the decision to withdraw LST is often 

made by family members who are afraid of invasive inten-

sive care that may cause patient suffering. Physicians need to 

consider that the nature of intensive care, especially invasive 

procedures, may affect a family's decision. Moreover, non-in-

vasive alternative treatments available in the general ward may 

help reduce the length of stay in the ICU while ensuring that 

patients receive adequate supportive care. The factors that de-

termine when to discontinue types of intensive care were not 

addressed in this study and require further research. 

The LST Decision Act is increasingly being applied in pa-

tients at EOL, but the decision to apply the law is often left to 

the individual doctors' judgment. It is necessary to find ways 

to better time LST decisions given the critical nature of pa-

tients entering the ICU. These measures include identifying 

prognostic indicators according to type of disease, providing 

prognostic information that can guide the LST decision, and 

explaining the option of withdrawing LST to patients and their 

families from the point of ICU admission. 

This study has several limitations. First, since this was a sin-

gle-center study with a retrospective research design, its gen-

eralizability to other cohorts is limited. However, it is meaning-

ful to determine how the LST Decision Act has been applied 

in actual clinical settings since it became law. Second, despite 

efforts to classify patients into disease groups based on the pri-

mary cause of admission to the ICU, such patients may have 

overlapping diseases. Third, we did not distinguish between 

withdrawal and withholding of LST in this study, as these are 

treated the same in the LST Decision Act [8,19]. Fourth, the 

comprehensive criteria used to define the control group may 

have influenced the study results. The definition of EOL stage 

varies, and there is no clear single standard for predicting the 

exact EOL period. Upon admission to the ICU, unstable vital 

signs and symptoms can signal impending death and the EOL 

stage. As the main objective of this study was to examine fac-

tors influencing the decision to withdraw LST based on diag-

nosis upon ICU admission, patients admitted to the ICU due to 

unstable vital signs were assumed to be nearing the EOL stage 

and included in the control group. Additionally, in cases where 

caregivers refused to proceed with LST, the absence of an EOL 

assessment may have resulted in inclusion of such patients in 

the control group. Overcoming these limitations necessitates 

the establishment of realistic criteria for EOL assessment based 
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on prospective future studies. Finally, by comparing medical 

expenses, we attempted to determine whether futile medical 

interventions were reduced by implementing the LST Deci-

sion Act. Though the healthcare costs in the ICU were similar 

in the withdrawal and control groups, the total healthcare cost 

was higher in the withdrawal group. This is probably because 

of delayed decision-making regarding withdrawal of LST after 

ICU admission and the longer hospital stay of the withdrawal 

group. Additionally, other factors affecting healthcare utiliza-

tion such as religion, geographic region, and socioeconomic 

background were not considered in our analyses due to the 

retrospective nature of the study. Supporting our findings, a re-

cent study reported a decrease in healthcare utilization among 

patients who chose withdrawal or withholding of LST com-

pared to those who did not [20]. Further comprehensive and 

prospective research is warranted to delve into these factors. 

We identified advanced age, frequent ICU readmissions, 

and cancer as significant factors in the ICU in the decision to 

withdraw LST. Given the nature of critically ill patients who 

are often incapable of making self-decisions due to rapid 

disease deterioration or a decline in mental status, there is a 

growing need for more targeted research on LST decisions in 

the ICU. Additionally, proper processes should be established 

to provide timely information after ICU admission to patients 

and their families to support them in their decision-making 

process. The findings of this study underscore the complex 

nature of LST decisions in the ICU, emphasizing the need for 

enhanced coordination in patient decision-making processes 

and allocation of healthcare resources. Further investigation is 

imperative to tailor LST decision-making in the ICU to support 

patients, caregivers, and ICU clinicians. 
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Background: We evaluated relationships of vital signs and laboratory-tested physiological param-
eters with in-hospital mortality, focusing on values that are unusual or extreme even in critical 
care settings. 
Methods: We retrospectively studied Philips Healthcare–MIT eICU data (207 U.S. hospitals, 2014–
2015), including 166,959 adult-patient critical care admissions. Analyzing most-deranged (worst) 
value measured in the first admission day, we investigated vital signs (body temperature, heart 
rate, mean arterial pressure, and respiratory rate) as well as albumin, bilirubin, blood pH via arterial 
blood gas (ABG), blood urea nitrogen, creatinine, FiO2 ABG, glucose, hematocrit, PaO2 ABG, PaCO2 
ABG, sodium, 24-hour urine output, and white blood cell count (WBC). 
Results: In-hospital mortality was ≥50% at extremes of low blood pH, low and high body tem-
perature, low albumin, low glucose, and low heart rate. Near extremes of blood pH, temperature,
glucose, heart rate, PaO2, and WBC, relatively. Small changes in measured values correlated with 
several-fold mortality rate increases. However, high mortality rates and abrupt mortality increases 
were often hidden by the common practice of thresholding or binning physiological parameters. 
The best predictors of in-hospital mortality were blood pH, temperature, and FiO2 (scaled Brier 
scores: 0.084, 0.063, and 0.049, respectively). 
Conclusions: In-hospital mortality is high and sharply increasing at extremes of blood pH, body 
temperature, and other parameters. Common-practice thresholding obscures these associations. In 
practice, vital signs are sometimes treated more casually than laboratory-tested parameters. Yet, 
vitals are easier to obtain and we found they are often the best mortality predictors, supporting 
perspectives that vitals are undervalued. 
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INTRODUCTION 

In scoring systems, patient risk of mortality is commonly evaluated by combining informa-

tion on vital signs, other physiological parameters, medical histories, and other attributes [1-

5]. However, it is also of interest to understand how values of individual measurements are 
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associated with mortality rates, particularly when the value of 

a physiological parameter is unusual or extreme. For exam-

ple, if a measurement shows very unusually low blood pH, 

body temperature, or albumin level, how is that quantitatively 

associated with mortality rates? Here, we sought to address 

this question for adult critical care patients and the outcome 

of in-hospital death, focusing on physiological values that are 

unusual or extreme even relative to the standards of the critical 

care setting. 

Many studies evaluate mortality associations for common 

and moderately unusual values of physiological parameters, 

but few studies evaluate extreme values [6-8]. We used the 

large-scale Philips Healthcare–MIT eICU database of elec-

tronic health records (EHR) to provide the especially large 

numbers of patient records that are necessary to study extreme 

values. 

Several studies report that vital signs are often measured and 

recorded with less care than other physiological parameters, 

including laboratory-tested physiological parameters [9-11]. 

Consequently, it has been argued that vital signs are underval-

ued in nursing practice [9,10,12]. In light of this research, we 

also sought to compare results between vital signs and other 

physiological parameters. 

The objective of this study was to evaluate associations be-

tween major physiological parameters and in-hospital mor-

tality among adult critical care patients, focusing especially on 

unusual physiological values and the comparison of vital signs 

with other physiological parameters. 

MATERIALS AND METHODS 

Setting 
We retrospectively studied adult critical care stays from the 

Philips Healthcare–MIT eICU database (version 2.0), which 

includes critical care stays at 208 U.S. hospitals during 2014–

2015. The dataset consists of EHR routinely collected in the 

Philips eICU program, a multihospital telehealth system pro-

viding remote support to bedside clinical teams in the critical 

care setting. Year 2014–2015 Philips eICU EHR were prepared 

for research purposes by the Philips eICU Research Institute 

and the MIT Lab for Computational Physiology [13-17]. 

Ethical Approval 
As a retrospective, secondary study of deidentified data made 

available publicly through the eICU program, this research 

required no ethics committee approval or additional patient 

consent. 

Participants 
The eICU database includes 175,091 stays that were (1) by 

patients aged ≥18 years and (2) admissions, readmissions, or 

transfers, rather than stepdown stays or other stay types. We 

excluded stays lacking discharge survival status (n=1,597, 0.9%) 

and/or collected physiological parameters for Acute Physi-

ology Score III (APS-III) (n=6,535, 3.7%) [1,17]. At one of the 

208 eICU hospitals, no stays met the study selection criteria, 

so this hospital was excluded. Altogether, application of study 

selection criteria left 166,959 stays by 132,513 patients at 207 

hospitals for analysis. 

Data Collection 
All objective physiological parameters from APS-III were an-

alyzed, including the four traditional vital signs (blood pres-

sure, body temperature, heart rate, and respiratory rate) and 

12 other physiological parameters [1]. For each physiological 

parameter, we analyzed the most deranged value measured 

during the first 24 hours of admission. Following APS-III, most 

deranged was defined as furthest from reference-range mid-

points of albumin, 13.5 g/dl (de facto lowest considered worst); 

bilirubin, 0 mg/dl (highest considered worst); blood pH via 

arterial blood gas (ABG), 7.4; blood urea nitrogen, 0 mg/dL 

(highest considered worst); body temperature, 38 °C (100.4 °F); 

creatinine, 1.0 mg/dl; FiO2 ABG, 21%; glucose, 130 mg/dl; heart 

rate, 75 beats/min; hematocrit, 45.5%; mean arterial pressure 

(average of systolic and diastolic pressure), 90 mm Hg; PaO2 

ABG, 80 mm Hg; PaCO2 ABG, 40 mm Hg; respiratory rate, 19 

■ Among adult critical care patients, in-hospital mortality 
rates exceed 50% at extremes of low blood pH, low and 
high body temperature, low albumin, low glucose, and 
low heart rate.

■ These high mortality rates become hidden or underes-
timated when physiological parameters are interpreted 
using common thresholds, cutoffs, bins, or categoriza-
tions.

■ Although vital signs are sometimes treated less carefully 
than laboratory-tested parameters, we found that vital 
signs are often the best mortality predictors, which sup-
ports the view that vital signs are undervalued in con-
temporary clinical practice.

KEY MESSAGES
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breaths/min; sodium, 145 mEq/L; 24-hour urine output, 10,00 

mL (stays <24 hour excluded); and white blood cell count 

(WBC), 11.5 1000/μl. 

Data Availability 
The PhysioNet program (MIT Laboratory for Computational 

Physiology, MIT) makes all datasets analyzed in the current 

study publicly available subject to research use agreements 

and training requirements. The data sharing policy for this 

data source can be found at https://eicu-crd.mit.edu/ (date 

accessed: 2023-01-28). Code used in this study is available at 

https://doi.org/10.6084/m9.figshare.25596504. 

Data Analysis 
Splines were used to allow for nonlinear relationships [18,19]. 

Penalized cubic splines were fit in univariate logistic regres-

sions using the R mgcv package, modeling the response vari-

able as quasibinomial to account for overdispersion [20]. Con-

fidence bands are 95% (pointwise) and account for uncertainty 

in spline degrees of freedom. In addition to analyses that used 

splines, a binned (i.e., categorized) analysis was performed to 

demonstrate the consequences of binning for risk prediction. 

Binning is standard practice in risk prediction systems that use 

physiological parameters. In the binned analysis, the values 

of physiological parameters were binned by quintiles and the 

mortality rate was evaluated in each bin. 

For any analysis of big data, there is a question of what data 

range to plot since rare typos and mis-entries lead to a wide set 

of values beyond those that are relevant or clinically verifiable. 

Our aim was to plot the central range of the data where obser-

vations were sufficiently dense to support statistically infor-

mative estimates, and we selected this range by applying the 

criterion that widths of confidence bands from the main (con-

tinuous) analysis were required to be ≤25 percentage points. 

Predictive performance was evaluated from spline estimates 

using scaled Brier scores, which are Brier scores rescaled to ac-

count for differences in outcome prevalence. These resemble 

Pearson’s R2 [21]. Higher values indicate better performance. 

RESULTS 

Overall Associations with In-hospital Mortality 
Figure 1 shows the associations between 16 major physiologi-

cal parameters and in-hospital mortality among adult patients 

during 166,959 critical care visits at 207 U.S. hospitals. When 

analyzing actual physiological values (continuous analysis), 

the relationships were commonly nonlinear and often bathtub 

shaped—mortality rates increased at both very low and very 

high values of physiological parameters. For several parame-

ters, unusual values were associated in-hospital mortality rates 

that exceeded 50%, including at extremes of blood pH, body 

temperature, glucose, heart rate, and albumin level. 

In addition to analyzing values of physiological parameters 

as measured, we analyzed values binned (categorized) by 

quintiles (Figure 1). This was done to illustrate consequences 

of binning, which is often applied to physiological parameters. 

