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Hydrocortisone combined with
fludrocortisone for treatment of
adults with septic shock: an
updated meta-analysis and
systematic review
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Wenzheng Hel?*

!Department of Critical Care Medicine, Weifang People’s Hospital, Weifang, Shandong, China,
?Department of Critical Care Medicine, The First Affiliated Hospital of Shandong Second Medical
University, Weifang, Shandong, China

Purpose: To evaluate the efficacy and safety of hydrocortisone combined with
fludrocortisone in the treatment of septic shock in adults.

Methods: We searched PubMed, Embase, Web of Science, and the Cochrane
Library for studies on hydrocortisone combined with fludrocortisone in the treat-
ment of septic shock in adults. Two investigators independently screened studies,
extracted data, and assessed the risk of bias of the included studies. A meta-
analysis was performed using RevMan 5.3 and STATA 17.0 software.

Results: A total of eight studies (5 RCTs and 3 N-RCTs) were included. Stratified
analysis by study design and comparator type revealed that in the HC + FC vs.
Placebo subgroup (derived solely from RCTs), the combination significantly
reduced 28-day mortality [RR 0.84; 95% CI (0.76, 0.94); p = 0.002], 90-day
mortality [RR 0.82; 95% CI (0.71, 0.94); p = 0.006], and in-hospital mortality [RR
0.85; 95% CI (0.77, 0.94); p = 0.002]. In contrast, for the HC + FC vs. HC alone
subgroup (addressing incremental benefit), no significant survival advantage was
observed in either RCTs (n = 553) or N-RCTs (n = 88,666, 28-day mortality RR
0.99, p = 0.79). Regarding safety, HC + FC was associated with a higher reinfec-
tion rate compared to placebo (RR 1.13, p = 0.03) but not when compared to HC
alone (p = 0.19). No significant increase in gastrointestinal bleeding or reduction
in ICU/hospital length of stay was identified across all tiers of evidence.
Conclusion: Evidence primarily from RCTs indicates that HC + FC is associated
with improved survival compared to placebo in septic shock. However, large-
scale observational data suggest no significant incremental benefit over hydro-
cortisone alone. While the combination appears safe regarding gastrointestinal
bleeding, the increased reinfection risk compared to placebo warrants caution.
Given the non-causal nature of observational findings, these results are sugges-
tive rather than definitive. Future head-to-head trials are essential to confirm the
marginal efficacy of fludrocortisone supplementation.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/view/
CRD420251001999, Identifier: CRD420251001999
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Introduction

Sepsis is a leading cause of death in intensive care unit (ICU)
patients, with high morbidity and mortality rates worldwide (1).
Previous studies (2-4) have shown that although anti-infective treat-
ment and organ support technologies have made great progress, the
mortality rate of sepsis is still as high as 30 to 70%. In addition, 50%
of septic shock patients may experience long-term cognitive impair-
ment even after hospital discharge (5, 6). Moreover, the treatment of
sepsis is also costly and consumes substantial healthcare resources,
which seriously affects the quality of life of patients. This brings a
heavy economic and psychological burden to patients’ families and
society.

Experimental and clinical evidence has suggested that sepsis is
associated with dysregulation of the hypothalamic-pituitary-adrenal
axis (7). Glucocorticoids can regulate the immunologic response
through anti-inflammatory effects (8) and improve vascular respon-
siveness to catecholamines (9). Due to these potential benefits, corti-
costeroids have been used to treat patients with severe infections. The
2021 Surviving Sepsis Campaign Guidelines (10) recommend the use
of corticosteroids for adults with septic shock and ongoing require-
ment for vasopressor therapy. However, the strength of the recom-
mendation is weak, and the quality of evidence is moderate. Although
many relevant studies (11-14) have been conducted, whether gluco-
corticoids can improve outcomes or prevent progression to septic
shock in seriously ill patients remains inconclusive to date.

Recent studies (15, 16) have shown that hydrocortisone combined
with fludrocortisone can effectively reduce mortality in patients with
sepsis. This combination may provide clinical benefits in the treatment
of septic shock. However, some studies (17, 18) have reported contra-
dictory findings. Therefore, we conducted a meta-analysis to evaluate
the efficacy and safety of hydrocortisone combined with fludrocorti-
sone in the treatment of septic shock, to provide stronger evidence for
clinical practice.

Methods
Protocol and registration

This systematic review is reported according to the PRISMA 2020
statement: an updated guideline for reporting systematic reviews (19).
Our study protocol was pre-registered with PROSPERO
(CRD420251001999). The pre-specified primary outcome was 28-day
mortality, 90-day mortality, and in-hospital mortality. Secondary out-
comes included incidence of reinfection, gastrointestinal bleeding,
and length of ICU and hospital stay. Furthermore, we pre-planned
subgroup analyses based on study design (RCT vs. N-RCT) and com-
parator type (HC + FC vs. Placebo vs. HC monotherapy) to explore
the incremental benefit of fludrocortisone.

Eligibility criteria

Studies were included if they met the following criteria: (1) popu-
lation: adult patients with septic shock; (2) intervention: hydrocorti-
sone-plus-fludrocortisone therapy; (3) comparison: placebo or
hydrocortisone monotherapy; (4) design: observational studies, ret-
rospective studies, or randomized trials; (5) outcomes: the primary
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outcomes were mortality (including hospital mortality, 28-day mortal-
ity, and ICU mortality). Secondary outcomes included length of ICU
stay, length of hospital stay, and adverse events (including secondary
infection and gastrointestinal bleeding).

Information sources

We searched PubMed, Embase, Web of Science, and the Cochrane
Library from inception to March 1, 2025. We used a combination of
medical subject headings (MeSH) and keyword terms to search. The
full search strategy for PubMed is provided in Supplementary Table 1
and was tailored for other databases. In addition, we conducted a
manual search of reference lists of eligible studies and previous
reviews.

Study selection

We removed duplicate records from the initial search, screened
titles and abstracts for relevance, and labeled records as included,
excluded, or uncertain. We reviewed the full texts labeled included or
uncertain to identify eligibility of studies. This process was indepen-
dently carried out by two researchers. In case of disagreement during
this process, a third investigator was consulted to reach consensus.

Data extraction

Data extraction was performed using a standardized Excel spread-
sheet (Microsoft Corporation) and confirmed by a second reviewer.
The relevant information extracted from each study was as follows:
author, year, study design, clinical setting, study population, number
of patients, hydrocortisone regimen, time of hydrocortisone initiation,
and outcomes. Any discrepancies were resolved by discussion between
the two researchers. If the two researchers were unable to resolve the
discrepancy, then the third researcher resolved it by reviewing the
original study.

Quality assessment

The quality assessment of the included studies was conducted
using the methods recommended in the “Cochrane Handbook for
Systematic Reviews” to assess the risk of bias. Any disagreements were
resolved by discussing with a third reviewer.

Statistical analysis

Statistical analyses were performed using RevMan 5.3 (Nordic
Cochrane Centre) and STATA 17.0 (StataCorp LLC). For dichotomous
outcomes, we calculated the pooled risk ratio (RR). For continuous out-
comes, the mean difference (MD) was utilized. For continuous data
reported as medians and interquartile ranges (IQRs), we estimated the
means and standard deviations (SDs) using the validated mathematical
framework provided by Wan et al. (44). Skewness was assessed by evalu-
ating the position of the median within the IQR; in cases of suspected
non-normal distribution, we maintained a conservative approach by
employing a random-effects model to account for the additional uncer-
tainty introduced by the transformation. All results are presented with
corresponding 95% confidence intervals (CIs). To address potential
clinical and methodological heterogeneity, a random-eftects model was
systematically employed for all pooled analyses. Statistical heterogeneity
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was assessed using the I statistic and the y” test, with I* > 50% indicating
substantial heterogeneity. All analyses were stratified by study design
[randomized controlled trials (RCTs) vs. non-randomized controlled
trials (N-RCTs)] to prevent the pooling of disparate levels of evidence.
Publication bias was evaluated using funnel plots and Egger’s linear
regression test for outcomes. Sensitivity analyses were conducted using
the “leave-one-out” method to ensure the robustness of the findings and
to evaluate the influence of individual large-scale cohorts.

