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Abstract 

Purpose:  Guidelines for shock recommend mean arterial pressure (MAP) targets for vasopressor therapy of at least 
65 mmHg and, until recently, suggested that patients with underlying chronic hypertension and atherosclerosis may 
benefit from higher targets. We conducted an individual patient-data meta-analysis of recent trials to determine if 
patient variables modify the effect of different MAP targets.

Methods:  We searched the MEDLINE, EMBASE, and Cochrane Central Register of Controlled Trials for randomized 
controlled trials of higher versus lower blood pressure targets for vasopressor therapy in adult patients in shock (until 
November 2017). After obtaining individual patient data from both eligible trials, we used a modified version of the 
Cochrane Collaboration’s instrument to assess the risk of bias of included trials. The primary outcome was 28-day 
mortality.

Results:  Included trials enrolled 894 patients. Controlling for trial and site, the OR for 28-day mortality for the higher 
versus lower MAP targets was 1.15 (95% CI 0.87–1.52). Treatment effect varied by duration of vasopressors before 
randomization (interaction p = 0.017), but not by chronic hypertension, congestive heart failure or age. Risk of 
death increased in higher MAP groups among patients on vasopressors > 6 h before randomization (OR 3.00, 95% CI 
1.33–6.74).

Conclusions:  Targeting higher blood pressure targets may increase mortality in patients who have been treated with 
vasopressors for more than 6 h. Lower blood pressure targets were not associated with patient-important adverse 
events in any subgroup, including chronically hypertensive patients.
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Introduction

Until recently, guidelines of the Surviving Sepsis Cam-
paign [1] and the European Consensus on Circulatory 
Shock [2] recommended an initial mean arterial pres-
sure (MAP) target of at least 65 mmHg (grade 1C, indi-
cating a strong recommendation with a low quality of 
evidence), and suggested that patients with underlying 
chronic hypertension and atherosclerosis may benefit 
from higher blood pressure targets.

Critical care clinicians administer vasopressors to 
compensate for excessive vasodilatation and/or, as res-
cue therapy when hypotension is so severe that treat-
ing teams anticipate imminent circulatory arrest [3]. 
However, inducing vasoconstriction may significantly 
compromise blood flow to some vascular beds, and 
vasopressors have pleiotropic effects that make it diffi-
cult to predict their overall effects on clinical outcomes 
[4].

The results of two recent randomized controlled tri-
als (RCTs) do not suggest that MAP targets for vaso-
pressors higher than 65 reduce mortality [5, 6]. Both 
trials targeted a heterogeneous patient population rais-
ing the possibility that effects of target pressures may 
differ in subgroups of patients. This analysis follows a 
study-level meta-analysis conducted at the request of 
two societies to inform guidelines [7]. We conducted 
the current patient-level analysis to understand the 
effects of the intervention in specific patient subgroups, 
an objective not achievable using published, study-level 
data.

Specifically, the research question was: ‘In adult 
patients who are in shock, do higher versus lower blood 
pressure targets reduce 28-day mortality overall, or in 
subgroups defined by chronic hypertension, congestive 
heart failure, age and duration of vasopressor therapy 
before enrolment?’ Our hypothesis was that patient char-
acteristics at baseline modify the effect of different MAP 
targets.

Methods
We registered the study on PROSPERO on April 8, 2016 
(CRD42016037482), followed a prespecified analysis plan 
and present the results according to PRISMA guidance.

Search and selection criteria
To identify RCTs of higher versus lower blood pressure 
targets for vasopressor therapy in adult patients who are 
in shock, we searched the electronic databases MEDLINE 
(from 1946 to November 2017), EMBASE (from 1980 to 
November 2017), and the Cochrane Central Register of 
Controlled Trials, as well as reference lists of identified 
articles, recently published editorials and reviews, and 

proceedings from the annual meetings (from 2005 to 
2017) of the American Thoracic Society, the Society of 
Critical Care Medicine, the European Society of Inten-
sive Care Medicine, and the International Symposium 
on Intensive Care and Emergency Medicine. This review 
excludes crossover designs, trials of unconventional vaso-
pressor agents, and studies in which the duration of the 
intervention was less than 24 h. There was no exclusion 
on the basis of language of the published report. The 
detailed search strategy is presented in the eAppendix.