After binning, the bathtub-shaped relationships with mortality 

were no longer evident for several physiological parameters, 

including heart rate and hematocrit. Moreover, after binning, 

in-hospital mortality rates did not reach 50% for any physio-

logical parameter. Binning reduced the maximum observed 

mortality rate by more than half for several physiological 

parameters, including blood pH, body temperature, glucose, 

heart rate, hematocrit, and WBC.  

Abruptness of Changes in In-hospital Morality 
For several physiological parameters, relatively small changes 

in measured values were associated with abrupt, several-fold 

increases in in-hospital mortality rates (Figure 1). These abrupt 

increases were most common at extreme physiological values. 

For example, reductions in glucose level from 50 to 10 mg/dl 

were associated with a 2.9-fold increase in mortality (21% [95% 

CI, 20%–22%] to 60% [95% CI, 56%–66%]), reductions in heart 

rate from 40 to 25 beats/min were associated with a 4.0-fold in-

crease in mortality rate (12% [95% CI, 11%–13%] to 47% [95% CI, 

44%–51%]), and reductions in WBC from 4,000 to 1,000/μl were 

associated with a 3.7-fold increase in mortality rate (9% [95% CI, 

8%–9%] to 33% [95%, 31%–6%]). When binning was applied to 

the physiological parameters, all of these sharp changes in mor-

tality rates were hidden. 

Predictiveness for In-hospital Mortality 
Of the physiological parameters, blood pH, body temperature, 

and FiO2 were most predictive of in-hospital death (scaled 

Brier scores: 0.084, 0.063, and 0.049, respectively) (Table 1). 

However, predictive performance fell after binning (median 

performance loss, 36%) (Table 1). Binning caused the largest 

reduction of predictive performance for body temperature 

(performance loss, 68%) and the smallest reduction for urine 

output (performance loss, 4%). 

https://eicu-crd.mit.edu/
https://doi.org/10.6084/m9.figshare.25596504
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Figure 1. Physiological parameters in the first 24 hours and their associations with in-hospital death, as evaluated in the Philips Healthcare – MIT 
eICU database for 166,959 critical care admissions. Analyses of the exact values of physiological parameters (continuous analysis, blue lines) show 
that extreme values physiological parameters are often associated with high rates of in-hospital mortality. For example, in-hospital mortality rates 
reach at least 50% in patients who have unusual values of blood pH, body temperature, albumin level, and several other physiological parameters. 
However, common practice is to evaluate binned (i.e., categorized) values of physiological parameters, and when this is done (quintile-binned 
analysis, red lines), most of the elevations in mortality rates are hidden at unusual physiological parameter values. Confidence bands are 95% and 
are sometimes too narrow to be visible.

Comparison of Vital Signs with Other Physiological 
Parameters 
On average, predictiveness for in-hospital mortality was better 

for traditional vital signs (body temperature, blood pressure, 

heart rate, and respiratory rate) than for other physiological 

parameters (mean of scaled Brier scores: 0.041 vs. 0.033). 

However, binning caused larger average reductions in predic-

tive performance for vital signs than for other physiological 

parameters, with the result that binned vital signs had less 

overall predictive ability for in-hospital mortality than did oth-

er physiological parameters (mean of scaled Brier scores after 

binning: 0.021 vs. 0.023). 

As expected, measurement availability in the first 24 hours of 

critical care admission was invariably better for vital signs than 

for other physiological parameters (Table 1). Each vital sign 

was measured and recorded in EHR for at least 94% of patients. 

(It is probable that vital signs were taken for more patients, but 

the measurements may not have reached EHR.) Of the physio-

logical parameters that are not vital signs, albumin level, urine 

output, bilirubin level, blood pH, FiO2, PaCO2, and PaO2 were 

each available for less than 40% of patients. Considering the 

three physiological parameters that were most predictive of 

in-hospital morality, availability was 94% for body temperature 

but only 23% for blood pH and FiO2. 

DISCUSSION 

In this study, we observed that in-hospital mortality rates were 
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Table 1. Physiological parameters measured in the first 24 hours of critical care admission: availability of measurements and predictive performance 
for in-hospital mortality

Physiological parameter Availability (%)a)
Predictive performance

Continuous valueb,c) Binned valueb,d) Performance loss by 
binning (%)e)

Albumin (g/dl) 39.6 0.048 0.038 21
Bilirubin (mg/dl) 35.9 0.029 0.022 23
Blood pH 23.2 0.084 0.044 48
Blood urea nitrogen (mg/dl) 79.1 0.041 0.039 5
Body temperature (°C) 94.0 0.063 0.020 68
Creatinine (mg/dl) 79.4 0.043 0.037 15
FiO2 (%) 23.2 0.049 0.044 10
Glucose (mg/dl) 87.7 0.019 0.007 61
Heart rate (beats/min) 99.7 0.039 0.021 46
Hematocrit (%) 77.7 0.011 0.006 44
Mean arterial pressure (mm Hg) 99.5 0.048 0.031 35
PaCO2 (mm Hg) 23.2 0.017 0.012 26
PaO2 (mm Hg) 23.2 0.012 0.007 47
Respiratory rate (breaths/min) 99.2 0.014 0.011 20
Sodium (mEq/L) 79.8 0.018 0.007 61
Urine output (mL/day) 36.9 0.019 0.018 4
White blood cell count (1,000/µl) 75.6 0.039 0.020 49

a) The proportion of stays for which the physiological parameter was recorded in the first 24 hours of critical care admission; b) Predictive performance for in-
hospital mortality is evaluated in terms of scaled Brier scores. Higher values indicate better predictive performance; c) In the analysis of continuous values, the 
actual value of the physiological parameter is used for risk prediction; d) In the analysis of binned values, the quintile-binned value of the physiological parameter 
is used for risk prediction instead of the actual value, mirroring common binning approaches in risk scoring systems. In both cases, performance is evaluated 
for the most deranged value of the physiological parameter measured in the first 24 hours of critical care admission; e) Performance loss is calculated as the 
percentage reduction in the scaled Brier score after binning.

especially elevated for adult critical care patients with very 

low blood pH, very low or high body temperature, very low 

glucose level, very low heart rate, or very low albumin level 

in the first 24 hours of admission to critical care. In-hospital 

mortality reached at least 50% in the extreme ranges of these 

physiological parameters. We also observed that, in some 

ranges of physiological parameters, relatively small changes in 

the physiological parameter value were associated with abrupt 

increases in in-hospital mortality rates. For example, tripling 

or quadrupling of in-hospital mortality rates was associated 

with reductions in glucose level from 50 to 10 mg/dl, heart rate 

from 40 to 25 beats/min, and WBC from 4,000 to 1,000/μl. Fur-

ther, vital signs were on average better predictors of in-hospital 

mortality than were other physiological parameters, and vital 

signs had consistently better availability. 

The novelty of these findings is their extension of previous 

research to unusual and extreme values of physiological pa-

rameters. Most studies are not large enough to analyze such 

unusual values. Others miss associations with high mortality 

because they apply binning (i.e., categorization) procedures 

that mix extreme and more typical physiological parameters 

values together, diluting effects of the extreme values. Studies 

of patient risk scoring regularly bin, categorize, dichotomize, 

threshold, cutoff, or linearize the physiological parameters [1-

5,22]. For example, Acute Physiology and Chronic Health Eval-

uation (APACHE) IV, Simplified Acute Physiology Score (SAPS) 

3, and Mortality Probability Model 0-III (MPM0-III) all bin 

physiological values [1-4]. Our result demonstrate that binning 

obscures associations with high mortality (Figure 1), conceals 

bathtub-shaped (U-shaped) associations with mortality (Fig-

ure 1), hides abrupt mortality-rate increases that accompany 

small changes in some physiological parameter values (Fig-

ure 1), and greatly reduces the predictiveness for in-hospital 

mortality (Table 1). Further, binning produced larger average 

reductions in predictive performance for vital signs than for 

other physiological parameters. These findings support the 

view that it is best to avoid binning in mortality risk prediction 

and early warning score systems [19], especially for vital signs. 
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Despite the limitations of binning, sophisticated risk scoring 

systems can still provide well-calibrated estimates of mortality 

risk because patients with an extreme value of one physiolog-

ical parameter usually also have other mortality risk factors 

that are accounted for in the scoring systems. Nonetheless, we 

think there is value in seeing how high mortality rates climb at 

extremes of individual physiological parameters—for example, 

how in-hospital mortality rates more than tripled from 39 °C 

to 41.5 °C body temperature (15% vs. 50% mortality)—because 

these physiological parameter changes are observed in clinical 

practice before evaluation in risk scoring systems. 

Binned values are also common in research studies, text-

book introductions, and everyday practice. Perhaps because 

binning is ubiquitous, nurses, physicians, and researchers 

sometimes misinterpret results reported for binned physio-

logical values as if they applied to all values of the underlying 

parameter that were binned together. For example, based on 

binned research, it is sometimes stated that body temperatures 

above thresholds like >38 °C and 40 °C are associated with no 

increase in mortality rates or with only moderate increases 

[12,23]. Yet, by performing unbinned analyses, we found that 

about half of critical care patients died at the highest ranges of 

body temperature (41.5 °C) (Figure 1). This is four times great-

er than the mortality rate suggested by binned analysis of the 

same data (Figure 1), demonstrating how binning can produce 

major errors in risk assessment. 

Several articles conclude that vital signs are undervalued 

in clinical practice, especially in comparison with laborato-

ry-tested physiological parameters [9,10,12]. Our results sup-

port the value of vital signs. For example, vital signs had better 

average predictiveness for in-hospital mortality than did other 

physiological parameters, even though measurements of vital 

signs cost less and are simpler to perform. However, binning 

reduced the average predictive ability of vital signs below other 

physiological parameters, which suggests that the ubiquity of 

binning may be one reason that vital signs are undervalued. 

Prior studies also found that vital signs were taken and re-

corded with less care and accuracy than other physiological 

parameters, especially laboratory-tested parameters [9,11]. 

This suggests the actual predictiveness of vital signs might 

increase if they were measured more carefully. Better nursing 

practices and protocols may be able to improve vital sign mea-

surement quality [10,11,24]. Of the four vital signs, only respi-

ratory rate was not strongly predictive of in-hospital mortality 

in our study. Earlier research found that well-measured re-

spiratory rate strongly indicates patient risk, but that frequent 

measurement errors reduce its predictiveness in everyday 

practice [25-27], which may explain our study findings. 

In our study, the most abrupt increases in mortality oc-

curred at very low glucose levels, heart rates, and WBCs. These 

sudden changes emphasize the need for accurate and precise 

measurements in these parameter ranges. Separate studies of 

individual physiological parameters would be needed to char-

acterize specific causes of mortality patterns observed here. 

This study has several limitations. One limitation is that 

this study only examined associations between physiological 

parameters and in-hospital mortality. In-hospital mortality is 

also influenced by many other factors, such as the underlying 

disease or injury that led to admission, preexisting conditions, 

and treatments administered. If these other factors are not 

considered and the patient's mortality risk is evaluated solely 

on the basis of physiological parameter values, then substan-

tial bias or error may occur. Another limitation is typos and 

other mis-entries of values and/or units, which appear in any 

large database of hand-entered data, owing to human fallibil-

ity. Typos and mis-entries may be especially common among 

records with extreme values. However, we see no means by 

which these errors could produce artifactually high mortality 

rates—the errors consist of mis-entering extreme values for 

patients whose physiological status is actually more normal 

or typical, and who therefore do not have rates of death that 

are as heightened. Therefore, the elevated mortality rates that 

we report must be due to patients who actually have extreme 

physiological parameter values. Indeed, the true mortality 

rate at physiological parameter extremes is only expected to 

be diluted by the presence of mis-entries, and the actual mor-

tality elevations may therefore be even higher than we have 

reported. Erroneous values also present a limitation to our 

analyses of predictive performance because they may misrep-

resent the patient’s condition and thereby degrade predictive 

performance. 