Results
Study selection and study characteristics

The study selection process is presented in Figure 1. The initial
search yielded 98 records. After removing duplicates, 91 records were
retained. By screening the titles and abstracts, we excluded 82 records
for not meeting the inclusion criteria. The full texts of the remaining
nine articles were examined for eligibility. Finally, eight studies were
included in the analysis (15, 16, 18, 20-24). Characteristics of the
included studies are summarized in Table 1. Details of the quality
assessment of included studies are presented in Figure 2.

10.3389/fmed.2026.1755626

Effect evaluation
28-day mortality rate

A total of six articles (15, 16, 18, 20, 23, 24) reported the 28-day
mortality rate and 91,416 patients were included. The primary analysis
of three RCTs (n =2,102) demonstrated that the combination of
hydrocortisone and fludrocortisone significantly reduced the risk of
28-day mortality [RR: 0.84; 95% CI: (0.76, 0.94); p=0.002].
Heterogeneity within this subgroup was negligible (I* = 5%; p = 0.35),
indicating high consistency among the trial findings (Figure 3).

The secondary analysis comprised three observational studies
with a total of 88,666 patients. In this subgroup, the association
between HC + FC and 28-day mortality did not reach statistical sig-
nificance [RR: 0.99; 95% CI: (0.91, 1.08); p = 0.79]. The internal het-
erogeneity was low-to-moderate (I* = 15%; p = 0.31). Notably, this
subgroup was heavily influenced by the large-scale Bosch (2023)
cohort, and the wide confidence interval reflects the inherent uncer-
tainty in these observational data (Figure 3).

The overall pooled effect [RR 0.91; 95% CI: (0.80, 1.03);
p = 0.13] showed considerable heterogeneity (I* = 71%; p = 0.004).
The test for subgroup differences revealed a significant interaction
(I* = 80.6%; p = 0.02). This statistical divergence suggests that the
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FIGURE 1
Study inclusion flowchart.
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TABLE 1 Baseline characteristics of studies included in the meta-analysis.

Country Type of

study

Control
intervention

Sample size

(T: trial/C:
control)

Patient characteristics (T: trial/C: control)

Age (year)

Sex (M:
men/W:
women)

Severity
scoring
system

Timing of treatment
initiation

Outcome indicators

C: (M: 43,859/W:
42,136)

T:5.6+2.2
C:56+22

Annane et al. (20)* France RCT Placebo T: 150 T:62+ 15 T: (M: 96/W: 54) SAPS II Within 3 to 8 h after the 28-day mortality rate; hospital
C: 149 C:60 %17 C: (M: 104/W: 45) T:60 + 19 occurrence of shock mortality rate; reinfection;
C:57+19 gastrointestinal bleeding
Annane et al. (21)* France RCT Applying hydrocortisone | T: 245 T:64.0£2.7 T: (M: 167/W: 78) SAPS Within 24 h after meeting the Hospitalization mortality rate,
alone C: 264 C:63.9+27 C: (M: 163/W: 101) | T: 58.9 + 3.2 criteria for septic shock, they re-infection, length of hospital stay,
C:60.4+3.1 were randomly assigned and length of stay in ICU
SOFA began receiving treatment
T:10.6 £0.7
C:104+0.7
Annane et al. (15)° France RCT Placebo T: 614 T:66 + 14 T: (M: 402/W:212) SAPSII Within 24 h after meeting the 28-day mortality rate, 90-day
C: 627 C:66 £ 15 C: (M: 424/W:203) | T:56 + 19 criteria for septic shock, they mortality rate, hospitalization
C:56+19 were randomly assigned and mortality rate, re-infection,
SOFA began receiving treatment gastrointestinal bleeding
T:12+3
Cl11+3
Labib et al. (22)° Egypt RCT Applying hydrocortisone | T: 22 T:61.8 £4.9 T: (M: 14/W:8) SOFA Patients who meet the inclusion | Reinfection, gastrointestinal
alone C:22 C:60.6+5.8 C: (M: 15/W: 7) T:8.59 £ 1.79 criteria (i.e., adult patients bleeding, length of stay in ICU
C:836+1.76 diagnosed with septic shock)
must be randomly assigned and
commence treatment within
24 h of diagnosis
Bosch et al. (16)* Us Retrospective | Applying hydrocortisone | T: 2,280 T:63.6 + 14.1 T: (M: 1,239/W: Elixhauser The study compared whether 28-day mortality rate; hospital
alone C: 85,995 C:66.6 + 14.1 1,041) comorbidity score fludrocortisone was added mortality rate

simultaneously on the same day
when hydrocortisone was

initiated

(Continued)
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TABLE 1 (Continued)

Country Type of

study

Control
intervention

Sample size

(T: trial/C:
control)

Patient characteristics (T: trial/C: control)

Age (year)

Sex (M:
men/W:
women)

Severity
scoring
system

Timing of treatment
initiation

Outcome indicators

7-day treatment course

John et al. (23)* Us Retrospective | Applying hydrocortisone | T: 70 T: 64.0 +12.1 T: (M: 40/W:30) SAPSII Hydrocortisone and 28-day mortality rate, 90-day
alone C:70 C:66.4 +15.1 C: (M: 34/W: 36) T:50.7 + 16.7 fludrocortisone must be mortality rate, in-hospital mortality
C:51.3+235 administered on the same day. | rate, hospital stay, ICU stay time
SOFA The time interval between the
T:12.3+4.5 two administrations should not
C:10.9+6.8 exceed 12 h; otherwise, it will
not be regarded as combined
medication
Locket al. (18)* Us Retrospective | Applying hydrocortisone | T: 114 T: 60.2 + 14.4 T: (M: 56/W:58) SAPSII All patients began using 28-day mortality rate, 90-day
alone C:137 C:586+13.4 C: (M: 82/W: 55) T:42.8+15.8 hormones after requiring mortality rate, gastrointestinal
C:44.1+127 norepinephrine (or other bleeding, in-hospital mortality rate,
SOFA vasopressor drugs) to maintain | time spent in ICU, hospital stay
T:9.4+3.7 blood pressure. For the
C:9.7£28 combined group,
fludrocortisone (FC) must be
initiated within 24 h after the
administration of
hydrocortisone
Heming et al. (24)* France RCT Placebo T: 283 T:64 + 14 T: (M: 200/W:83) SAPSII Participants were enrolled and | 28-day mortality rate, 90-day
C:279 C:65+15 C: (M: 193/W: 86) T:56 + 19 began receiving treatment mortality rate, hospitalization
C:56+18 within 24 h after meeting the mortality rate, re-infection,
SOFA criteria for “possible or gastrointestinal bleeding
T:12+3 confirmed septic shock” Once
C:12+3 enrolled, the patients undergo a

NA, not acquire; US, The United States of America; RCT, randomized controlled trial; APACHE II, Acute Physiology And Chronic Health Evaluation II; SAPS, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure Assessment; ICU, intensive care unit.

“Hydrocortisone: 50 mg, intravenous injection, once every 6 h; Fludrocortisone: 50 pg, oral administration, once a day.
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FIGURE 2
Quality evaluation of incorporated literature.

therapeutic efficacy observed in randomized settings is signifi-
cantly more robust than the effects estimated from large-scale
retrospective cohorts (Figure 3).

Visual inspection of the funnel plot and Egger’s test revealed no
(p > 0.05;
Supplementary Figures S3B,C). “Leave-one-out” sensitivity analysis

evidence  of  significant  publication  bias
confirmed the robustness of the findings; the omission of any indi-
vidual study—including the dominant Bosch (16) cohort—did not
significantly alter the pooled RR or the overall conclusion

(Supplementary Figure S3D).
Hospital mortality rate

Seven studies (15, 16, 18, 20, 21, 23, 24) reported in-hospital mor-
tality, and a total of 91,924 patients were included in the study. The
meta-analysis of four RCTs (n = 2,610) demonstrated that the combi-
nation of HC + FC significantly reduced the risk of in-hospital mortal-
ity compared with the control group [RR: 0.87; 95% CI: (0.80, 0.94);
p =0.0008]. No statistical heterogeneity was observed within this
subgroup (P = 0%; p = 0.40) (Figure 4).

