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Background: Septic shock is the most severe cardiovascular manifestation of sepsis and
remains associated with substantial morbidity and mortality despite advances in an-
timicrobial therapy, hemodynamic resuscitation, organ support, and critical care. Corti-
costeroids have been investigated for decades as adjunctive therapy because of their
potential to modulate the dysregulated inflammatory response, restore vascular respon-
siveness to catecholamines, and compensate for abnormalities of the hypothalamic-pi-
tuitary-adrenal axis occurring during critical illness. Nevertheless, uncertainty remains
regarding their effect on mortality, the optimal corticosteroid regimen, the role of min-
eralocorticoid supplementation, and the ideal timing of treatment. Objective: To criti-
cally review the current evidence regarding the use of corticosteroids in adult patients
with septic shock, with particular emphasis on physiological mechanisms, clinical out-
comes, corticosteroid selection and dosing, the role of fludrocortisone, adverse effects,
timing of initiation, and current guideline recommendations. Methods: An updated
structured literature review was performed based on the original review and supple-
mented with contemporary evidence through 2026. PubMed/MEDLINE-indexed ran-
domized controlled trials, systematic reviews, meta analyses, clinical practice
guidelines, and major contemporary reviews were considered. Particular emphasis was
placed on Sepsis-3 definitions, the ADRENAL and APROCCHSS randomized trials,
patient level meta analyses, dose-response analyses, and the 2024 Society of Critical
Care Medicine focused guideline update. Results: Current evidence supports the use of
intravenous corticosteroids in adults with septic shock who continue to require vaso-
pressor therapy despite adequate initial resuscitation. Hydrocortisone at approximately
200 mg/day remains the most widely supported regimen. Corticosteroids consistently
accelerate shock reversal and reduce vasopressor exposure, whereas their effect on
mortality is less consistent.
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ADRENAL demonstrated no significant reduction in 90 day
mortality with hydrocortisone alone, whereas APROCCHSS
demonstrated lower 90 day mortality with hydrocortisone
plus fludrocortisone. Subsequent patient-level and network
meta analyses suggest that any mortality benefit may be
more evident when hydrocortisone is combined with fludro-
cortisone, although direct evidence comparing combination
therapy with hydrocortisone alone remains limited. Hyper-
glycemia, hypernatremia, and neuromuscular weakness are
clinically relevant adverse effects. High dose, short duration
corticosteroid regimens are not recommended. Conclusions:
Corticosteroids should not be considered routine therapy for
all patients with sepsis. Their principal contemporary indi-
cation is persistent vasopressor dependent septic shock de-
spite adequate resuscitation. Hydrocortisone 200 mg/day,
administered intravenously as either intermittent doses or
continuous infusion, represents the most established ap-
proach. The principal demonstrated benefit is more rapid
shock reversal rather than a consistently proven mortality
reduction. The additional use of fludrocortisone remains
biologically plausible and supported by important trial and
meta-analytic evidence, but uncertainty persists regarding its
incremental benefit. Treatment should therefore be individ-
ualized according to the severity and trajectory of shock,
competing indications, and potential adverse effects.

INTRODUCTION

Sepsis is a life threatening syndrome caused by a dys-
regulated host response to infection resulting in organ
dysfunction. Septic shock represents a particularly
severe phenotype characterized by profound circula-
tory and cellular/metabolic abnormalities and carries a
substantially higher risk of death than sepsis without
shock. The global burden of sepsis remains consider-
able. A recent Global Burden of Disease analysis esti-
mated approximately 166 million sepsis cases and 21.4
million sepsis related deaths worldwide in 2021, em-
phasizing that sepsis continues to represent a major
global health problem. '

The conceptual framework for sepsis has changed
substantially over the last decade. The Sepsis-3 con-
sensus abandoned the previous distinction between
“severe sepsis” and sepsis and defined sepsis according
to infection-associated organ dysfunction. Septic shock
is identified clinically by the requirement for vaso-
pressors to maintain a mean arterial pressure of at least
65 mmHg together with a serum lactate concentration
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greater than 2 mmol/L despite adequate volume resus-
citation. >