Other limitations include test misclassification, which can 

occur in large databases for tests with similar names, and the 

possibility of system and database rules that reject the inclu-

sion of unusual values for some measurements. Given the 

large number of hospitals contributing to the data (n=207), we 

are not able to exclude effects of rules like these, which can be 

hospital-specific. In addition, our analysis was limited to the 

most deranged value of each physiological parameter in the 

first 24 hours of admission, but this single value may provide 

an incomplete picture of the patient's condition. In future 

research, it may be worth extending analyses to include tem-



310 https://www.accjournal.org Acute and Critical Care 2024 May 39(2):304-311

Harding C, et al. Mortality among patients with unusual vital signs

poral trends of physiological parameters. Another limitation is 

that the definition of the most deranged measurement treats 

the midpoint of APS scoring categories as the central value [1]. 

While we followed this definition for consistency with eICU 

practice, it sometimes resulted in non-typical values being 

selected as the midpoint (e.g., 38.0 °C instead of the typical 

body temperature of about 36.8 °C), which may somewhat 

underestimate parameters’ associations with mortality. Lastly, 

a limitation is that assessments of predictive performance can 

differ by scoring rule choice [21]. 

In conclusion, in-hospital mortality rates are greatly elevated 

for critically ill adults who have extreme values of some physi-

ological parameters, for example reaching at least 50% for pa-

tients with very low blood pH, very low or high body tempera-

ture, very low glucose level, or very low heart rate measured in 

the first 24 hours of critical care admission. These relationships 

are obscured by thresholding and binning of physiological 

parameters. In clinical practice, vital signs are sometimes 

treated more casually than laboratory-tested parameters. Yet, 

our results show vital signs often have better predictiveness for 

mortality and universally have better availability, supporting 

opinions that vital signs are currently undervalued. 
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Sleep, anxiety, depression, and stress in critically ill 
patients: a descriptive study in a Portuguese intensive care 
unit
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Background: Sleep disorders are common among patients admitted to intensive care units (ICUs). 
This study aimed to assess the perceptions of sleep quality, anxiety, depression, and stress reported 
by ICU patients and the relationships between these perceptions and patient variables. 
Methods: This cross-sectional study used consecutive non-probabilistic sampling to select partici-
pants. All patients admitted for more than 72 hours of ICU hospitalization at a Portuguese hospital 
between March and June 2020 were asked to complete the “Richard Campbell Sleep Question-
naire” and “Anxiety, depression, and Stress Assessment Questionnaire.” The resulting data were an-
alyzed using descriptive statistics, Pearson’s correlation coefficient, Student t-tests for independent 
samples, and analysis of variance. The significance level for rejecting the null hypothesis was set to 
α ≤0.05. 
Results: A total of 52 patients admitted to the ICU for at least 72 hours was recruited. The mean 
age of the participants was 64 years (standard deviation, 14.6); 32 (61.5%) of the participants 
were male. Approximately 19% had psychiatric disorders. The prevalence of self-reported poor 
sleep was higher in women (t[50]=2,147, P=0.037) and in participants with psychiatric problems, 
although this difference was not statistically significant (t[50]=–0.777, P=0.441). Those who re-
ported having sleep disorders before hospitalization had a worse perception of their sleep. 
Conclusions: Sleep quality perception was worse in female ICU patients, those with psychiatric 
disorders, and those with sleep alterations before hospitalization. Implementing early interventions 
and designing nonpharmacological techniques to improve sleep quality of ICU patients is essential. 
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INTRODUCTION 

In the intensive care unit (ICU), nurses must continuously assess vital signs, implement and 

evaluate treatment plans, administer medications, and anticipate and prevent adverse patient 

outcomes [1]. However, the methods required to care for these patients may limit family par-
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ticipation in decision making, and the patients’ psychosocial 

needs may be neglected [2]. Previous reports have indicated 

a link between sleep disturbance in critical-care patients and 

increased incidences of delirium, mortality rates, and hospital 

stay [3]. Additionally, sleep disturbances have been shown to 

be associated with short-term symptoms like lethargy, fatigue, 

irritability, confusion, memory issues, and loss of muscle, 

which may hinder the recovery process and potentially impact 

the patient's quality of life in the longer term [4-7]. 

Sleep deprivation is a common issue faced by patients 

during hospitalization and ICU care and may be attributed to 

several factors. The ICU environment may contribute to sleep 

disruption due to the noise and light and the need for patient 

care activities, diagnostic procedures, and mechanical venti-

lation. Sleep quality while in hospital may also be a function 

of factors related to the patient's health, such as pre-existing 

sleep disorders, severity and/or acute onset of illness, organ 

dysfunction, and pain; these factors may also increase stress 

and anxiety [7,8], which may further disrupt sleep and induce 

additional stress and anxiety [8]. 

As sleep disturbance is considered a risk factor for anxiety 

[9-11], complaints of sleep disturbances are generally regarded 

as diagnostic criteria for anxiety disorders [12,13]. Further-

more, depression, anxiety, and stress are common in patients 

who have suffered traumatic brain injury and should be antici-

pated in critically ill patients [14]. 

Sleep disturbances among ICU patients are well known but 

are not currently addressed in a consistent manner. Indeed, in 

recent years, various strategies have been implemented to pro-

mote and improve sleep. However, hospitalized patients often 

cannot achieve good-quality sleep [15]. Due to the tremendous 

impact of sleep disturbance on healthcare services, it is crucial 

to identify patients at higher risk of sleep and mental health 

disorders after hospitalization to prevent rather than react to 

possible adverse patient outcomes. Thus, this study aimed to 

describe and predict the quality of sleep of critically ill patients 

and to predict possible correlations of sleep disturbances with 

anxiety, depression, and stress. 

MATERIALS AND METHODS 

This single-center, cross-sectional, and correlational study 

analyzed adult patients admitted to a Portuguese ICU between 

March and June 2020. The hospital's Ethics Committee ap-

proved the study (authorization 2020.053, 043-DEFI/045-CE). 

Informed consent was obtained from all participants after pro-

viding them with all necessary information.

The data collection instruments included sociodemographic 

and clinical characterization and the “Richard Campbell Sleep 

Questionnaire (RCSQ)” and “Depression, Anxiety and Stress 

Scale 21 (DASS-21).” The RCSQ is frequently used to assess 

sleep quality in ICU patients, and many clinical practice guide-

lines recommend its use [16]. This instrument includes six 

items (sleep depth, falling asleep, awakenings, return to sleep, 

sleep quality, and an additional item addressing noise levels) 

and uses a visual analog scale. The score for each item ranges 

from 0 (indicating the worst possible sleep) to 100 (indicating 

the best sleep). A total sleep score is obtained for each patient 

by summing the individual scores on the five sleep items and 

dividing the result by five (to obtain a final RCSQ score of 0 to 

100). Those within the lowest quartile (scores from 0 to 25) are 

considered to have the worst sleep, and those within the high-

est quartile (76 to 100) are deemed to have excellent sleep. 

The DASS-21 [17] consists of 42 items evenly distributed 

across depression, anxiety, and stress subscales [18]. Each 

scale comprises seven items, each of which is scored with a 

four-point Likert scale, ranging from 0 ("strongly disagree") to 3 

("strongly agree"). The final result is obtained by summing the 

scores of the items in each subscale. The cutoff points, indic-

ative of severity, are described in Table 1. This instrument has 

■  We suggest routine implementation of sleep quality as-
sessment in intensive care unit patients, including the 
scales used in this study.

■  It is essential to identify factors that may lead to sleep 
disturbance in critically ill patients.

■  Therapeutics should be directed at all potential 
sleep-disturbing factors, optimizing the diurnal and 
nocturnal environment, and minimizing unnecessary 
sleep interruptions.

KEY MESSAGES

Table 1. DASS-21 severety score
Variable Percentile Depression Anxiety Stress
Normal 0–78 0–4 0–3 0–7
Mild 78–87 5–6 4–5 8–9
Moderate 87–95 7–10 6–7 10–12
Severe 95–98 11–13 8–9 13–16
Extremely severe 98–100 >14 >10 >17

DASS-21: Depression, Anxiety and Stress Scale 21.
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strong evidence for its validity in various areas including bi-

factor structural, internal consistency, criterion, and construct 

validity [19]. The DASS-21 is a high-quality tool used to assess 

emotional states, although it has inherent limitations with re-

spect to assessing the individual severities of depression, anxi-

ety, and stress [20]. However, given the reliability, validity, and 

ease of use, the DASS is considered a useful tool for research 

and clinical settings [21]. 

Population and Sample 
In a consecutive non-probabilistic sampling process, all pa-

tients admitted to the ICU who met the following inclusion 

criteria completed the data collection process: ICU stay longer 

than 72 hours and able to complete the questionnaire them-

selves or indicate their answer to the researcher. All patients 

younger than 18 years, with an ICU stay less than 72 hours, 

who experienced confusional states (all psychic and autopsy-

chic disorientation states, including delirium), or had been 

prescribed medication that alters sleep patterns (e.g., seda-

tives, anxiolytics, and/or analgesics) were excluded. 

Data Collection 
Firstly, the study's objective and methods were presented to 

the nursing team. Prior to obtaining informed consent of the 

participants, the patients who met the inclusion criteria were 

provided the study objectives and a description of the study 

design and were asked for their free and informed partici-

pation. The principal researcher provided all the necessary 

information to participants and the authorization to be signed; 

permission was obtained through a fingerprint (preferably 

from the index finger of the dominant hand) for those who 

could not sign. The participants were invited to complete the 

data collection instruments autonomously. Whenever the pa-

tient demonstrated incapacity or a preference for assistance, 

the researcher filled out the questionnaires according to the 

indications/answers of the user and revalidated them. 

Statistical Analysis 
The patients’ sociodemographic data were first described 

using measures of central tendency and dispersion for quanti-

tative variables and absolute and relative frequencies for quali-

tative variables. The outcomes, including dimensions and total 

scale, were described using the mean and standard deviation 

(SD). In all analyses, significance was assessed using an alpha 

of 0.05. Cronbach's alpha coefficient (a measure of internal 

consistency), Pearson's correlation coefficient, Student t-test 

for independent samples, and the multivariate analysis of vari-

ance (ANOVA) test were used for analysis. The normality of the 

data distributions was analyzed using the Shapiro-Wilk test, 

and the homogeneity of the variance was analyzed using the 

Levene test. All data were analyzed using the IBM SPSS version 

27.0 (IBM Corp.). 

RESULTS 

Fifty-two participants completed the survey during the study 

period (Table 2). The mean age was 64±14.6 years (range, 20– 

84 years); 32 (61.5%) were men, and 32 were married (62.7%). 

The median length of stay was 6±3.64 days (range, 3–290 days). 

About 19% of participants had a history of psychiatric illness. 

There were various reasons for ICU admission (Table 3), 

ranging from gastrointestinal impairment (27.0% of patients) 

to nervous system impairment (1.9%). The reliability of the 

questionnaire scales was estimated using Cronbach's alpha 

coefficient: there was variation observed among the scores of 

the diverse dimensions between 0.647 (weak but acceptable) 

Table 2. Sociodemographic and clinical characterization (n=52)
Variable Value
Age (yr) 64±15
Sex
 Female 20 (38.5)
 Mele 32 (61.5)
Marital status
 Single 8 (15.7)
 Married 32 (62.7)
 Divorced 5 (9.8)
 Widowed 6 (11.8)
Length of stay in ICU (day) 6.0±3.6
Psychiatric history
 No 42 (80.8)
 Yes 10 (19.2)
Sleep disturbances (before ICU)
 No 21 (40.4)
 Yes 31 (59.6)
Sleep medication (before ICU)
 No 10 (19.6)
 Yes
Sleep medication (during ICU stay) 41 (80.4)
 No 11 (22.9)
 Yes 37 (77.1)

Values are presented as mean±standard deviation or number (%).
ICU: intensive care unit.
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to 0.871 (good) [22] and is presented in Table 4. 

The correlations between anxiety, depression, stress, and 

sleep quality were statistically significant, positive, and mod-

erate (Table 5). Thus, the higher were the values of anxiety, 

depression, and stress, the worse was the perception of sleep 

quality. 

With this study, we aimed to test the following hypotheses: 

H1: women have a worse perception of sleep than men; H2: 

patients with psychiatric problems have a worse perception 

of sleep; H3: patients with sleep disorders before hospital-

ization have worse sleep perception; H4: patients who have 

experienced sleep disorders in the past may exhibit changes in 

stress, depression, and anxiety; H5: patients with a history of 

any reported psychiatric illness may exhibit changes in stress, 

depression, and anxiety; Regarding H1, the ICU patients’ per-

ception of their sleep quality was significantly worse in women 

than in men (t(50)=2.147, P=0.037) (Table 6). 

