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Abstract

using the Newcastle-Ottawa Scale (NOS).

Qtest: Pvalue < 0.001, > = 89.323).

Background: Cardiopulmonary arrest (CPA) is an urgency, which is associated with high mortality. This systematic
review evaluated the relationship between baseline cortisol level and the outcome of resuscitated CPA patients.

Methods: We searched the following databases: PubMed, Scopus, ISI Web of Science, and Google Scholar. Relevant
observational and controlled trials were explored from inception by April 2020. The quality of the articles was assessed

Results: Finally, five cohort studies (n = 201 participants in total) were eligible for including in the meta-analysis. The
results of this meta-analysis showed that although the baseline serum cortisol levels were higher in survivors of car-
diac arrest compared with non-survivors, the differences between groups do not reach a significance level (Hedges'g
=0.371,95% Cl, —0.727, 1.469, P value = 0.508). Between-study heterogeneity was statistically significant (Cochrane

Conclusions: The result of the present meta-analysis was suggestive of a higher baseline serum cortisol levels in
survivors of CPA. Future randomized controlled studies with a large sample size will determine the exact relationship
between adrenal reservation and the eventual outcome of patients with CPA.

Systematic review registration: PROSPERO CRD42018085468
Keywords: Cardiac arrest, Glucocorticoids, Cortisol level, Adrenal reservation, Systematic review

Background

Cardiopulmonary arrest (CPA), also known as cardiac
arrest, is a severe and potentially fatal condition. Even
with successful resuscitation, CPA is associated with
high mortality [1]. According to the American Heart
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Association National Registry of Cardiopulmonary
Resuscitation report, the discharge rate of CPA patients
is 17.6% [2]. CPA may lead to the following dysrhythmia:
ventricular fibrillation, pulseless ventricular tachycardia,
and asystole. It should be noted that pulseless electrical
activity affects around two million people around the
world yearly [3]. CPA is an abrupt loss of cardiac func-
tion which can also occur in a person without underlying
heart diseases [4]. However, the majority of CPAs are not
sudden in the hospitalized patients, as 50-84% of these
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patients show the symptoms of hemodynamic instability
1-6 h before CPA occurrence [2, 5].

Due to the different etiologies of CPA, the symptoms
broadly vary, from hypotension and dysrhythmia to
changes in consciousness and abnormal breathing [5].
Some patients who experience CPA developed mild to
severe neurological and cerebral complications even after
discharge from the hospital [6, 7]. Some complications
such as myocardial dysfunction, ischemia-reperfusion,
and cerebral injury may occur after experiencing CPA.
Furthermore, CPA-associated inflammatory responses
are primarily responsible for the hemodynamic insta-
bility and death in these patients [8]. Similar to severe
sepsis and its associated multi-organ failure, the clini-
cal manifestations of a person experiencing CPA include
increased production of inflammatory cytokines and
release of endotoxins, coagulation abnormalities, and
adrenal dysfunction [8-11].

Hypothalamic-pituitary-adrenal (HPA) axis physiol-
ogy undergoes significant changes during acute and criti-
cal illnesses [12]. In stressful situations, the secretion of
cortisol increases significantly. Inadequate cortisol pro-
duction during critical illness can result in hypotension,
decreased systemic vascular resistance, shock, and even
death [13].

Since CPA is a stressful event, it is expected to detect
high levels of stress hormones, such as cortisol, adren-
ocorticotropic hormone (ACTH), and antidiuretic
hormone (ADH) in the blood samples of patients expe-
riencing cardiac arrest. Nevertheless, the existing lit-
erature in this field is conflicting. Some previous studies
suggested that the activity of HPA axis is relatively sup-
pressed in the cardiac arrest [1, 11, 14—16]. As a result, a
relative adrenal insufficiency is observed in CPA patients
[1, 11, 14]. Notably, the clinical outcome of patients with
higher cortisol levels has been controversial in various
studies and has not always been associated with better
outcomes. Therefore, this systematic review and meta-
analysis aimed to determine the association between the
serum cortisol levels and adrenal reserve with the clinical
outcome of patients suffered from cardiac arrest.

