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(RCTs) and cohort studies published from inception to January 1, 2023. We included studies involving adult pa-
tients with septic shock. All authors reported our primary outcome of short-term mortality and clearly compared
the clinically relevant secondary outcomes (ICU length of stay, hospital length of stay, vasopressor-free days,
hyperglycemia, hypernatremia, and ICU-acquired weakness [[CUAW]) of intermittent bolus and continuous infu-
sion of hydrocortisone. Results were expressed as odds ratio (OR) and mean difference (MD) with accompanying
95% confidence interval (CI). The PROSPERO registration number is CRD42023392160.

Results: Seven studies, including 554 patients, were included. The primary outcome of this meta-analysis showed
no statistically significant difference in the short-term mortality between intermittent bolus and continuous infu-
sion groups (OR=1.21, 95% CI: 0.84 to 1.73; P=0.31; Chi®*=9.06; I?’=34%). Secondary outcomes showed no sta-
tistically significant difference in the ICU length of stay (MD=-0.15, 95% CI: —2.31 to 2.02; P=0.89; Chi*=0.95;
I’=0%), hospital length of stay (MD=0.63, 95% CI: —4.24 to 5.50; P=0.80; Chi®*=0.61; I?’=0%), vasopressor-free
days (MD=-1.18, 95% CI: —2.43 to 0.06; P=0.06; Chi’=2.48; [>=60%), hyperglycemia (OR=1.27, 95% CI: 0.80 to
2.02; P=0.31; Chi?=5.23; ?’=43%), hypernatremia (OR=0.93, 95% CI: 0.44 to 1.96; P=0.85; Chi?=0.37; I>=0%),
or ICUAW (OR=0.83, 95% CI: 0.36 to 1.94; P=0.67; Chi*=0.90; I>=0%) between the two groups.

Conclusions: This meta-analysis indicated no significant difference in short-term mortality between intermit-
tent bolus or continuous hydrocortisone infusion in patients with septic shock. Additionally, the hydrocortisone
infusion method was not associated with ICU length of stay, hospital length of stay, vasopressor-free days, hy-
perglycemia, hypernatremia, or ICUAW.

Introduction

Septic shock, one of the most challenging problems in inten-
sive care medicine, is a life-threatening condition with a mor-
tality rate that can exceed 30 %.['-?] Patients with septic shock
have the clinical picture of sepsis; persistent hypotension re-
quires vasopressors to maintain mean arterial pressure (MAP)
>65 mmHg and serum lactate levels >2 mmol/L (18 mg/dL) de-
spite adequate volume resuscitation.[®! The cornerstones of sep-
tic shock treatment include early recognition, prompt antibiotic
treatment, source control, and hemodynamic stability through
fluid resuscitation and vasopressors.[*] However, even if shock

is managed using these strategies, people with sepsis may still
die from multiple organ dysfunction.

Septic shock is a response to a severe infection that ac-
tivates pro-inflammatory mediators. Interacting with the en-
dothelium, causing microvascular damage and capillary leak-
age. Several studies have shown that patients with septic
shock may experience corticosteroid insufficiency, commonly
referred to as critical illness-associated corticosteroid insuffi-
ciency (CIRCI).[>:®1 CIRCI causes an imbalance between pro-
inflammatory and anti-inflammatory mediators, yielding an in-
creased inflammatory response. Consequently, recent clinical
practice guidelines recommend the use of intravenous hydrocor-
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tisone (200 mg/day) for adults with septic shock who continue
to require vasopressors.[”? While not strongly recommended,
corticosteroids may be useful due to their anti-inflammatory
properties and ability to maintain cardiovascular homeostasis
through salt and water retention.!®! Two randomized trials of
hydrocortisone for septic shock (ADRENAL and APROCCHSS)
reported different results for 90-day mortality; however, it ex-
hibited beneficial effects on shock reversal and relief from me-
chanical ventilation.!®-1]

