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Abstract

Background It is unclear how often survival benefits observed in single-center randomized controlled trials (sRCTs)
involving critically ill patients are confirmed by subsequent multicenter randomized controlled trials (mRCTs). We
aimed to perform a systemic literature review of sSRCTs with a statistically significant mortality reduction and to evalu-
ate whether subsequent mRCTs confirmed such reduction.

Methods We searched PubMed for sRCTs published in the New England Journal of Medicine, JAMA, or Lancet,
from inception until December 31, 2016. We selected studies reporting a statistically significant mortality decrease
using any intervention (drug, technique, or strategy) in adult critically ill patients. We then searched for subse-
quent mRCTs addressing the same research question tested by the sRCT. We compared the concordance of results
between sRCTs and mRCTs when any mRCT was available. We registered this systematic review in the PROSPERO
International Prospective Register of Systematic Reviews (CRD42023455362).

Results We identified 19 sRCTs reporting a significant mortality reduction in adult critically ill patients. For 16
sRCTs, we identified at least one subsequent mRCT (24 trials in total), while the interventions from three sRCTs have
not yet been addressed in a subsequent mRCT. Only one out of 16 sRCTs (6%) was followed by a mRCT replicating
a significant mortality reduction; 14 (88%) were followed by mRCTs with no mortality difference. The positive find-
ing of one sRCT (6%) on intensive glycemic control was contradicted by a subsequent mRCT showing a significant
mortality increase. Of the 14 sRCTs referenced at least once in international guidelines, six (43%) have since been
either removed or suggested against in the most recent versions of relevant guidelines.

Conclusion Mortality reduction shown by sRCTs is typically not replicated by mRCTs. The findings of sRCTs should be
considered hypothesis-generating and should not contribute to guidelines.
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Background

Randomized controlled trials (RCTs) are widely accepted
as the best available tools to provide scientific evidence,
are considered integral to informed clinical decision-
making [1] and have been and remain the gold standard
for assessing the efficacy of therapeutic agents. However,
despite their potential to generate robust evidence, the
positive results of single-center randomized controlled
trials (sRCTs) may not be replicated when subjected to
large multicenter randomized controlled trials (mRCTs),
particularly within the context of intensive care settings
[2, 3]. The discrepancies in results are often attributed to
the inherent limitations of sSRCTs. These limitations typi-
cally include biases due to local effects, minimal hetero-
geneity among the enrolled patients, inadequate blinding
of personnel and data analysis, and the temporal gap
between enrollment completion and publication. In addi-
tion, many sRCTs conducted in intensive care settings
are often characterized by a low fragility index, indicat-
ing that the positive findings of the study depend on a
small number of events [4]. Therefore, clinicians should
interpret the positive evidence from sRCTs with caution,
as clinical practice based on such evidence carries a high
risk of bias [2].

Despite the above considerations, no study has sys-
tematically evaluated the discrepancy between positive
sRCTs and subsequent mRCTs in the intensive care set-
ting to provide a detailed perspective on the reproducibly
of SRCTs. Therefore, we conducted a systematic review to
identify sRCTs showing a mortality increase or decrease
with a statistically significant difference and to evalu-
ate whether following mRCTs confirmed or refuted the
positive findings of these sSRCTs. The primary objective
of this systematic review was to report if significant mor-
tality reduction observed in sRCTs was replicated in sub-
sequent mRCTs. The secondary objective was to observe
how clinical guidelines have dealt with these positive
sRCTs in their recommendations.

Methods

We performed a systematic review according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [5] (see PRISMA checklist
in Additional file 1). This systematic review was regis-
tered in PROSPERO International Prospective Register
of Systematic Reviews (CRD42023455362).

Search strategy and selection criteria

Two investigators independently searched PubMed for all
RCTs of any non-surgical intervention influencing unad-
justed landmark mortality in critically ill patients (>48 h
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after randomization), published in three medical jour-
nals (i.e., New England Journal of Medicine, JAMA, and
Lancet) from inception to December 31st, 2016. We did
not consider sRCTs published after 2017 considering the
time lag between the publication of sSRCTs and their cor-
responding mRCTs.