Methods

This systematic review was conducted following the
Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) statement, and it was registered
at PROSPERO in January 2021 (registration number:
CRD42021225420).

PI(E)CO question

We considered serum cortisol level for the adrenal
reserve assessment (exposure) in the patients resusci-
tated after both in-hospital and out-of-hospital CPA
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of all etiologies (population), and the rate of survival as
the main outcome (outcome) compared to non-survivor
patients (comparison).

Data sources and search strategy

The Medical Subject Headings (MeSH) and other related
non-MeSH terms consisted of the synonyms of cortisol
and heart arrest were used as keywords. We conducted a
systematic search of literature in the following databases:
MEDLINE via PubMed (www.pubmed.com; National
Library of Medicine), Scopus (www.scopus.com), ISI
Web of Science (www. thomsonreuters.com), central reg-
ister for controlled trials (https://www.cochranelibrary.
com/central/about-central), and Google Scholar (www.
scholar.google.com). The search was performed until 17
April 2020.

Inclusion criteria

Inclusion criteria for the present systematic review and
meta-analysis were cohort studies, which assessed the
following:

+ Cohort studies that were conducted among the CPA
patients older than 16 years of age

+ Studies that assessed the relationship between corti-
sol level and adrenal reservation in the CPA patients

Duplicate records were automatically removed through
the EndNote software. Further duplication removal was
done by manual search. Data collection was performed
due to the PRISMA flow diagram for reporting system-
atic reviews and meta-analysis.

Exclusion criteria

+ Studies that were conducted among the patients with
a history of corticosteroid therapy within 1 month
prior to their referral and those who had received
the steroidogenesis-inhibiting agent etomidate, trau-
matic injury, or terminal illness was responsible for
CPA, end stages of chronic diseases like cancer, and
steroid use before the CPA.

Data extraction

We collected the following information from each of
the included studies: the first author, year of publica-
tion, sample size, the country in which the study was
implemented, study design, patient’s demographic fea-
tures at baseline, and primary/secondary outcomes were
extracted from every included study. Then, the data were
summarized into a data extraction table (Table 1). Data
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were extracted and confirmed by two individuals (E.S.
and P.S.) independently to ensure their accuracy.

In case of any disagreements, they discussed with the
third author (ASA).

Quality assessment for individual studies
The quality assessment for cohort studies was conducted
using the Newcastle Ottawa Scale.

Statistical analysis

Mean values for baseline serum cortisol levels and their
corresponding standard deviation (SD) for comparing
baseline cortisol levels between survival and non-survival
groups were used to calculate the bias-corrected stand-
ardized mean difference (Hedges g) and its standard
error (SE) to be used as the effect size for meta-analysis.
The meta-analysis was conducted using a random-effects
model. Sensitivity analysis was conducted to explore the
extent to which the summary effects may depend on a
particular study or a group of publications. In the case of
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significant asymmetry in funnel plots, we conducted trim
and fill analysis to see if the overall effect changed after
establishing the symmetry in the funnel plot [20]. All
statistical analyses were done using the Comprehensive
meta-analysis software, version 2 (USA). P values less
than 0.05 were considered statistically significant.

Results

Flow of study selection process

The primary search was performed up to April 2020. Our
searches identified 1715 records from various sources;
five studies with a total of 201 participants met inclu-
sion criteria (Fig. 1). Our search resulted in 413, 106, and
1196 articles from PubMed, ISI web of knowledge, and
Scopus databases, respectively. We did not find any new
articles by manual search or searching on databases such
as Google Scholar. In the next step, 189 duplicates were
removed automatically and manually. Finally, searches
identified 1526 unique records, of which 1517 articles
were potentially irrelevant based on the initial screening.