Regarding H2, the ICU patients’ perception of their sleep 

quality was worse in those with psychiatric problems (Table 

7), although the difference was not significant (t(50)=–0.777, 

P=0.441). Regarding H3, the ICU patients’ perception of their 

sleep quality was worse in those who reported sleep distur-

bances prior to hospitalization (Table 7), although the differ-

ence was not statistically significant (t(50)=1.831, P=0.073). 

Regarding H4, the multivariate ANOVA results indicated that 

differences in reported stress, depression, or anxiety among 

the patients who have experienced sleep disorders in the past 

were not significant (Λ=0.904, F(3.48)=1.708, P=0.178) (Table 

8). Regarding H5, a significant positive correlation was found 

between reported stress, depression, or anxiety and psychiatric 

history (Table 9). The ICU patients with a history of psychiatric 

illness more frequently reported more severe depression (7.50 

vs. 3.26) and stress (9.50 vs. 5.80). 

Table 3. Reason for ICU admission (n=52)
Reason for ICU admission No. (%)
Gastrointestinal 14 (26.9)
Sepsis 10 (19.2)
Vascular 9 (17.3)
Cardiovascular 5 (9.6)
Multiple trauma 4 (7.7)
Respiratory 3 (5.8)
Endocrine 2 (3.9)
Orthopedic 2 (3.9)
Renal 2 (3.9)
Neurological 1 (1.9)

ICU: intensive care unit.

Table 4. Scale reliability
Scale α of the dimension Number of items
RCSQ
DASS-21 0.837 6

Depression 0.871 7
Anxiety 0.647 7
Stress 0.756 7

RCSQ: Richard Campbell Sleep Questionnaire; DASS-21: Depression, Anxiety 
and Stress Scale 21.

Table 5. Correlations between depression, anxiety, and stress and sleep
Scale Depression Anxiety Stress
Depression - - -
Anxiety 0.626 - -
Stress 0.682 0.608 -
RCSQ total 0.452 0.355 0.324

RCSQ: Richard Campbell Sleep Questionnaire.

Table 6. Relationship between sex and sleep quality
Female Male P-value

Sleep quality 5.2±2.3 3.8±2.1 0.037

Values are presented as mean±standard deviation.

Table 8. Relationship between depression, anxiety, and stress and 
previous sleep changes

Previous sleep change
P-value

Yes No
Depression 3.95±4.56 4.6±4.70 0.874
Anxiety 5.95±4.11 4.35±2.96 0.110
Stress 6.61±4.66 6.45±3.32 0.880

Values are presented as mean±standard deviation.

Table 7. Relationship between psychiatric history and sleep quality 
and sleep quality in ICU

Psychiatric history
P-value

Yes No
Sleep quality 4.8±3.0 4.2±2.1 0.441
Sleep quality in ICU 5.0±2.4 3.9±2.1 0.073

Values are presented as mean±standard deviation.
ICU: intensive care unit.
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DISCUSSION 

In the ICU, numerous stimuli can interfere with the quality of 

sleep and, consequently, with the outcomes of hospitalized 

patients [23]. For various reasons, stimuli such as noise are in-

creased in the ICU. On the other hand, beneficial stimuli such 

as natural light are limited [23,24]. Sleep is an essential biolog-

ical function and is considered fundamental for good health 

and quality of life. Sleep quality modulates many body func-

tions, including immune system function, removal of cellular 

toxins, and control of body temperature, blood pressure, pulse, 

and hormone production [4,25]. 

Many ICU patients experience sleep disorders of varying 

severity related to both intrinsic and extrinsic factors. The 

ICU staff have an important role in reducing the extrinsic fac-

tors that impact sleep quality in the ICU to minimize adverse 

events. In this study, we assessed the sleep quality of ICU pa-

tients and investigated associations between some intrinsic 

factors and sleep quality in the ICU. The results may allow 

early identification of ICU patients at higher risk of sleep dis-

turbances during their hospital stay. 

The average age of the study participants was 64 years, 

which is slightly higher than in previous studies [20] but within 

the reported range. As expected, the participants' sleep qual-

ity during hospitalization was reported to be poorer, as age 

and sleep quality are highly negatively correlated. Although 

the questionnaire responses indicated that 59.6% of the study 

participants reported previous sleep disturbances, 80% of the 

patients also reported use of prescription medications prior to 

hospitalization, and 77.1% continued to receive their medica-

tion during hospitalization. 

Critical illness can cause physiological and emotional dis-

orders that can negatively impact sleep quality, regardless of 

the reason for hospitalization. According to the findings of this 

study, the participants' mean perception of their sleep quality 

is below 50%, which could indicate significant changes in sleep 

patterns, similar to the findings of other studies [7,24]. Howev-

er, the perception of sleep quality by the participants, given the 

average length of stay of six days, with a range of 3 to 290 days, 

may have been related to extrinsic factors not evaluated in this 

study, including environment, noise, luminosity, and tempera-

ture [7,26,27]. 

Most ICU patients rate their sleep quality as low [7,24], cor-

roborating the data of this investigation. Low-quality sleep 

is characterized by a high proportion of stages 1 and 2, frag-

mented sleep, with circadian rhythm changes; stage 3 and 

REM sleep may be significantly decreased or absent [28-32]. 

Reduced sleep quality may increase the length of hospitaliza-

tion by delaying weaning from ventilation support [33] and 

increasing the incidence of delirium and, consequently, ad-

verse outcomes [34,35]. Longer length of stay and a weakened 

immune system due to lack of quality sleep increase the risk of 

healthcare-associated infection [34,36].  

Methods to promote better sleep can include medications, 

such as benzodiazepines, which may result in changes to cog-

nitive function, increased risk of tolerance and dependence, 

ventilatory impairment, and adverse effects on sleep patterns 

[37]. Alternatively, non-pharmacological approaches may 

be employed, including mental or behavioral interventions, 

breathing exercises, music therapy, aromatherapy, massage, 

guided imagery, acupuncture, environmental changes (e.g., 

synchronization of ICU activities with daylight, noise reduc-

tion], social support (e.g., family assistance), and equipment 

modification [4,24]. 

However, the use of such strategies may not influence the 

patient’s anxiety and stress and so not improve sleep [9]. The 

ICU patient typically has abnormally high levels of anxiety and 

depression [38]. In the present study, the participants’ self-re-

ported scores were consistent with moderate depression and 

stress and mild anxiety, perhaps because the sample demon-

strated variability in disease severity and most had short hos-

pital stays. The patient hospitalized in the ICU is subject to 

numerous stress factors, the most prevalent of which are being 

thirsty, having invasive devices in the nose and mouth, not be-

ing able to communicate, decreased mobility due to invasive 

and non-invasive devices, not being able to sleep, and loss of 

autonomy [39]. The data from this study are consistent with 

the above-noted stressors: the higher were the self-reported 

scores for anxiety, stress, and depression, the worse was the 

perception of sleep. 

Some studies have reported that sleep duration and quality 

changes are associated with increased incidence of mental 

Table 9. Relationship between depression, anxiety and stress and 
psychiatric history

Psychiatric history
P-value

Yes No
Depression 7.50±5.06 3.26±4.14 0.008
Anxiety 6.30±4.90 4.69±3.11 0.197
Stress 9.50±4.67 5.80±3.35 0.006

Values are presened as mean±standard deviation.
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health disorders, including depression and anxiety [40]. Con-

versely, no relationship between previous sleep alterations 

and stress, depression, or anxiety was found in this study, and 

there may be other predictive factors of greater importance. 

Previous studies have reported that people with mental 

health issues were much more likely to have a shorter sleep 

duration and quality [40], as in the present study, in which the 

perception of sleep quality was worse in ICU patients with psy-

chiatric illnesses. In this study, 80% of the participants patient 

had no history of mental illness. We also discovered that par-

ticipants with a history of mental illness had significantly high-

er scores for self-reported depression and stress, consistent 

with previous findings [41,42], including those from studies 

of patients with traumatic brain injury [43], stroke patient [42] 

oncological disease [44,45], or cardiovascular disease [46-48] 

and of pregnant [49,50] or postpartum [49,51] women. 

In the present study, the perception of sleep was worse in 

the female participants. A study of healthy adults in Canada 

found that 55% of women report problems falling asleep, 

which is higher than men. [52]. In contrast, another study of 

healthy participants found that women had a significantly lon-

ger sleep duration, a lower percentage of stage 1 sleep, and a 

higher percentage of slow-wave sleep compared to men [53]. 

Sleep disorders increase the risk of delirium, extend hospital 

stays, and are associated with prolonged mechanical venti-

lation. However, evidence-based practices are necessary to 

manage and improve sleep quality of hospital patients. There 

is a need to educate hospital nurses about the impact of sleep 

quality on patient outcomes to better enable them to assess 

overall condition and to implement appropriate measures to 

encourage sleep and minimize unfavorable outcomes. 

A patient’s healthcare plan should include measures to 

manage sleep quality during hospitalization and strategies 

to manage sleep disorders and mitigate adverse effects when 

they occur. By being proactive in these areas, healthcare pro-

fessionals can better support patients and promote positive 

outcomes. 

There is a need for ICU nurses to employ high-quality, val-

idated tools to monitor and evaluate the sleep quality of their 

patients and evidence-based strategies to achieve desired 

results. However, implementing evidence-based methods to 

assess sleep quality in clinical practice remains a challenge, as 

does improving the understanding of sleep and sleep disorders 

among medical staff caring for hospitalized patients. There are 

several obstacles to promoting sleep in the ICU, including the 

major trend of reducing sedation for critical patients. 

It is essential to exercise caution when interpreting this 

study's results, as several limitations were involved. The 

coronavirus disease 2019 (COVID-19) pandemic caused dis-

ruptions during the first wave, leading to a reformulation of 

services and a subsequent reduction in the number of partici-

pants. The deteriorating epidemiological situation also neces-

sitated reorganization of the data collection process, further 

limiting the number of participants. 

It is important to consider external variables that may in-

fluence an individual's perception of sleep, such as noise, 

luminosity, and nursing activities. The use of self-reporting in-

struments, while helpful, may not provide a complete picture 

of an individual's sleep experience. The assessment of sleep 

quality is a multidimensional function that includes factors 

such as total sleep time, awakening, expectations, global per-

ception, nocturnal awakenings, tiredness after waking, day-to-

day energy, and other factors. As a result, various tools may be 

needed to assess different dimensions of sleep.  

Further research addressing the quality of sleep among ICU 

patients is needed. Many aspects of this field have not been 

adequately studied, including the influence of invasive venti-

lation and ventilatory modes on a patient's sleep or the impact 

of inotropic or cardiovascular-active drugs on sleep depri-

vation. Additional multicenter studies to test interventions 

and strategies to promote sleep and to minimize alterations 

of sleep-wake patterns in the ICU, taking into account factors 

such as disease severity, age, medications, and length of stay, 

are needed. 

When patients are admitted to the ICU, the primary aim 

of healthcare professionals is to save their lives. However, 

some life-saving interventions can lead to adverse events and 

other adverse consequences in the short and medium term, 

including disruption of sleep. To address this issue, health-

care providers should identify factors that may disturb their 

patients' sleep and develop intervention plans based on evi-

dence-based strategies. 

To improve our understanding of the importance of sleep in 

ICU patients, we suggest using the scales outlined in this study 

as a routine practice. Additionally, healthcare providers should 

receive training on promoting sleep and evaluating its quality. 

Data regarding the sleep quality of patents in the ICUs of 

Portuguese hospitals are limited, and this study provides new 

insight in this area. The findings support additional explora-

tion of appropriate and practical tools to monitor and to evalu-

ate the quality of sleep in critically ill patients.
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Since implementation of the "Act on hospice and palliative care and decisions on life-sustain-

ing treatment (LST) for patients at the end of life" ("LST Decision Act") in Korea in 2018, social 

interest in the process of facing a "good death" by respecting the patient's right to self-deter-

mination of meaningless life support is increasing. Restrictions on LST prevent unnecessary 

exhaustion of national medical costs and help in the effective distribution of limited medical 

resources, becoming a common form of death in intensive care units (ICUs). However, the 

end-of-life (EOL) decision of ICU patients in Korea is still made through subjective judgment 

by individual doctors in charge of ICU treatment after consultation with mainly their families. 