Management of septic shock is based on early recog-
nition, source control, appropriate antimicrobial ther-
apy, hemodynamic resuscitation, vasopressor support,
and organc supportive strategies. Norepinephrine re-
mains the preferred first-line vasopressor in most
adults. However, a subgroup of patients develops per-
sistent vasopressor-dependent shock despite appropri-
ate initial management. This persistent state of
circulatory failure has generated considerable interest
in adjunctive corticosteroid therapy. *

Corticosteroids have been investigated in septic shock
for more than half a century. Their proposed therapeu-
tic effects extend beyond classical anti-inflammatory
activity. Glucocorticoids can modulate transcriptional
responses to inflammatory stimuli, influence endothe-
lial and vascular function, restore vascular responsive-
interact with the
hypothalamic-pituitary-adrenal axis. These effects
provide a physiological rationale for their use during
refractory septic shock. *°

ness to catecholamines, and

However, corticosteroid therapy remains controversial.
Although randomized trials consistently demonstrate
more rapid reversal of shock, mortality results have
varied substantially. The ADRENAL trial did not
demonstrate a significant mortality reduction with
hydrocortisone alone, whereas the APROCCHSS trial
reported significantly lower 90-day mortality with
hydrocortisone plus fludrocortisone. "* Subsequent
systematic reviews have therefore focused increasingly
on treatment heterogeneity, corticosteroid dose, dura-
tion, timing, mineralocorticoid activity, and patient
selection.

The purpose of this review is to provide an updated and
clinically oriented synthesis of the evidence regarding
corticosteroid therapy in septic shock, integrating the
physiological rationale with contemporary randomized
trials, meta-analyses, and guideline recommendations.

METHODS

Study design

This manuscript represents an updated structured liter-
ature review based on the original review of
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corticosteroid therapy in severe sepsis and septic shock.
The original manuscript searched PubMed/MEDLINE,
Web of Knowledge, and Scopus between October and
November 2021 using combinations of “severe sepsis,”
“septic shock,” “corticosteroids,” and “mortality,” with
an approximately 20 year publication window.

For the present update, the evidence base was expanded
to incorporate contemporary randomized controlled
trials, systematic reviews, meta-analyses, international
clinical practice guidelines, and major reviews pub-
lished through 2026. Particular emphasis was placed on
studies evaluating intravenous hydrocortisone, hydro-
cortisone plus fludrocortisone, mortality, shock rever-
sal, vasopressor-free days, adverse events, dose-
response relationships, and timing of treatment.

Because the objective of the present manuscript was to
provide a clinically focused evidence synthesis rather
than to generate a new pooled effect estimate, it was
structured as a narrative review with a structured liter-
ature search rather than as a de novo PRISMA sys-
tematic review.

Evidence selection

Priority was given to:
1. Randomized controlled trials.
2. Patient level meta analysis.

3. Systematic reviews and conventional or network
meta-analyses.

4. International evidence-based clinical practice
guidelines.

5. Contemporary mechanistic and critical-care re-
views.

Historical studies were retained when they were fun-
damental to understanding the development of corti-
costeroid therapy in septic shock.

Physiological rationale and mechanisms of action

The biological rationale for corticosteroid therapy in
septic shock involves several interconnected mecha-
nisms. During severe infection, activation of the hy-
pothalamic-pituitary-adrenal axis results in increased
cortisol production, while inflammatory mediators can
simultaneously alter cortisol metabolism, receptor
expression, and tissue responsiveness. Consequently,
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the presence of an apparently normal or even elevated
serum cortisol concentration does not necessarily indi-
cate adequate glucocorticoid activity at the tissue level.
This phenomenon has contributed to the concept of
critical illness related corticosteroid insufficiency
(CIRCI), which refers to inadequate corticosteroid
activity for the severity of the patient's illness rather
than simply an absolute deficiency of cortisol. **