We considered a difference in mortality as statistically
significant when present at a specific point (>48 h after
randomization) with simple statistical tests and with-
out adjustment for baseline characteristics. We selected
articles published in NEJM, JAMA, or the Lancet, with
a randomized controlled trial design in a single-center
setting, presenting a statistically significant reduction or
increase in unadjusted landmark mortality in critically ill
patients. A quasi-randomized or non-randomized meth-
odology, multicentric trials, pediatric populations, and
absence of data on mortality were considered exclusion
criteria. The full PubMed search strategy is available in
Additional file 1.

After identification of eligible sRCTs, two investiga-
tors independently searched for mRCTs addressing the
same PICO (population, intervention, control, outcome)
frameworks, which were published from inception to
December 31st, 2022.

The risk of bias of each included sRCT was assessed
using the Cochrane risk-of-bias tool for randomized tri-
als version 2 (RoB 2) [6].

Data extraction

Two investigators extracted the following variables in
a standardized data collection form: PubMed unique
identifier, journal, first author, year of publication, study
population, number of patients enrolled, interven-
tion, control, mortality data with statistical significance,
and timepoint of mortality assessment. If a subsequent
mRCT was identified, we evaluated whether the mor-
tality findings of the mRCT were consistent with those
of the sRCT. Furthermore, we explored whether sRCTs
were incorporated into international clinical practice
guidelines. We further assessed whether and when guide-
lines stopped citing such RCTs or issued recommenda-
tions modified by the mRCTs findings.

Statistical analysis

First, positive sSRCTs with at least one subsequent mRCT
were classified into three groups based on the results
of mRCTs: significant mortality reduction (positive
mRCTs), no significant difference in mortality (neutral
mRCTs), and significant mortality increase (negative
mRCTs). The proportion of sSRCTs within each group was
reported accordingly.
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Second, we categorized included sRCTs that were
cited at least once in international clinical guidelines
based on the current guideline recommendations: sup-
porting the intervention shown to have survival ben-
efits in the sRCT, withholding recommendation due to
insufficient evidence, and opposing the intervention of
interest or excluding the sRCT cited in the preceding
version of the guidelines.

To confirm the robustness of our findings, we per-
formed a sensitivity analysis including only recent
positive sRCTs published after 2001 to describe the
mortality results of subsequent mRCTs and the guide-
line recommendations regarding the intervention
assessed in the included sRCTs.

Furthermore, the following data were summa-
rized: the number of randomized patients (sSRCTs and
mRCTs), the number of participating centers (mRCTs),
the duration between publications of the sRCT and
subsequent mRCT, and the duration from the initial
citation of the sRCTs in the guidelines to an alteration
in recommendation against its use or removal from
guidelines. Missing data were not imputed through-
out this study. Continuous variables were described
as median and interquartile range (IQR). Categorical
variables were expressed as number (percentage). We

47,559 records identified through
database searching
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used RStudio Version 2023.06.0+421 (RStudio Team,
Boston, United States).

Results

We identified 19 sRCTs published in the three high
impact factor journals (7 in New England Journal of
Medicine, 7 in JAMA, or 5 in Lancet), which showed a
statistically significant mortality difference in critically ill
patients [7-25] (Fig. 1). Major exclusions and reasons for
exclusion are detailed in Additional file 1: Table S1. These
trials were published from 1984 to 2016. The median
number of enrolled patients was 231 (IQR 90-430). Acute
kidney injury was the most representative condition of
interest (4 studies [18, 20, 22, 25]), followed by cardiac
arrest (3 studies [11, 17, 21]) and sepsis (3 studies [14,
16, 19]). Standard care or conventional therapy was used
as control in 7 studies [8, 9, 14, 16, 19, 21, 23]. The most
common timing of significant mortality differences was
hospital discharge (8 studies [9-11, 13, 17, 18, 21, 23]).
The characteristics of the included sRCTs are described
in Table 1. The vast majority of the sRCTs included in this
study (18 out of 19) were assessed as having a low risk of
bias, while the remaining trial was judged as having some
concerns (see Additional file 1: Table S2).

