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Purpose of review

This review aims to provide a summary of recent updates in resuscitation and vasopressor strategies for
septic shock, as well as advancements in precision therapy.

Recent findings

Septic shock results from a dysregulated host response to infection and remains a significant cause of global
morbidity and mortality. While standard care of septic shock remains protocolized due to improved
outcomes with timely antibiotic and fluid administration, recent data have informed a more nuanced,
individualized approach to sepsis management. Increasing evidence suggests that septic shock results from
dynamic phases of immune dysregulation that may provide targets for precision therapy and data from
large clinical trials have informed a complementary approach to fluid and vasopressor administration, rather
than a fixed, fluid-centric approach. Results additionally suggest improved outcomes with integration of
multimodal perfusion targets, as well as an individualized approach to invasive hemodynamic monitoring
and endpoints of resuscitation, such as capillary refill time and mean arterial perfusion pressure targets.

Summary

Recent clinical trial data have enhanced physiology-driven septic shock management and demonstrated
improved outcomes. Future studies will aim to further understanding of individual sepsis phenotypes and use
of precision therapies.
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INTRODUCTION
Sepsis is a common, complex syndrome that results
from a dysregulated host response to infection and
can lead to shock,multiorgan dysfunction and death.
First described in 1992, sepsis remains a major global
health burden, with an estimated 48.9 million cases
annually, 8–10%ofwhichprogress to septic shock [1–
3]. In response, the Surviving Sepsis Campaign was
established in2002, and sepsiswasdesignateda global
health priority by the World Health Organization in
2017 [4&&,5]. Despite advances in recognition and
treatment, sepsis accounts for an estimated 35% of
in-hospital deaths in the United States [6]. Crucial
uncertainties persist regarding optimal fluid resusci-
tation, vasopressor selection, resuscitation endpoints
and use of precision immunotherapy [7]. This review
highlights recent advances in sepsis diagnosis and
management, focusing on evolving resuscitation
strategies and precision medicine care.

PATHOPHYSIOLOGY AND SEPSIS
PHENOTYPES
Septic shock results from a dysregulated host immune
response to infection, involving concurrent malad-
aptive hyperinflammation, immunosuppression,

microcirculatory failure, and mitochondrial dysfunc-
tion. Rather than sequential phases, recent advances
in precisionmedicine throughmolecular endotyping
and transcriptomics suggest simultaneous immune
dysregulation [8,9]. Sepsis pathophysiology begins
with innate immune recognition of pathogen-associ-
atedmolecular patterns (PAMPs), triggering both pro-
and anti-inflammatory mediator release [10]. Hyper-
inflammation is driven by cytokine release and acti-
vation of neutrophils, complement, and coagulation
pathways, while immunosuppression results from
immune effector cell dysfunction, apoptosis and
expansion of regulatory T cells, increasing suscepti-
bility to secondary infections [11–13].

In parallel, endothelial dysfunction and micro-
circulatory injury drive systemic vasodilation and
shock. Glycocalyx damage and endothelial activation
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promote coagulopathy and end-organ injury, while
nitric oxide-mediated vasodilation and increased vas-
cular permeability promotes hypotension, intravas-
cular volume loss and interstitial edema [14,15]. These
processes cause decreased oxygen delivery from

hypotension,which combinedwith impaired oxygen
utilization at the mitochondrial level, termed cyto-
pathic hypoxia, result in acidosis from lactate accu-
mulation and decreased clearance [16]. Together,
these processes manifest as vasodilatory shock, tissue
edema, lactic acidosis, multiorgan dysfunction and in
some cases, disseminated intravascular coagulation.

More recently, multiple sepsis phenotypes have
been identified through endotyping, transcriptom-
ics, biomarker profiling and aggregate retrospective
clinical data [7,17,18,19&&]. While consensus defini-
tions have not been developed, sepsis phenotypes
are broadly understood to include hyperinflamma-
tory and hypoinflammatory (or immunoparalysis)
characteristics with varying patterns of organ dys-
function [20]. Whether these phenotypes represent
discrete clinical states or dynamic phases that evolve
over the course of illness remains an active area of
investigation.

INITIAL RESUSCITATION
Septic shockmanagement requires amultimodal ther-
apeutic approach,with resuscitationas a coremanage-
ment principle (Fig. 1). Initial resuscitation aims to
restore intravascular volume, improve tissue perfu-
sion, optimize cardiac output and maintain an

KEY POINTS

� Septic shock care remains largely protocolized due to
improved outcomes with timely antibiotic and fluid
administration, though recent data have informed a
more individualized management approach.

� Integration of multimodal perfusion targets, to include
capillary refill time, lactate trends and hemodynamics,
rather than reliance on a single endpoint, may improve
outcomes.