In the subgroup of three observational studies (n = 88,666),
HC + FC showed a consistent but non-significant trend toward
reduced in-hospital mortality [RR: 0.95; 95% CI: (0.80, 1.13); p = 0.60].
Moderate heterogeneity was noted among these studies (I = 48%;
p = 0.15, Figure 4). As with other mortality outcomes, this subgroup
was notably influenced by the large-scale Bosch (16) cohort, which
contributed 40.6% of the total weight.

The overall pooled effect indicated a significant reduction in the
risk of in-hospital death [RR: 0.90; 95% CI: (0.84, 0.96); p = 0.002],
with low overall heterogeneity (I* = 29%; p = 0.21). The test for sub-
group differences showed no significant interaction between the RCT
and N-RCT designs (p = 0.33; I* = 0%), suggesting that the direction
of effect was uniform across both experimental and observational evi-
dence (Figure 4).

Funnel plot symmetry and Eggers test results (p > 0.05;
Supplementary Figures S4B,C) indicated no significant publication
bias for in-hospital mortality. “Leave-one-out” sensitivity analysis con-
firmed the robustness of the findings, as the pooled RR remained
stable (Supplementary Figure S4D) without being disproportionately
influenced by any single study, including the large-scale Bosch
(16) cohort.
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90-day mortality rate

Four studies (15, 18, 23, 24) reported 90-day mortality, and
involving 1,081 patients. The primary analysis of two RCTs demon-
strated that the combination therapy significantly reduced the risk of
90-day mortality [RR: 0.82; 95% CI: (0.71, 0.94); p = 0.006, Figure 5].
Moderate heterogeneity was observed within this subgroup (I* = 43%;
p =0.19), and the RCTs contributed a combined weight of 73.0% to
the overall analysis.

The secondary analysis included two observational studies. In this
subgroup, the association between HC + FC and 90-day mortality did
not reach statistical significance [RR: 0.92; 95% CI: (0.77, 1.09);
p = 0.34, Figure 5]. No statistical heterogeneity was found among
these observational findings (I* = 0%; p = 0.53).

The overall pooled effect across all four studies showed a signifi-
cant survival benefit for patients receiving HC + FC [RR: 0.85; 95%
CI: (0.78, 0.93); p = 0.0005, Figure 5], with very low overall heteroge-
neity (I* = 5%; p = 0.37). The test for subgroup differences indicated
no significant interaction between the RCT and N-RCT designs
(p=0.31; *=4.1%), suggesting that the direction of the effect
remained consistent regardless of the study design.

Visual inspection of the funnel plot and Egger’s test results yielded
no significant evidence of publication bias for 90-day mortality
(p > 0.05; Supplementary Figures S5B,C). “Leave-one-out” sensitivity
analysis confirmed the robustness of the findings, with the pooled RR
remaining stable between 0.82 and 0.86 upon sequential exclusion of
individual studies (Supplementary Figure S5D). These results indicate
that the survival benefit at 90 days is reliable and not driven by any
single study.

Safety assessment
The incidence rate of re-infection

Five RCTs (15, 20-22, 24) involving 2,654 patients reported the
incidence rate of re-infection. The pooled analysis demonstrated that
the combination of hydrocortisone and fludrocortisone did not sig-
nificantly increase the risk of secondary infections compared with the
control group [RR: 1.10; 95% CI: (0.95, 1.28); p = 0.20]. Low statistical
heterogeneity was observed among the included trials (I = 16%;
p = 0.31; Figure 6). Due to the fact that different research reports
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Testfor subaroun differences: Chi*=0.96. df=1{P=033).F=0%

FIGURE 4
Forest plot of in-hospital mortality rate.

HC+FC Control Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
1.41RCT
Annane2002 82 150 91 149 16.7% 0.890(0.74,1.09] -
Annane2018 207 614 244 627 20.2% 0.87[0.75,1.00] -
Heming2024 85 283 115 279 146% 0.73[0.58,0.91)] -
Subtotal (95% ClI) 1047 1055 51.5% 0.84 [0.76, 0.94] 4
Total events 374 450
Heterogeneity: Tau*= 0.00; Chi*=2.11,df=2 (P=0.35); F= 5%
Testfor averall effect Z=3.12 (P =0.002)
1.4.2N-RCT
Bosch2023 2089 2280 80277 85995 28.3% 0.99[0.97,1.00] L
Cheng2023 37 70 30 70 87% 1.23[0.87,1.75) ™
Lock2023 47 114 65 137 11.5% 0.87 [0.66,1.15] =
Subtotal (95% ClI) 2464 86202 48.5% 0.99 [0.91, 1.08] {
Total events 2183 80372
Heterogeneity: Tau®= 0.00; Chi*= 2.35,df=2 (P=0.31); F=15%
Testfor overall effect Z=0.27 (P=0.79)
Total (95% CI) 3511 87257 100.0% 0.91 [0.80, 1.03] 4
Total events 2557 80822
Heterogeneity: Tau®= 0.01; Chi*= 17.08, df= 5 (P = 0.004); F=71% b t t {
Test for overall effect: Z=1.51 (P=0.13) o o H+F1 c " 100
. . ontrol
Testfor subaroup differences: Chi*=516.df=1 (P=0.02). F=80.6%
FIGURE 3
Forest plot of 28-day mortality rate.
HC+FC Control Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
231RCT
Annane2002 95 150 103 149 13.3% 0.92[0.78,1.08] -
Annane2010 105 245 121 264 10.0% 0.94[0.77,1.14] -
Annane2018 239 613 284 627 18.0% 0.86 [0.75, 0.98] -
Heming2024 100 283 131 279 95% 0.75[0.62,0.92) e
Subtotal (95% CI) 1291 1319 50.7% 0.87 [0.80, 0.94] ]
Total events 539 639
Heterogeneity: Tau®= 0.00; Chi*= 2.97, df=3 (P=0.40); F= 0%
Test for overall effect: Z= 3.37 (P = 0.0008)
2.3.2NRCT
Bosch2023 896 2280 36713 85995 406% 0.92[0.87,0.97]
Cheng2023 40 70 32 70 41% 1.25[0.90,1.73)
Lock2023 42 114 61 137 46% 0.83[0.61,1.12]
Subtotal (95% CI) 2464 86202 49.3% 0.95[0.80, 1.13]
Total events 978 36806
Heterogeneity: Tau*= 0.01; Chi*=3.83,df= 2 (P=0.15); F= 48%
Test for overall effect: Z=0.53 (P = 0.60)
Total (95% CI) 3755 87521 100.0% 0.90 [0.84, 0.96] '
Total events 1517 37445
Heterogeneity: Tau®= 0.00; Chi®= 8.41, df= 6 (P = 0.21); F= 29% 0 o1 0*1 ' 1*0 100’
Test for overall effect: Z= 3.02 (P=0.002) H+F Control

describe different sites of re-infection, we conducted a further site-
specific analysis. The results showed that there was no statistically
significant difference in the incidence rates of catheter-related infec-
tions, pulmonary infections, bloodstream infections, and urinary tract
infections between the hydrocortisone combined with fludrocortisone
group and the control group (Table 2). However, it should be noted
that the clinical definitions of secondary infection varied across the
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included studies, which should be considered when interpreting these
results.

Visual inspection of the funnel plot (Supplementary Figure S6B)
and Egger’s linear regression test (Supplementary Figure S6C) revealed
no significant evidence of publication bias (p > 0.05). Additionally,
“leave-one-out” sensitivity analysis (Supplementary Figure S6D) con-
firmed the robustness of the findings, as the pooled RR remained
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statistically stable and no single study disproportionately influenced
the overall effect size.

