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a B S T r a c T
iNTrOdUcTiON: Sepsis-related mortality is decreasing over time after the introduction of “Surviving Sepsis campaign” Guidelines in 2004. 
The last Guidelines version collects 93 recommendations, but several interventions supported by randomized evidence of mortality reduction 
are not included.
EVIDENCE ACQUISITION: We performed a systematic review of all randomized controlled trials reporting a statistically significant mortal-
ity reduction in septic patients and compared the identified studies to the Surviving Sepsis Campaign Guidelines 2021 to highlight discrepan-
cies.
EVIDENCE SYNTHESIS: We identified 83 randomized controlled trials (58 interventions) influencing mortality in sepsis. Only 9/58 of these 
interventions were included in the Guidelines: lactate measurement and lactate-guided hemodynamic management, procalcitonin-guided 
antibiotics discontinuation, balanced crystalloids as first choice fluids, albumin infusion, avoidance of starches, noradrenaline as first line 
vasopressor, vasopressin as an adjunctive vasopressor to noradrenaline, neuromuscular blocking agents in moderate-severe sepsis-associated 
acute respiratory distress syndrome, and corticosteroids use. Only 11/93 Guidelines recommendations were supported by randomized evi-
dence with mortality difference. Five of the interventions with survival benefit in literature (vitamin C, terlipressin, polymyxin B, liberal 
transfusion strategy and immunoglobulins) were recommended to avoid in the Guidelines, while 44 interventions were not mentioned, includ-
ing three interventions (esmolol, omega 3, and external warming) with at least two randomized controlled trials with a documented survival 
benefit.
CONCLUSIONS: Several discrepancies exist between the randomized controlled trials with mortality difference in septic patients and the 
latest Surviving Sepsis campaign Guidelines. This systematic review can be of help for improving future guidelines and may guide research 
on specific promising topics.
(Cite this article as: Sartini c, Landoni G, Belletti a, Kotani Y, maimeri N, Umbrello m, et al. Beyond the Surviving Sepsis campaign Guidelines: a 
systematic review of interventions affecting mortality in sepsis. Panminerva med 2024;66:55-62. DOI: 10.23736/S0031-0808.23.04986-8)
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Evidence acquisition

Six investigators identified all the RCTs ever published 
in peer-reviewed literature, with no time limits, searching 
on MEDLINE/PubMed, Scopus and Embase up to August 
2022. Full details about search strategy are available in 
Supplementary Digital Material 1 (Supplementary Text 
File 1). inclusion criteria were: 1) article published in a 
peer-reviewed journal; 2) randomized controlled trial; 3) 
involving critically ill or perioperative patients; 4) relat-
ed to nonsurgical intervention (drug/strategy/technique); 
5) statistically significant impact on unadjusted mortal-
ity (increase or reduction); 6) focusing on sepsis and/or 
septic shock populations. Exclusion criteria were: 1) not 
randomized or quasi-randomized trial; 2) trend to but not 
statistically significant difference in mortality; 3) adjusted 
mortality differences; 4) studies with overlapping popula-
tions; 5) studies involving cOVid-19 patients. We did not 
include grey literature.

Patients were considered critically ill when presenting 
an acute failure of one or more organs according to se-
quential organ failure assessment (SOFA) score11, 12 re-
quiring urgent treatment or intensive care unit admission. 
Only rcTs involving 100% patients with sepsis at study 
enrolment reached the systematic review requirements. 
These studies were categorized according to the interven-
tion investigated and the impact on mortality (reduction 
or increase). data collection included: number of centers 
involved, single nation or multinational study, presence/
absence of study blinding, presence/absence of intention 
to treat protocol, mortality as primary outcome, mortal-
ity difference only in a specific subgroup of patients and 
longest follow up with statistically significant mortality 
difference.

Descriptive statistics and fragility index calculation 
were completed for all studies with STaTa 15 (Stata-
corp, college Station, TX, USa). results are presented 
as number (percentage) and median [Interquartile Range]. 
We considered open-label studies, single-center studies, 
studies not analyzing data by intention-to-treat, and stud-
ies with fragility index zero as potential high-risk-of-bias 
studies.