� Recent clinical trial data challenges standard practice of
invasive vascular access for hemodynamic monitoring
and vasopressor administration.

� Advances in sepsis phenotyping have introduced a
variety of possible targets for precision immunotherapy,
though further research is needed to identify specific
treatments and challenges remain with real-time
biomarker identification.

FIGURE 1. Management of septic shock.
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adequate blood pressure [4&&,21,22]. Intravenous crys-
talloid resuscitation is typically preferred as first line
for resuscitation, but the timing and quantity remain
areas of debate. Guidelines continue to conditionally
recommend a fixed 30ml/kg of i.v. crystalloid within
the first 3h with frequent reassessment for additional
resuscitation [4&&]. A recent systematic review and
meta-analysis found that resuscitation with volumes
<20ml/kg and>45ml/kgwere associated with trends
towards increasedmortality [23], consistent with pre-
vious observational data suggesting a U-shaped rela-
tionship between fluid volume and outcomes
[20,24,25]. Given these findings, dynamic measures
of fluid responsiveness are recommended to avoid
excess fluid administration [4&&,25].

Recent advances in sepsis resuscitation include
the CLASSIC trial, which randomized patients with
septic shock to a restrictive vs. standard intravenous
fluid therapy and found that although the restrictive
strategy reduced fluid administration, it did not affect
90-day all-cause mortality [21]. Similarly, the CLO-
VERS trial (Table 1[19&&,22,26–29]) compared a restric-
tive, early vasopressor-focused strategy with a liberal
fluid-first approach in patients with sepsis-induced
hypotension and found no difference in 90-day mor-
tality or adverse events [22]. Collectively, these data
support shifting from a uniform, fluid-centric resus-
citation model toward an individualized approach
that integrates both judicious fluid administration
and early vasopressor use to achieve perfusion goals.

Balanced crystalloids (e.g. lactated Ringer's) are
recommended over 0.9% saline due to concerns that
saline may worsen acidosis and contribute to renal
failure [4&&,25]. These findings are supported by large
systematic reviews and meta-analyses, including a
recent analysis of over 34 000 patients demonstrat-
ing reduced in hospital mortality with balanced
crystalloid [30&]. Exceptions exist, however, and
0.9% saline remains preferred in certain conditions
such as traumatic brain injury, where balanced crys-
talloids may be associated with worse outcomes
[30&]. Furthermore, initial resuscitation with crystal-
loid continues to be recommended over resuscitation
with albumin [4&&], given increased cost and lack of
evidence demonstrating clear superiority. Albumin
may be considered in select populations, such as
patients with cirrhosis or those who have already
received significant fluid resuscitation, though opti-
mal timing for transitioning to colloid therapy
remains uncertain.

RESUSCITATION END POINTS
Current guidelines recommend targeting a mean
arterial pressure (MAP) goal of 65mmHg during
resuscitation, a threshold that aims to achieve

adequate end-organ perfusionwhile minimizing vas-
opressor-related toxicity [4&&,24]. Recent studies have
evaluated a lower MAP goal in older patients to
mitigate potential vasopressor-related toxicity in a
population with limited physiological reserve. The
65-trial (Table 1) demonstrated that a slightly lower
MAP goal of 60–65 in patients aged 65 and older did
not increase mortality or adverse events such as
kidney failure or cognitive decline [31]. This suggests
that the standard 65mmHg threshold may be
unnecessarily rigid for older patients, especially
when it requires escalating vasopressor doses, and
recent updates to the surviving sepsis campaign
(SSC) guidelines reflect this data by suggesting a
MAP target of > 60mmHg in patients over 65 [4&&].

A cornerstone of the diagnosis and management
of septic shock is serialmeasurement of lactate, which
is a critical marker of shock, tissue hypoxia and a
surrogate marker for tissue malperfusion [4&&]. Capil-
lary refill time (CRT) can be an adjunctive measure to
assess tissue perfusion, and is now recommended by
the SSC [4&&]. The ANDROMEDA-SHOCK trial pub-
lished in 2018 compared 28-day mortality in patients
who underwent peripheral perfusion-targeted resus-
citation vs. lactate-targeted resuscitation and found
that there was no statistically significant difference
between the two, although the trend seemed to favor
CRT [26]. Subsequently, the ANDROMEDA-SHOCK-2
trial published in 2025 (Table 1) randomized 1467
patients to an individualized resuscitation strategy
involving pulse pressure, diastolic arterial pressure,
fluid responsiveness, and bedside echocardiography,
ultimately targeting CRT. Results demonstrated
improved outcomes including decreased mortality,
decreased duration of vital support, and decreased
lengthofhospital staywithaCRTguided resuscitation
protocol [32&&] These studies suggest that while CRT
may serve as a surrogate of peripheral perfusion, it
should be integrated into an individualized, multi-
modal resuscitation strategy incorporating trends in
serum lactate rather than be used as a standalone
metric for escalation of therapy.