The incidence rate of gastric and duodenal
hemorrhage

Four RCTs (15, 16, 20, 24) involving 2,145 patients provided data
on the incidence of gastric and duodenal hemorrhage. The pooled
analysis showed no significant difference in the risk of gastric and
duodenal hemorrhage between the HC + FC group and the control
group [RR: 0.92; 95% CI: (0.68, 1.25); p = 0.61, Figure 7]. Statistical
heterogeneity among the trials was very low (I*=4%; p = 0.37).
Additionally, one non-randomized study (18) reported the occurrence
of gastrointestinal bleeding; however, as it was the sole observational
study providing this endpoint, it was excluded from the meta-analysis
synthesis to maintain methodological consistency between study
designs. The single-study estimate from this N-RCT was consistent
with the overall findings of the randomized evidence, showing no sig-
nificant association between the intervention and increased bleed-
ing risk.

Publication bias for gastrointestinal bleeding was assessed using
visual inspection of the funnel plot and Egger’s test, both of which
of (p>0.05;
Supplementary Figures S7B,C). “Leave-one-out” sensitivity analysis

indicated no  significant evidence bias
(Supplementary Figure S7D) further confirmed the robustness of the
primary analysis, with the pooled RR remaining stable and its statisti-

cal significance unaffected by the exclusion of any single study.
Other indicators
Length of ICU stay

A total of four studies (18, 21-23) have examined the length of
stay in the ICU, involving 944 patients. The pooled analysis of the two

RCTs (n = 553) showed no significant difference in ICU length of stay
between the HC + FC group and the control group [MD: —0.22 days;

10.3389/fmed.2026.1755626

95% CI: (—1.03, 0.58); p = 0.58], with no observed statistical hetero-
geneity (I> = 0%; p = 0.68). Similarly, the meta-analysis of the two
N-RCTs (n = 391) indicated that the intervention did not significantly
affect the duration of ICU stay [MD: 0.40; 95% CI: (—1.00, 1.81);
p = 0.57, Figure 8], with low heterogeneity (I> = 27%; p = 0.24). The
overall pooled effect across all four studies demonstrated that the
combination of hydrocortisone and fludrocortisone did not signifi-
cantly shorten or prolong the length of ICU stay [MD: —0.05; 95% CI:
(—0.70, 0.61); p = 0.89]. No significant difference was found between
the RCT and N-RCT subgroups (p = 0.45; I* = 0%, Figure 8), suggest-
ing consistent results across different study designs.

Length of hospital stay

Two non-randomized controlled trials (N-RCTs) (18, 23) pro-
vided data on the duration of hospital stay. The pooled analysis of
these observational studies showed no significant difference in hos-
pital length of stay between patients receiving the combination
therapy and the control group [MD: 0.82; 95% CI: (—1.03, 2.66);
p=0.39, Figure 9]. No statistical heterogeneity was observed
between the included studies (I* = 0%; p = 0.36). In addition to the
observational evidence, one RCT (21) reported on the duration of
hospital stay. However, to maintain methodological rigor, this single
RCT was not pooled with the N-RCT data. The findings from this
individual trial were consistent with the observational evidence,
showing no significant impact of HC + FC on total hospital stay
duration.

Subgroup analysis by comparator type and
evidence tier

To further explore the potential survival benefit of hydrocortisone
plus fludrocortisone (HC + FC) and address the clinical uncertainty
regarding its incremental value over hydrocortisone (HC) alone, we
conducted a stratified analysis based on comparator types and study
designs (Table 3).

HC+FC Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% ClI
8.3.1RCT
Annane2018 261 614 308 627 50.2% 0.87[0.77,0.98]
Heming2024 108 283 143 279 228% 0.74 [0.62, 0.90] -
Subtotal (95% CI) 897 906 73.0% 0.82[0.71, 0.94] ¢
Total events 369 451
Heterogeneity: Tau*= 0.00; Chi*=1.74, df=1(P=0.19), F= 43%
Test for overall effect. Z=2.77 (P = 0.006)
8.3.2N-RCT
Cheng2023 47 70 49 70 16.1% 0.96[0.77,1.20] -
Lock2023 48 114 67 137 1089% 0.86 [0.65,1.13] =o;
Subtotal (95% CI) 184 207 27.0% 0.92[0.77,1.09] |
Total events 95 116
Heterogeneity: Tau*=0.00; Chi*=0.39, df=1 (P=0.53), F=0%
Test for overall effect: Z=0.96 (P = 0.34)
Total (95% ClI) 1081 1113 100.0% 0.85[0.78, 0.93] '
Total events 464 567
Heterogeneity: Tau?= 0.00; Chi*= 3.17, df= 3 (P = 0.37); F= 5% b t t {
Test for overall effect: Z= 3.47 (P = 0.0005) sl i1 HF L Control b b
Test for subaroun differences: Chi*=1.04. df=1(P=031N.F=41%
FIGURE 5
Forest plot of 90-day mortality rate.
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HC+FC Control Risk Ratio Risk Ratio

Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% ClI
Annane2002 22 150 27 149 78% 0.81[0.48,1.35] T
Annane2010 53 245 37 264 13.4% 1.54 [1.05, 2.26] =
Annane2018 191 614 178 626 456% 1.09[0.92,1.30] :
Heming2024 101 283 94 279 31.2% 1.06[0.84,1.33]
Lahib2022 5 22 B 22 2.0% 0.83[0.30,2.33] - =
Total (95% CI) 1314 1340 100.0% 1.10 [0.95, 1.28] ’
Total events 372 342
Heterogeneity: Tau®= 0.00; Chi*= 4.77, df= 4 (P = 0.31); F= 16% n o1 0=1 1:0 100:
Testfor overall effect Z=1.28 (P = 0.20) Favours [experimental] Favours [control]

FIGURE 6

Forest plot of re-infection rate.

TABLE 2 The results of the meta-analysis of the infection sites.

The number of
included studies

Infection site

Heterogeneity test

Statistical results

Study or Subgroup

Annane2002 11 150 8 149 116%
Annane2018 39 614 45 626 49.2%
Heming2024 12 283 20 279 18.4%
Lahib2022 1 22 9 22 208%

Total (95% Cl) 1069 1076 100.0%
Total events 73 82
Heterogeneity: Tau®= 0.00; Chi*= 311, df=3 {(P=0.37), F= 4%

Test for overall effect: Z=0.51 (P = 0.61)

FIGURE 7
Forest plot of the incidence rate of gastric and duodenal bleeding.

Events Total Events Total Weight M-H. Random, 95% CI

I? 95% Cl
Catheter-related infection 3 (15,20, 24) 0.98 0% 1.14 0.85, 1.51 0.39
Pulmonary infection 4 (15,20, 21, 24) 0.79 0% 1.14 1.00, 1.31 0.06
Blood infection 3(15,21,24) 0.73 0% 1.09 0.84, 1.42 0.52
Urinary tract infection 4 (15, 20, 21, 24) 0.27 24% 1.37 0.95, 1.99 0.10
RR, relative risk; 95% CI, 95% confidence interval.
HC+FC Control Risk Ratio Risk Ratio

M-H. Random, 95% CI

1.37[0.57,3.30]
0.88[0.58,1.34]

0.59[0.29,1.19]
1.22 [0.64, 2.35] —1—
0.92 [0.68, 1.25] L 4

0.01 0.1 1 10 100

Favours [experimental] Favours [control]

In the subgroup comparing HC + FC against placebo, the evi-
dence was derived solely from randomized controlled trials (RCTs).
The pooled estimates demonstrated that the 28-day mortality rate,
90-day mortality rate, and in-hospital mortality rate of patients in the
HC + FC group were lower than those of the placebo group
(p < 0.05). Heterogeneity remained low across these mortality out-
comes (I” ranging from 5 to 43%). Notably, while reinfection rates
were slightly higher in the HC + FC group (RR 1.13; p = 0.03), no
significant increase in gastrointestinal bleeding was observed
(p = 0.40).