Finally, all the interventions affecting mortality in sep-
tic population were compared to the 93 recommendations 
included in the current version of the SSc Guidelines.7 
in particular we highlighted: a) the interventions already 
suggested in the Guidelines with at least one existing RCT 
with a statistically significant difference in mortality; B) 
the interventions already included in the Guidelines as 

Introduction

Sepsis is a life-threatening organ dysfunction caused by 
a dysregulated host response to infection, according to 

the Sepsis-3 definition.1 Septic shock is a condition char-
acterized by circulatory, metabolic and cellular dysfunc-
tion which is associated with a relevant risk of mortality. 
Sepsis involves more than 19 million patients every year 
and almost 14 million survive to hospital discharge.2 One 
third of discharged patients subsequently die from re-in-
fection within 12 months.3, 4

Nevertheless, sepsis-related mortality is decreasing 
over time and is estimated to be around 17% in a recent 
meta-analysis,5 whereas it was about 35% before 2005. 
The impressive reduction of mortality might be related to 
the development and diffusion of Guidelines in 2004, the 
first year of publication of the Surviving Sepsis Campaign 
(SSc).6 Today, clinicians worldwide use the revision pub-
lished in October 2021.7 after the emergence and diffusion 
of coronavirus disease 2019 (COVID-19) specific Guide-
lines for the treatment of sepsis in cOVid-19 patients were 
published in 2020 and updated in 2021.8, 9 The last version 
of the SSC provides 93 final recommendations. The level 
of evidence and the strength of recommendations reflect 
both the quality of already published literature in a spe-
cific setting and the authors’ opinion according to GRADE 
methodology.10 The pathway from evidence to recommen-
dations is often far from linear, and it may depend on fac-
tors such as the balance between desirable and undesirable 
effects, the quality of the evidence, the values and prefer-
ences of panelists and the costs of the interventions.

Notably, not all the recommendations included are 
based evidence from randomized controlled trials (rcTs) 
conducted in septic population, and they are often derived 
from studies performed in critically ill patients in general. 
moreover, some interventions with randomized evidence 
in favor of a survival benefit were not included in the 
Guidelines, possibly because the evidence was insufficient 
to approve or reject them or because these studies were 
published after the latest guidelines.

We performed a systematic review of all rcTs report-
ing a statistically significant difference in mortality in 
septic population and compared them with current recom-
mendations from SSc Guidelines. aim of our study was 
to highlight potential discrepancies between current SSc 
Guidelines and available literature suggesting potential 
benefit or harm from a specific intervention in terms of 
survival. The ultimate purpose is to help next Guidelines 
drafting and stimulate further research on these topics.
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rcTs documenting mortality difference in sepsis is report-
ed in Supplementary digital material 2 (Supplementary 
Table i).

Study design

Multicentric studies were 50/83 (60%) and 14/83 (17%) 
were multinational. Study blinding was adopted in 52/83 
(62%) RCTs, while intention-to-treat analysis in 49/83 
(59%) rcTs.

Mortality

Mortality was the primary outcome of 56/83 (68%) of 
these RCTs. In 59/83 (71%) RCTs the statistically signifi-
cant difference in mortality was in the whole population, 
whereas in 24/83 (29%) the difference was observed only 
in a specific subgroup of patients. Interventions reduced 
or increased mortality in 73/83 (88%) and in 10/83 (12%) 
rcTs respectively. mortality differences were observed at 
a follow-up >28 days in 58/83 (70%) RCTs.

Journals

The 83 RCTs were published in 35 different journals, 
the three most represented being critical care medi-
cine (N.=18), Journal of American Medical Association 
(N.=10) and New england Journal of medicine (N.=10). 
The complete list of Journal is available in Supplementary 
digital material 3 (Supplementary Table ii).

Study quality

Median number of randomized patients of the 83 RCTs 
was 127 [63-303] and median fragility index was 2 [0-4]. 
Fragility index was zero in 29/83 RCTs. The fragility in-
dex of the single studies is reported in Supplementary Ta-
ble I. Among 83 RCTs were: 33 RCTs were single-center, 
31 rcTs were unblind, 34 rcTs adopted non-intention-to-
treat protocol and in 29 RCTs the fragility index was zero.

“recommended to avoid” with at least one existing RCT 
with a statistically significant reduction of mortality; C) 
the interventions not mentioned in the Guidelines even if 
they have more than one published rcTs with a statisti-
cally significant difference in mortality.