47,475 records excluded at title/abstract level as
not meeting the inclusion criteria

Y
84 randomized trials published in
NEJM, JAMA, or Lancet until 2016,
which showed a statistically
significant mortality difference in
critically ill patients

65 full-text articles excluded

- Multicentric design: 58

- Not critically ill patients: 4

- A significant mortality difference at < 48 hours: 2
- No significant mortality difference: 1

A 4

( 19 studies included |

Fig. 1 Flow chart of study selection. NEJM New England Journal of Medicine
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References Number Population Intervention Control Mortality timepoint
of
patients
Lachman et al. [14] 33 Septic shock Anti-lipopolysaccharide Conventional treatment  7.1% versus 47%
immunoglobulin G Hospital discharge
Sacketal. [21] 103 In-hospital cardiac arrest  Interposed abdominal Standard care 75% versus 93%
counterpulsation Hospital discharge
Boyd et al. [8] 107 High-risk surgical patients  Supranormal oxygen Conventional therapy 5.7% versus 22%
delivery 28 days
Levacheretal. [15] 76 Upper gastrointestinal Terlipressin plus glyceryl  Placebo 20% versus 42%
bleeding trinitrate 15 days
Antonelli et al. [7] 40 Acute respiratory failure  Non-invasive ventilation  Supplemental oxygen 20% versus 50%
after solid organ trans- ICU discharge
plantation
Ronco et al. [20] 425 Acute renal failure in ICU  Higher intensity renal Low or intermediate 41% versus 57% versus 58%
replacement therapy volume ultrafiltration 15 days
Rivers et al. [19] 263 Sepsis and septic shock Early goal-directed Standard care 44% versus 57%
therapy 60 days
Hilbert et al. [13] 52 Acute respiratory failure Non-invasive ventilation  Supplemental oxygen 50% versus 81%
in immunosuppressed Hospital discharge
patients
van der Berghe et al. [23] 1548 ICU patients Intensive insulin therapy ~ Conventional therapy 4.6% versus 8.0%
Hospital discharge
Dorian et al. [11] 347 Out-of-hospital ventricu- ~ Amiodarone Lidocaine 77% versus 88%
lar fibrillation Hospital discharge
Schiffl et al. [22] 160 Acute renal failure Daily intermittent hemo-  Alternate-day hemodi- 28% versus 46%
dialysis alysis 14 days
Phuetal.[18] 70 Acute renal failure Venovenous dialysis Peritoneal dialysis 15% versus 47%
with urgent renal replace- Hospital discharge
ment therapy indication
de Jonge et al. [9] 934 Patients on mechanical Selective decontamina- Standard care 24% versus 31%
ventilation tion digestive tract Hospital discharge
de Silva et al. [10] 401 Yellow-oleander poison-  Charcoal Placebo 2.5% versus 8.0%
ing Hospital discharge
Olasveengenetal.[17] 1183 Out-of-hospital nontrau-  CPR with epinephrine CPR without epinephrine  68% versus 79%
matic cardiac arrest administration administration Hospital admission
Morelliet al. [16] 154 Septic shock Esmolol infusion Standard care 49% versus 81%
28 days
Villanueva et al. [24] 921 Upper gastrointestinal Restrictive transfusion Liberal transfusion 5.0% versus 8.9%
bleeding strategy strategy 45 days
Girardis et al. [12] 434 ICU patients Conservative oxygen sup- Conventional oxygen 12% versus 20%
plementation supplementation ICU discharge
Zarbock et al. [25] 231 Acute kidney injury Early renal replacement Delayed renal replace- 399% versus 55%
stage 2 therapy ment therapy 90 days