VASOPRESSORS
When intravenous fluid resuscitation alone is insuf-
ficient in normalizing blood pressure, serum lactate,
and other signs of end organ dysfunction in septic
shock, vasopressors are recommended for further
support. Norepinephrine is a catecholamine and
increases blood pressure in sepsis-induced hypoten-
sion and is widely regarded as the first-line vaso-
pressor in shock [4&&]. Previous studies comparing
norepinephrine to vasopressin, a catecholamine
sparing vasopressor, have failed to show a mortality
benefit, though earlier addition has been suggested

Septic shock Twichell et al.
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Table 1. Published landmark sepsis clinical trials and protocols since 2023

Trial Study population Intervention Outcomes Clinical implications

Completed trials

CLOVERS
Trial, 2023
[22]

1563 patients with infection
and sepsis-induced
hypotension (SBP <100
mmHg or MAP <65 mmHg
after >1 l IVF), 60 sites in
United States

Fluid restrictive vs. fluid
liberal resuscitation

Death before hospital
discharge at 90 days;
14% vs. 14.9%, ‒0.9%
estimated difference
(95% CI ‒4.4 to 2.6, P
=0.61)

Similar outcomes with fluid
restrictive vs. liberal
resuscitation (notably most
patients received at least
>30 ml/kg IVF)

ACORN Trial,
2023 [52]

2643 patients receiving an
antipseudomonal
cephalosporin or penicillin,
single center in United States

Intravenous cefepime vs.
piperacillin-tazobactam

Acute kidney injury or
death by 14 days; OR
0.95 (95% CI 0.80 to
1.13), death 7.6% vs.
6.0% (95% CI ‒0.5 to
3.6)

Similar incidence of acute
kidney injury and death
between groups, though
more neurological
dysfunction with cefepime

ANDROMEDA-
SHOCK II,
2025 [32&&]

1467 patients with septic
shock (infection, lactate
�2mmol/l, NE to maintain
MAP �65 mmHg after �1 l
IVF), 86 sites in 19 countries

Two-tiered personalized
approach to capillary
refill normalization vs.
usual care

Hierarchical composite of
28-day mortality,
duration of vital support
and hospital LOS;
48.9% vs. 42.1% (P=
0.04)

Personalized capillary refill
time was associated with
improved composite
outcomes, driven by
decreased duration of vital
support

EVERDAC
Trial, 2025
[39&&]

1010 patients with early shock
(hypotension or vasopressor
initiation within 24 h), 9
sites in France

Delay of arterial catheter
insertion until day 28 vs.
insertion within 4 h of
enrollment

28-day mortality; 34.3%
vs. 36.9% (P=0.006
for noninferiority)

Management without arterial
catheter insertion was
noninferior to early catheter
insertion with no change in
28-day mortality, notably
procedural complications
were uncommon

Immunosep
Trial, 2025
[19&&]

276 patients with MAS-like
syndrome (ferritin >4420
ng/ml) or sepsis-induced
immunoparalysis (ferritin
<4420 ng/dl, HLA-DR
<5000) sepsis phenotypes,
33 sites in 6 countries

Precision immunotherapy
(anakinra for MAS-like
syndrome or interferon
gamma for sepsis-induced
immunoparalysis) vs.
usual care

Decrease in SOFA by 1.4
by day 9; 35.1% vs.
17.9% (P=0.002)

Precision immunotherapy
improves organ dysfunction
in sepsis phenotypes (MAS-
like syndrome and sepsis-
induced immunoparalysis),
but not mortality at 28 days

Published protocols

TRICYCLE Trial
[27]

Proposed sample size of 80
patients with septic shock
requiring vasopressor, 3
sites in 2 countries

Simultaneous multimodal
vasopressor strategy (NE,
vasopressin, angiotensin
II) vs. sequential
vasopressor strategy

Change in plasma renin
concentration at 72h

First randomized control trial
comparing simultaneous vs.
sequential vasopressor
administration

BULLSEYE Trial
[28]

Proposed sample size of 988
patients with infection and
septic shock, multiple sites in
the Netherlands

Double dosage of beta
lactam antibiotics vs.
standard antibiotic dosing

28-day mortality Assess whether double dosing
of beta lactam antibiotics
reduces mortality, based on
the hypothesis that it
decreases subtherapeutic
plasma concentrations

PRECISE Trial
[29]

Proposed sample size of 1001
patients with Group D sepsis
as identified via a machine
learning algorithm, multiple
sites in the United States

Balanced crystalloids in
Group D sepsis arm vs.
normal saline in control
arm

30-day mortality Application of precision
medicine approach to fluid
resuscitation via electronic
health record algorithm and
notification system

IVF, intravenous fluids; LOS, length of stay; MAP, mean arterial pressure; NE, norepinephrine; SBP, systolic blood pressure.
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to improve renal outcomes [33,34]. Given these find-
ings, patients with inadequate response to norepi-
nephrine should receive a second vasopressor, most
commonly vasopressin, due to its catecholamine-spar-
ing properties and potential to reduce overall adrener-
gic exposure associated with other agents [35&&].