However, the optimal method of administering hydrocorti-
sone remains unclear. Controversies on the administration strat-
egy (intermittent bolus or continuous infusion) always exist.
A study in Qatar showed that the majority of surgical inten-
sive care unit patients received continuous hydrocortisone in-
fusion, while the majority of medical intensive care unit pa-
tients received intermittent bolus hydrocortisone infusion. Over-
all, patients who received intermittent hydrocortisone infusion
were more than those receiving continuous infusion.['!! Phys-
iologically, cortisol is released in a pulsatile form, following
the dynamic rhythm of the classical circadian rhythm. Intermit-
tent push injection, which better replicates these oscillations,
is the “best” method of hydrocortisone supplementation. How-
ever, intermittent injections of hydrocortisone expose patients
to high blood glucose levels, high doses of insulin, and an in-
creased workload, potentially leading to worse outcomes.[?]
Additionally, administration strategies may be associated with
adverse effects, including hypernatremia, hyperglycemia, and
neuromuscular weakness.[!%!

Given the controversy surrounding the optimal modality of
hydrocortisone administration, we conducted a meta-analysis,
extracting results from published randomized controlled trials
(RCTs) and cohort studies to evaluate the impact of the hydro-
cortisone infusion method on clinical outcomes and adverse ef-
fects in patients with septic shock.

Methods

This systematic review and meta-analysis is reported accord-
ing to the updated Preferred Reporting Items for Systematic Re-
views and Meta-Analyses guidelines.['*) The study is registered
at PROSPERO (ID: CRD42023392160).

Search strategy

We manually searched the PubMed, Embase databases, and
Cochrane Library for studies published in English from inception
to January 1, 2023, using the following search terms: “hydrocor-
tisone,” “corticosteroid,” “corticosteroids,” and “septic shock.”
The search was slightly adjusted according to the requirements
of the different databases. The authors’ personal files and ref-
erence lists of relevant review articles were also reviewed. We
have searched gray literature, which is produced on all levels
of government, academics, business, and industry in print and
electronic formats. However, it is not controlled by commer-
cial publishers to reduce bias. We excluded two reports that
were not retrieved as full text and three reports for incomplete
outcomes.[1>-1°1 The search strategy for each database is shown
in Supplementary Table S1. The flowchart of the search strate-
gies is summarized in Figure 1.
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Figure 1. Flowchart of literature selection.

Types of outcome measures

The primary outcome was short-term mortality, including
ICU mortality, hospital mortality, 28-day mortality, and 30-
day mortality. Secondary outcomes were ICU length of stay,
hospital length of stay, vasopressor-free days, hyperglycemia,
hypernatremia, and ICU-acquired weakness (ICUAW). The sec-
ondary outcomes were defined according to the secondary out-
comes defined in the original trials. Weighted means were cal-
culated based on the number of patients in each study. Hyper-
glycemia is defined as a blood glucose reading >180 mg/dL or
10 mmol/L.['"! Hypernatremia is defined as a serum sodium
concentration exceeding 145 mmol/L.[20!

Study selection

The inclusion criteria were as follows: (1) RCTs as well as
prospective and retrospective cohort studies published in En-
glish; (2) adult patients with septic shock; (3) all authors re-
ported short-term mortality as the primary outcome; (4) clear
comparison of clinically relevant secondary outcomes of inter-
mittent bolus vs. continuous infusion of hydrocortisone. We ex-
cluded studies that did not include estimable data or provide
clear comparisons of the outcomes. Additionally, we excluded
letters and reviews.

Quality assessment

Two reviewers (YL and YW) independently performed a qual-
ity assessment. If the views of two reviewers are very different,
the third reviewer(DZ) would be invited to provide input as an
aid to decision-making. The quality of studies was assessed using
the revised Cochrane Risk-of-Bias tool (RoB 2) for randomized
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trials!?!l; the Risk Of Bias In Non-randomized Studies-of Inter-
ventions (ROBINS-I) tool was used for cohort studies.[?2] The
bias domain of RCTs included (1) the randomization process,
(2) deviations from intended interventions, (3) missing outcome
data, (4) measurement of the outcome, (5) selection of the re-
ported result, and (6) overall bias. The low risk of bias, some
concerns, and high risk of bias of each domain from the tool
are denoted by green, yellow, and red colors, respectively. The
risk of bias summary for included RCTs is presented in Supple-
mentary Figure S1; the risk of bias graph for included RCTs is
presented in Supplementary Figure S2.