The current study by Kim et al. [1] identified factors affecting the decision to withdraw LST 

of Korean patients admitted to the ICU. It evaluated how the decision to withdraw LST affects 

the actual use of medical services by comparing medical costs through retrospective anal-

ysis in a tertiary hospital. The authors observed that LST withdrawal decisions are affected 

by subject age, readmission rate, and disease categories. Notably, families made 86% of LST 

withdrawal decisions, but the decision rates varied according to disease. The total hospital 

cost was higher in the LST withdrawal group than in the control group, and there was no sig-

nificant difference between the groups in the ICU cost. The authors concluded that LST with-

drawal should be tailored to the individual characteristics of critically ill patients. 

This study was based on the Korean LTS Decision Act, so the results are limited to Korea. 

However, it can be used as a reference in Asian countries with Confucian culture. There are 

several points to note when interpreting the results. Most of the ICU patients are those with 

acutely deteriorated physical conditions, and most had no LST plans at admission, regardless 

of the type of disease. Unlike incurable diseases such as terminal cancer, acute diseases such 

as neurological diseases and infections are not easy for patients and their families to consider 

LST plans before the disease occurs. As EOL patients with chronic diseases are likely to have 

sufficient consultation with a doctor treating them in the long term, it is likely that families of 

patients with acute diseases would discuss the LST withdrawal plan with unfamiliar ICU doc-

tors without providing sufficient time for decision. Therefore, the decision making process of 

LTS withdrawal must be different in the ICU versus non-ICU setting. 
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The admission route (through the emergency room vs. the 

general ward) to the ICU should also be considered. If patients 

are admitted to the ICU during treatment in a general ward, 

the length of hospitalization is longer than that of those ad-

mitted to the ICU through the emergency room, the medical 

costs are higher, and patients and their families have time to 

determine the patient's condition in the general ward. Despite 

the long hospitalization period and high ICU readmission 

rate, there was no significant difference in ICU medical costs 

or the lengths of ICU stay between the LST withdrawal group 

and the control group in this study. Thus, decision-making on 

LST withdrawal could be more affected by the psychological 

aspect of the patient's expectation of recovery than the eco-

nomic aspect. 

The mortality rates of the LST withdrawal group and the 

control group were not statistically different (66% vs. 58%) in 

this study. One-third of LST withdrawal patients did not die, 

indicating the possibility of over-diagnosing EOL patients. De-

cisions of EOL often are affected by the subjective character-

istics of ICU doctors and families [2,3]. This finding supports 

the need for a more precise and tailored LST decision-making 

process. In addition, the items of LST withdrawn are important 

to explain the mortality results, although such data were not 

analyzed in this study. 

Consequently, Kim et al. [1] showed factors affecting LST 

withdrawal decisions in ICU patients and the importance of 

LST decision plans tailored to the individual characteristics 

of critically ill patients. Studies considering the cultural back-

ground peculiar to Asian countries, where discussion of family 

deaths is considered a taboo subject [4], are scarce, and the 

subject of the decision to suspend LST, the method of LST 

withdrawal, and the location of death differ between South 

Korea and Western countries [4-6]. Thus, further research to 

develop the optimal LST decision process based on Korean 

culture is needed, and the current results will enhance the re-

search interests in EOL care in the ICU in South Korea. 

CONFLICT OF INTEREST 

Dohhyung Kim is an editorial board member of the journal 

but was not involved in the peer reviewer selection, evaluation, 

or decision process of this article. No other potential conflicts 

of interest relevant to this article were reported.

FUNDING 

None. 

ACKNOWLEDGMENTS 

None. 

ORCID 

Ho Jin Yong https://orcid.org/0009-0008-9913-2877 

Dohhyung Kim https://orcid.org/0000-0002-3567-4254 

AUTHOR CONTRIBUTIONS 

Writing–original draft: HJY. Writing–review & editing: DK. 

REFERENCES 

1. Kim CJ, Hong KS, Cho S, Park J. Comparison of factors influenc-

ing the decision to withdraw life-sustaining treatment in inten-

sive care unit patients after implementation of the Life-Sustain-

ing Treatment Act in Korea. Acute Crit Care 2024;39:294-303.

2. Phua J, Joynt GM, Nishimura M, Deng Y, Myatra SN, Chan YH, 

et al. Withholding and withdrawal of life-sustaining treatments 

in intensive care units in Asia. JAMA Intern Med 2015;175:363-

71. 

3. Kim JS, Yoo SH, Choi W, Kim Y, Hong J, Kim MS, et al. Impli-

cation of the Life-Sustaining Treatment Decisions Act on End-

of-Life Care for Korean Terminal Patients. Cancer Res Treat 

2020;52:917-24.  

4. Koh M, Hwee PC. End-of-life care in the intensive care unit: 

how Asia differs from the West. JAMA Intern Med 2015;175:371-

2. 

5. Yadav KN, Gabler NB, Cooney E, Kent S, Kim J, Herbst N, et al. 

Approximately one in three US adults completes any type of 

advance directive for end-of-life care. Health Aff (Millwood) 

2017;36:1244-51.  

6. Petrova M, Riley J, Abel J, Barclay S. Crash course in EPaCCS 

(electronic palliative care coordination systems): 8 years of suc-

cesses and failures in patient data sharing to learn from. BMJ 

Support Palliat Care 2018;8:447-55.  

https://doi.org/10.4266/acc.2023.01130
https://doi.org/10.4266/acc.2023.01130
https://doi.org/10.4266/acc.2023.01130
https://doi.org/10.4266/acc.2023.01130
https://doi.org/10.1001/jamainternmed.2014.7386
https://doi.org/10.1001/jamainternmed.2014.7386
https://doi.org/10.1001/jamainternmed.2014.7386
https://doi.org/10.1001/jamainternmed.2014.7386
https://doi.org/10.4143/crt.2019.740
https://doi.org/10.4143/crt.2019.740
https://doi.org/10.4143/crt.2019.740
https://doi.org/10.4143/crt.2019.740
https://doi.org/10.1001/jamainternmed.2014.7397
https://doi.org/10.1001/jamainternmed.2014.7397
https://doi.org/10.1377/hlthaff.2017.0175
https://doi.org/10.1377/hlthaff.2017.0175
https://doi.org/10.1377/hlthaff.2017.0175
https://doi.org/10.1377/hlthaff.2017.0175
https://doi.org/10.1136/bmjspcare-2015-001059
https://doi.org/10.1136/bmjspcare-2015-001059
https://doi.org/10.1136/bmjspcare-2015-001059
https://doi.org/10.1136/bmjspcare-2015-001059


© 2024 The Korean Society of Critical Care Medicine 

This is an Open Access article distributed under 
the terms of Creative Attributions Non-Com-
mercial License (https://creativecommons.org/
li-censes/by-nc/4.0/) which permits unrestricted 
noncommercial use, distribution, and reproduc-
tion in any medium, provided the original work is 
properly cited.

323https://www.accjournal.org

| pISSN 2586-6052 | eISSN 2586-6060

Pneumothorax is a common problem in adult intensive care unit (ICU) patients with a prev-

alence of 4%–15% in mechanically ventilated patients [1], and up to 50% in patients following 

chest trauma [2]. Currently, computed tomography (CT)-scan is the gold standard for both 

the diagnosis and assessing the size of the pneumothorax [3]. Recently, portable digital to-

mosynthesis (pDTS) prototype with a modified motorized x-ray device was developed [4]. 

pDTS is a technique where several low dose x-ray images are acquired with a motorized x-ray 

source which moves relative to a stationary detector. Subsequently, reconstruction algorithms 

are used to compute coronal section images through the area of interest. This technique 

may be able to improve the diagnostic value of bedside chest radiography due to its ability 

to distinguish overlapping anatomical structures. Chest digital tomosynthesis is a technique 

Portable chest radiography is a valuable tool in the intensive care unit. However, the supine posi-
tion causes superposition of anatomical structures resulting in less reliable detection of certain 
abnormalities. Recently, a portable digital tomosynthesis (pDTS) prototype with a modified mo-
torized x-ray device was developed. We aimed to compare the diagnostic value of pDTS to stan-
dard bedside chest radiography in the diagnosis of a posterior pneumothorax. A modified motor-
ized x-ray device was developed to perform 15 radiographic projections while translating the 
x-ray tube 25 cm (10 cm ramp up and 15 cm during x-ray exposure) with a total radiation dose 
of 0.54 mSv. This new technique of pDTS was performed in addition to standard bedside chest 
x-ray in a patient with a confirmed posterior hydropneumothorax. The images were compared 
with the standard bedside chest x-ray and computed tomography (CT) images by two experi-
enced radiologists. The posterior hydropneumothorax previously identified with CT was visible on 
tomosynthesis images but not with standard bedside imaging. Combining the digital tomosyn-
thesis technique with the portable x-ray machine could increase the diagnostic value of bedside 
chest radiography for the diagnosis of posterior pneumothoraces while avoiding intrahospital 
transport and limiting radiation exposure compared to CT. 

Key Words: bedside chest x-ray; digital tomosynthesis; intensive care unit; posterior pneumo-
thorax
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already available on a wall mounted flat panel or x-ray table, 

however, there is currently no pDTS available on the market [5]. 

We describe a case that highlights its potential in critically 

ill patients. This study was approved by our local Institutional 

Review Board (IRB No. 143202043138) and all patients or des-

ignated proxies provided written informed consent. Authors 

with no ties to Agfa Radiology Solutions had unrestricted con-

trol over the data during the study.  

CASE REPORT 

A 62-year-old man was admitted to the ICU following respi-

ratory failure due to coronavirus disease 2019 (COVID-19) 

pneumonia. His stay was further complicated by several 

ventilator acquired pneumonias and the requirement of 

venovenous extracorporeal membrane oxygenation. Due to 

respiratory deterioration on day 41 of hospital admission a CT 

thorax was performed which initially showed subcutaneous 

emphysema and a pneumomediastinum without evidence of 

a pneumothorax (Figure 1A). Respectively, 2 and 7 days later, a 

pneumothorax at the left apex as well as at the right apex was 

visualized on a standard bedside chest x-ray for which a chest 

drain was placed (Figure 1B-E). Twelve days after the initial CT 

scan a new CT scan was performed to re-evaluate the extent of 

the pneumothoraces after drain insertion. This showed an ad-

ditional posterobasal hydropneumothorax on the right which 

was not visible on standard bedside chest x-ray (Figure 1F). 

Subsequently, an additional chest drain was inserted. Analysis 

of the fluid suggested an empyema for which antibiotics were 

initiated. 

After the acute phase, on day 151 since admission, a porta-

ble DTS acquisition was performed in addition to the standard 

bed-side chest radiography with a prototype device (Agfa Ra-

diology Solutions). Fifteen x-ray projections were made while 

translating the x-ray tube 25 cm with a synchronized motor-

ized system (10 cm ramp up and 15 cm during x-ray exposure) 

Figure 1. (A) Computed tomography (CT) thorax on day 41 of admission showing subcutaneous emphysema and a pneumomediastinum (arrow). (B) 
Standard bedside chest x-ray. Arrow, pneumothorax at the left apex. (C) Standard bedside chest x-ray after drain insertion (left). Arrow, resolution 
of the pneumothorax at the left apex with drain in situ. (D) Standard bedside chest x-ray: pneumothorax at the right apex (arrow). (E) Standard 
bedside chest x-ray after drain insertion (right). Arrow, resolution of the pneumothorax at the right apex with drain in situ. (F) CT thorax 12 days 
after the initial CT thorax illustrating a postero-basal hydropneumothorax on the right.
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with a total acquisition time of about 3.2 seconds. Subsequent-

ly images were reconstructed using the  simultaneous iterative 

reconstruction technique (SIRT) algorithm using 25 iterations. 

The estimated effective radiation dose of the pDTS acquisition 

was 0.54 mSv (in comparison to a typical radiation dose of 0,1 

mSv in standard chest radiography, and 6.2 mSv for chest CT) 

[6]. A radiological comparison was made between the pDTS 

images and the standard bedside chest x-ray by two experi-

enced chest radiologists. A posterior (hydro)pneumothorax 

which had previously been identified with CT thorax appeared 

while scrolling through the tomosynthesis images (Figure 2A) 

but was not visible on the standard bedside radiography imag-

ing (Figure 2B). 