Records identified through database
—_— searching
(n=1715)

,§ - PubMed (n=413) Additional records identified

bt - Scopus (n =1196) through other sources

.Eg - Web of Science (n=106) (n=0)

=

A A4
. Records after duplicates removed
(n=1526)

o0

g

g

g A

@ Records screened Records excluded

(n=1526) - (n=1517)
—/
A
Full-text articles assessed

iy for eligibility

£ (n=9)

2

=)

v Full-text articles excluded:
Studies included in - Irrelevant study type (n=4):
qualitative synthesis y
— (n=5) Journal club (n=2)
Brief report (n=1)

E Case series (n=1)

% Studies included in

= quantitative synthesis

(meta-analysis)
(n=5)
Fig. 1 PRISMA flow diagram
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After reviewing the full texts, another four studies were
excluded. From these four studies, two studies were jour-
nal clubs, and two remaining articles were case series and
brief report. Eventually, five cohort studies were included
in the systematic review and meta-analysis (Fig. 1).

Study characteristics

The designs of the included studies were highly heteroge-
neous. All of the included studies were cohort [1, 11, 17—
19]. All studies were published from 2004 and 2016. The
duration of studies varied from 3 to 17 months. The only
common parameter in all the studies was baseline serum
cortisol level. This parameter was higher in survivors
than in the non-survivors in two of the studies [17, 18],
while the levels were higher in non-survivors in the other
three studies [1, 11, 19]. Table 1 represents the character-
istics of the included articles.

Risk of bias and quality of evidence

We used the Newcastle-Ottawa Scale (NOS) to assess the
risk of bias in each included cohort studies [21]. Selec-
tion, comparability, and outcome were used to summa-
rize the quality of cohort studies. A study can be awarded

Table 2 Quality of cohort studies
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a maximum of one star for each numbered item within
the selection and exposure categories. A maximum of
two stars can be given for comparability. The assessment
for risk of bias is presented in Table 2. According to the
NOS quality assessment scale, all included cohort stud-
ies were assessed as having low risk of bias. Data were
extracted and confirmed by two investigators (E.S. and
P.S.) independently to ensure accuracy.

Meta-analysis

The forest plot of included cohort studies for meta-anal-
ysis is illustrated in Fig. 2. According to the results of our
overall meta-analysis, although the baseline serum corti-
sol levels were higher in survivors compared to the non-
survivors, no significant difference was observed between
survivors and non-survivors CPA patients (Hedges' g =
0.371, 95% CI, —0.727-1.469, P value = 0.508). Further-
more, the between-study heterogeneity was statisti-
cally significant (Cochrane Q test: P value < 0.001, > =
89.323).

Sensitivity analysis

The results of sensitivity analysis showed that none of the
included studies has an impact on the rate of survival. In
fact, the effect size (ES) for the influence of cortisol level
on the survival of CPA patients was robust after remov-
ing studies one by one (ES = 0.371; 95% CI, —0.727,

Selection Comparability Outcome 1.469; P value = 0.508).
Tavakoli/2012 [18] * %k * * %k
to/2004 [17] * ok ** * %k Discussion This systematic review and meta-analysis
Hékimian/2004 [11] H ok Ak * % *k Kk aimed to explore the relationship between circulat-
Kim, 2006 [1] Kk e * ok ing cortisol level and adrenal reservation with even-
Mosadegh/2016 [19] kK * Kk Kok ok tual outcome of cardiopulmonary arrest. As far as our
Author, Year SMD P-Value Weight %
Ito, 2004 2534(1579,3489) 0,000 i 19.30
Heékimian, 2004 -0.689 (-1.747,0370) 0202 == 18.68
Kim, 2006 -0.008 (-0.751,0.735) 0,983 - 2048
Tavakoli, 2012 0.859(0.169, 1.549) 0,015 - 2075
Mosadegh, 2016 0797 (-1.480,0.114) 0,022 - 2078
0.371(-0.727,1469)  0.508 i
-4.00 -2.00 0.00 2.00 4.00
Favours to Non-survival Favours to Survival
Fig. 2 Forest plot of eligible cohort studies which were included in the meta-analysis
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knowledge, no systematic reviews and meta-analysis has
been conducted on the link between cortisol levels and
adrenal reserve in cardiac arrest. The results of this meta-
analysis indicated that although the baseline serum corti-
sol levels were higher in the survivors of CPA compared
to the non-survivors, the differences between groups did
not reach the significance level in CPA patients.