CPR cardiopulmonary resuscitation, ICU intensive care unit

Most of the included sRCTs (16/19, 84%) [7, 9-17,
19, 20, 22-25] were followed by at least one subsequent
mRCT (in total 24 studies [26—49]), while no mRCT
was available for the remaining three studies [8, 18, 21].
The mRCTs enrolled more patients (median, 1192 [IQR
488-3021] vs. 231 [IQR 90-430] in sRCTs). The median
number of participating centers was 29 (IQR 8-37) and
one-third of the studies involved multiple countries [27,
29, 32, 34, 40, 41, 45, 48]. The median interval between
the publications of a sSRCT and its relevant subsequent

mRCT was 8 years (IQR 5-13 years). Survival or mor-
tality was the primary outcome in the 10 sRCTs and 17
mRCTs (as listed in Additional file 1: Table S3).

The survival benefits of one intervention (epineph-
rine during out-of-hospital cardiac arrest [17]) were
confirmed by a subsequent mRCT [46]. Fourteen stud-
ies [9-13, 16, 19, 22, 24, 25] were followed by neutral
mRCTs (no statistically significant mortality difference
between groups) [26-33, 35-45, 47-49]. One sRCT
reporting survival benefit of intensive insulin therapy
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Positive single-center RCTs
published in
NEJM, JAMA, and Lancet

1 9 single-center RCTs — 1 6 single-center RCTs

Positive single-center RCTs
followed by
at least 1 multicenter RCTs
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Comparison with
subsequent multicenter RCTs

1 single-center RCT (6%)

confirmed by
a POSITIVE multicenter RCT

1 4 single-center RCTs (88%)

followed by
NEUTRAL multicenter RCTs

1 single-center RCT (6%)

refuted by
a NEGATIVE multicenter RCT

Fig. 2 Mortality findings in multicenter randomized trials following positive single-center trials. RCT randomized controlled trials, NEJM New

England Journal of Medicine

[23] was contradicted by a large mRCT documenting
a statistically significant mortality increase in patients
randomized to the intensive insulin therapy arm [34].
Figure 2 and Table 2 describes the mortality findings of
these mRCTs.

Figure 3 and Table 3 summarizes how clinical guide-
lines have considered survival benefits shown in sRCTs.
Among the included 19 sRCTs, 14 were cited in clini-
cal guidelines at least once (13 sRCTs with subsequent
mRCTs and one without) [7, 9, 11-13, 15, 17, 19-25].
Among the 13 sRCTs followed by mRCTs, the guide-
lines initially provided recommendations or suggestions
based on the positive results of seven sRCTs [7, 11, 13,
15, 19, 23, 24]. However, the current guidelines do not
support applying two of these interventions anymore [19,
23]. Treatments assessed in the remaining five sRCTs [7,
11, 13, 15, 24] remained as suggestions for use in clini-
cal guidelines. Such suggestions remained even after the
publication of mRCTs, which reported neutral mortality
findings.

Of the remaining six sRCTs for which guidelines did
not support the intervention investigated, five [9, 12, 17,
20, 22] were cited in the guidelines without a clear rec-
ommendation, primarily due to inadequate evidence.
However, one intervention—epinephrine for cardiac
arrest—that exhibited survival benefits in the SRCT [17]
and subsequent mRCT [46] is currently recommended in
guidelines. The remaining sRCT [25] was not endorsed
by the initial relevant guideline as a result of other
mRCTs that showed no significant mortality reduction.

Finally, among three sRCTs which has not had a subse-
quent mRCT, only one study [21] was cited in guidelines
without any recommendation but is not referenced in the
current guidelines.