DISCUSSION 

Portable chest radiography is a valuable tool frequently used 

in ICU, especially when the condition of the patient deterio-

rates. However, the supine position anteroposterior exam in 

a bedbound ICU patient with suboptimal positioning causes 

superposition of anatomical structures resulting in less reliable 

detection of certain abnormalities, such as a pneumothorax [7]. 

The presented case describes the potential diagnostic benefit 

of the pDTS technique compared to the standard portable 

chest x-ray. The combination of digital tomosynthesis tech-

nique with the already widely used portable x-ray machine 

could increase the diagnostic value of portable chest radiogra-

phy in ICU as is presented in this case. 

Ultrasound is a useful bedside radiological technique which, 

in the diagnosis of pneumothorax, has been shown to have a 

higher sensitivity and similar specificity compared to standard 

chest x-ray. However, the accuracy of ultrasound in the diag-

nosis of pneumothorax is operator-dependent and requires a 

critical care ultrasound-trained physician [8]. 

CT scan is currently the gold standard for the diagnosis and 

assessing the size of a pneumothorax. CT scan still has an ad-

vantage compared to pDTS with regards to assessing the size 

of a pneumothorax, as further studies are still required to as-

sess the calibration of pDTS as well as the characterization of 

error margins of measurements. However, there are two major 

disadvantages of CT scan compared to pDTS. First, in order to 

perform a CT scan, the patient requires an intrahospital trans-

port. This transport is associated with numerous risks and 

complications (up to 60%) [9]. Portable CT scanners, if avail-

able, are expensive and would require logistical adaptations to 

be utilized in the ICU setting. pDTS can be readily performed 

bedside, eliminating the risks associated with intrahospital 

transport of the patient, in turn also decreasing the risk of virus 

transmission in the current COVID-19 pandemic. 

Secondly, pDTS is associated with a much lower radiation 

dose (0.54 mSv) than a chest CT scan (6.2 mSv) [6]. ICU pa-

tients have an important radiation exposure due to repetitive 

thorax radiography and CT scans [10]. Following the ALARA 

principle (as low as reasonably achievable), it is appropriate 

to limit radiation exposure in ICU patients. Using pDTS would 

reduce the cumulative radiation exposure if CT scan could be 

Figure 2. (A) Bedside portable digital tomosynthesis image showing a posterior pneumothorax on the right thorax (arrow). (B) Standard bedside 
chest radiography: no pneumothorax visible.
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avoided. 

Although the technique seems promising, further research 

is needed. In the ICU setting imaging is subject to respiration 

motion artefact. The application of a motion correction algo-

rithm could therefore further improve image quality, however, 

this is subject to further research. Furthermore, it is necessary 

to evaluate the sensitivity and specificity of this new technol-

ogy. In order to do so, the comparison with CT scan, classic 

chest radiography and ultrasonography must be made in criti-

cally ill patients to assess the place of pDTS for the diagnosis of 

pneumothorax in the ICU setting. 
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Dear Editor: 

Ahn et al. [1] describes multiple factors that may influence sleep quality in intensive care 

units (ICUs). Another phenomenon that may interfere with the sleep of ICU patients is night-

mares and distressing dreams [2]. While there are many mechanisms that may contribute 

to such dreams, one possible contributing factor is “fever dreams,” a topic that is relatively 

unexplored. “Fever dreams,” which are commonly referenced in songs, books, artwork, and 

films, refer to the experience of vivid, bizarre dreams during a febrile episode. Plausible 

mechanisms for fever dreams include disrupted rapid eye movement (REM) sleep time, and 

the continuity hypothesis, which describes dreams to reflect waking life thoughts and expe-

riences [3]. However, scientific evidence for this phenomenon remains less abundant than 

popular culture references. Therefore, a review was conducted to characterize dreams that 

occur during a fever (“fever dreams”), in particular with respect to content (e.g., realism, bi-

zarreness, emotional valence, temperature-related content, and health-related content) and 

how this content differs from regular dreams. 

The databases PubMed, PsycINFO, and Embase were searched for studies pertaining 

to fever dreams (Supplementary Materials 1 and 2 for details). Titles and abstracts under-

went screening prior to full-text review for eligibility determination. All search results were 

reviewed in duplicate (by ST, JSN, and SB) for eligibility determination, with disagreement 

resolved through consensus or discussion with a third reviewer. To be included, a study was 

required to fulfill the following criteria: (1) English-language; (2) primary peer-reviewed re-

search articles (excluding abstracts, reviews, and individual case reports); (3) include human 

participants; (4) describe the characteristics of dreams with fever (dream content or frequen-

cy) and dreams in a non-fever comparator group; and (5) be available in full-text. Data were 

extracted using a standardized format. Joanna Briggs Institute checklists appropriate for study 

design were used to perform quality analysis. Quality analysis was undertaken in duplicate.  

Initial searches returned 654 results. There were three studies that fulfilled the inclusion 

criteria (Figure 1) [3-5]. The included studies were of moderate-to-low quality (Supplementary 

Material 3). The details of the included studies are summarized in Supplementary Material 4. 

Two studies presented information on fever dream content. In the 2020 study by Schredl 
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and Erlacher [3], 152 individuals were surveyed online (with 

the link distributed via a website for people interested in 

dreaming, namely lucid dreaming). This cohort was then com-

pared to a matched control cohort without fever. Acknowledg-

ing the limitations of the study design, significant differences 

were observed in dream content between the two cohorts. In 

particular, fever dreams were more likely to be bizarre, have 

negative emotional valence, involve engagement with fewer 

people, have more health-related topics, and have more ther-

mal-related content. 

The only other study that described fever dream content 

was also conducted by the Schredl research group in 2016. In 

this study hardcopy surveys were distributed to psychology 

students and patients in general practitioner waiting rooms 

[4]. A sample size of 62 individuals was obtained, of whom 45 

had fever dreams. The participants were matched to a control 

cohort. In this study, fever dreams were described as being sig-

nificantly more bizarre. It was also reported that fever dreams 

had a greater intensity than the dreams of the control group, 

although the statistical significance of this finding was not re-

ported. 

Two studies also reported fever dream frequency. In the 

Schredl and Erlacher’s 2020 online survey [3] (n = 152), 15.79% 

of respondents had dreams every day they had a fever, 19.74% 

more than half the days they had a fever, 19.08% approximately 

half the days, 24.34% less than half, and 21.05% never. The fre-

quency of dreams in the same categories for the control group 

was not presented. In Karacan et al. [5], a group of 11 male 

medical students had aspects of their sleep evaluated with and 

without an intravenous injection of pyrogen prior to sleep on-

set (either a steroid metabolite or a Salmonella-derived endo-

toxin). This was the only study in which objective fevers were 

observed (highest 38.9 °C). In this study, participants were 

less likely to dream on nights with fever (17%) compared to 

baseline nights without fever (79%) or on post-febrile recovery 

nights (80%) (P<0.05). This effect was observed in a setting of 

concomitant increases in sleep disruption and reduced REM 

sleep. 

Available evidence, while limited, suggests that fever dreams 

may be an entity characterized by more intense, bizarre, and 

negative dreams [3-5]. Data regarding fever dreams indicate 

that some members of the population may experience them 

relatively frequently. Therefore, for patients admitted to ICU 

with fever, such dreams could theoretically influence their ex-

perience and sleep. There are numerous other factors that may 

also influence dreams in this context, including psychosocial 

factors, medications, and underlying medical conditions (Sup-

plementary Material 5). 

Dreams that are intense, bizarre, and laden with negative 

emotions can lead to the formation of delusional memories 

in ICU patients [6]. These delusional memories are associated 

with significantly poorer health-related quality of life mea-

sures, and a higher likelihood of long-lasting psychological 

effects such as anxiety, depression, and posttraumatic stress 

disorder [6]. Therefore, it is imperative for post-ICU care to in-

corporate appropriate psychological treatment in patients who 

experience fever dreams [7]. 

This review is based on the evidence available in peer-re-

viewed literature; therefore, the findings may be influenced 

by publication bias. The exclusion of non-English studies 

may have also prevented the detection of potentially useful 

research, particularly given the potential for psycho-sociocul-

tural influences on dreams. Future studies in this area should 

seek to control for comorbidities and medications known to 

influence dreams. Prior to controlling for comorbidities and 

medications, surveying hospital and ICU inpatients, among 

whom temperatures are already routinely recorded may pro-

vide further insights.  

In conclusion, as described, there are multiple factors that 

may affect sleep in the ICU [1], including distressing dreams 

[2]. Dreams in the setting of fever could be one such factor 

contributing to the ICU patient experience. Acknowledging the 

limited data available on this topic, the available findings sug-

Figure 1. Study selection.

654  Publications 
identified
222 PubMed
370 Embase 
  62 PsycINFO 645  Publications excluded after review of 

title/abstract
112 Duplicates
 18 Not published in English
118  Not primary research article 
106 No human participants
291 No fever dreams

6  Publications excluded after review of title/
abstract 
0 Not published in English
2 Not primary research article
0 No human participants
4 No fever dreams
0 No full-text

9 Full-text articles 
reviewed

3 Articles included 
in review
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gest that dreams during periods of fever may be more intense, 

bizarre, and negative than dreams at other times. 
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Acute and Critical Care (Acute Crit Care, ACC) is the official 

scientific journal of the Korean Society of Critical Care Med-

icine (KSCCM), with the purpose of publishing research and 

therapeutic achievements in the field of critical care medicine. 

ACC is published quarterly on the last day of February, May, 

August, and November. Manuscripts for submission to ACC 

should be written according to the following instructions for 

authors. The Editorial Board will make the final decision on 

approval for the publication of submitted manuscripts and 

the publication order of accepted manuscripts. The Editorial 

Board considers ethics, rationality, originality, and scientific 

significance in accepting submitted manuscripts, and can re-

quest further corrections, revisions, and deletions of articles, 

if necessary. ACC follows the Recommendations for the Con-

duct, Reporting, Editing, and Publication of Scholarly Work in 

Medical Journals available at: http://www.icmje.org/, if other-

wise not described below.

RESEARCH AND PUBLICATION ETHICS

The Acute and Critical Care journal adheres completely to the 

ethical guidelines for research and publication described in 

the Guidelines on Good Publication (http://publicationeth-

ics.org/resources/guidelines), the ICMJE Recommendations 

(http://www.icmje.org), and Principles of Transparency 

and Best Practice in Scholarly Publishing (joint statement by 

COPE, DOAJ, WAME, and OASPA; (http://doaj.org/bestprac-

tice). Furthermore, all processes addressing research and pub-

lication misconduct shall follow the flowchart of COPE (http://

publicationethics.org/resources/flowcharts).

1. Statement of Human and Animal Rights and 
Informed Consent

Any investigations involving humans and animals should 

be approved by the Institutional Review Board and Animal 

Instructions for Authors
1992. 5. 13. Enacted
2017. 2. 22. Revised
2017. 5. 17. Revised
2018. 5. 21. Revised

2018. 11. 23. Revised
2021. 12. 1. Revised

Care Committee, respectively, of the institution at which the 

study took place. ACC will not consider any studies involving 

humans or animals without appropriate approval. Informed 

consent should be obtained, unless waived by the institutional 

review board, from patients who participated in clinical inves-

tigations. Human subjects’ names, initials, hospital, dates of 

birth or other personal or identifying information should not 

be used. Images of human subjects should not be used unless 

the information is essential for scientific purposes and explicit 

permission has been given as part of the consent. Even where 

consent has been given, identifying details should be omitted 

if they are not essential. If identifying characteristics are al-

tered to protect anonymity, authors should provide assurances 

that such alterations do not distort scientific meaning. Formal 

consents are not required for the use of entirely anonymized 

images from which the individual cannot be identified- for ex-

ample, x-rays, ultrasound images, pathology slides or laparo-

scopic images, provided that these do not contain any identify-

ing marks and are not accompanied by text that might identify 

the individual concerned. If consent has not been obtained, it 

is generally not sufficient to anonymize a photograph simply 

by using eye bars or blurring the face of the individual con-

cerned. If experiments involve animals, the research should be 

based on national or institutional guidelines for animal care 

and use. Original articles submitted to ACC that address any 

investigation involving humans and animals should include 

a description about whether the study was conducted with 

approval of the institutional review board (with or without 

patient informed consent) and animal care committee, re-

spectively, of the institution at which the study was conducted. 