Bias domains in ROBINS-I include bias due to confounding,
selection of participants into the study, classification of inter-
ventions, deviations from intended interventions, missing data,
measurement of outcomes, and selection of the reported result.
The domain-level and overall risk of bias include low risk of bias,
moderate risk of bias, serious risk of bias, critical risk of bias,
and no information. The quality of the included cohort studies
is presented in Supplementary Table S2.

Statistical analysis

Statistical analyses were performed using Review Manager
Version 5.3 (RevMan, The Cochrane Collaboration, Oxford, UK).
The odds ratio (OR) with 95% confidence intervals (CIs) was cal-
culated for dichotomous variables. For the continuous variables,
mean difference (MD) and 95% CI were estimated as the ef-
fect result. A random-effects model was used considering the as-
sumed differences across the study populations.t?*! The random-
effects model was more suitable because there were differences
in the results of various studies.

We designed a data extraction table. For the dichotomous
variables, we extracted the sample size and the number of events
in the intermittent bolus and continuous infusion groups. For
the continuous variables, we extracted the sample size, mean,
and standard deviation in the intermittent bolus and continuous
infusion groups. After the data were extracted, it was verified
and collated by another researcher to ensure data accuracy and
completeness. Discrepancies in data extraction were also han-
dled by this researcher. Most of the continuous variables in the
original literature did not conform to the normal distribution;
the data were represented by the median (interquartile range).
However, meta-analysis requires continuous variables to be an-
alyzed in the form of mean + standard deviation. Consequently,

Table 1
The basic characteristics of studies included in meta-analysis.
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missing data included mean and standard deviation. We calcu-
lated their mean and standard deviation according to the sample
size, median, and interquartile range with a calculator for fur-
ther meta-analysis.[?*] A P-value <0.05 was set as the threshold
of statistical significance.

Heterogeneity across studies was assessed using I? in the for-
est plot generated by RevMan software. The I’ statistic was
interpreted as follows: 25%>I?>0% indicates low heterogene-
ity; 50%>I2>25%, mild heterogeneity; 75%>I2>50%, moder-
ate heterogeneity; and 100%>12>75%, severe heterogeneity.[?>]
Usually, heterogeneity is acceptable if I?> is not greater than
50%. Reasons for high heterogeneity may include differences
in study methodology, study subjects, interventions, exposure
factors, as well as in study quality and publication bias. To
reduce heterogeneity among studies, we performed a sub-
group analysis of the primary outcome. We divided RCTs
and cohort studies into two subgroups for meta-analysis to
improve comparability between different studies and reduce
heterogeneity.

Results
Study characteristics

The search strategy identified 1484 studies; eventually, data
from 3 RCTs and 4 cohort studies, comprising 554 patients, were
included. The characteristics of the included studies are shown
in Table 1.011,26-311 Seven eligible studies were published be-
tween 2007 and 2022. The included studies were conducted in
various countries: two in the USA, one in Finland, one in Mex-
ico, one in Tunisia, one in Qatar, and one in India. Among these,
three were single-center studies, while the remaining four were
multicenter studies. Three of these studies were single-center
studies, while four were multicenter studies.

Primary outcome

The short-term mortality was about 46.2% (49.8%
[151/303] in the intermittent bolus group and 41.8%
[105/251] in the continuous infusion group). However,
the overall results showed no statistically significant difference
in the short-term mortality between the two groups (OR=1.21,
95% CI: 0.84 tol.73; P=0.31; Chi®=9.06; I’=34%). The total
number of patients in RCTs and cohort studies was 227 and

Author Year Country Study period Short-term Study design Number of patients
mortality N N
Total Intermittent Continuous
bolus infusion
Loisa et al.l>¢] 2007 Finland July 2005-April 2006 ICU Multicenter, RCT 45 23 22
Ibarra-Estrada et al.[?] 2017 Mexico June 2015-July 2016 30-day Multicenter, prospective 64 32 32
cohort study
Hoang et al.l®] 2017 USA August 2014-April 2016 28-day Multicenter, retrospective 51 33 18
cohort study
Tilouche et al.[?°] 2019 Tunisia April 2013-June 2016 28-day Single center, RCT 70 33 37
Mitwally et al.tl'!] 2021 Qatar June 2015-December 2017 Hospital Multicenter, retrospective 108 76 32
cohort study
Coles et al.[30] 2021 USA January 2013-September ~ Hospital Single center, retrospective 104 52 52
2014 cohort study
Ram et al.[°!] 2022 India June 2021-May 2022 Hospital Single center, RCT 112 54 58