The timing of vasopressin initiation remains an
area of debate, often driven by clinical judgement or
institutional protocol and the cost of vasopressin,
which is significantly more than norepinephrine
[36]. The 2025 OVISS trial provided insight into
optimal timing of adjunctive vasopressin therapy
in septic shock via a reinforcement learning model
demonstrating that earlier vasopressin initiation (at
norepinephrine doses around 0.2 μg/kg/min) may be
associated with reduced in-hospital mortality com-
pared with clinician-determined timing [35&&]. In
patients with refractory shock despite dual vasopres-
sors, a third vasopressor can be added, though there
is a lack of data indicating which would be best. The
current SSC guidelines recommend consideration of
epinephrine as a third-line vasopressor, especially if
cardiac dysfunction is present [4&&]. Alternatively,
angiotensin II can be considered as an additional
catecholamine sparing agent [37].

Vasopressors were historically administered via
central venous catheter (CVC), but recent evidence
has challenged this practice, and current recommen-
dations support initiating vasopressors through a
peripheral i.v., rather than delaying therapy for CVC
placement [4&&]. A secondary analysis of the CLOVERS
study, which specifically allowed for the use of periph-
eral administration of vasopressors, demonstrated the
safety of peripheral vasopressors [22,38&]. In this study,
84.2% of patients received peripheral vasopressors,
with no difference in mortality, no significant adverse
effects fromperipheral administration, andmore com-
plications associated with CVC placement [38&].

Recent evidence has also challenged long-stand-
ing recommendations for insertion of arterial cath-
eters for hemodynamic monitoring and vasopressor
titration. The EVERDAC trial (Table 1) randomized
1010 patients with shock to insertion of an arterial
catheter vs. noninvasive blood pressure monitoring,
and found no mortality benefit to invasive monitor-
ing, though complications of arterial catheter inser-
tion were also uncommon [39&&].

INFECTION MANAGEMENT

Initial diagnostics

Identifying the source and causative organism in
septic shock is essential for management. Blood cul-
tures should be obtained as soon as possible and
should ideally be obtained prior to the administration

of parenteral antibiotics [4&&]. Additionally, cultures of
other suspected sites of infection – typically respira-
tory and urinary tract – are recommended, while
further cultures should be guided by clinical presen-
tation. Rapid diagnostics and obtaining cultures prior
to administering antibiotics are essential to ensure
timely therapy and preserve culture yield. In a pre-
vious study of patients with severe sepsis, blood cul-
ture sensitivity was 31.4% when cultures were drawn
prior to antibiotic administration and decreased to
19.4% when cultures drawn after antibiotics were
given [40].

Unfortunately, pathogen isolation from culture
samples may take up to 2 days or longer and anti-
microbial susceptibility testing can cause further
delay. This often leads to unnecessarily broad
empiric therapy or use of antibiotics to which the
pathogen is resistant due to underlying resistance
genes [41]. However, rapid diagnostics including
multiplex polymerase chain reaction (PCR) testing
are increasingly used to address this issue [41,42,43&].
A recent network meta-analysis demonstrated that
for patients with bloodstream infections, the use of
rapid diagnostics when combinedwith antimicrobial
stewardship was associated with a reduction in mor-
tality, hospital length of stay, and time to optimal
therapy when compared with blood cultures alone
[43&].

Initiation of antibiotic therapy

Early initiation of antibiotic therapy for patients with
sepsis is a critical component of septic shockmanage-
ment and should be handled as an emergency. Stud-
ies have consistently shown that delays in antibiotic
therapy, even on the order of hours, are associated
with worse outcomes [44–47]. Initiation of empiric
antibiotic therapy in septic shock is counterweighed
by the negative effects of unnecessary antibiotic
exposure, which can lead to increased rates of anti-
microbial resistance, clinical consequences such as
Clostridium difficile infection, and other medication
side effects [4&&,48,49]. Recent large meta-analyses
show that the benefits of early antimicrobial therapy
outweigh the potential risks of empiric treatment,
with one meta-analysis that included 42 studies and
over 190 000 subjects showing anOR formortality of
0.80 [95% confidence interval (CI) 0.68–0.94] when
antibiotics were initiated within 3h compared to
after 3h [50].