ACC may also request an approval by the institutional review 

board or animal care committee for other types of articles 

when necessary. The content of each article is the responsibili-

ty of the authors and not of ACC.

Ex) Iohexol (Omnipaque, GE HealthCare)
Ex) Iohexol (Omnipaque, GE HealthCare)
http://www.icmje.org
http://doaj.org/bestpractice
http://doaj.org/bestpractice
http://publicationethics.org/resources/flowcharts
http://publicationethics.org/resources/flowcharts
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2. Registration of Clinical Trial Research
Any research that deals with a clinical trial should be registered 

with a primary national clinical trial registration site such as 

https://cris.nih.go.kr/cris/index.jsp, or other primary nation-

al registry sites accredited by the World Health Organization 

(http://www.who.int/ictrp/network/primary/en/) or clini-

caltrial.gov (http://clinicaltrials.gov/), a service of the United 

States National Institutes of Health.

3. Conflicts of Interest
A conflict of interest exists when an author (or the author’s in-

stitution), reviewer, or editor has financial or personal relation-

ships that inappropriately influence (bias) their actions (such 

relationships are also known as dual commitments, compet-

ing interests, or competing loyalties). These relationships vary 

from being negligible to having great potential for influencing 

judgment. Not all relationships represent true conflicts of in-

terest. On the other hand, the potential for a conflict of interest 

can exist regardless of whether an individual believes that the 

relationship affects their scientific judgment. Financial rela-

tionships (such as employment, consultancies, stock owner-

ship, honoraria, and paid expert testimony) are the most easily 

identifiable conflicts of interest and the most likely to under-

mine the credibility of the Journal, the authors, and science 

itself. However, conflicts can occur for other reasons, such as 

personal relationships, academic competition, and intellectual 

passion (http://www.icmje.org/conflicts-of-interest/). If there 

are any conflicts of interest, authors should disclose them in 

the manuscript. The conflicts of interest may occur during the 

research process; however, the important point is the disclo-

sure itself. Disclosure allows the editors, reviewers, and read-

ers to approach the manuscript with an understanding of the 

situation under which the research work was processed.

4. Authorship
Authorship credit should be based on (1) substantial contri-

butions to the conception and design, acquisition of data, or 

analysis and interpretation of data; (2) drafting the article or 

revising it critically for important intellectual content; (3) final 

approval of the version to be published; and (4) agreement 

to be accountable for all aspects of the work in ensuring that 

questions related to the accuracy or integrity of any part of 

the work are appropriately investigated and resolved. Authors 

should meet these four conditions. If the number of authors is 

greater than six, a list should be included of each author’s role 

for the submitted paper. Policies on research and publication 

ethics that are not stated in the Instructions can be found in 

the Guidelines on Good Publication (http://publicationethics.

org/) or Good Publication Practice Guidelines for Medical 

Journals (http://kamje.or.kr/).

5. Originality and Duplicate Publication
Manuscripts that are under review or have been published by 

other journals will not be accepted for publication in ACC, and 

articles published in this journal are not allowed to be repro-

duced, in whole or in part, in any type of publication without 

the permission of the Editorial Board. Figures and tables can 

be used freely if the original source is verified according to the 

Creative Commons Non-Commercial License. It is manda-

tory that all authors resolve any copyright issues when citing 

a figure or table from a different journal that is not open-ac-

cess. Regarding duplicate publication, plagiarism, and other 

problems related to publication ethics, the “Good Publication 

Practice Guidelines for Medical Journals” (https://www.kcse.

org/resources/, http://publicationethics.org, https://www.

kamje.or.kr/board/lists?b_name=bo_publication) should be 

followed.

6. Secondary Publication
It is possible to republish a manuscript if it satisfies the con-

dition of secondary publication of the Uniform Requirements 

for Manuscripts Submitted to Biomedical Journals by Interna-

tional Committee of Medical Journal Editors, available from: 

http://www.icmje.org/ as follows:

Certain types of articles, such as guidelines produced by 

governmental agencies and professional organizations, may 

need to reach the widest possible audience. In such instances, 

editors sometimes deliberately publish material that is also 

published in other journals with the agreement of the authors 

and the editors of those journals. Secondary publication for 

various other reasons, in the same or another language, es-

pecially in other countries, is justifiable and can be beneficial 

provided that the following conditions are met. The authors 

have received approval from the editors of both journals (the 

editor concerned with secondary publication must have a 

photocopy, reprint, or manuscript of the primary version). The 

priority of the primary publication is respected by a publica-

tion interval of at least one week (unless specifically negotiated 

otherwise by both editors).

The paper for secondary publication is intended for a differ-

ent group of readers; therefore, an abbreviated version could 

be sufficient. The secondary version faithfully reflects the data 

https://cris.nih.go.kr/cris/index.jsp
http://www.who.int/ictrp/network/primary/en/
http://clinicaltrials.gov/
http://www.icmje.org/conflicts-of-interest/
http://publicationethics.org/
http://publicationethics.org/
http://kamje.or.kr/
https://www.kcse.org/resources/
https://www.kcse.org/resources/
http://publicationethics.org
https://www.kamje.or.kr/board/lists?b_name=bo_publication
https://www.kamje.or.kr/board/lists?b_name=bo_publication
http://www.icmje.org


iiihttps://www.accjournal.org

and interpretations of the primary version. The footnote on 

the title page of the secondary version informs readers, peers, 

and documenting agencies that the paper has been published 

in whole or in part and states the primary reference. A suitable 

footnote might read: “This article is based on a study first re-

ported in the [title of journal, with full reference].”

7. Management of Research and Publication Misconduct
When the Journal faces suspected cases of research and publi-

cation misconduct such as redundant (duplicate) publication, 

plagiarism, fraudulent or fabricated data, changes in author-

ship, undisclosed conflicts of interest, ethical problems with 

a submitted manuscript, a reviewer who has appropriated an 

author’s idea or data, or complaints against editors, the reso-

lution process will follow the flowchart provided by the Com-

mittee on Publication Ethics (http://publicationethics.org/re-

sources/flowcharts). Discussions and decisions on suspected 

cases are conducted by the Editorial Board.

8. Editorial Responsibilities
The Editorial Board will continuously work to monitor/safe-

guard publication ethics: guidelines for retracting articles; 

maintenance of the integrity of the academic record; preclu-

sion of business needs from compromising intellectual and 

ethical standards; publishing corrections, clarifications, retrac-

tions, and apologies when needed; and ensuring that there is 

no plagiarism and no fraudulent data in publications. Editors 

maintain the following responsibilities: the responsibility 

and authority to reject/accept articles; no conflicts of interest 

with respect to articles they reject/accept; the acceptance of a 

paper when reasonably certain; promoting the publication of 

corrections or retractions when errors are found; and the pres-

ervation of the anonymity of reviewers.

MANUSCRIPT PREPARATION

Manuscripts should be written in English. Medical terminol-

ogy should conform to the most recent edition of Dorland’s 

Illustrated Medical Dictionary.

1. General Principles
1) Word processors and format of manuscript
Manuscripts should be submitted in the file format of Micro-

soft Word 2003 or higher. Manuscripts should be typed on an 

A4-sized document, be double-spaced, and use a font size of 

12 point with margins of 2 cm on each side and 3 cm for the 

upper and lower ends. Double spaces should be left between 

the lines.

2) Abbreviation of terminology
Abbreviations should be avoided as much as possible. One 

word should not be expressed through an abbreviation, al-

though more than two words may be expressed through an 

abbreviation. The full term for which the abbreviation stands 

should be used at its first occurrence in the text. Abbreviations 

should not be present in the title. Common abbreviations, 

however, may be used, such as DNA.

3) Units
The use of International Standardized (SI) units is encouraged. 

These are available at https://physics.nist.gov/cuu/Units/in-

dex.html or https://physics.nist.gov/cuu/pdf/sp811.pdf.

4) Machine and equipment
When the use of reagents or devices is reported in the text, the 

name of the manufacturer should be indicated.

Ex) Iohexol (Omnipaque, GE HealthCare)

5) Statistics
Statistical methods must be described and the program used 

for data analysis, and its source, should be stated.

6) Arrangement of manuscript
The article should be organized in the order of Title page, Ab-

stract, Introduction, Materials and Methods, Results, Discus-

sion, Conflict of Interest, Acknowledgments, Open Researcher 

and Contributor ID (ORCID), Authors’ contributions, Refer-

ences, Table, Figure, and Figure Legends.

The title of each new section should begin on a new page. 

Number pages consecutively, beginning with the abstract 

page. Page numbers should be placed at the middle of the bot-

tom of each page.

7) Reporting guidelines for specific study designs
Research reports frequently omit important information. As 

such, reporting guidelines have been developed for a number 

of study designs that some journals may ask authors to follow. 

Authors are encouraged to also consult the reporting guide-

lines relevant to their specific research design. A good source 

for reporting guidelines is the EQUATOR Network (http://

www.equator-network.org/home/) and the United States Na-

tional Institutes of Health/National Library of Medicine (http://

http://publicationethics.org/resources/flowcharts
http://publicationethics.org/resources/flowcharts
https://physics.nist.gov/cuu/Units/index.html
https://physics.nist.gov/cuu/Units/index.html
https://physics.nist.gov/cuu/pdf/sp811.pdf
http://www.equator-network.org/home/
http://www.equator-network.org/home/
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www.nlm.nih.gov/services/research_report_guide.html).

2. Organization of Manuscript – Original Article
1) Title page
Title: The title should be concise and precise. The first letters 

of nouns, adjectives, verbs, and adverbs in titles should be cap-

italized. The title should use generic drug names, not brand 

names.

Authors and affiliations: First, middle, and last names should 

be included for each author. If the author is affiliated with 

multiple departments, this should be included in a footnote by 

their name. If authors are affiliated with multiple departments 

and hospitals, affiliations should be arranged in the order of 

authors and demarcated with a number.

Running head: A running head of no more than 50 characters 

including letters and spaces should be included in English. 

If the included running head is inappropriate, the Editorial 

Board may revise it.

Corresponding author: The corresponding author’s name, 

postal code, address, telephone number, fax number, e-mail 

address should be included.

2) Abstract
All manuscripts should contain a structured abstract. Abstracts 

should be no more than 250 words in length and must have 

the following headings: Background, Methods, Results, and 

Conclusions. The quotation of references must not be includ-

ed in the abstract. A maximum of 6 keywords should be listed, 

immediately after the abstract, in alphabetical order. Each 

key word should be separated by a semicolon (;). The authors 

should use MeSH (Medical Subject Heading) terms in their 

key words (https://meshb.nlm.nih.gov/).

Ex) Key Words: carbon dioxide; cerebral vessels; oxygen; 

spinal analgesia

Ex) Key Words: α2-adrenoceptor agonist; GABA; oxygen

3) Key Messages
A list of 2 or 3 key messages is required. This provides a quick 

structured synopsis of the important findings of your man-

uscript and their meaning. This section is limited to 50-100 

words or less.

4) Introduction
The introduction should address the purpose of the article 

concisely and include background reports that are relevant to 

the purpose of the paper.

5) Materials and Methods
When reporting experiments with human or animal subjects, 

the authors should indicate whether they received approval 

from the IRB for the study, and agreement from the patients. 

When reporting experiments with animal subjects, the authors 

should indicate whether the handling of animals was super-

vised by the Institutional Board for the Care and Use of Labo-

ratory Animals. Sufficient details need to be addressed in the 

methodology section of an experimental study so that it can 

be further replicated by others. Ensure correct use of the terms 

sex (when reporting biological factors) and gender (identity, 

psychosocial, or cultural factors), and, unless inappropriate, 

report the sex and/or gender of study participants, the sex of 

animals or cells, and describe the methods used to determine 

sex and gender. If the study involved an exclusive population, 

for example in only one sex, authors should justify why, except 

in obvious cases (e.g., prostate cancer). Authors should also 

define how they determined race or ethnicity and justify their 

relevance.

6) Results
Results should be presented in a logical sequence in the text, 

tables, and illustrations, giving the main or most important 

findings first. Do not repeat all of the data in the tables or il-

lustrations in the text; emphasize or summarize only the most 

important observations.