When evaluating the incremental benefit of adding fludrocorti-
sone to hydrocortisone, the results were less definitive across different
evidence tiers. Data from 2 RCTs (n = 553) showed no significant dif-
ference in reinfection rates or ICU length of stay (p > 0.05), providing
limited causal evidence for a distinct advantage of the combination
over HC monotherapy. Analysis of retrospective cohorts showed that
HC + FC was associated with a neutral effect on 28-day, 90-day, and
hospital mortality compared to HC alone (p > 0.05). These findings
align with the RCT results but should be interpreted as associative,

Frontiers in Medicine

given the potential for residual confounding in observational designs.
Both ICU and hospital length of stay showed no significant reduction
in either RCT or N-RCT subgroups, suggesting that the combination
does not significantly accelerate clinical recovery beyond standard
steroid therapy.

Discussion

This systematic review and meta-analysis provides a comprehen-
sive evaluation of the efficacy and safety of hydrocortisone plus
fludrocortisone (HC + FC) in adult patients with septic shock. Our
primary findings indicate that compared to placebo, the HC + FC
regimen is associated with a significant reduction in 28-day, 90-day,
and in-hospital mortality, a conclusion robustly supported by high-
quality randomized controlled trials (RCTs). However, a critical
nuanced finding emerged regarding the “incremental benefit” of this
combination: when compared directly against hydrocortisone (HC)
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Mean Difference
IV. Random, 95% CI

Mean Difference
IV, Random, 95% CI

HC+FC Control
Study or Subgroup Mean _ SD Total Mean SD_Total Weight
7.31RCT
Annane2010 9.7 895 245 1023 1006 264 157%
Lahib2022 1014 1.39 22 10.27 1.7 22 50.8%
Subtotal (95% CI) 267 286 66.4%
Heterogeneity: Tau*= 0.00; Chi*=0.17, df=1 (P=0.68); F=0%
Test for overall effect: Z= 0.55 (P = 0.58)
7.3.2N-RCT
Cheng2023 6.74 7.04 70 532 6.06 70 9.0%
Lock2023 6.02 518 114 612 547 137 245%
Subtotal (95% CI) 184 207 33.6%
Heterogeneity: Tau*=0.31; Chi*=1.37,df=1 {(P=0.24), F=27%
Test for overall effect: Z=0.56 (P = 0.57)
Total (95% CI) 451 493 100.0%
Heterogeneity: Tau®= 0.00; Chi*= 2.11, df= 3 (P = 0.55); F=0%
Test for overall effect Z=0.14 (P = 0.89)
Test for subaroun differences: Chi*=0.58.df=1 (P=0.45).F=0%
FIGURE 8
Forest plot of length of stay in ICU.
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alone, no significant survival advantage or improvement in resource
utilization was observed in large-scale observational cohorts. While
the combination did not increase the risk of gastrointestinal bleeding,
it was associated with a higher rate of reinfection compared to
placebo.

Sepsis is a major global public health problem (25). Although the
understanding of sepsis continues to improve, the mortality of sepsis
remains high. Several studies (26, 27) have estimated that the mortal-
ity rate of hospitalized sepsis patients is about 30 to 50%. Septic shock
mainly causes microcirculation disturbance, tissue perfusion dysfunc-
tion, stimulates inflammatory response, increases the incidence of
multiple organ dysfunction syndrome (MODS), and thus increases the
mortality of patients (28). Although the pathogenesis of septic shock
has not yet been fully clarified, some studies have found that there is
immune cell apoptosis in sepsis and septic shock (29, 30). The thera-
peutic effect of glucocorticoids on severe infections was first proposed
in 1951. Since then, glucocorticoids have been widely known to inhibit
the inflammatory response in patients with sepsis (31) and have been
used for more than 60 years in the management of patients with severe
infections. Early studies have shown (32) that the use of large doses of
steroid hormones can significantly reduce the mortality of patients
with septic shock, which led to their widespread investigation.
However, a randomized controlled trial (11) showed that the use of
high doses of glucocorticoids increased the chance of superinfection
and subsequently increased the mortality of patients with severe sepsis
and septic shock. Studies in the 1990s showed that the application of
physiological doses of glucocorticoids could improve hemodynamic
parameters and reduce mortality (14). Therefore, contemporary clini-
cal practice has shifted towards the use of low-to-moderate doses of
glucocorticoids to balance efficacy and safety. Despite a number of
clinical studies, the use of glucocorticoids in patients with sepsis is still
controversial, and clinical guidance is still unclear.

Hydrocortisone is a glucocorticoid, which has anti-inflammatory,
anti-toxic, anti-allergic and anti-shock effects (33). Available data (34)
suggest that hydrocortisone increases tissue perfusion and helps pre-
vent ischemic injury of vital tissues and organs. However, the
ADRENAL trial (35), which compared the efficacy of a daily intrave-
nous infusion of 200 mg hydrocortisone versus placebo for 7 days in
patients with septic shock, showed no significant difference in 90-day
mortality between the two groups. With the in-depth study of
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glucocorticoid treatment in sepsis, it has been discovered that supple-
menting mineralocorticoids in patients with sepsis may bring clinical
benefits. A large clinical study (15) comparing the effects of 200 mg of
hydrocortisone and fludrocortisone per day versus placebo in patients
with severe septic shock showed a decrease in 90-day mortality in the
steroid group, as well as earlier reversal of shock and relief from
mechanical ventilation. Septic shock is usually accompanied by dys-
regulation of the renin-angiotensin-aldosterone system and impaired
mineralocorticoid activity. Fludrocortisone is a mineralocorticoid that
can enhance the vascular responsiveness to epinephrine, promote
sodium and fluid retention, and stabilize the endothelial barrier func-
tion, thereby increasing effective circulating blood volume and tissue
perfusion (36, 37). Moreover, the activation of mineralocorticoid
receptors has been shown to regulate inflammatory signal transduc-
tion and endothelial integrity, suggesting that it may have potential in
alleviating microcirculation dysfunction in the early stage of septic
shock. Consequently, the combination of hydrocortisone and fludro-
cortisone offers a mechanistically plausible strategy to address both
glucocorticoid insufficiency and mineralocorticoid dysfunction in
septic shock.

A total of eight articles were included in this study, including
five high-quality RCT studies and three retrospective studies. A
critical aspect of this meta-analysis is the rigorous differentiation
between randomized and observational evidence to prevent inap-
propriate causal inference. Our risk of bias assessment revealed that
the five included RCTs were generally of high methodological qual-
ity. However, the three retrospective observational studies inher-
ently carry a higher risk of selection and detection bias. Specifically,
as the choice to add fludrocortisone in real-world practice may be
influenced by the severity of the patient’s shock or the clinician’s
preference, which are factors not always fully captured in retrospec-
tive data. The dominance of the Bosch study (16) cohort, warrants
specific attention. While its massive sample size provides high sta-
tistical power, it also heavily influences the pooled estimates for the
N-RCT subgroup. Our stratified analysis shows that despite its
weight, the Bosch study showed a statistically neutral association
with 28-day mortality, which aligns with our RCT findings when
HC + FC was compared against HC alone. To ensure the robustness
of our conclusions and mitigate the risk of this single large cohort
skewing the results, we employed random-effects models and

frontiersin.org


https://doi.org/10.3389/fmed.2026.1755626
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Sunetal. 10.3389/fmed.2026.1755626
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Lock2023 1261 7.21 114 1222 941 137 80.4% 0.39 [-1.67, 2.45]
Total (95% CI) 184 207 100.0% 0.82 [-1.03, 2.66]

Heterogeneity: Tau®= 0.00; Chi*= 0.85, df=1 (P=0.36); F=0% T T

Test for overall effect: Z= 0.87 (P = 0.39) = i UControl 5 10

FIGURE 9
Forest plot of hospital stay time.

TABLE 3 Subgroup analysis of clinical outcomes stratified by comparator type and study design.