Consequently, among 14 sRCTs originally referenced
to in clinical guidelines, six (43%) are still cited to sug-
gest for the intervention in current international guide-
lines [7, 11, 13, 15, 17, 24]. Conversely, six other sRCTs
(43%) were either omitted or considered contraindi-
cated in subsequent guideline versions [9, 19, 22, 23, 25].
Among these six studies, the median duration from the
initial citation in the guidelines to an alteration in recom-
mendation against its use or removal from guidelines was
9 years (IQR 6-12 years). Regarding the remaining two
studies [12, 20], no recommendation was made due to
insufficient evidence.

A sensitivity analysis restricted to recent sRCTs con-
firmed the overall results: survival benefits were infre-
quently replicated in subsequent mRCTs; half of the
positive sRCTs were omitted or considered contraindi-
cated in the current guidelines (detailed in Table S4 in the
Additional file 1).

Discussion

Key findings

Our systematic review found 19 sRCTs with a statisti-
cally significant mortality decrease in critically ill adult
patients. Most of these were followed by at least one
subsequent mRCT. Survival benefits observed in sRCTs
were rarely corroborated by mRCTs, with most mRCTs
reporting neutral results on mortality, and one mRCT
finding a significant mortality increase with intensive
glucose control. Treatment recommendations based
on the initial citation of sRCTs with survival benefits
were included in international guidelines and typically
remained unchanged for a decade before any revisions
were made based on subsequent relevant mRCTs.
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Table 2 Subsequent multicenter randomized trials and their mortality findings

sRCT References of MRCT Number Number Number  Mortality
of of of
patients centers  countries
Anti-lipopolysaccharide immunotherapy in sepsis, Greenman et al. [37] 486 33 1 No statistically significant difference
1984 [14] Angus et al. [26] 1102 136 1 No statistically significant difference
Interpose abdominal counterpulsation during car-  Not available
diac arrest, 1992 [21]
Supranormal oxygen delivery, 1993 [8] Not available
Terlipressin for upper gastrointestinal bleeding Feu et al. [33] 161 4 1 No statistically significant difference
in cirrhotic patients, 1995 [15] Escorsell et al. [32] 219 9 2 No statistically significant difference
Non-invasive ventilation in immunosuppressed Lemiale et al. [41] 374 28 2 No statistically significant difference
patients, 2000 [7, 13]
High-intensity renal replacement therapy in acute Palevsky et al. [44] 1124 27 1 No statistically significant difference
renal failure, 2000 [20] Bellomo et al. [29] 1508 35 2 No statistically significant difference
Early goal-directed therapy in sepsis, 2001 [19] Peake et al. [45] 1600 51 5 No statistically significant difference
Yealy et al. [49] 1341 31 1 No statistically significant difference
Mouncey et al. [42] 1260 56 1 No statistically significant difference
Intensive insulin therapy, 2001 [23] Finfer et al. [34] 6104 42 4 Statistically significant mortality
increase at 90 days (28% vs. 25%)
Amiodarone in refractory ventricular fibrillation, Kudenchuk et al. [40] 3026 10° 2 No statistically significant difference
2002 [11]
Daily hemodialysis in acute renal failure, 2002 [22] Ponce et al. [47] 407 2 1 No statistically significant difference
Hemofiltration versus peritoneal dialysis in acute Not available
renal failure, 2002 [18]
Selective decontamination of digestive tract, 2003 de Smet et al. [30] 5939 13 1 No statistically significant difference
o Myburgh et al. [43] 5982 19 1 No statistically significant difference
Charcoal in poisoning, 2003 [10] Eddlestonetal. [31] 4632 3 1 No statistically significant difference
Epinephrine during cardiopulmonary resuscitation, — Perkins et al. [46] 8014 5P 1 Statistically significant mortality
2009 [17] reduction at 30 days (3.2% vs 2.4%)
Beta blocker in sepsis, 2013 [16] Kakihana et al. [39] 151 54 1 No statistically significant difference
Transfusion thresholds in upper gastrointestinal Jairath et al. [38] 936 6 1 No statistically significant difference
bleeding, 2013 [24]
Oxygen targets, 2016 [12] Schjerring et al. [48] 2928 35 7 No statistically significant difference
Gelissen et al. [36] 574 4 1 No statistically significant difference
Timing of renal replacement therapy in acute kidney Gaudry et al. [35] 620 31 1 No statistically significant difference
injury, 2016 [25] Barbar et al. [28] 488 29 1 No statistically significant difference
Bagshaw et al. [27] 3019 168 15 No statistically significant difference