Two reviewers independently assessed trial eligibility 
based on a review of titles, abstracts, and, when possibly 
eligible, the corresponding full text reports.

Master database
We accessed the complete databases, database diction-
aries and original protocols from each trial. The project 
biostatistician (A.G.D.) confirmed published results of 
each trial and resolved any queries with the correspond-
ing principal investigator, data manager, or statistician. 
We reviewed the individual study protocols, template 
case report forms and database dictionaries to harmonize 
study databases. We updated each database with uni-
fied coding across trials and merged them into one mas-
ter database. Harmonized variables are listed in order of 
appearance in the online supplement (eTable 4).

Outcomes
All outcomes were prespecified. The primary outcome 
was 28-day all-cause mortality. Binary secondary out-
comes were: all-cause mortality at 90  days; proportion 
of patients with persistent organ dysfunction—defined 
as continued dependency on mechanical ventilation or 
renal replacement therapy—or death; the number of days 
alive and without persistent organ dysfunction; and the 
occurrence of supraventricular cardiac arrhythmia dur-
ing the first 5  days of vasopressor therapy, myocardial 
injury, digit or limb ischemia, mesenteric ischemia and 
major bleeding. Other secondary outcomes were the 
fluid balance, daily average MAP and total daily norepi-
nephrine equivalent received over the first 5 days of vaso-
pressor therapy.

Take‑home message: 

In this individual patient-data meta-analysis, higher 
blood-pressure targets–i.e. more aggressive use of 
vasopressors - were associated with an increased risk of 
death in patients enrolled >6 h after initiation of vaso‑
pressors. Lower blood-pressure targets were not asso‑
ciated with patient-important adverse events in any 
subgroup, including chronically hypertensive patients.
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Calculations
We transformed doses of dopamine, epinephrine, phe-
nylephrine and vasopressin to norepinephrine equiva-
lents [8]. Individual studies used different risk scores to 
describe the baseline severity of illness. We calculated 
the predicted mortality for each patient using the risk 
score of the corresponding study [9]. For each patient, 
we ascertained persistent organ dysfunction, defined as 
dependency on mechanical ventilation, renal replace-
ment, or vasopressor therapy at day 28 and at 3 months. 
Patients with persistent organ dysfunction at day 28 have 
a higher subsequent mortality rate, prolonged hospital 
course, and reduced quality of life at 3 months compared 
to survivors without persistent organ dysfunction [10].

Risk of bias assessment for individual studies
We used a modified version of the Cochrane Collabora-
tion’s instrument to assess risk of bias in included trials 
[11]. The instrument addresses the following domains: 
allocation sequence concealment, blinding of partici-
pants and caregivers, blinding of data collectors, blinding 
for outcome assessment, blinding of data analysts, loss to 
follow up, selective outcome reporting, and termination 
of enrolment before planned sample size is reached for 
early evidence of benefit [12]. Studies with one or more 
domains assessed as a potential source of bias were con-
sidered overall at high risk of bias.

Statistics
All analyses were conducted according to the prede-
fined statistical analysis plan outlined in the protocol 
(CRD42016037482). We analyzed all patients in the arms 
to which they were randomized. The analysis of most out-
comes addresses potential heterogeneity by treating site 
as a random effect and trial as a fixed effect. The primary 
outcome of 28-day mortality, and all other binary out-
comes, were analyzed using a generalized linear (logis-
tic) mixed model with a random effect for site and fixed 
effects for treatment assignment and trial, except, due 
to their small numbers, adverse events were compared 
between treatment groups using unadjusted odds ratios 
and risk differences with exact 95% confidence intervals 
and p values calculated by Fisher’s exact test.

We conducted sensitivity analyses of the primary out-
come adjusting the odds ratio of 28-day mortality after 
adding, simultaneously, the following prespecified base-
line covariates: age, probability of dying in hospital, 
baseline chronic hypertension and duration of vasopres-
sor therapy before enrolment. We depict survival over 
3 months using a Kaplan–Meier curve.