Glucocorticoids regulate inflammation through ge-
nomic and nongenomic mechanisms. Following acti-
vation of the glucocorticoid receptor, the receptor-
ligand complex translocates to the nucleus and modi-
fies transcription of multiple genes involved in in-
flammatory signaling. Corticosteroids  suppress
excessive activation of transcription factors such as
nuclear factor kappa B and activator protein-1, thereby
reducing the expression of several proinflammatory
mediators. At the same time, glucocorticoids influence
leukocyte trafficking, endothelial function, vascular
permeability, and immune-cell activity. These effects
should be interpreted as immunomodulation rather than
complete suppression of host defenses. >’

The cardiovascular effects of hydrocortisone are par-
ticularly relevant in septic shock. Corticosteroids in-
crease vascular responsiveness to endogenous and
exogenous catecholamines, promote restoration of
vascular tone, and may facilitate recovery from vaso-
plegia. They also influence endothelial function and the
expression of adrenergic receptors. These mechanisms
provide a physiological explanation for the consistent
observation across clinical trials that corticosteroid
therapy can accelerate reversal of shock and reduce the
duration or dose of vasopressor therapy, even when an
effect on mortality is not demonstrated. **

Clinical evidence

The evidence supporting corticosteroids in septic shock
has evolved considerably. Early randomized trials
evaluated very high doses of methylprednisolone or
dexamethasone administered for short periods, with
inconsistent results and concerns regarding infectious
complications. Subsequent investigations shifted to-
ward lower doses of hydrocortisone administered over
several days. The landmark study by Annane et al. in
2002 evaluated hydrocortisone combined with

3958 | Page



Maria Ochoa Elles, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 10, 3956-3963 | Research

fludrocortisone in patients with vasopressor dependent
septic shock and demonstrated a mortality benefit,
particularly among patients with an inadequate re-
sponse to corticotropin. * These findings contributed
substantially to the adoption of low dose corticosteroid
therapy in refractory septic shock.

The CORTICUS trial, published in 2008, provided an
important counterpoint. In a broader population of
patients with septic shock, hydrocortisone accelerated
shock reversal but did not significantly reduce 28 day
mortality. The study also failed to demonstrate that
corticotropin responsiveness could reliably identify
patients who would benefit from hydrocortisone. These
findings weakened the concept that corticosteroid
therapy should be restricted according to the results of
an adrenocorticotropic hormone stimulation test and
reinforced the importance of clinical hemodynamic
criteria when considering treatment. °

Two large randomized trials published in 2018 further
defined the role of corticosteroids. The ADRENAL
trial evaluated continuous hydrocortisone at a dose of
200 mg per day for up to seven days in mechanically
ventilated patients with septic shock. Hydrocortisone
did not significantly reduce 90 day mortality, but it was
associated with faster resolution of shock, shorter du-
ration of mechanical ventilation, and reduced ICU
length of stay. '° In contrast, the APROCCHSS trial
evaluated hydrocortisone combined with fludrocorti-
sone and demonstrated a significant reduction in 90 day
mortality, together with increased numbers of vaso-
pressor free and organ failure free days. '' The different
mortality  results between = ADRENAL  and
APROCCHSS have generated considerable discussion
regarding patient selection, corticosteroid regimen,
mineralocorticoid activity, timing, and severity of
shock.

Subsequent systematic reviews and individual-patient-
data analyses have generally supported a more nuanced
interpretation. The most reproducible benefit of corti-
costeroids is improvement in hemodynamic recovery,
particularly earlier shock reversal and reduced expo-
sure to vasopressors. Mortality effects are less consis-
tent but may be favorable in selected populations. A
patient level meta analysis published in 2023 evaluated
individual data from randomized trials of low dose
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hydrocortisone in adults with septic shock and rein-
forced the importance of considering treatment effects
across clinically relevant subgroups rather than inter-
preting corticosteroid therapy as uniformly beneficial
or harmful. '* Overall, the evidence does not support
the concept that corticosteroids are a universal mortal-
ity reducing therapy for all patients with septic shock,
but it does support their role as an adjunctive treatment
for persistent vasopressor-dependent shock.