CPR cardiopulmonary resuscitation, sRCT single-center randomized controlled trial, mRCT multicenter randomized controlled trial

# Number of clinical centers consisting of the Resuscitation Outcomes Consortium
b Number of National Health Service ambulance services

Relationship with previous literature

RCTs in intensive care medicine tend to deliver neutral
results in terms of mortality for several reasons including
heterogeneity of patient characteristics, underlying prac-
tice variation, insufficient power, and likely small treat-
ment effects [3]. This fact poses an important challenge
for clinicians because they must perform clinical practice
without robust evidence supporting their decisions. As
a result, positive trials, namely RCTs reporting statisti-
cally significant reductions in mortality attributable to
the intervention of interest, look attractive and are often

taken up by physicians to change their routine manage-
ment. Unfortunately, however, such positive RCTs fre-
quently suffer from methodological problems, which
can limit the applicability of their findings. Furthermore,
single-centric design itself carries many other limitations
(2, 3].

One of the major challenges of sRCTs is that, to achieve
an effect on mortality in the presence of a small sample
size, they must achieve an implausibly large effect size.
Single-center trials are typically conducted by advo-
cates of the intervention under investigation [2]. The
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Positive single-center RCTs
published in
NEJM, JAMA, and Lancet

1 9 single-center RCTs

Fig. 3 Current guideline recommendations of positive single-center trials

delivery of such interventions generally requires special-
ized expertise and dedication, which may not be readily
transferable to other centers involved in subsequent large
mRCTs. Such discrepancies may limit the feasibility of
the interventions, potentially diminishing the magnitude
of the treatment effects observed in mRCTs compared
to sRCTs. In fact, a meta-epidemiological study evalu-
ated the differences in treatment effects between sRCTs
and multicenter RCTs and found that single-center trials
showed a statistically significant larger treatment effects
than multicenter trials (ratio of odds ratios, 0.73; 95%
confidence interval 0.64—0.83) [68]. This finding was con-
firmed by a systematic review assessing treatment effects
on mortality in critically ill settings [69]. By pooling 82
eligible RCTs, this systematic review found that a single-
center design resulted in larger treatment effects than a
multicenter design (ratio of odds ratios, 0.64; 95% confi-
dence interval 0.47-0.87) [69]. Our selection criterion of
sRCTs with significant mortality differences is a unique
approach; nonetheless, the present systematic review was
consistent with previous work showing that survival ben-
efits in sRCTs were rarely replicated in mRCTs. Moreo-
ver, we identified one mRCT demonstrating a significant
mortality increase by an intervention (intensive glucose
control strategy) [34], which reduced mortality within
the context of a previous single-center trial [23].

Nearly half of clinical guidelines that cite SRCTs, rec-
ommend the relevant intervention based on their posi-
tive results, despite some of these endorsements being
subsequently refuted in light of accumulated evidence.
In addition, a decade was typically required to amend
such recommendations from clinical guidelines. Given
the pervasive application of interventions examined in
RCTs, these initial recommendations might have played a

Positive single-center RCTs
cited at least once
in clinical guidelines

— 1 4 single-center RCTs
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Current recommendations
in clinical guidelines

6 single-center RCTs (43%)
suggestion for use

2 single-center RCTs (14%)
insufficient evidence

6 single-center RCTs (43%)

omitted or
considered contraindicated

substantial role in the potential consequences on patient
outcomes, healthcare resources, and economic costs. For
example, early-goal directed therapy was recommended
in the surviving sepsis campaign guidelines in 2004 [56].
However, later, three mRCTs found no benefits in clini-
cally relevant outcomes [42, 45, 49]. Furthermore, eco-
nomic evaluation using one of the mRCTs revealed that
early-goal directed therapy was associated with increased
health care costs without improving outcomes [70].