The self-defense responses of the body to stressful
events include releasing stress hormones, such as corti-
sol, ACTH, and vasopressin [22]. Since CPA is the most
stressful crisis, it is presumed that the proper and timely
secretion of these hormones contributes to the outcome
and survival of these patients [23]. Various studies have
examined the effects of exogenous administration of
these hormones, as therapeutic interventions on the clin-
ical outcome of patients resuscitated after CA [24-27].
As described in prior studies, the hypothalamic-pitui-
tary-adrenal axis is moderately suppressed in this condi-
tion. This leads to a diminished release of cortisol from
the adrenal cortex. This relative adrenal insufficiency is
presented as an inadequate response of the adrenal cor-
tex to the ACTH in victims of CPA [1, 11, 14, 15]. Pre-
sumably, the underlying mechanism of this partial insuf-
ficiency is ischemia and anoxia of the adrenal glands.
Vasopressors compensate for this defect, and cortisol,
in turn, improves the vasoconstrictive responses to the
effects of vasopressors [28, 29]. Previous studies showed
a direct relationship between high ACTH serum levels
and relative adrenal insufficiency with poor clinical out-
come and mortality rate [1, 15].

Steroids have key roles in suppressing the over-activated
systemic inflammation, scavenging the free radicals,
and apoptosis. Furthermore, they improve the immune
responses, boost cardiac performance, and reinforce the
adrenergic responses [30—32]. Moreover, the corticoster-
oids strengthen and maintain the vascular glycocalyx bar-
rier integrity, which breaks down during cardiac arrest
[33]. Therefore, due to mentioned relative adrenal insuf-
ficiency and consequent endogenous deficiency of these
compounds, it appears that supplemental doses of gluco-
corticoids may improve the clinical condition of patients
and their eventual outcome. The results of our recent sys-
tematic review on the efficacy of steroids in patients with
cardiac arrest suggested that supplementation with cor-
ticosteroids may improve the rate of survival and ROSC,
especially in patients with hemodynamic instability and
past medical history for cardiovascular disorders [34].

The results obtained from this meta-analysis are cru-
cial, yet they need to be interpreted carefully. Although
we tried to explore all the studies in this field, only five
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studies met the inclusion criteria for meta-analysis. In
three of these studies, non-survivors of CPA not only did
have low baseline cortisol levels, but the patients’ cortisol
levels were even higher than normal [1, 11, 19]. Simulta-
neously, two clinical studies aligned to the results of this
meta-analysis suggested a lower baseline cortisol level in
non-survivors of CPA [17, 18]. In the study by Hékimian
et al., 32 resuscitated patients after out-of-hospital car-
diac arrest were prospectively evaluated for baseline cor-
tisol and adrenal reserve after ROSC. The authors of this
high-quality cohort concluded that early death following
CPA may be associated with adrenal insufficiency and
inadequate response of the adrenal cortex to this stressful
event [11]. In another cohort study by Tavakoli et al., the
serum levels of cortisol were assessed in 50 resuscitated
OHCA patients after ROSC. In this prospective study,
cortisol levels were significantly higher in those who
neurologically survived than non-survivors [18]. Mosad-
degh et al. investigated the clinical outcome of 52 IHCA
patients over 3 months. Regarding the design of the
study, although the authors used the term “clinical trial,
no intervention was made and patients were only evalu-
ated for the relationship between serum cortisol levels
following ACTH stimulation test and in-hospital mortal-
ity and discharge from the hospital. No significant differ-
ence was observed in baseline levels of cortisol between
survivor and non-survivors of IHCA [19]. In the study by
Ito, the possible link between the serum levels of stress
hormones, including cortisol and the eventual outcomes
of resuscitated patients after OHCA was investigated.
In this study, with high quality and low risk of bias, the
serum levels of cortisol were significantly higher in those
who survived after CPA [17]. Finally, in the fifth study
included in this meta-analysis by Kim et al.,, the preva-
lence of relative adrenal insufficiency following ROCS
after cardiac arrest was evaluated. In this study, basal cor-
tisol levels were measured in 30 patients as a secondary
endpoint. Contrary to expectations, the basal levels of
cortisol were normal or even high in patients experienc-
ing CPA [1].