Current clinical application

The contemporary indication for corticosteroids is
therefore primarily hemodynamic rather than bio-
chemical. Current international recommendations sup-
port the use of intravenous corticosteroids in patients
with septic shock who continue to require vasopressor
therapy despite adequate fluid resuscitation and appro-
priate management of the underlying infection. The
2024 focused update from the Society of Critical Care
Medicine conditionally recommends corticosteroids
for septic shock and specifically recommends against
high dose, short duration corticosteroid regimens. * The
usual regimen is hydrocortisone 200 mg per day, ad-
ministered either as a continuous intravenous infusion
or as 50 mg intravenously every six hours. The optimal
duration and tapering strategy remain less clearly es-
tablished, and treatment should be individualized ac-
cording to clinical response and the persistence of
vasopressor requirements.

An important practical point is that corticosteroids
should not replace fundamental management of septic
shock. They are adjunctive therapy and should be con-
sidered only after appropriate antimicrobial treatment,
source control, hemodynamic assessment, and ade-
quate resuscitation have been initiated. Their use is
most rational when vasoplegia persists and the patient
remains dependent on vasopressors. Conversely, rou-
tine administration to patients with sepsis who are
hemodynamically stable or whose shock rapidly re-
solves with fluids and vasopressors is not supported by
current evidence. Corticotropin stimulation testing is
also not routinely recommended to determine which
patients should receive corticosteroids because its
ability to guide treatment has not been demonstrated
convincingly. *’
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The addition of fludrocortisone remains an area of
uncertainty. APROCCHSS demonstrated a mortality
benefit with hydrocortisone plus fludrocortisone,
whereas ADRENAL demonstrated no mortality benefit
with hydrocortisone alone. Nevertheless, the difference
between these trials cannot be attributed exclusively to
the presence of fludrocortisone because the popula-
tions, treatment protocols, and other methodological
characteristics differed. Consequently, contemporary
guidelines do not establish that fludrocortisone must
routinely be added to hydrocortisone in every patient
with septic shock. *'*!!

Adverse effects and safety

The potential adverse effects of corticosteroids should
be incorporated into the decision to initiate therapy.
Hyperglycemia is common and generally requires
closer glucose monitoring and adjustment of insulin
therapy. Hypernatremia and fluid retention may occur
because of mineralocorticoid activity, while prolonged
corticosteroid exposure can contribute to neuromuscu-
lar weakness. The concern regarding secondary infec-
tions remains clinically relevant, although
contemporary trials using low-dose hydrocortisone
have not consistently demonstrated a major increase in
serious infectious complications. The risk-benefit bal-
ance therefore differs substantially from that associated
with the historical use of very high dose corticos-
teroids. '

DISCUSSION

The role of corticosteroids in septic shock has evolved
from the use of high-dose, short-course regimens to-
ward a more selective strategy based on low-dose hy-
drocortisone in patients with persistent vasopressor
dependent shock. This evolution is important because
the available evidence cannot be interpreted as
demonstrating a universal mortality benefit from corti-
costeroids in sepsis. Instead, the most consistent find-
ing across clinical trials is an improvement in
hemodynamic recovery, with faster reversal of shock
and reduced duration or intensity of vasopressor ther-
apy. The discrepancy between these effects and the less
consistent mortality results reflects the complexity of
septic shock, in which outcome is determined not only
by the inflammatory response but also by the severity
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and duration of organ dysfunction, infection control,
source control, comorbidities, and the timing and ade-

quacy of supportive treatment. >*'>'4

The differences between the major randomized clinical
trials illustrate this complexity. The study by Annane et
al. demonstrated a mortality benefit with hydrocorti-
sone combined with fludrocortisone in patients with
vasopressor-dependent septic shock, whereas the
CORTICUS trial demonstrated faster shock reversal
without a significant reduction in mortality. ** These
apparently contradictory findings should not be inter-
preted as evidence that one trial invalidated the other.
The studies differed in patient selection, severity of
illness, timing of enrollment, baseline mortality, and
treatment protocols. Patients included in CORTICUS
generally had lower severity and mortality risk than
those enrolled in earlier trials, which may have reduced
the potential absolute benefit of corticosteroid therapy.
In addition, the use of fludrocortisone in the Annane
regimen may have contributed to the observed effect,
although the available evidence does not allow the
mortality difference between trials to be attributed
exclusively to mineralocorticoid supplementation.