Despite these methodological challenges, positive
sRCTs have made changes in clinical practice. The early
goal-directed therapy for septic shock is a typical exam-
ple. The initial SRCT [19] showed survival benefits of this
protocolized management, which was not replicated in
subsequent mRCTs [42, 45, 49]. However, given the dif-
ference in patient severity between the sRCT and sub-
sequent mRCTs (e.g., reduced vs. normal central venous
oxygen saturation [ScvO,]), clinicians now pay more
attention to ScvO, values than before the sRCT [71].
Furthermore, the lack of multicentric confirmation of
survival benefits implies a restricted external validity of
sRCTs rather than an indication of them producing false
positive results.

As the intensive care community advances the meth-
odology of randomized trial design and execution,
there remains a notable lack of evidence demonstrating
improved mortality from interventions. These disap-
pointing results have been obtained by using frequentist
statistics, where the conclusion is dichotomized to yes or
no based on confidence intervals and p values. In con-
trast, Bayesian analysis provides a probabilistic assess-
ment of the magnitude and direction of true treatment
effects, which allows clinicians to augment the interpre-
tation of the trial results. Interestingly, there are several
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Table 3 Citation of single-center randomized trials in international clinical guidelines
Research topic The first Recommendation in the first ~ Guideline removing or Current
guideline citating guideline citing the sSRCT suggesting against the sSRCT ~ recommendation in
the sRCT guidelines
16 sRCTs with subsequent mRCTs
Anti-lipopolysaccharide immu-  Not available Not applicable Not applicable Not applicable
notherapy in sepsis, 1984 [14]
Terlipressin for upper gastro- 2018 [50] Suggested Not applicable Suggested [50]
intestinal bleeding in cirrhotic
patients, 1995 [15]
Non-invasive ventilation 2015 [51] Some evidence of benefit 2020 [52] Suggested [52]
in immunosuppressed patients, in certain patients with immuno-
2000 [7] suppression
High-volume ultrafiltration 2008 [53] Insufficient evidence 2021 [54] Insufficient evidence [54]
in acute renal failure, 2000 [20]
Non-invasive ventilation 2015 [51] Some evidence of benefit 2023 [55] Suggested [55]
in immunosuppressed patients, in certain patients with immuno-
2001 [13] suppression
Early goal-directed therapy 2004 [56] Recommended 2017 [57] Not mentioned [54]
in sepsis, 2001 [19]
Intensive insulin therapy, 2001 2004 [56] Recommended with a glucose 2013 [58] Suggested against [54]
[23] goal of <150 mg/dL
Amiodarone in refractory ven- 2006 [59] Recommended 2019 [60] Suggested [61]
tricular fibrillation, 2002 [11]
Daily hemodialysis in acute renal 2008 [53] Insufficient evidence 2013 [58] Not mentioned [54]
failure, 2002 [22]
Selective decontamination 2008 [53] No recommendation 2016 [57] Not mentioned [54]
of digestive tract, 2003 [9]
Charcoal in poisoning, 2003 [10] ~ Not available Not applicable Not applicable Not applicable
Epinephrine during cardiopul- 2010 [62] Insufficient evidence 2015 [63] Recommended [64]
monary resuscitation, 2009 [17]
Beta blocker in sepsis, 2013 [16] ~ Not available Not applicable Not applicable Not applicable
Restrictive transfusion threshold 2016 [65] Recommended Still cited in the current guide- Suggested [66]
in upper gastrointestinal bleed- line [66]
ing, 2013 [24]
Oxygen targets, 2016 [12] 2021 [54] Insufficient evidence Not available Insufficient evidence [54]
Early initiation of renal replace- 2021 [54] Suggested against Not available Suggested against [54]
ment therapy in acute kidney
injury, 2016 [25]
3 sRCTs without subsequent mRCTs
Interpose abdominal counter- 2005 [67] No clear statement 2015 [63] Not mentioned [64]
pulsation during cardiac arrest,
1992 [21]
Supranormal oxygen delivery, Not available Not applicable Not available Not applicable
1993 [8]
Hemofiltration vs peritoneal Not available Not applicable Not applicable Not applicable

dialysis in acute renal failure,
2002 [18]