Unfortunately, the diversity of eligible studies for meta-
analysis was high, and they did not have similar end-
points. These studies excluded the patients with unsuc-
cessful CPR. Basal cortisol levels were not measured at
all in the patients who did not effectively resuscitate.
This may vigorously affect the taken results. The second
major limitation of the present systematic review was the
variation of the eligible studies for meta-analysis. As the
significance between-study heterogeneity indicates, the
included studies were inconsistent and heterogeneous.
Moreover, the number of enrolled patients in these stud-
ies was limited so that the results of this meta-analysis
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were obtained from only 201 participants in total. This
could justify the fact that the observed differences among
the study groups did not reach a significant level, but
still favored the lower basal cortisol in the non-survi-
vors of CPA. Moreover, using therapeutic hypothermia
is an effective intervention in CPA patients. Thus, this
modality can act as a confounding factor on serum cor-
tisol levels [35, 36]. This intervention was initiated in two
studies of Hékimian et al. and Kim et al. in all admitted
patients as early as possible by using wet and cold wraps,
ice packs, and with neuromuscular blocking and con-
tinued for 24 h [1, 11]. Due to the small sample size in
these studies, it was not possible to eliminate the effect of
this confounder. High mortality in CPA patients can also
affect the interpretation of mortality data.

Conclusion

The current systematic review and meta-analysis is the
only study which systematically covers all existing litera-
ture in this area to explore a relationship between base-
line cortisol level and adrenal reserve with the outcome
of patients resuscitated after CPA. The result of present
meta-analysis was suggestive of higher baseline serum
cortisol levels in survivors of CPA compared with non-
survivors, although the differences between groups did
not reach a significance level. Future randomized con-
trolled studies with a large sample size will determine the
exact relationship between adrenal reservation and the
eventual outcome of patients with CPA.

Abbreviations

CPA: Cardiopulmonary arrest; HPA: Hypothalamic-pituitary-adrenal; RCTs:
Randomized clinical trials; ACTH: Adrenocorticotropic hormone; PROSPERO:
Prospective Register of Systematic Reviews; PI(E)CO: Patient, Intervention,
(Exposure), Comparison, Outcome; MeSH: Medical Subject Headings; GRADE:
Grading of Recommendations Assessment, Development and Evaluation; SE:
Standard error; F/M: Female/male; ADH: Antidiuretic hormone; i.v.: Intravenous;
ROSC: Return of spontaneous circulation; RAI: Relative adrenal insufficiency.

Acknowledgements

We would like to gratefully thank the Department of Clinical Pharmacy, School
of Pharmacy, Shahid Sadoughi University of Medical Sciences, Yazd, Iran, for
their executive supports.

Authors’ contributions

FS has been the lead author on this study and has participated in all steps and
the writing process. AS, ASA, MHD, and PS have designed the search strategy
and have participated in all steps of the writing process. The authors read and
approved the final manuscript.

Funding
This research is funded by Department of Clinical Pharmacy, School Pharmacy,
Shahid Sadoughi University of Medical Sciences, Yazd, Iran (grant num: 7751).

Availability of data and materials

All data has been summarized and provided in the article. Subsequently,
dataset generated through this systematic review can be requested from the
corresponding author.

Page 7 of 8

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable as the manuscript does not contain data from any person

Competing interests
The authors declare that they have no competing interests.