RCT: Randomized controlled trial; ICU: Intensive care unit.
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327, respectively. The number of deaths/total number of pa-
tients for RCTs was 29.1% (32/110) in the intermittent bolus
group and 35.0% (41/117) in the continuous infusion group.
Subgroup analysis of RCTs showed no statistically significant
difference in the short-term mortality rate between the two
groups (OR=0.75, 95% CI: 0.42 to 1.37; P=0.35; Chi?=2.72;
I?=27%). The number of deaths/total number of patients for
cohort studies was 61.7% (119/193) in the intermittent bolus
group and 47.8% (64/134) in the continuous infusion group.
Subgroup analysis of cohort studies showed that the short-term
mortality of the intermittent bolus group was higher than
that of the continuous group (OR=1.60, 95% CI: 1.01 to 2.54;
P=0.04; Chi?=2.47; ?’=0%) (Figure 2).

Secondary outcomes

ICU length of stay

Five of the included studies were analyzed to assess the
ICU length of stay (day). No statistically significant difference
was found in the ICU length of stay between the two groups
(MD=-0.15, 95% CI: —2.31 to 2.02; P=0.89; Chi?=0.95; I>=0%)
(Figure 3).

Intermittent bolus  Continuous infusion

Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI
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Hospital length of stay

Five of the included studies were analyzed to assess the hospi-
tal length of stay (day). No statistically significant difference was
detected in the hospital length of stay between the two groups
(MD=0.63, 95% CI: —4.24 to 5.50; P=0.80; Chi?=0.61; I*’=0%)
(Figure 4).

Vasopressor-free days

Two of the included studies were analyzed to assess the
vasopressor-free days (day). No statistically significant differ-
ence was found in the vasopressor-free days between the two
groups (MD=-1.18, 95% CI: —2.43 to 0.06; P=0.06; Chi*=2.48;
I2=60%) (Figure 5).

Hyperglycemia

Four of the included studies were analyzed to assess hyper-
glycemia. No statistically significant difference was detected in
the hyperglycemia between the two groups (OR=1.27, 95% CI:
0.80-2.02; P=0.31; Chi?=5.23; =43%) (Figure 6).

Hypernatremia
Two of the included studies were analyzed to assess hyper-
natremia. No statistically significant difference was found in

Odds Ratio
M-H, Fixed, 95% CI

1.1.1 RCTs
Loisa 2007 4 23 7 22 11.0% 0.45[0.11, 1.83] _
Ram 2022 12 54 10 58 14.0% 1.37 [0.54, 3.50] = ™
Tilouche 2019 16 33 24 37 21.7% 0.51[0.20, 1.33] L
Subtotal (95% CI) 110 117  46.7% 0.75[0.42, 1.37] e
Total events 32 41
Heterogeneity: Chiz =2.72, df =2 (P = 0.26); I?=27%
Test for overall effect: Z = 0.93 (P = 0.35)
1.1.2 Cohort studies
Coles 2021 31 52 25 52 18.8% 1.59[0.73, 3.47] = =~
Hoang 2017 21 33 13 18 11.4% 0.67 [0.19, 2.35] - -1
Ibarra-Estrada 2017 15 32 10 32  99% 1.94 [0.70, 5.38] -
Mitwally 2021 52 76 16 32 13.2% 2.17[0.93, 5.04] T
Subtotal (95% CI) 193 134 53.3% 1.60 [1.01, 2.54] <
Total events 119 64
Heterogeneity: Chi? = 2.47, df = 3 (P = 0.48); I? = 0%
Test for overall effect: Z = 2.02 (P = 0.04)
Total (95% Cl) 303 251 100.0% 1.21[0.84, 1.73]
Total events 151 105 X ) ) )
Heterogeneity: Chi? = 9.06, df =6 (P = 0.17); I? = 34% : ' : ' !
Toet for overalleffect: 7 = 1.02 (P(= 0.31) ) 601 Ot L L
N i Favours [intermittent bolus]  Favours [continuous infusion]
Test for subaroup differences: Chi2 = 3.89. df = 1 (P = 0.05). 12 = 74.3%
Figure 2. Forest plot for short-term mortality.
CI: Confidence interval; RCTs: Randomized controlled trials.
Intermittent bolus Continuous infusion Mean Difference Mean Difference
r I Mean D _Total Mean D Total Weight IV, Fix % Cl 1V, Fi % Cl
Coles 2021 12.8 19.2 52 13.3 9.1 52 14.0% -0.50[-6.27,5.27]
Ibarra-Estrada 2017 9 6.2083 32 9.1667 5.4322 32 57.3% -0.17[-3.02, 2.69]
Mitwally 2021 9.5 14 76 12 17 32 10.5% -2.50[-9.18, 4.18]
Ram 2022 12 222 54 10 17.2 58 8.6% 2.00[-5.39, 9.39]
Tilouche 2019 17.3333 12.3992 33 16.1667 17.3526 37 95% 1.17 [-5.84, 8.18]
Total (95% Cl) 247 211 100.0% -0.15 [-2.31, 2.02]
Heterogeneity: Chi2 = 0.95, df =4 (P = 0.92); 1= 0% '_100 _5'0 0 5'0 100'