Selection of initial antibiotic therapy in septic
shock should consider the suspected site of infection,
patient profile, risk factors, and institution-specific
antibiogram susceptibilities. The majority of septic
shock cases are not caused by multidrug resistant
(MDR) organisms, yet coverage for specific MDR

Septic shock Twichell et al.
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pathogens like methicillin-resistant Staphylococcus
aureus (MRSA) and Gram-negative bacteria such as
Pseudomonas aeruginosa remains common [51]. The
recent ACORN trial (Table 1) was a large RCT that
compared empiric cefepime vs. piperacillin-tazobac-
tam in patients with sepsis at risk for Gram-negative
infection [52]. Initial antibiotic selection remains
challenging, as cefepime has been associated with
neurotoxicity [53], while piperacillin-tazobactam
has been associated with acute kidney injury, partic-
ularly when combined with vancomycin [54].
Among 2511 randomized patients, there were no
differences in acute kidney injury or death by day
14, though cefepime was associated with slightly
fewer days alive and free of delirium or coma (11.9
vs. 12.2days) [52].

Adjunctive therapies

Corticosteroids remain a common adjunctive ther-
apy for patients with septic shock, despite a lack of
robust evidence indicating improvement in out-
comes such as mortality [4&&]. The SSC guidelines
have been revised many times regarding the use of
steroids, with the most recent updates “suggesting”
the use of steroids in septic shock. Multiple meta-
analyses have found conflicting results, though some
suggest a small benefit in 28-day mortality, with
more consistent results indicating that steroids in
septic shock lead to faster shock reversal, lower ICU
length of stay (LOS), as well as more ventilator and
vasopressor free days [55,56].While there seems to be
consensus in the SSC guidelines regarding the use of
hydrocortisone (typically dosed at 200mg per day)
for septic shock, questions remain regarding steroid
timing, concomitant use of fludrocortisone, and var-
iable practices in tapering vs. discontinuing steroids
with clinical improvement [4&&,56].

Methylene blue has also been studied as an
adjunctive therapy for septic shock. The SSC guide-
lines cite insufficient evidence to recommend for or
against methylene blue, as existing studies were
small and included a variety of doses [4&&]. A recent
meta-analysis included six separate RCTs found that
use of methylene blue in shock may reduce mortal-
ity, duration of vasopressor use and hospital LOS
[57&]. However, there was a low certainty of evidence
for these conclusions, and significant heterogeneity
existed between studies, as some used methylene
blue as an infusion, while others used bolus dosing
[57&]. Further high quality RCTs are necessary before
methylene blue can be considered as a standard
therapy in septic shock.

Vitamin C has additionally been extensively
studied in sepsis due to its theoretical antioxidant
activity during the proinflammatory state of sepsis.
However, multiple large RCTs have not demon-
strated a mortality benefit [58–60]. In the LOVIT
trial, 872 patients with septic shock were randomized
patients to vitamin C infusion or placebo and those
who received vitamin C had a higher incidence of
death or persistent organ dysfunction (44.5 vs.
38.5%) [58]. Large meta-analyses have similarly
shown no consistent mortality benefit with vitamin
C [59,61] and the SSC guidelines recommend against
its use in sepsis [4&&].

PRECISION IMMUNOTHERAPY AND
FUTURE DIRECTIONS
Identification of sepsis biomarkers has uncovered
multiple potential targets for precision therapies,
including individualized vasopressor and immuno-
therapy selection (Table 2) [19&&,62–64]. More
recently, the IMMUNOSEP trial (Table 1) random-
ized 281 patients with a macrophage activation-like

Table 2. Proposed biomarker targets and precision therapies in sepsis

Biomarker Clinical target Precision therapy Clinical trial data

Ferritin (>4420 ng/ml)
[20]

Macrophage activation-like
syndrome (hyperinflammatory
phenotype)

Anakinra (IL-1 receptor
antagonist)

Immunosep, 2025: improvement in organ
dysfunction

HLA-DR (>5000
molecules/cell) [20]

Sepsis-induced immunoparalysis
(hypoinflammatory phenotype)

Recombinant interferon
gamma (upregulates HLA-DR
expression)

Immunosep, 2025: improvement in organ
dysfunction

DPP3 (elevated, no
described threshold)
[62]

Vasoplegia (restoration of
vascular tone)

Procizumab (anti-DPP3) Observational and preclinical data only:
associated with shock, organ failure and
increased mortality

Renin (elevated, no
described threshold)
[63,64]

Vasoplegia (renin–angiotensin–
aldosterone system
dysfunction)

Angiotensin II (receptor
activation)

Preclinical and posthoc analysis data only:
predictor of mortality and response to
angiotensin II

DPP3, dipeptidyl peptidase 3; HLA-DR, human leukocyte antigen-DR isotype; IL-1, interleukin 1.
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phenotype to Anakinra and those with a sepsis-
induced immunoparalysis phenotype to treatment
to recombinant interferon gamma [19&&]. Although
the results were encouraging and demonstrated
improvement in organ dysfunction with immuno-
therapy, further research is needed, and substantial
challenges remain, particularly regarding cost and
real-time biomarker identification.