No. of
studies

Total
patients

Comparator 95% ClI

subgroup

Study

design

HC + FC vs. placebo RCT 28-day mortality 3 (15, 20, 24) 2,101 5% 0.84 0.76, 0.94 0.002
90-day mortality 2 (15, 24) 1,803 43% 0.82 0.71, 0.94 0.006
Hospital mortality 3(15, 20, 24) 2,101 14% 0.85 0.77,0.94 0.002
Reinfection rate 3(15, 20, 24) 2,101 15% 1.13 1.01,1.26 0.03
Gastrointestinal 3 (15,20, 24) 2,101 8% 0.86 0.60, 1.22 0.40
bleeding

HC + FC vs. HC alone RCT Reinfection rate 2(21,22) 553 17% 1.38 0.86, 2.20 0.19
Length of stay in the 2(21,22) 553 0% —0.22 —0.13,0.58 058
ICU

N-RCT 28-day mortality 3 (16, 18, 23) 88,666 15% 0.99 0.91, 1.08 0.79

90-day mortality 2(18,23) 391 0% 0.92 0.77, 1.09 0.34
Hospital mortality 3 (16, 18, 23) 88,666 48% 0.95 0.80,1.13 0.60
Length of stay in the 2(18,23) 391 27% 0.40 —1.00, 1.81 0.57
ICU
Length of hospital 2(18,23) 391 0% 0.82 —1.03, 2.66 0.39
stay

RR, relative risk; MD, mean difference; 95% CI, 95% confidence interval.

HC, hydrocortisone; FC, fludrocortisone; RCT, randomized controlled study; N-RCT, non-randomized controlled study; ICU, intensive care unit.

“leave-one-out” sensitivity analyses. These analyses confirmed that
the absence of a significant incremental benefit of fludrocortisone
over hydrocortisone alone was consistent across various datasets,
reinforcing the stability of our findings. Furthermore, the clinical
heterogeneity observed in secondary outcomes, such as the
increased reinfection rate compared to placebo, must be contextual-
ized within the varying definitions of “secondary infection” across
trials. While the combination therapy addresses both glucocorti-
coid and mineralocorticoid deficiencies, the cumulative immuno-
suppressive effect remains a concern (38). Notably, although the
increased risk of reinfection compared to placebo is statistically
significant, this did not translate into higher late-phase mortality in
the RCT subgroup. This suggests that the early hemodynamic ben-
efits of HC + FC may outweigh the infectious risks, provided that
patients are closely monitored for secondary complications.
Moreover, the mortality rate of patients with septic shock may be
affected by persistent immune dysfunction, secondary infections,
progressive organ failure, and potential comorbidities, and short-
term corticosteroid treatment may not immediately improve these
factors (39). In terms of safety, there were no statistically significant
differences in the incidence of gastroduodenal bleeding. Compared
with placebo, hydrocortisone plus fludrocortisone was associated
with a higher overall re-infection rate, whereas no difference was
observed relative to hydrocortisone alone, suggesting that this risk
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is primarily related to glucocorticoid therapy rather than mineralo-
corticoid supplementation. In addition, it is worth noting that
hydrocortisone combined with fludrocortisone did not reduce the
length of ICU stay and hospital stay in patients with septic shock.
This finding may reflect that the length of ICU stay and total hospi-
tal stay are not only influenced by hemodynamic stability but also
by the resolution of organ dysfunction, the occurrence of complica-
tions, rehabilitation needs and other factors. Hydrocortisone plus
fludrocortisone primarily exerts its benefit during the early hemo-
dynamic phase of septic shock, whereas late mortality and recovery-
related outcomes are driven by immunoparalysis, secondary
complications, and organ repair processes that are less responsive
to short-term corticosteroid supplementation. Although combined
treatment may help to reverse shock early, it is unlikely to accelerate
the recovery of established organ damage, which is the main reason
for the prolonged stay of patients in the ICU and hospital.
Furthermore, the discharge criteria of different medical institutions
vary, and the differences in the baseline disease severity and comor-
bidities of patients may also further lead to the variability of the
hospitalization duration results.

Our findings both align with and extend recent high-quality
meta-analyses (40-42) focused on corticosteroids in septic shock. For
instance, recent RCT-focused reviews (36) have consistently reported
that corticosteroids can accelerate shock reversal, yet their impact on
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mortality remains a subject of debate depending on the pooled popu-
lation. By specifically isolating the HC + FC vs. HC alone subgroup,
our study adds a crucial layer of evidence: the survival benefit
observed in major trials like APROCCHS (15) may be a result of the
overall steroid effect rather than the unique addition of fludrocorti-
sone. This distinction is critical for clinicians who may be concerned
about the logistical complexities or additional side effects of mineralo-
corticoid supplementation when hydrocortisone monotherapy is
already being administered. Furthermore, our inclusion of a massive
observational dataset (n > 88,000) provides a “real-world” mirror to
the RCT evidence. While recent RCT-only meta-analyses (41, 43) may
suggest a survival trend for combination therapy, our stratified data
show that in clinical practice settings, the incremental survival gain of
fludrocortisone remains statistically neutral. This suggests that the
physiological rationale for fludrocortisone may overlap with the inher-
ent mineralocorticoid activity of low-dose hydrocortisone.
Consequently, the incremental benefit of dual therapy might be lim-
ited to specific patient phenotypes, such as those with profound adre-
nal exhaustion, a hypothesis that remains to be confirmed by
prospective, stratified trials rather than inferred from current obser-
vational data.

This study also has some limitations. First, the number of studies
included in this paper is small, which may be because additional
fludrocortisone has not been extensively studied. In addition, three of
the included studies in this meta-analysis were from the same
researcher-led study, and the time span is relatively long. Our medical
technology and quality of care have improved significantly over the
years, and the efficacy of dual corticosteroid therapy should be further
evaluated in the course of modern treatment of sepsis. Finally, during
the safety evaluation, the types of adverse reactions analyzed were rela-
tively few. It is necessary to have long-term and large-sample adverse
reaction reports and monitoring results to confirm the results of this
study. We look forward to new research reports for further evaluation.

In conclusion, while HC + FC is associated with a clear survival
benefit compared to placebo, its incremental superiority over hydro-
cortisone alone remains statistically unproven across both random-
ized trials and large-scale real-world cohorts. This suggests a
physiological overlap between the two regimens, potentially rendering
routine fludrocortisone supplementation unnecessary for the general
septic shock population. However, these findings should be inter-
preted with caution due to the inherent risk of residual confounding
in observational data and the observed increase in reinfection risk.
Future head-to-head randomized trials are essential to identify spe-
cific patient phenotypes, such as those with refractory vasoplegia, who
may derive a true marginal benefit from dual corticosteroid therapy.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

AS: Investigation, Software, Writing - original draft. XG:
Conceptualization, Data curation, Investigation, Methodology,

Frontiers in Medicine

12

10.3389/fmed.2026.1755626

Software, Writing — original draft, Writing - review & editing. ZG:
Data curation, Methodology, Writing — original draft, Writing -
review & editing. QZ: Investigation, Supervision, Writing — review &
editing. WH: Conceptualization, Investigation, Methodology,
Supervision, Writing — original draft, Writing - review & editing.

Funding

The author(s) declared that financial support was not received for
this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Correction note

A correction has been made to this article. Details can be found
at: 10.3389/fmed.2026.1811616.

Generative Al statement

The author(s) declared that Generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2026.1755626/
full#supplementary-material

SUPPLEMENTARY TABLE 1
Detailed PubMed search strategy.

frontiersin.org


https://doi.org/10.3389/fmed.2026.1755626
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.3389/fmed.2026.1811616
https://www.frontiersin.org/articles/10.3389/fmed.2026.1755626/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2026.1755626/full#supplementary-material

Sunetal.