Test for overall effect: Z=0.13 (P = 0.89)

Favours [ intermittent bolus ]  Favours [ continuous infusion ]

Figure 3. Forest plot for ICU length of stay.
CI: Confidence interval; ICU: Intensive care unit; SD: Standard deviation.
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Continuous infusion Mean Difference

Mean Difference

tudy or rou Mean D Total Mean D Total Weight IV, Fixed. 95% CI IV, Fixed, 95% CI
Coles 2021 20.2 264 52 21.9 16.4 52 33.3% -1.70[-10.15, 6.75]
Hoang 2017 186 174 33 18.7 19.4 18 20.5% -0.10[-10.85, 10.65] -1
Mitwally 2021 22 61 76 19.5 70.8 32  3.0% 2.50[-25.60, 30.60] T
Ram 2022 19 49 54 16.5 58.6 58 6.0% 2.50[-17.46, 22.46] -
Tilouche 2019 19.6667 17.049 33 17 16.967 37 37.2% 2.67[-5.32, 10.65]
Total (95% Cl) 248 197 100.0% 0.63 [-4.24, 5.50]
Heterogeneity: Chiz = 0.61, df = 4 (P = 0.96); I? = 0% F t T y i
-100 -50 0 50 100
Test for overall effect: Z = 0.25 (P = 0.80) Favours [ intermittent bolus ]  Favours [ continuous infusion ]
Figure 4. Forest plot for hospital length of stay.
CI: Confidence interval; SD: Standard deviation.
Intermittent bolus Continuous infusion Mean Difference Mean Difference
re Mean D 1 n D Total Weight IV, Fixed, 95% ClI 1V, Fix % Cl
Ibarra-Estrada 2017 1.9 28713 32 3.3333 2.3281 32 94.2% -1.43[-2.71,-0.15]
Tilouche 2019 9.8333 12.7867 33 7 8.4835 37 58% 2.83[-2.31,7.98]
Total (95% CI) 65 69 100.0% -1.18 [-2.43, 0.06]
it Chi2 = - - .12 = O t t T + {
?et:};ogeneltyl.l C:fl . 224_81 <2f7 ;(_PO 0%.11), 12=60% 100 -50 0 50 100
est for overall effect: Z = 1.87 (P = 0.06) Favours [ intermittent bolus ] Favours [ continuous infusion ]
Figure 5. Forest plot for vasopressor-free days.
CIL: Confidence interval; SD: Standard deviation.
Intermittent bolus  Continuous infusion Odds Ratio Odds Ratio
r r Even Total Events Total Weight M-H, Fixed, 95% Cl M-H. Fix 5% ClI
Hoang 2017 20 33 5 18  81%  4.00[1.15, 13.90]
Ibarra-Estrada 2017 23 32 19 32 16.9% 1.75[0.62, 4.97]
Mitwally 2021 51 76 22 32 32.2% 0.93[0.38, 2.25]
Ram 2022 35 54 40 58 42.9% 0.83[0.38, 1.82]
Total (95% CI) 195 140 100.0% 1.27 [0.80, 2.02]
Total events 129 86
itv- i2 = = = - 12 = 0 I T T T 1
Heterogeneity: Chi? = 5.23, df = 3 (P = 0.16); I = 43% 0.01 01 1 10 100

Test for overall effect: Z = 1.02 (P = 0.31)

Favours [ intermittent bolus ]

Figure 6. Forest plot for hyperglycemia.
CI: Confidence interval.