The ADRENAL and APROCCHSS trials subsequently
provided the most important contemporary evidence
regarding corticosteroid therapy. ADRENAL, which
evaluated continuous hydrocortisone at 200 mg per
day, did not demonstrate a significant reduction in 90
day mortality, but it did demonstrate faster resolution
of shock and reductions in several measures of critical
care resource use. APROCCHSS, in contrast, demon-
strated a significant mortality reduction with hydro-
cortisone plus fludrocortisone and also showed
improvement in vasopressor free and organ failure free
days. """ These findings suggest that corticosteroids
have a reproducible physiological effect on circulatory
dysfunction, while their influence on survival is more
heterogeneous. The mortality signal may therefore
depend on the characteristics of the population treated,
the severity of shock, the corticosteroid regimen, and
potentially the presence of a subgroup with greater
dependence on endogenous glucocorticoid activity.

The distinction between shock reversal and mortality is
clinically relevant. Septic shock is a dynamic syn-
drome, and prolonged exposure to vasopressors is
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associated with persistent vascular dysfunction and
progressive organ injury. By increasing vascular re-
sponsiveness to catecholamines and restoring compo-
nents of the stress response, hydrocortisone may
facilitate earlier hemodynamic stabilization. However,
successful reversal of vasopressor dependence does not
necessarily translate into survival if irreversible organ
dysfunction, uncontrolled infection, or other compli-
cations have already developed. Therefore, the absence
of a consistent mortality benefit should not be inter-
preted as evidence that corticosteroids lack clinically
meaningful effects. Rather, their strongest and most
reproducible therapeutic effect appears to be the accel-
eration of cardiovascular recovery. *'*!*

Another important consideration is the concept of crit-
ical illness-related corticosteroid insufficiency. During
severe sepsis, cortisol concentrations, cortisol metabo-
lism, corticosteroid receptor signaling, and tissue re-
sponsiveness may all be altered. *° Consequently, a
single serum cortisol concentration does not necessar-
ily reflect the functional adequacy of glucocorticoid
activity. This explains, at least in part, why attempts to
use corticotropin stimulation testing as a routine
method for selecting patients have not produced a suf-
ficiently reliable strategy. The available clinical evi-
dence therefore favors a pragmatic approach in which
persistent vasopressor dependence is more important
than an isolated endocrine measurement when deciding
whether to initiate hydrocortisone. **°

The timing of therapy is also relevant. Corticosteroids
should not be administered indiscriminately at the time
of sepsis recognition, because many patients respond
adequately to antimicrobial therapy, source control,
fluids, and vasopressors alone. Their potential benefit
becomes more clinically relevant when shock persists
despite appropriate initial management. This approach
is consistent with contemporary recommendations and
avoids unnecessary exposure in patients who do not
have sustained vasopressor-dependent circulatory fail-
ure. > At the same time, once the clinical indication has
been established, prolonged delay in initiating therapy
may be undesirable because persistent vasoplegia and
prolonged catecholamine exposure may contribute to
ongoing organ dysfunction.
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The dose and duration of corticosteroid therapy are
equally  important.  Historical studies
supraphysiological doses produced unfavorable results
and raised concerns about immunosuppression and
infectious complications. In contrast, contemporary
evidence has focused primarily on approximately 200
mg per day of hydrocortisone,
administered continuously or in divided doses. *'*'*
The distinction between these approaches is
fundamental. The objective of current therapy is not to
suppress the immune system maximally, but to provide
glucocorticoid activity sufficient to modulate the
dysregulated inflammatory and cardiovascular
response associated with severe shock. High-dose,

using

Intravenous

short-duration corticosteroid therapy should therefore
not be considered equivalent to the low-dose regimens
supported by current evidence. *

The addition of fludrocortisone remains a relevant but
unresolved question. The favorable results observed in
APROCCHSS suggest that combined glucocorticoid
and mineralocorticoid activity may provide additional
benefit in selected patients, particularly given the po-
tential role of aldosterone sensitive mechanisms in
vascular tone and sodium homeostasis. However, the
absence of a mortality benefit with hydrocortisone
alone in ADRENAL does not establish that fludrocor-
tisone is indispensable, because the two trials differed
in several important clinical and methodological char-
acteristics. ''" Consequently, current evidence sup-
ports hydrocortisone as the core therapy while leaving
the routine addition of fludrocortisone open to clinical
judgment and institutional practice.