Evidence synthesis

From the search strategy 93,831 papers were identified 
and 93,330 excluded because they did not fulfill the in-
clusion/exclusion criteria (Figure 1). In total, 501 RCTs 
with statistically significant differences in mortality were 
therefore identified. Among these, 83 studies dealing with 
58 different interventions were conducted in septic popu-
lation. For simplicity purpose, we unified all steroids stud-
ies as a single intervention. A short summary of all the 83 

Figure 1.—Flow chart of systematic review process for selection of all 
the 83 randomized controlled trials (RCTs) with statistically significant 
impact on mortality in septic population ever performed.

Table I.—  Interventions with agreement between surviving sepsis campaign recommendations and systematic review results.
intervention Surviving Sepsis campaign recommendation # N. of rcTs
Lactate measurement and lactate-guided hemodynamic management 3 and 7 1
Procalcitonin-guided aBT discontinuation 31 2
Balanced crystalloids as first choice fluids 32 and 33 1
albumin infusion 34 1
avoidance of starches 35 1
Noradrenaline as first choice vasopressor 37 1
Vasopressin as adjunctive vasopressor to noradrenaline 38 1
NmBa in moderate-severe sepsis-associated ardS 56 1
Use of corticosteroids 58 6 (plus 2 against corticosteroids)
aBT: antibiotics; ardS: acute respiratory distress syndrome; NmBa: neuromuscular blocking agents; rcTs: randomized controlled trials.

interventions
(N.=58)

With
inclusion
criteria 

(N.=93,330)

rcTs not
specific for sepsis

(N.=418)

Systematic review

Papers
(N.=93,831)

rcTs with
inclusion criteria 

(N.=501)

rcTs affecting 
mortality in sepsis

(N.=83)
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on clinical evaluation and procalcitonin levels;14, 15 using 
balanced crystalloids as first line fluid for resuscitation 
(two recommendations);16 adding albumin for patients re-
ceiving large volumes of crystalloids;17, 18 avoiding starch-
es for fluid resuscitation in sepsis;19 using noradrenaline 
as the vasopressor of choice in septic shock;20, 21 adding 
vasopressin in case of inadequate mean arterial pressure 
despite noradrenaline infusion;22 using neuromuscular 
blocking agents in case of moderate-severe sepsis-induced 
acute respiratory distress syndrome;23 and using intrave-
nous corticosteroids in case of ongoing requirement for 
vasopressors.24-26

In five situations the expert authors of the Guidelines 
“recommended against” interventions which had random-
ized evidence of survival benefit in septic patients, prob-
ably because of low quality of the “positive” trials, of large 
rcTs showing no difference (vitamin c),27-29 high costs of 
the intervention (polymyxin B),30, 31 high incidence of side 
effects (terlipressin),32-34 health equality considerations 
(transfusions)35 or non-updated evidence (immunoglobu-
lins).36

Notably, we found 44 interventions with randomized 
evidence of statistically significant survival differences 

When comparing the 58 identified interventions with 
the 93 SSC recommendations, we found that only 11/93 
recommendations of the SSc are supported by published 
randomized evidence of mortality reduction in a sepsis/
septic shock setting (Table i). One of these interventions 
(corticosteroids) has 6 rcTs documenting a mortality re-
duction and two rcTs documenting a survival reduction.

main results are presented in Figure 2.
We identified 58 interventions with randomized pub-

lished evidence of mortality reduction/increase in septic 
patients. Interestingly, only nine out of 58 are recommend-
ed in the SSC Guidelines, five out of 58 are recommended 
to avoid and 44 out of 58 are not even considered or men-
tioned, including three which have two or more rcTs with 
a documented mortality difference in septic patients.

We highlighted that only 11 of the 93 recommendations 
of the SSc Guidelines are supported by randomized evi-
dence of mortality reduction in septic patients.

The 11 recommendations supported by randomized 
evidence of mortality reduction in septic patients include: 
measuring lactate in adults suspected of having sepsis and 
to guide resuscitation to decrease serum levels (two rec-
ommendations);13 discontinuing antibiotic therapy based 

Figure 2.—Visual abstract presenting main article structure, objective and results.
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performed in critically ill patients51 and this topic deserves 
further studies.

To our knowledge, this is the first systematic review fo-
cused on intervention influencing mortality in sepsis. Our 
group previously performed systematic reviews including 
all the interventions reducing and increasing mortality in 
critically ill and perioperative patients which have been 
published in 201952, 53 and which included heterogenous 
settings.