Favours [ continuous infusion ]

the hypernatremia between the two groups (OR=0.93, 95% CI:
0.44-1.96; P=0.85; Chi’=0.37; I>’=0%) (Figure 7).

ICUAW

Two of the included studies were analyzed to assess ICUAW.
No statistically significant difference was found in the ICUAW
between the two groups (OR=0.83, 95% CI: 0.36-1.94; P=0.67;
Chi?=0.90; I’=0%) (Figure 8).

Discussion

Sepsis may be complicated by impaired corticosteroid
metabolism, suggesting potential benefits from corticoste-

Intermittent bolus  Continuous infusion

Odds Ratio
Total Weight M-H, Fixed, 95% CI

roids.[°?! The most recently updated guidelines also suggest
administering corticosteroids to adult patients with septic
shock.[3®] However, the effects of continuous vs. intermittent
bolus administration of corticosteroids remain uncertain. This
systematic review and meta-analysis of seven studies, including
554 patients, compared intermittent bolus with continuous in-
fusion of hydrocortisone in patients with septic shock. To our
knowledge, this might be the first meta-analysis aiming to dis-
cuss the influence of the hydrocortisone infusion method on the
clinical outcome of patients with septic shock. The overall short-
term mortality rate was about 46.2%, without a statistically sig-
nificant difference between the two groups. Subgroup analysis
of cohort studies showed that the short-term mortality rate of

Odds Ratio
M-H. Fixed. 95% CI

Study or Subgroup Events Total Events
Ibarra-Estrada 2017 18 32 17 32 52.1%
Tilouche 2019 7 29 9 29 47.9%
Total (95% CI) 61 61 100.0%
Total events 25 26

Heterogeneity: Chi? = 0.37, df = 1 (P = 0.54); I’=0%
Test for overall effect: Z = 0.19 (P = 0.85)

1.13[0.42, 3.04]
0.71[0.22, 2.25]

0.93 [0.44, 1.96]

I t 1.0 {

0.01 0.1 1 100
Favours [intermittent bolus] Favours [continuous infusion]

Figure 7. Forest plot for hypernatremia.
CIL: Confidence interval.
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Intermittent bolus  Continuous infusion Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H. Fixed. 95% CI
Ibarra-Estrada 2017 9 32 8 32 48.8% 1.17 [0.39, 3.57]
Tilouche 2019 4 29 7 29 51.2% 0.50 [0.13, 1.95]
Total (95% CI) 61 61 100.0% 0.83 [0.36, 1.94]
Total events 13 15

Heterogeneity: Chi>=0.90, df =1 (P = 0.34); > = 0%
Test for overall effect: Z = 0.43 (P = 0.67)

0.01

100

0.1 1
Favours [intermittent bolus]

10
Favours [continuous infusion]

Figure 8. Forest plot for [ICUAW.
CI: Confidence interval; ICUAW: ICU-acquired weakness.

the intermittent bolus group was higher than that of the con-
tinuous group; however, there was no difference in a subgroup
analysis of RCTs. Due to differences in study design and sample
size, subgroups may interact. Consequently, larger studies are
still needed to confirm this result.

The analysis of secondary outcomes showed no statistically
significant difference in the ICU length of stay or hospital length
of stay. In the 2016 surviving sepsis campaign guidance, the
accumulated evidence did not support a recommendation for
corticosteroid use if adequate fluid resuscitation and vasopres-
sor therapy could restore hemodynamic stability.[3*! Therefore,
the latest surviving sepsis campaign guidelines consider using
hydrocortisone for fluid and vasopressor-resistant shock as a
weak recommendation based on moderate-quality evidence. Ad-
ditionally, the clinical practice guidelines did not recommend a
specific administration method for hydrocortisone due to insuf-
ficient evidence to prove the association between the hydrocor-
tisone infusion method and the patient’s clinical outcomes.!”]
No clear evidence indicated that a corticosteroid drug or ad-
ministration strategy is more likely to be effective in reducing
mortality, ICU length of stay, or hospital length of stay in septic
shock.