CONCLUSION
Sepsis management continues to evolve from a pro-
tocolized, universally applied approach toward indi-
vidualized, multimodal precision care. Advances in
resuscitation and vasopressor strategies, diagnostics
and emerging precision therapies are promising,
though important uncertainties remain. Ongoing
research is essential to refine management strategies
and translate phenotypic insights into improving
outcomes for this complex and heterogeneous dis-
ease process.

Acknowledgements
None.

Financial support and sponsorship
None.

Conflicts of interest
There are no conflicts of interest.

REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:
& of special interest
&& of outstanding interest

1. Bone RC, Balk RA, Cerra FB, et al. Definitions for sepsis and organ failure and
guidelines for the use of innovative therapies in sepsis. The ACCP/SCCM
Consensus Conference Committee. American College of Chest Physicians/
Society of Critical Care Medicine. Chest 1992; 101:1644–1655.

2. Rudd KE, et al. Global, regional, and national sepsis incidence and mortality,
1990–2017: analysis for the Global Burden of Disease Study. Lancet 2020;
395:200–211.

3. Vincent JL, et al. Frequency and mortality of septic shock in Europe and North
America: a systematic review and meta-analysis. Crit Care 2019; 23:196.

4.
&&

Prescott HC, et al. Surviving sepsis campaign: international guidelines for
management of sepsis and septic shock 2026. Crit Care Med 2026; 52:
863–936.

Updated Sepsis Guidelines from the Surviving Sepsis Campaign.
5. Reinhart K, et al. Recognizing sepsis as a global health priority – a WHO

resolution. N Engl J Med 2017; 377:414–417.
6. Rhee C, et al. Prevalence, underlying causes, and preventability of sepsis-

associated mortality in US acute care hospitals. JAMA Netw Open 2019; 2:
e187571.

7. Seymour CW, et al. Derivation, validation, and potential treatment implications
of novel clinical phenotypes for sepsis. JAMA 2019; 321:2003–2017.

8. Moore AR, et al. A consensus immune dysregulation framework for sepsis and
critical illnesses. Nat Med 2025; 31:4084–4096.

9. Boyd JH, Russell JA, Fjell CD. The meta-genome of sepsis: host genetics,
pathogens and the acute immune response. J Innate Immun 2014; 6:
272–283.

10. Wiersinga WJ, van der Poll T. Immunopathophysiology of human sepsis.
EBioMedicine 2022; 86:104363.

11. Medzhitov R. The spectrum of inflammatory responses. Science 2021; 374:
1070–1075.

12. Hotchkiss RS, Monneret G, Payen D. Immunosuppression in sepsis: a novel
understanding of the disorder and a new therapeutic approach. Lancet Infect
Dis 2013; 13:260–268.

13. Gao X, et al. Sepsis-induced immunosuppression: mechanisms, biomarkers
and immunotherapy. Front Immunol 2025; 16:1577105.

14. Joffre J, et al. Endothelial responses in sepsis. Am J Respir Crit Care Med
2020; 202:361–370.

15. Vincent JL, et al. Effects of nitric oxide in septic shock. Am J Respir Crit Care
Med 2000; 161:1781–1785.

16. Crouser ED. Mitochondrial dysfunction in septic shock and multiple organ
dysfunction syndrome. Mitochondrion 2004; 4 (5–6):729–741.

17. Davenport EE, et al. Genomic landscape of the individual host response and
outcomes in sepsis: a prospective cohort study. Lancet Respir Med 2016; 4:
259–271.

18. Scicluna BP, et al. Classification of patients with sepsis according to blood
genomic endotype: a prospective cohort study. Lancet Respir Med 2017; 5:
816–826.

19.
&&

Giamarellos-Bourboulis EJ, et al. Precision immunotherapy to improve sepsis
outcomes: the ImmunoSep Randomized Clinical Trial. JAMA 2026; 335:
775–786.

Precision immunotherapy improves organ dysfunction in sepsis phenotypes (MAS-
like syndrome and sepsis-induced immunoparalysis), but not mortality at 28days.
20. Liu VX, et al.Multicenter implementation of a treatment bundle for patients with

sepsis and intermediate lactate values. Am J Respir Crit Care Med 2016; 193:
1264–1270.

21. Meyhoff TS, et al. Restriction of intravenous fluid in ICU patients with septic
shock. N Engl J Med 2022; 386:2459–2470.

22. National Heart L, et al. Early restrictive or liberal fluid management for sepsis-
induced hypotension. N Engl J Med 2023; 388:499–510.