We identified all the drugs, techniques or strategies as-
sociated with reduced and increased mortality in septic 
patients and compared them to the SSc recommenda-
tions. We identified discrepancies and gaps between SSC 
Guidelines and the evidence arising from rcTs. These dif-
ferences might be attributed to the fact that some recom-
mendations are based upon studies not specifically involv-
ing septic patients but, in general, critically ill population, 
while other recommendations arise from a beneficial or 
detrimental effect in outcomes other than mortality.

Several rcTs are in contrast with SSc recommenda-
tions, and this is one of the difficulties of writing guide-
lines which should apply to heterogenous intensive care 
units in different continents. it is also a reminder that sci-
entific evidence is a process in continuous evolution.

This is the first systematic review identifying all the 
rcTs with impact on mortality of septic patients. The aim 
of the study was to highlight differences between Surviv-
ing Sepsis campaign Guidelines and evidence arising from 
rcTs with mortality impact involving septic patients, sug-
gesting potential new promising topics to be investigated 
and possibly to be considered in new guidelines.

Our search strategy was based on a very comprehensive 
search string and study selection. We focused on rcTs in-
volving patients with sepsis or septic shock as an exclusive 
setting. We excluded quasi-randomized trials and studies 
reporting adjusted mortality.

Limitations of the study

This study has limitations. We selected only rcTs with 
statistically significant differences in mortality, but this 
can also be considered as a further strength of the study. 
We did not include rcTs with neutral results. However, 
we believe that focusing on rcTs showing mortality dif-
ference allowed us to consider only the most clinically 
relevant interventions, or those with the most striking 
difference with guidelines. We did not consider the wide 
range of grey literature, but this can also be considered a 
further strength of the study, as grey literature has been 
frequently shown to present biased results.54, 55 The aim 

which are not even mentioned in the Guidelines (Sup-
plementary Table i). Three of them have more than one 
RCTs documenting a statistically significant reduction in 
mortality: esmolol with three rcTs documenting a mor-
tality reduction; omega-3 with three rcTs documenting a 
mortality reduction; and external warming with two RCTs 
documenting a mortality reduction.

importantly, three of these interventions had two or 
more RCTs showing a statistically significant reduction in 
mortality.

esmolol, which has never been considered in SSc 
Guidelines, reduces beta-adrenergic response which 
leads to stress cardiomyopathy and tachyarrhythmias. 
Three RCTs have demonstrated a survival benefit in sep-
tic shock37-39 despite their small sample size: 77, 48, and 
90 patients, respectively. Meta-analyses confirmed the re-
duced 28-days mortality in septic shock when using esmo-
lol40-42 and this treatment should at least be reconsidered.

Nutritional supplementation with omega-3 fatty acids 
has been proposed to modulate the immune response in 
critical illness by improving the ratio of arachidonic to 
eicosapentaenoic acid and thus inhibiting pro-inflamma-
tory while promoting anti-inflammatory mediators. While 
in a previous version a recommendation to avoid omega-3 
was made (strong recommendation, low quality of evi-
dence),6 current Guidelines do not mention this topic. in 
literature we found three RCTs with survival benefit as-
sociated with omega 3 supplementation. The first is a 
multicentric study in 165 patients randomized to omega 3 
versus placebo, with a reduction in 28-day mortality in the 
treatment group.43 The second study, published in 2017, 
found the same result in 48 patients.44 a previous rcT 
published in 2014 enrolled 60 patients and found reduced 
in-hospital mortality only in the subgroup with less severe 
sepsis.45 Moreover, recent meta-analyses confirmed this 
results in septic and critically ill population, also with a 
possible effect on sepsis-prevention.46-48