Safety is another essential component of the discussion.
Corticosteroid therapy can produce hyperglycemia,
hypernatremia, fluid retention, and neuromuscular
weakness, particularly with prolonged exposure. Con-
cerns about secondary infection are also biologically
plausible because glucocorticoids modify immune
responses. Nevertheless, contemporary randomized
trials using low dose regimens have not demonstrated a
consistent major increase in serious infectious compli-
cations sufficient to outweigh their hemodynamic ben-
efits in patients with persistent septic shock. *'* This
supports a risk-benefit assessment based on the severity
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of circulatory failure rather than an assumption that
corticosteroids are inherently unsafe in infection.

The available meta-analyses further reinforce this in-
terpretation. Overall, corticosteroids are associated
with greater likelihood of shock reversal and shorter
exposure to vasopressors, while the magnitude and
consistency of mortality reduction remain uncertain. "
' The heterogeneity between studies is clinically
meaningful and may explain why recommendations
have progressively shifted from considering corticos-
teroids as a potential universal therapy toward recom-
mending them specifically for patients with ongoing
vasopressor requirements. In this context, the most
appropriate interpretation of the literature is not that
corticosteroids either "work" or "do not work" in septic
shock, but rather that their benefit depends on the clin-
ical phenotype, disease severity, timing, dose, and
regimen used.

Taken together, current evidence supports a selective
and physiologically oriented approach to corticosteroid
therapy. Hydrocortisone should be considered when
septic shock remains refractory to appropriate fluid
resuscitation and vasopressor therapy, particularly
when persistent vasoplegia represents the predominant
hemodynamic problem. Its principal expected benefit
is more rapid cardiovascular stabilization and reduction
in vasopressor dependence, whereas a survival advan-
tage cannot be guaranteed for every patient. This dis-
tinction is important for clinical decision-making and
for communicating realistic treatment expectations.
Corticosteroids should therefore be viewed as an ad-
junct to, and not a substitute for, early antimicrobial
therapy, source control, appropriate fluid management,

vasopressors, and organ support. 31

Finally, an important limitation of the current evidence
is the difficulty of identifying prospectively which
patients are most likely to derive a mortality benefit
from corticosteroids. Future research should focus on
clinically and biologically defined phenotypes of septic
shock, including markers of glucocorticoid respon-
siveness, endothelial dysfunction, vasoplegia, and al-
terations in corticosteroid metabolism. A more
individualized approach may ultimately allow corti-
costeroid therapy to be targeted toward patients in
whom the pathophysiological mechanisms are most
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likely to be corticosteroid-responsive. Until such evi-
dence becomes available, the strongest justification for
treatment remains persistent vasopressor-dependent
septic shock after appropriate initial management, us-
ing low dose hydrocortisone rather than high-dose
corticosteroid regimens.

CONCLUSION

Corticosteroids have an established but selective role in
the management of septic shock. Current evidence does
not support their routine administration to all patients
with sepsis or to patients whose shock responds ade-
quately to fluids and vasopressors. Their principal
indication is persistent vasopressor-dependent septic
shock despite appropriate initial resuscitation and
treatment of the underlying infection. Low-dose intra-
venous hydrocortisone, generally 200 mg per day, is
the regimen best supported by contemporary evidence
and guidelines. Although corticosteroids consistently
accelerate shock reversal and reduce vasopressor re-
quirements, their effect on mortality remains less de-
finitive. Therefore, corticosteroid therapy should be
regarded as an adjunct to, rather than a substitute for,
timely antimicrobial therapy, source control, fluid
management, vasopressor support, and comprehensive
organ support.
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