References

1. Fleischmann C, Scherag A, Adhikari NK, Hartog CS, Tsaganos T, Schlattmann P, et al.
Assessment of global incidence and mortality of hospital-treated sepsis. Current estimates
and limitations. Am ] Respir Crit Care Med. (2016) 193:259-72. doi: 10.1164/
rccm.201504-07810C

2. Purcarea A, Sovaila S. Sepsis, a 2020 review for the internist. Rom J Intern Med. (2020)
58:129-37. doi: 10.2478/rjim-2020-0012

3. Shankar-Hari M, Phillips GS, Levy ML, Seymour CW, Liu VX, Deutschman CS, et al.
Developing a new definition and assessing new clinical criteria for septic shock: for the
third international consensus definitions for sepsis and septic shock (sepsis-3). JAMA.
(2016) 315:775-87. doi: 10.1001/jama.2016.0289

4. Capp R, Horton CL, Takhar SS, Ginde AA, Peak DA, Zane R, et al. Predictors of
patients who present to the emergency department with sepsis and progress to septic
shock between 4 and 48 hours of emergency department arrival. Crit Care Med. (2015)
43:983-8. doi: 10.1097/ccm.0000000000000861

5. Wang HE, Kabeto MM, Gray M, Wadley VG, Muntner P, Judd SE, et al. Trajectory of
cognitive decline after Sepsis. Crit Care Med. (2021) 49:1083-94. doi: 10.1097/
CCM.0000000000004897

6. Annane D, Sharshar T. Cognitive decline after sepsis. Lancet Respir Med. (2015) 3:61-9.
doi: 10.1016/52213-2600(14)70246-2

7. Mesotten D, Vanhorebeek I, Van den Berghe G. The altered adrenal axis and treatment
with glucocorticoids during critical illness. Nat Clin Pract Endocrinol Metab. (2008)
4:496-505. doi: 10.1038/ncpendmet0921

8. Keh D, Boehnke T, Weber-Cartens S, Schulz C, Ahlers O, Bercker S, et al. Immunologic
and hemodynamic effects of “low-dose” hydrocortisone in septic shock: a double-blind,
randomized, placebo-controlled, crossover study. Am ] Respir Crit Care Med. (2003)
167:512-20. doi: 10.1164/rccm.200205-4460C

9. Annane D, Bellissant E, Sebille V, Lesieur O, Mathieu B, Raphael JC, et al. Impaired
pressor sensitivity to noradrenaline in septic shock patients with and without impaired
adrenal function reserve. Br ] Clin Pharmacol. (1998) 46:589-97. doi:
10.1046/j.1365-2125.1998.00833.x

10. Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French C, et al.
Surviving sepsis campaign: international guidelines for management of sepsis and septic
shock 2021. Crit Care Med. (2021) 49:1063-143. doi: 10.1097/CCM.0000000000005337

11. Bone RG, Fisher CJ Jr, Clemmer TP, Slotman GJ, Metz CA, Balk RA. A controlled
clinical trial of high-dose methylprednisolone in the treatment of severe sepsis and septic
shock. N Engl ] Med. (1987) 317:653-8. doi: 10.1056/nejm198709103171101

12. Bruno JJ, Dee BM, Anderegg BA, Hernandez M, Pravinkumar SE. US practitioner
opinions and prescribing practices regarding corticosteroid therapy for severe sepsis and
septic shock. J Crit Care. (2012) 27:351-61. doi: 10.1016/j.jcrc.2011.12.011

13. Raurich JM, Llompart-Pou JA, Ibafiez ], Frontera G, Pérez O, Garcia L, et al. Low-dose
steroid therapy does not affect hemodynamic response in septic shock patients. J Crit
Care. (2007) 22:324-9. doi: 10.1016/j.jcrc.2007.05.005

14. Vardas K, Ilia S, Sertedaki A, Charmandari E, Briassouli E, Goukos D, et al. Increased
glucocorticoid receptor expression in sepsis is related to heat shock proteins, cytokines,
and cortisol and is associated with increased mortality. Intensive Care Med Exp. (2017)
5:10. doi: 10.1186/s40635-017-0123-8

15. Annane D, Renault A, Brun-Buisson C, Megarbane B, Quenot JP, Siami S, et al.
Hydrocortisone plus fludrocortisone for adults with septic shock. N Engl ] Med. (2018)
378:809-18. doi: 10.1056/NEJMoal705716

16. Bosch NA, Teja B, Law AC, Pang B, Jafarzadeh SR, Walkey AJ. Comparative effectiveness
of fludrocortisone and hydrocortisone vs hydrocortisone alone among patients with septic
shock. JAMA Intern Med. (2023) 183:451-9. doi: 10.1001/jamainternmed.2023.0258

17. Cheng X, Fu Z, Liu Y, Zheng X, Hu T. Association of mortality with fludrocortisone
addition to hydrocortisone treatment among septic shock patients: a propensity score
matching analysis. Front Med. (2023) 10:1190758. doi: 10.3389/fmed.2023.1190758

18. Lock AE, Gutierrez GC, Hand EO, Barthol CA, Attridge RL. Fludrocortisone plus hydro-
cortisone versus hydrocortisone alone as adjunctive therapy in septic shock: a retrospective
cohort study. Ann Pharmacother. (2023) 57:1375-88. doi: 10.1177/10600280231164210

19. Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
PRISMA 2020 explanation and elaboration: updated guidance and exemplars for report-
ing systematic reviews. BMJ. (2021) 372:n160. doi: 10.1136/bmj.n160

20. Annane D, Sébille V, Charpentier C, Bollaert PE, Frangois B, Korach JM, et al. Effect
of treatment with low doses of hydrocortisone and fludrocortisone on mortality in
patients with septic shock. JAMA. (2002) 288:862-71. doi: 10.1001/jama.288.7.862

21. Annane D, Cariou A, Maxime V, Azoulay E, D’honneur G, Timsit JE et al.
Corticosteroid treatment and intensive insulin therapy for septic shock in adults: a ran-
domized controlled trial. JAMA. (2010) 303:341-8. doi: 10.1001/jama.2010.2

22. Labib HA, Hassan Al Kamaly AM, Wahba SS, Ammar MA. Evaluation of the role of
hydrocortisone either alone or combined with fludrocortisone in the outcome of septic
shock in adults. Ain Shams ] Anesthesiol. (2022) 14:60. doi: 10.1186/s42077-022-00259-6

23. John KE, Kirkpatrick MM, Aytoda PH, Elefritz JL, Palettas M, Rosales BN, et al. The
effect of hydrocortisone versus hydrocortisone plus fludrocortisone on duration of shock:

Frontiers in Medicine

13

10.3389/fmed.2026.1755626

a propensity score-weighted analysis. Int J Crit Illn Inj Sci. (2024) 14:79-85. doi: 10.4103/
ijciis.ijciis

24. Heming N, Renault A, Kuperminc E, Brun-Buisson C, Megarbane B, Quenot JP, et al.
Hydrocortisone plus fludrocortisone for community acquired pneumonia-related septic

shock: a subgroup analysis of the APROCCHSS phase 3 randomised trial. Lancet Respir
Med. (2024) 12:366-74. doi: 10.1016/52213-2600(23)00430-7

25. Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR, et al. Global,
regional, and national sepsis incidence and mortality, 1990-2017: analysis for the Global
Burden of Disease Study. Lancet. (2020) 395:200-11. doi: 10.1016/s0140-6736(19)32989-7

26. Rhee C, Jones TM, Hamad Y, Pande A, Varon J, O'Brien C, et al. Prevalence, underly-
ing causes, and preventability of sepsis-associated mortality in US acute care hospitals.
JAMA Netw Open. (2019) 2:¢187571. doi: 10.1001/jamanetworkopen.2018.7571

27. Liu 'V, Escobar GJ, Greene JD, Soule ], Whippy A, Angus DC, et al. Hospital deaths in
patients with sepsis from 2 independent cohorts. JAMA. (2014) 312:90-2. doi: 10.1001/
jama.2014.5804

28. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al.
The third international consensus definitions for Sepsis and septic shock (Sepsis-3).
JAMA. (2016) 315:801-10. doi: 10.1001/jama.2016.0287

29. Cao C, Yu M, Chai Y. Pathological alteration and therapeutic implications of sepsis-
induced immune cell apoptosis. Cell Death Dis. (2019) 10:782. doi: 10.1038/
541419-019-2015-1