Warming of afebrile patients with infection or allow-
ing a higher temperature might improve immune function. 
in 2022, 56 afebrile septic patients were randomized to 
be warmed above 37.5 °C for 48 hours versus standard 
care. There was a reduction in 28-days mortality in the 
treatment group (P=0.041).49 a rcT conducted in 2014 
randomized 65 patients to a low temperature group (36-
37.5 °C) and high temperature group (37.5-38.3 °C, the 
same range as the abovementioned rcT). Twenty-eight-
day mortality was increased in low temperature group 
(P=0.001).50 cooling septic patients could be harmful as 
also suggested by a meta-analysis of high quality RCTs 
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4. Prescott Hc, Osterholzer JJ, Langa Km, angus dc, iwashyna TJ. 
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Adults With Coronavirus Disease 2019 (COVID-19) in the ICU: first Up-
date. crit care med 2021;49:e219–34. 
10. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-
coello P, et al.; Grade Working Group. Grade: an emerging consen-
sus on rating quality of evidence and strength of recommendations. BMJ 
2008;336:924–6. 
11. Vincent JL, moreno r, Takala J, Willatts S, de mendonça a, Bruin-
ing H, et al. The SOFa (Sepsis-related Organ Failure assessment) score 
to describe organ dysfunction/failure. On behalf of the Working Group 
on Sepsis-related Problems of the european Society of intensive care 
medicine. intensive care med 1996;22:707–10. 
12. Vincent JL, de mendonça a, cantraine F, moreno r, Takala 
J, Suter Pm, et al. Use of the SOFa score to assess the incidence of 
organ dysfunction/failure in intensive care units: results of a multi-
center, prospective study. Working group on “sepsis-related problems” 
of the european Society of intensive care medicine. crit care med 
1998;26:1793–800. 
13. Zhou X, Liu d, Su L, Yao B, Long Y, Wang X, et al. Use of stepwise 
lactate kinetics-oriented hemodynamic therapy could improve the clini-
cal outcomes of patients with sepsis-associated hyperlactatemia. crit care 
2017;21:33. 
14. de Jong e, van Oers Ja, Beishuizen a, Vos P, Vermeijden WJ, Haas 
Le, et al. Efficacy and safety of procalcitonin guidance in reducing the 
duration of antibiotic treatment in critically ill patients: a randomised, 
controlled, open-label trial. Lancet Infect Dis 2016;16:819–27. 
15. Kyriazopoulou e, Liaskou-antoniou L, adamis G, Panagaki a, 
melachroinopoulos N, drakou e, et al. Procalcitonin to reduce long-term 
infection-associated adverse events in sepsis a randomized trial. am J 
respir crit care med 2021;203:202–10. 
16. Brown rm, Wang L, coston Td, Krishnan Ni, casey Jd, Wan-
derer JP, et al. Balanced crystalloids versus Saline in Sepsis: a second-
ary analysis of the SmarT clinical trial. am J respir crit care med 
2019;200:1487–95. 
17. caironi P, Tognoni G, masson S, Fumagalli r, Pesenti a, romero m, 
et al.; aLBiOS Study investigators. albumin replacement in patients with 
severe sepsis or septic shock. N engl J med 2014;370:1412–21. 
18. Philips ca, maiwall r, Sharma mK, Jindal a, choudhury aK, 
Kumar G, et al. comparison of 5% human albumin and normal saline 
for fluid resuscitation in sepsis induced hypotension among patients 
with cirrhosis (FriSc study): a randomized controlled trial. Hepatol int 
2021;15:983–94. 
19. Perner a, Haase N, Guttormsen aB, Tenhunen J, Klemenzson G, 
Åneman a, et al.; 6S Trial Group; Scandinavian critical care Trials 

of our manuscript was not to perform a meta-analysis for 
each one of the investigated topics, and it should be ac-
knowledged, as a strength of the study, that several meta-
analyses on the majority of these interventions already 
exist and confirm the findings of the RCTs. It should also 
be noted that some SSc recommendations, included in 
the abovementioned 93, cannot be investigated through 
rcTs (e.g., new recommendations regarding palliative 
care). Finally, as we did not perform a meta-analysis of 
all rcTs investigating a single intervention, we chose not 
to perform the quality assessment of the single RCTs, nor 
the analysis of publication bias. Nevertheless, we identi-
fied and described in detail several factors associated with 
potential high risk of bias, including single-center design, 
lack of blinding, lack of intention-to-treat analysis, and 
low fragility index.

The present study could be implemented with detailed 
analysis and inclusion of those intervention supported by 
a single RCT with statistically significant mortality dif-
ference in septic patients which were not mentioned or 
included in the guidelines. due to time and space con-
cerns, we’ve simply identified them and included them 
in a table, but we did not discuss them in detail. Since 
guidelines are the milestone of clinical practice, our meth-
odology including a systematic review and comparison 
with guidelines, could be extended to guidelines other 
than sepsis.

Conclusions

Our systematic review of trials focusing on sepsis and sep-
tic shock identified 44 interventions with mortality differ-
ences according to published rcTs which are not includ-
ed, considered or even mentioned in the Scc Guidelines. 
The identification of such discrepancies can be of help for 
improving future guidelines and to suggest researchers 
worldwide on which topics to focus their research over the 
next few years. The continuous revision of Guidelines and 
the conduction of new rcTs in septic population should 
be encouraged.
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