23. Ward MA, Kuttab HI, Badgett RG. The effect of early fluid resuscitation on
mortality in sepsis: a systematic review and meta-analysis. Crit Care Med
2025; 53:e1790–e1802.

24. Meyer NJ, Prescott HC. Sepsis and septic shock. N Engl J Med 2024; 391:
2133–2146.

25. Zampieri FG, Bagshaw SM, Semler MW. Fluid therapy for critically ill adults
with sepsis: a review. JAMA 2023; 329:1967–1980.

26. Hernandez G, et al. Effect of a resuscitation strategy targeting peripheral
perfusion status vs. serum lactate levels on 28-day mortality among patients
with septic shock: the ANDROMEDA-SHOCK Randomized Clinical Trial.
JAMA 2019; 321:654–664.

27. Kalamar Z, et al. Early multimodal vasopressor strategy in septic shock
(TRICYCLE)-Study protocol for a randomized controlled clinical trial. PLoS
One 2025; 20:e0331304.

28. Horstink MMB, et al. Standard versus double dosing of beta-lactam antibiotics
in critically ill patients with sepsis: The BULLSEYE study protocol for a
multicenter randomized controlled trial. BMC Infect Dis 2025; 25:392.

29. Bhavani SV, et al. The Precision Resuscitation With Crystalloids in Sepsis
(PRECISE) trial: a trial protocol. JAMA Netw Open 2024; 7:e2434197.

30.
&

Zampieri FG, et al. Balanced crystalloids versus saline for critically ill patients
(BEST-Living): a systematic review and individual patient data meta-analysis.
Lancet Respir Med 2024; 12:237–246.

Meta-analysis comparing outcomes of saline vs. balanced fluid resuscitation,
finding that balanced fluid resuscitation likely improved mortality.
31. Lamontagne F, et al. Effect of reduced exposure to vasopressors on 90-day

mortality in older critically ill patients with vasodilatory hypotension: a rando-
mized clinical trial. JAMA 2020; 323:938–949.

32.
&&

Andromeda-Shock-2 Investigators for the Andromeda Research Network, S.
S.o.A.R., et al. Personalized hemodynamic resuscitation targeting capillary
refill time in early septic shock: the ANDROMEDA-SHOCK-2 Randomized
Clinical Trial. JAMA, 2025.334:1988–99.

A randomized controlled trial which found that a personalized resuscitation
strategy targeting normalization of capillary refill time – using bedside physiologic
assessments to guide fluids, vasopressors, and inotropes – improved a composite
outcome of mortality, organ support duration, and hospital stay compared with
usual care.
33. Gordon AC, et al. Effect of early vasopressin vs. norepinephrine on kidney

failure in patients with septic shock: the VANISH Randomized Clinical Trial.
JAMA 2016; 316:509–518.

34. Russell JA, et al. Vasopressin versus norepinephrine infusion in patients with
septic shock. N Engl J Med 2008; 358:877–887.

35.
&&

Kalimouttou A, et al.Optimal vasopressin initiation in septic shock: the OVISS
Reinforcement Learning Study. JAMA 2025; 333:1688–1698.

A machine learning strategy recommending earlier and more frequent vasopressin
initiation in septic shock – at lower norepinephrine doses and lower SOFA scores
than usual clinician practice – was associated with lower in-hospital mortality and
less need for kidney replacement therapy in large observational validation cohorts.
36. Sacha GL, Bauer SR. Optimizing vasopressin use and initiation timing in

septic shock: a narrative review. Chest 2023; 164:1216–1227.
37. Khanna A, et al. Angiotensin II for the treatment of vasodilatory shock. N Engl J

Med 2017; 377:419–430.
38.
&

Munroe ES, et al. Peripheral vasopressor use in early sepsis-induced hypoten-
sion. JAMA Netw Open 2025; 8:e2529148.

Septic shock Twichell et al.

1070-5295 Copyright © 2026 Wolters Kluwer Health, Inc. All rights reserved. www.co-criticalcare.com 7

Copyright © 2026 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. 



CE: ; MCC/MCC320506; Total nos of Pages: 8;

MCC320506

A secondary analysis of the CLOVERS trial, finding that peripheral initiation of
vasopressors was common and safe in septic shock.
39.
&&

Muller G, et al. Deferring arterial catheterization in critically ill patients with
shock. N Engl J Med 2025; 393:1875–1888.

A randomized trial comparing use of an arterial catheter vs. noninvasive cuff
measurement, finding no significant difference in mortality with deference of arterial
catheter placement.
40. Cheng MP, et al. Blood culture results before and after antimicrobial admin-

istration in patients with severe manifestations of sepsis: a diagnostic study.
Ann Intern Med 2019; 171:547–554.

41. Mo Y. Rapid diagnostics for antibiotic resistance: urgent need for strong
clinical evidence. Clin Infect Dis 2022; 75:2076–2078.