CPR cardiopulmonary resuscitation, sRCT single-center randomized controlled trial

intensive care trials where frequentist statistics denied
significant mortality reduction, followed by a Bayesian
reanalysis revealing a high probability of survival benefits
[72, 73]. Therefore, the integration of Bayesian analysis in
intensive care trials may offer a solution to the limitations
commonly encountered with frequentist approaches.

Implications

This systematic review found mortality reduction was
rarely replicated in mRCTs despite the existence of
previous positive sRCTs. This implies that there are
potential risks when incorporating novel interventions
into routine practice based on positive sSRCTs without
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mRCTs confirmation. Importantly, no intervention is
free from complications. In addition, new interven-
tions tested in randomized trials often consume more
human resources and economic costs. Therefore, man-
agement change will inevitably result in complications,
increased workload, and costs, all of which did not exist
with previous usual care. Given the high likelihood of
no mortality difference or even mortality increase in
subsequent mRCTs, our findings imply that clinicians
should wait for a large-scale trial prior to changing
practice or at least be very careful in interpreting the
results of positive SRCTs.

Strengths and limitations

This systematic review is the first study to compre-
hensively identify sRCTs reporting statistically signifi-
cant reductions in mortality and their corresponding
subsequent mRCTs in the field of intensive care medi-
cine. The infrequent replicability of survival benefits
in mRCTs corroborated the limited generalizability
of sRCTs’ findings. Evaluating the impact of sRCTs on
clinical guidelines may be a novel approach, but it
yields important insights into the development and
interpretation of guidelines.

We acknowledge several limitations. First, given our
focus was solely on intensive care sRCTs, our findings
may not translate to other medical disciplines. Never-
theless, the generic limitations of sRCTs are universal,
regardless of the targeted population or intervention
type. As such, sRCTs need to be perceived as hypoth-
esis-generating and clinicians ought to assess the
results of sSRCTs with a balanced consideration of their
strengths and weaknesses. Second, our study included
only sRCTs published until 2016, thereby excluding
more recent sRCTs. Despite this limitation, our pri-
mary objective was to compare the mortality findings of
sRCTs with those of subsequent mRCTs, which neces-
sitated an intervening period between them. In addi-
tion, the median duration between sRCT and mRCT
publication was 8 years, providing justification for our
inclusion criteria. Third, we included positive sRCTs
published in the three renowned general medical jour-
nals, excluding those in intensive care specialty journals
(as listed in Table S5: Additional file 1). As a result, the
number of eligible studies was relatively small; none-
theless, we employed this strategy to evaluate whether
subsequent mRCTs could replicate the survival ben-
efits observed in sRCTs with rigorous methodologies.
Given the high standards of the included studies and
the concordance of the results with previous literature,
it is plausible that our findings could be extrapolated to
positive sSRCTs reported in specialty journals. Finally,
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our search was confined to international guidelines to
explore sRCTs’ citations. This approach was chosen to
ensure the quality of evidence synthesis and general-
ized perspective.

Conclusions

Our systematic review found that the statistically signifi-
cant survival improvement shown in sRCTs was rarely
confirmed by multicenter randomized evidence in inten-
sive care settings. Clinicians should be cautious in altering
routine clinical practices until well-conducted multicenter
randomized trials are available. Given their substantial
implications for global clinical practice, international
guidelines should refrain from issuing a clear recommen-
dation based solely on the positive results of sSRCTs.
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