Author details

'Clinical Research Center, Department of Internal Medicine, School of Medi-
cine, North Khorasan University of Medical Sciences, Bojnurd, Iran. >Pharma-
ceutical Sciences Research Center, School of Pharmacy, Student Research
Committee, Shahid Sadoughi University of Medical Sciences, Yazd, Iran.
*Nutrition and Food Security Research Center, Shahid Sadoughi University

of Medical Sciences, Yazd, Iran. *Department of Nutrition, School of Public
Health, Shahid Sadoughi University of Medical Sciences, Yazd, Iran. SDepartf
ment of Anesthesiology and Critical Care, Shahid Rahnemoun Hospital, Shahid
Sadoughi University of Medical Sciences, Yazd, Iran. 6Department of Clinical
Pharmacy, Faculty of Pharmacy and Pharmaceutical Sciences Research Center,
Shahid Sadoughi University of Medical Sciences, Professor Hesabi Blvd, Yazd,
Iran.

Received: 22 April 2021 Accepted: 25 September 2021
Published online: 08 October 2021

References

1. Kim JJ, et al. Relative adrenal insufficiency after cardiac arrest: impact on
postresuscitation disease outcome. Am J Emerg Med. 2006,24(6):684-8.

2. BellomoR, et al. A prospective before-and-after trial of a medical emer-
gency team. Med J Aust. 2003;179(6):283-7.

3. Daroff RB, Aminoff MJ. Encyclopedia of the neurological sciences: Aca-
demic press; 2014.

4. Fahy RF. US firefighter fatalities due to sudden cardiac death, 1995-2004:
National Fire Protection Association Quincy; 2005.

5. HuntEA, et al. Using the American Heart Association’s national registry
of cardiopulmonary resuscitation for performance improvement. Joint
Comm J Qual Patient Safe. 2009;35(1):13-20.

6. Barrett CS, et al. Neurological injury after extracorporeal membrane
oxygenation use to aid pediatric cardiopulmonary resuscitation. Pediatr
Crit Care Med. 2009;10(4):445-51.

7. Johnsson P, et al. Cerebral complications after cardiac surgery assessed
by S-100 and NSE levels in blood. J Cardiothorac Vasc Anesthesia.
1995;9(6):694-9.

8. Adrie C, et al. Successful cardiopulmonary resuscitation after cardiac
arrest as a “sepsis-like” syndrome. Circulation. 2002;106(5):562-8.

9. Adrie C, et al. Postresuscitation disease after cardiac arrest: a sepsis-like
syndrome? Curr Opin Crit Care. 2004;10(3):208-12.

10. Adrie C, et al. Coagulopathy after successful cardiopulmonary resuscita-
tion following cardiac arrest: implication of the protein C anticoagulant
pathway. J Am College Cardiol. 2005;46(1):21-8.

11. Hékimian G, et al. Cortisol levels and adrenal reserve after successful
cardiac arrest resuscitation. Shock. 2004;22(2):116-9.

12. Schade DS, Eaton RP. The temporal relationship between endogenously
secreted stress hormones and metabolic decompensation in diabetic
man. J Clin Endocrinol Metab. 1980;50(1):131-6.

13. Kasper D, et al. Harrison’s principles of internal medicine, 19e.Vol. 1. New
York: Mcgraw-hill; 2015.

14. Schultz CH, et al. A characterization of hypothalamic-pituitary-adrenal
axis function during and after human cardiac arrest. Crit Care Med.
1993;21(9):1339-47.

15. Kim JJ, et al. Hormonal responses upon return of spontaneous circulation
after cardiac arrest: a retrospective cohort study. Crit Care. 2011;15(1):1-6.

16. Pene F, et al. Prognostic value of relative adrenal insufficiency after out-of-
hospital cardiac arrest. Intens Care Med. 2005;31(5):627-33.



Sahebnasagh et al. Syst Rev (2021) 10:266

20.

21

22.

23.

24.

25.

26.

27.

Ito T, et al. Serum cortisol as a predictive marker of the outcome in
patients resuscitated after cardiopulmonary arrest. Resuscitation.
2004,62(1):55-60.

Tavakoli N, Bidari A, Vahdati SS. Serum cortisol levels as a predictor of neu-
rologic survival in successfully resuscitated victims of cardiopulmonary
arrest. J Cardiovasc Thorac Res. 2012;4(4):107.