42. Eubank TA, Long SW, Perez KK. Role of rapid diagnostics in diagnosis and
management of patients with sepsis. J Infect Dis 2020; 222 (Suppl 2):
S103–S109.

43.
&

Peri AM, et al. Rapid diagnostic tests and antimicrobial stewardship programs
for the management of bloodstream infection: what is their relative contribution
to improving clinical outcomes? A systematic review and network meta-
analysis. Clin Infect Dis 2024; 79:502–515.

A systematic review and meta-analysis which found that the use of rapid diag-
nostics when combined with antimicrobial stewardship was associated with a
reduction in mortality, hospital length of stay, and time to optimal therapy when
compared with blood cultures alone
44. Seymour CW, et al. Time to treatment and mortality during mandated emer-

gency care for sepsis. N Engl J Med 2017; 376:2235–2244.
45. Kollef MH, et al. Timing of antibiotic therapy in the ICU. Crit Care 2021; 25:

360.
46. Micek ST, et al. Optimal antibiotic use in the intensive care unit. Crit Care

2025; 29:434.
47. Zhang D, Micek ST, Kollef MH. Time to appropriate antibiotic therapy is an

independent determinant of postinfection ICU and hospital lengths of stay in
patients with sepsis. Crit Care Med 2015; 43:2133–2140.

48. Tamma PD, et al. Association of adverse events with antibiotic use in
hospitalized patients. JAMA Intern Med 2017; 177:1308–1315.

49. Chanderraj R, Baker J, Kay S, et al. In critically ill patients, antianaerobic
antibiotics increase risk of adverse clinical outcomes. Eur Respir J 2023; 61:
2200910.

50. Leung LY, et al. Door-to-antibiotic time and mortality in patients with sepsis:
systematic review and meta-analysis. Eur J Intern Med 2024; 129:48–61.

51. Rhee C, et al. Trends in empiric broad-spectrum antibiotic use for suspected
community-onset sepsis in US hospitals. JAMA Netw Open 2024; 7:
e2418923.

52. Qian ET, et al. Cefepime vs. piperacillin-tazobactam in adults hospitalized with
acute infection: the ACORN Randomized Clinical Trial. JAMA 2023; 330:
1557–1567.

53. Payne LE, et al. Cefepime-induced neurotoxicity: a systematic review. Crit
Care 2017; 21:276.

54. Blevins AM, et al. Incidence of acute kidney injury in critically ill patients
receiving vancomycin with concomitant piperacillin-tazobactam, cefepime, or
meropenem. Antimicrob Agents Chemother 2019; 63:e02658-18.

55. Pitre T, et al. Corticosteroids in sepsis and septic shock: a systematic review,
pairwise, and dose-response meta-analysis. Crit Care Explor 2024; 6:e1000.

56. Wang JY, Kollef MH. Corticosteroids in septic shock: a double-edged sword.
Curr Opin Crit Care 2025; 31:497–504.

57.
&

Fernando SM, et al. Methylene blue in septic shock: a systematic review and
meta-analysis. Crit Care Explor 2024; 6:e1110.

A systematic review and meta-analysis found that methylene blue may reduce
mortality, duration of vasopressor use, and hospital length of stay, though there
was low certainty of this evidence and heterogeneity noted in the trials included in
the analysis.
58. Lamontagne F, et al. Intravenous vitamin C in adults with sepsis in the intensive

care unit. N Engl J Med 2022; 386:2387–2398.
59. Fujii T, et al. Effect of adjunctive vitamin C, glucocorticoids, and vitamin B1 on

longer-term mortality in adults with sepsis or septic shock: a systematic review
and a component network meta-analysis. Intensive Care Med 2022; 48:16–24.

60. Sevransky JE, et al. Effect of vitamin C, thiamine, and hydrocortisone on
ventilator- and vasopressor-free days in patients with sepsis: the VICTAS
Randomized Clinical Trial. JAMA 2021; 325:742–750.

61. Agarwal A, et al. Parenteral vitamin C in patients with severe infection: a
systematic review. NEJM Evid 2022; 1:EVIDoa2200105.

62. Blet A, et al. Monitoring circulating dipeptidyl peptidase 3 (DPP3) predicts
improvement of organ failure and survival in sepsis: a prospective observa-
tional multinational study. Crit Care 2021; 25:61.

63. Gleeson PJ, et al. Renin as a marker of tissue-perfusion and prognosis in
critically ill patients. Crit Care Med 2019; 47:152–158.

64. Bellomo R, et al. Renin and survival in patients given angiotensin II for
catecholamine-resistant vasodilatory shock. A clinical trial. Am J Respir Crit
Care Med 2020; 202:1253–1261.

Severe infections

8 www.co-criticalcare.com Volume 32 � Number 00 � Month 2026

Copyright © 2026 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. 