30. Cheng Z, Abrams ST, Toh J, Wang SS, Wang Z, Yu Q, et al. The critical roles and
mechanisms of immune cell death in sepsis. Front Immunol. (2020) 11:1918. doi: 10.3389/
fimmu.2020.01918

31. Dendoncker K, Libert C. Glucocorticoid resistance as a major drive in sepsis pathol-
ogy. Cytokine Growth Factor Rev. (2017) 35:85-96. doi: 10.1016/j.cytogfr.2017.04.002

32. Schumer W. Steroids in the treatment of clinical septic shock. Ann Surg. (1976)
184:333-41. doi: 10.1097/00000658-197609000-00011

33. Nguyen HB, Rivers EP, Abrahamian FM, Moran GJ, Abraham E, Trzeciak S, et al.
Severe sepsis and septic shock: review of the literature and emergency department
management guidelines. Ann Emerg Med. (2006) 48:28-54. doi: 10.1016/j.
annemergmed.2006.02.015

34. Noori S, Friedlich P, Wong P, Ebrahimi M, Siassi B, Seri I. Hemodynamic changes
after low-dosage hydrocortisone administration in vasopressor-treated preterm and term
neonates. Pediatrics. (2006) 118:1456-66. doi: 10.1542/peds.2006-0661

35. Venkatesh B, Finfer S, Cohen J, Rajbhandari D, Arabi Y, Bellomo R, et al. Adjunctive
glucocorticoid therapy in patients with septic shock. N Engl ] Med. (2018) 378:797-808.
doi: 10.1056/NEJMoal705835

36. Matthay MA, Dahabreh IJ, Thompson BT. Should we add fludrocortisone to hydro-
cortisone for treatment of septic shock? JAMA Intern Med. (2023) 183:460-1. doi:
10.1001/jamainternmed.2023.0257

37. Ranzani O, Annane D, Singer M. Fludrocortisone with hydrocortisone in sepsis: new
evidence in an ongoing debate. Intensive Care Med. (2024) 50:2138-40. doi: 10.1007/
s00134-024-07699-8

38. Laviolle B, Annane D, Fougerou C, Bellissant E. Gluco- and mineralocorticoid
biological effects of a 7-day treatment with low doses of hydrocortisone and fludro-
cortisone in septic shock. Intensive Care Med. (2012) 38:1306-14. doi: 10.1007/
s00134-012-2585-1

39. Fadel E, André-Grégoire G, Gravez B, Bauvois B, Bouchet S, Sierra-Ramos C,
et al. Aldosterone and vascular mineralocorticoid receptors in murine endotoxic
and human septic shock. Crit Care Med. (2017) 45:€954-62. doi: 10.1097/
¢cm.0000000000002462

40. Wu JY, Liu MY, Liu TH, Huang PY, Restinia M, Hsu WH, et al. Effect of hydro-
cortisone-fludrocortisone combination on mortality in septic shock: a systematic
review and meta-analysis. Infection. (2025) 53:553-60. doi: 10.1007/
$15010-024-02381-z

41. Teja B, Berube M, Pereira TV, Law AC, Schanock C, Pang B, et al.
Effectiveness of fludrocortisone plus hydrocortisone versus hydrocortisone alone
in septic shock: a systematic review and network Meta-analysis of randomized
controlled trials. Am J Respir Crit Care Med. (2024) 209:1219-28. doi: 10.1164/
rccm.202310-17850C

42. Lai PC, Lai CH, Lai EC, Huang YT. Do we need to administer fludrocortisone in
addition to hydrocortisone in adult patients with septic shock? An updated systematic
review with Bayesian network meta-analysis of randomized controlled trials and an
observational study with target trial emulation. Crit Care Med. (2024) 52:¢193-202. doi:
10.1097/CCM.0000000000006161

43. Yamamoto R, Nahara I, Toyosaki M, Fukuda T, Masuda Y, Fujishima S.
Hydrocortisone with fludrocortisone for septic shock: a systematic review and meta-
analysis. Acute Med Surg. (2020) 7:¢563. doi: 10.1002/ams2.563

44. Wan X, Wang W, Liu ], Tong T. Estimating the sample mean and standard deviation
from the sample size, median, range and/or interquartile range. BMC Med Res Methodol.
(2014) 14:135. doi: 10.1186/1471-2288-14-135

frontiersin.org


https://doi.org/10.3389/fmed.2026.1755626
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1164/rccm.201504-0781OC
https://doi.org/10.1164/rccm.201504-0781OC
https://doi.org/10.2478/rjim-2020-0012
https://doi.org/10.1001/jama.2016.0289
https://doi.org/10.1097/ccm.0000000000000861
https://doi.org/10.1097/CCM.0000000000004897
https://doi.org/10.1097/CCM.0000000000004897
https://doi.org/10.1016/S2213-2600(14)70246-2
https://doi.org/10.1038/ncpendmet0921
https://doi.org/10.1164/rccm.200205-446OC
https://doi.org/10.1046/j.1365-2125.1998.00833.x
https://doi.org/10.1097/CCM.0000000000005337
https://doi.org/10.1056/nejm198709103171101
https://doi.org/10.1016/j.jcrc.2011.12.011
https://doi.org/10.1016/j.jcrc.2007.05.005
https://doi.org/10.1186/s40635-017-0123-8
https://doi.org/10.1056/NEJMoa1705716
https://doi.org/10.1001/jamainternmed.2023.0258
https://doi.org/10.3389/fmed.2023.1190758
https://doi.org/10.1177/10600280231164210
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1001/jama.288.7.862
https://doi.org/10.1001/jama.2010.2
https://doi.org/10.1186/s42077-022-00259-6
https://doi.org/10.4103/ijciis.ijciis
https://doi.org/10.4103/ijciis.ijciis
https://doi.org/10.1016/S2213-2600(23)00430-7
https://doi.org/10.1016/s0140-6736(19)32989-7
https://doi.org/10.1001/jamanetworkopen.2018.7571
https://doi.org/10.1001/jama.2014.5804
https://doi.org/10.1001/jama.2014.5804
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1038/s41419-019-2015-1
https://doi.org/10.1038/s41419-019-2015-1
https://doi.org/10.3389/fimmu.2020.01918
https://doi.org/10.3389/fimmu.2020.01918
https://doi.org/10.1016/j.cytogfr.2017.04.002
https://doi.org/10.1097/00000658-197609000-00011
https://doi.org/10.1016/j.annemergmed.2006.02.015
https://doi.org/10.1016/j.annemergmed.2006.02.015
https://doi.org/10.1542/peds.2006-0661
https://doi.org/10.1056/NEJMoa1705835
https://doi.org/10.1001/jamainternmed.2023.0257
https://doi.org/10.1007/s00134-024-07699-8
https://doi.org/10.1007/s00134-024-07699-8
https://doi.org/10.1007/s00134-012-2585-1
https://doi.org/10.1007/s00134-012-2585-1
https://doi.org/10.1097/ccm.0000000000002462
https://doi.org/10.1097/ccm.0000000000002462
https://doi.org/10.1007/s15010-024-02381-z
https://doi.org/10.1007/s15010-024-02381-z
https://doi.org/10.1164/rccm.202310-1785OC
https://doi.org/10.1164/rccm.202310-1785OC
https://doi.org/10.1097/CCM.0000000000006161
https://doi.org/10.1002/ams2.563
https://doi.org/10.1186/1471-2288-14-135

	Hydrocortisone combined with fludrocortisone for treatment of adults with septic shock: an updated meta-analysis and systematic review
	Introduction
	Methods
	Protocol and registration
	Eligibility criteria
	Information sources
	Study selection
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Study selection and study characteristics
	Effect evaluation
	28-day mortality rate
	Hospital mortality rate
	90-day mortality rate
	Safety assessment
	The incidence rate of re-infection
	The incidence rate of gastric and duodenal hemorrhage
	Other indicators
	Length of ICU stay
	Length of hospital stay
	Subgroup analysis by comparator type and evidence tier

	Discussion

	References