Mosaddegh R, et al. Serum cortisol level and adrenal reserve as a predic-
tor of patients’outcome after successful cardiopulmonary resuscitation. J
Cardiovasc Thorac Res. 2016;8(2):61.

Egger M, Davey-Smith G, Altman D. Systematic reviews in health care:
meta-analysis in context: Wiley; 2008.

Peterson J, et al. The Newcastle-Ottawa scale (NOS) for assessing the
quality of nonrandomised studies in meta-analyses. Ottawa: Ottawa
Hospital Research Institute; 2011.

Kornberger E, et al. Vasopressin-mediated adrenocorticotropin release
increases plasma cortisol concentrations during cardiopulmonary resus-
citation. Crit Care Med. 2000;28(10):3517-21.

Span L, et al. Adrenocortical function: an indicator of severity of

disease and survival in chronic critically ill patients. Intensive Care Med.
1992;18(2):93-6.

Antonawich F, et al. Regulation of ischemic cell death by glucocorticoids
and adrenocorticotropic hormone. Neuroscience. 1999;88(1):319-25.
Callaway CW, et al. Usefulness of vasopressin administered with
epinephrine during out-of-hospital cardiac arrest. Am J Cardiol.
2006;98(10):1316-21.

Mann K, Berg RA, Nadkarni V. Beneficial effects of vasopressin in
prolonged pediatric cardiac arrest: a case series. Resuscitation.
2002;52(2):149-56.

Stiell IG, et al. Vasopressin versus epinephrine for inhospital cardiac arrest:
a randomised controlled trial. Lancet. 2001:358(9276):105-9.

Page 8 of 8

28. Chalkias A, Xanthos T. Post-cardiac arrest syndrome: mechanisms and
evaluation of adrenal insufficiency. World J Crit Care Med. 2012;1(1):4.

29. Matsumura M, et al. Dexamethasone suppresses iNOS gene expres-
sion by inhibiting NF-kB in vascular smooth muscle cells. Life Sci.
2001;69(9):1067-77.

30. Aguilar D, Strom J, Chen QM. Glucocorticoid induced leucine zipper
inhibits apoptosis of cardiomyocytes by doxorubicin. Toxicol Appl Phar-
macol. 2014;276(1):55-62.

31. Keh D, et al. Immunologic and hemodynamic effects of “low-dose” hydro-
cortisone in septic shock: a double-blind, randomized, placebo-con-
trolled, crossover study. Am J Respir Crit Care Med. 2003;167(4):512-20.

32. OhH, et al. Dexamethasone protects primary cultured hepatocytes from
death receptor-mediated apoptosis by upregulation of cFLIP. Cell Death
Different. 2006;13(3):512-23.

33. Chappell D, et al. Hydrocortisone preserves the vascular barrier by
protecting the endothelial glycocalyx. J Am Soc Anesthesiologist.
2007;107(5):776-84.

34. Sahebnasagh A, et al. Efficacy of glucocorticoid administration in patients
with cardiac arrest: a systematic review of clinical studies. Curr Med
Chem. 2021.

35. Ganong W, Bernhard W, McMurrey J. The effect of hypothermia on the
output of 17-hydroxycorticoids from the adrenal vein in the dog. Surgery.
1955;38(3):506-12.

36. FELICETTA JV, GREEN WL, GOODNER CJ. Decreased adrenal responsive-
ness in hypothermic patients. J Clin Endocrinol Metab. 1980;50(1):93-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	A characterization of cortisol level and adrenal reservation in human cardiopulmonary arrest: systematic review and meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Systematic review registration: 

	Background
	Methods
	PI(E)CO question
	Data sources and search strategy
	Inclusion criteria
	Exclusion criteria
	Data extraction
	Quality assessment for individual studies
	Statistical analysis

	Results
	Flow of study selection process
	Study characteristics
	Risk of bias and quality of evidence
	Meta-analysis
	Sensitivity analysis

	Conclusion
	Acknowledgements
	References