7) Discussion
Discussion should emphasize the new and important aspects 

of the study, including the conclusions. Do not repeat the 

results in detail or other information that is included in the 

Introduction or Results sections. Describe the conclusions 

according to the purpose of the study but avoid unqualified 

statements that are not adequately supported by the data. 

Conclusions may be stated briefly in the last paragraph of the 

Discussion section.

8) Conflict of Interest
If there are any conflicts of interest, authors should disclose 

them in the manuscript. Disclosures allow editors, reviewers, 

and readers to approach the manuscript with an understand-

ing of the situation and background of the completed research. 

If there are no conflicts of interest, authors should include fol-

lowing sentence: “No potential conflict of interest relevant to 

this article was reported.”
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9) Funding
Funding for the research should be provided here. Providing 

a FundRef ID is suggested, including the name of the funding 

agency, the country, and if available, the number of the grant 

provided by the funding agency. If the funding agency does 

not have a FundRef ID, please ask the agency to contact the 

FundRef registry (e-mail: fundref.registry@crossref.org). A de-

tailed description of the FundRef policy can be found at http://

www.crossref.org/fundref/.

10) Acknowledgments
Persons or institutes that contributed to the papers but whose 

contribution was not significant enough to be co-authors may 

be introduced at the end (between Discussion and References).

11) ORCID (Open Researcher and Contributor ID)
All authors are recommended to provide an ORCID. To ob-

tain an ORCID, authors should register at the ORCID website: 

https://orcid.org. Registration is free for all researchers.

12) Authors’ contributions
The work authors have conducted for the study should be 

described in this section. To qualify for authorship, all contrib-

utors must meet at least one of the seven core contributions by 

CRediT (conceptualization, methodology, software, validation, 

formal analysis, investigation, data curation), as well as at least 

one of the writing contributions (original draft preparation, 

review, and editing). Authors may also satisfy the other contri-

butions; however, these alone will not qualify them for author-

ship. Contributions will be published with the final article and 

they should accurately reflect contributions to the work. The 

submitting author is responsible for completing this informa-

tion at submission, and it is expected that all authors will have 

reviewed, discussed, and agreed to their individual contribu-

tions ahead of this time. The information concerning sources 

of author contributions should be included in this section at 

the submission of the final version of the manuscript (at the 

first submission, this information should be included in the 

title page).

Examples of authors’ contributions are as follows:

Conceptualization: MHC. Data curation: JH. Formal anal-

ysis: YIA. Funding acquisition: MHC. Methodology: MHC, 

JH, YIA. Project administration: YIA. Visualization: MHC, 

JH, YIA. Writing – original draft: JH, YIA. Writing – review & 

editing: MHC, JH, YIA.

13) References
References should be obviously related to the document and 

cited in sequential order in the text. The description of the Ref-

erence section is provided below. The References follow the 

NLM Style Guide for Authors, Editors, and Publishers (http://

www.nlm.nih.gov/citingmedicine) if not specified below.

References should be identified in text with full-size Arabic 

numerals on the line and in square brackets [ ]. All of the refer-

ences should be stated in English, including author, title, and 

name of journal. If necessary, the reviewers and the Editorial 

Board may request original documents of the references. In the 

Reference section, journals should be abbreviated according to 

the style used in the list of journals indexed in the NLM Journal 

Catalog (http://www.ncbi.nlm.nih.gov/nlmcatalog/journals). 

Journal titles that are not listed in the Catalog should follow the 

ISO abbreviation as described in “ISO 4:1997 Information and 

documentation--Rules for the abbreviation of title words and 

titles of publications” (http://www.iso.org/iso/home/store/

catalogue_tc/catalogue_detail.htm?csnumber=3569).

Up to six authors may be listed. If a reference has more than 

six authors, only list the first six authors with “et al.” Provide the 

start and end page numbers of the cited reference.

Examples of reference style

A. Journal Article

Authors. Article title. Journal title Published year;Volume: 

Start-End page.

1. Lee DH, Kim EY, Seo GJ, Suh HJ, Huh JW, Hong SB, et al. 

Global and regional ventilation during high flow nasal can-

nula in patients with hypoxia. Acute Crit Care 2018;33:7-15.

2. Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hud-

son L, et al. The American-European Consensus Conference 

on ARDS: definitions, mechanisms, relevant outcomes, 

and clinical trial coordination. Am J Respir Crit Care Med 

1994;149:818-24.

3. Orengo CA, Bray JE, Hubbard T, LoConte L, Sillitoe I. Anal-

ysis and assessment of abinitio three-dimensional predic-

tion, secondary structure, and contacts prediction. Proteins 

1999;43(Suppl 3):149-70.

B. Book

Authors. Book title. Edition*. Publisher; Published year.

*Mark edition if it is beyond the 2nd edition.

4. Nuwer MR. Evoked potential monitoring in the operating 

room. 2nd ed. Raven Press; 1986.
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C. Book Chapter

Authors of chapter. Title of chapter. In: Editors of book, edi-

tor(s). Title of book. Edition. Publisher; Published year. p. Start-

End page.

5. Blitt C. Monitoring the anesthetized patient. In: Barash PG, 

Cullen BF, Stoelting RK, editors. Clinical anesthesia. 3rd ed. 

Lippincott-Raven; 1997. p. 563-85.

D. Electronic Format

· Electronic publication before print

6. Lee OJ, Cho YH, Hwang J, Yoon I, Kim YH, Cho J. Long-term 

extracorporeal membrane oxygenation after severe blunt 

traumatic lung injury in a child. Acute Crit Care 2017 Feb 10 

[Epub]. https://doi.org/10.4266/acc.2016.00472

· Website

7. Sage Terapeutics. A study with SAGE-547 for superrefrac-

tory status epilepticus [Internet]. U.S. National Library 

of Medicine; 2000 [cited 2016 Nov 12]. Available from: 

https://clinicaltrials.gov/ct2/show/NCT02477618?ter-

m=NCT02477618&rank=1

14) Tables
Each table should be consecutively typed or printed on a sep-

arate sheet of paper in the order of citation in the text. Supply 

a brief title at the top of the table. The titles of tables start with 

“Table 1.” Footnotes should be provided consecutively in order 

of the information, statistics, and abbreviations. Footnoted 

information should be referenced using small letters (ex; a), b)) 

in alphabetical order.

15) Figures and Illustrations
ACC publishes in full color and encourages authors to use 

color to increase the clarity of figures. Authors must submit 

figures and illustrations as electronic files. Images must be pro-

vided as TIFF files. JPEG is also acceptable when it is the orig-

inal format. Each figure must be of good quality, higher than 

300 dpi resolution with good contrast and sharpness. Figures 

must be sized to 4 inches. If possible, submit the original file 

without any modifications.

Submit files of figures and photographs separately from the 

text of the paper. Number figures as “Figure Arabic numeral” 

in the order of their citation (ex. Figure 1). If a figure is divid-

ed into more than two images, mark each figure with Arabic 

numerals and a capital letter (Ex. Figure 1A, Figure 1B). Au-

thors should submit line drawings in black and white. Figures 

should be explained briefly in the titles. An individual should 

not be recognizable in photographs or X-ray films provided at 

the time of submission. Radiographic prints must have arrows 

for clarity if applicable. Pathological samples should be pic-

tured with a measuring stick

16) Legends of Figures and Illustrations
All figures and photos should be described in the text sep-

arately. The description order must be the same as in the 

footnotes in tables and should be in recognizable sentences. 

In microscopic pictures, staining methods and magnification 

ratio should be indicated.

3. Organization of Reviews
The Editorial Board requests review articles of particular titles 

and text. Author can describe text that is not itemized. Review 

articles should include unstructured abstracts equal to or less 

than 250 words in English. Key words should follow ordinary 

processes. The length of the text excluding references, tables, 

and figures should not exceed 5,000 words.

4. Organization of Letters to the Editor
Letters to the Editor should include brief constructive com-

ments that concern a published article; a short, free-stand-

ing opinion; or a short, interesting case. Letters to the Editor 

should be submitted no more than 6 months after the relevant 

paper has been published. The main text should not exceed 

1,000 words and the total number of references is limited to 5. 

Letters may be edited by the Editorial Board, and if necessary, 

responses from the author of the relevant paper may be pro-

vided. The responses should have the same format of Letters 

to Editor.

5. Images in Critical Care
The images section must be of high scientific quality and val-

ue and provide didactic and self-explanatory lessons. Images 

must be unique and adhere to ethical standards with patient/

relative approval when appropriate and ensure protection of 

patient identity and privacy.

The total text should not exceed 200 words. A maximum of 

five authors is permitted. Up to 5 references are allowed. No 

abstract is required.

The legend for the image should concisely present rele-

vant clinical information, including a short description of the 

patient’s history, relevant physical and laboratory findings, 

clinical course, response to treatment (if any), and condition 

at last follow-up. All labeled structures in the image should be 
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described and explained in the legend.

6. Other Publication Types
Other publication types such as guidelines, brief reports, and 

history articles may be accepted. The recommended format 

can be discussed with the Editorial Board.

MANUSCRIPT SUBMISSION

1. Submission Process
1) Authors are requested to submit their papers electronically 

using the online manuscript submission system available 

at: http://submit.accjournal.org/. Under this online system, 

only corresponding authors and first authors can submit 

manuscripts. The process of reviewing and editing will be 

conducted entirely through this system.

2) Authors and reviewers may check the progress of reviews 

and related questions/answers on this system. All progress 

in reviews will also be informed to corresponding authors.

3) Upon submission of a manuscript, authors should send a 

statement of copyright release and author agreement, which 

must be signed by all authors, by scanned file to the Editori-

al Office.

4) A proof by authors should be submitted within one week of 

the request.

5) During submission process, the authors ORCIDs will be re-

quested. The corresponding author’s ORCIDs is mandatory.

2. Article Processing Charge
There are no author submission fees. All costs for the submis-

sion process are supported by the Publisher.

3. Contact
For queries about manuscript submission, please contact:

Editorial Office #805-806, Yongseong Biztel, 109 Hangang-dae-

ro, Yongsan-gu, Seoul 04376, Korea

Tel: +82-2-2077-1533, Fax: +82-2-2077-1535,

E-mail: acc@accjournal.org

PEER REVIEW AND PUBLICATION PROCESS

1. Screening after Submission
1) Screening process will conducted after submission. If the 

manuscript does not fit the aims and scope of the Journal or 

does not adhere to the Instructions to authors, it may be re-

turned to the author immediately after receipt and without 

a review.

2) Before reviewing, all submitted manuscripts are inspect-

ed by Similarity Check powered by iThenticate (https://

www.crossref.org/services/similarity-check/), a plagia-

rism-screening tool. If a too high a degree of similarity score 

is found, the Editorial Board will do a more profound con-

tent screening.

3) The criterion for similarity rate for further screening is usu-

ally 15%; however, the excess amount of similarity in spe-

cific sentences may be also checked in every manuscript. 

The settings for Similarity Check screening are as follows: 

It excludes quotes, bibliography, small matches of 6 words, 

small sources of 1%, and the Methods section.

2. Peer Review Process
1) Submitted manuscripts will be reviewed by 2 or more ex-

perts in the corresponding field. The Editorial Board may 

request authors to revise the manuscripts according to the 

reviewer’s opinion. After revising the manuscript, the author 

should upload the revised files with a reply to each item of 

the reviewer’s opinion. The revised part should be marked 

as red font with underline.

2) The author’s revisions should be completed within 30 days 

after the request. If it is not received by the due date, the Ed-

itorial Board will not consider it for publication again.

3) The manuscript review process can be finished the second 

review. If further revision is requested, the Editorial Board 

may consider it.

4) The Editorial Board may request authors to correct English 

to reach a certain standard and authors should accept the 

request.

5) The Editorial Board will make a final decision on the ap-

proval of the submitted manuscript for publication and can 

request any further corrections, revisions, and deletions of 

the article text if necessary. Statistical editing is also per-

formed if the data requires professional statistical review by 

a statistician.

3. Process after Acceptance
If the manuscript is finally accepted, the proofreading will be 

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 



viii https://www.accjournal.org

DOI number for rapid communication. The epub ehead of 

print version will be replaced by the replacement XML file and 

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.



xihttps://www.accjournal.org

| pISSN 2586-6052 | eISSN 2586-6060

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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