Secondary outcomes also demonstrated no statistically sig-
nificant difference in the vasopressor-free days between the two
groups. Studies have shown that people with septic shock have
lower cortisol levels.!*>] Hydrocortisone may be useful because
it counteracts the uncontrolled inflammatory process of septic
shock and restores cardiovascular homeostasis through salt and
water retention. Hydrocortisone has been shown to be effective
in reducing the time to shock reversal with standard treatment.
However, the CORTICUS study showed that hydrocortisone did
not improve survival or cause reversal of shock in patients with
septic shock, either overall or in patients who did not have a re-
sponse to corticotropin. However, hydrocortisone hastened the
shock reversal in responsive patients.[®! Our results suggest that
different infusion methods of hydrocortisone have little effect
on the shock reversal time in patients with septic shock.

Hyperglycemia, one of the most common side effects of cor-
ticosteroid treatment, is associated with a higher incidence of
mortality in critically ill patients.[*° In septic shock, continu-
ous hydrocortisone infusion may reduce the number of hyper-
glycemic episodes during intensive insulin therapy. Continuous
hydrocortisone infusion may also reduce the nursing workload
needed to maintain tight blood glucose control.[*®] However,
our results showed no statistically significant difference in the
hyperglycemia between the two groups, indicating that many
patient factors other than the hydrocortisone infusion method
may affect blood glucose readings. These factors include stress,
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history of diabetes, older age, obesity, pancreatic function, renal
function, etc.

Hypernatremia and ICUAW are other common side reac-
tions of corticosteroid treatment. A systematic review revealed
that glucocorticoid therapy was associated with hypernatremia
among patients with refractory septic shock.!*”! Glucocorticoid
treatment increases the levels of blood urea nitrogen (BUN) via
catabolism. Overproduction of BUN plays an important role in
osmotic diuresis. A nested case-control study showed a signif-
icant association between high-dose glucocorticoids and ICU-
acquired hypernatremia.t®®] The incidence of ICUAW has been
reported at 25%-100%. Risk factors include sepsis, immobility,
persistent systemic inflammation, multiple organ system fail-
ure, hyperglycemia, glucocorticoids, and neuromuscular block-
ers. The clinical features may be neuropathic, myopathic, or
both. ICUAW is a devastating and debilitating condition that can
leave patients with permanent activity restrictions. Electromyo-
graphy and nerve conduction studies remain the “gold standard”
for diagnosing ICUAW.!*°1 Our results showed no statistically
significant difference in hypernatremia or ICUAW between the
two groups.

Our meta-analysis has several limitations. First, the num-
ber of included studies is small. Further large-scale RCTs
should be conducted to confirm the results. Second, many sec-
ondary outcomes, such as ICU length of stay, hospital length of
stay, vasopressor-free days, hyperglycemia, hypernatremia, or
ICUAW, were not included in all the studies examined in this
meta-analysis. Third, although we had performed a subgroup
analysis of RCTs and cohort studies, substantial heterogeneity
existed among the included studies. Very heterogeneous popula-
tions were included in both randomized and observational stud-
ies. Furthermore, the inclusion/exclusion criteria and comor-
bidities varied significantly among the studies, posing a chal-
lenge to interpreting the results. Therefore, our findings should
be interpreted with caution.

Conclusions

This meta-analysis indicated no significant difference in
short-term mortality between patients with septic shock re-
ceiving intermittent bolus or continuous infusion of hydrocor-
tisone. Additionally, the hydrocortisone infusion method was
not associated with ICU length of stay, hospital length of
stay, vasopressor-free days, hyperglycemia, hypernatremia, and
ICUAW. The simplicity of continuous infusion does not add to
the nursing workload. This meta-analysis clinically implies that
it will facilitate the administration of hydrocortisone among dif-
ferent facilities, eliminating the need for practitioners to alter
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their administration methods. Further large-scale RCTs are still
required to confirm these results.
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