A priori, we postulated four possible subgroup effects 
based on (1) presence or absence of hypertension 

diagnosed prior to the acute illness (binary variable as 
defined in primary studies)—hypothesizing that hyper-
tensive patients will benefit more from high blood 
pressure targets; (2) congestive heart failure (binary vari-
able as defined in primary studies)—hypothesizing that 
patients with congestive heart failure benefit from lower 
blood pressure targets; (3) age (continuous variable)—
hypothesizing that older patients benefit from lower 
blood pressure targets; and (4) duration of vasopres-
sor therapy before enrolment (dichotomized at ≤  6 vs. 
> 6 h as pre-specified)—hypothesizing that ≤ 6 h would 
benefit from higher MAP targets. Subgroup analyses 
were performed for every outcome. An interaction term 
between the subgroup and treatment was used to test 
the statistical significance of subgroup effect modifica-
tion. We represented each subgroup by dummy variables 
except age, which we modeled as a continuous variable. 
To allow the effect modification of age to vary non-
linearly, we used a restricted cubic spline with equally 
spaced knots between 40 and 80. We limited the knots 
to between 40 and 80 because too few patients were out-
side this age range. We considered placing knots, every 
5, 10 and 20 years, and selected the model which had the 
lowest AIC score [13]. We used the Hosmer–Lemeshow 
goodness of fit test to assess the adequacy of fit of the 
selected model. Due to the minimal amount of missing 
data, our primary analysis used complete cases. How-
ever, we confirmed the primary results after multiply 
imputing any missing data using the fully conditional 
specification [14].

We present the distribution of daily average MAP and 
norepinephrine equivalent vasopressor dose while on 
vasopressors using boxplots clustered by MAP target and 
trial.

We used the linear mixed effects model with a random 
site effect and fixed trial effect to estimate the persistent 
organ dysfunction-free days over the first 28 days as well 
as the patient-averaged MAP and vasopressor dose over 
the first 5 study days while on vasopressors by arm. This 
model estimates the mean difference between patients 
randomized to higher versus lower MAP targets and tests 
if these differences were consistent across subgroups 
or trials. Since vasopressor dose was strongly positively 
skewed, it was log-transformed before modeling and 
parameters were exponentiated to provide estimates 
of geometric means and the ratio of geometric means 
between MAP target. Since fluid balance was strongly 
Kurtotic but not highly skewed, we reported it by arm 
as quartiles with the ratio of the median reported and p 
value comparing arms estimated by the Wilcoxon rank-
sum test.
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All between group differences are presented as point 
estimates with 95% confidence intervals and p values 
testing against the null hypothesis of no difference in the 
proportion (or mean or ratio) between groups. For all 
analyses, statistical significance was inferred when the 
95% confidence interval did not cross the null effect, or 
equivalently, where the two-sided p value was < 0.05. We 
did not adjust confidence intervals or p values for multi-
plicity of secondary outcomes or subgroups.

All analyses were undertaken using SAS v.9.4 (SAS 
Institute, Cary NC, USA). We modeled binary outcomes 
such as 28-day mortality and 28-day persistent organ 
dysfunction using the GLIMMIX procedure with trial as 
a fixed effect and site as a random effect using residual 
pseudo-likelihood subject specific estimation based on 
Taylor expansion.

Fig. 1  Flow diagram
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Credibility of subgroup effects
We assessed the credibility of subgroup effects using pre-
viously published criteria: (1) statistical significance, (2) 
consistency across studies, (3) small number of prespeci-
fied subgroups and corresponding direction of effect, (4) 
strong underlying biological rationale, and (5) within- 
rather than between-study comparisons [15]. Fragility 
indices were calculated for statistically significant sub-
group effects [16].

Results
Of 8343 screened citations, we retrieved 57 full-text 
articles and ultimately included two randomized con-
trolled trials [5, 6]. We identified one ongoing trial 
(NCT01473498). A PRISMA-IPD flowchart illustrates 
the selection process (Fig. 1).

The SEPSISPAM trial enrolled 776 patients with a 
presumptive diagnosis of septic shock within 6  h of 
vasopressor initiation and randomly allocated a higher 
(80–85 mmHg) or lower (65–70 mmHg) MAP target [5]. 
The Optimal Vasopressor TItration (OVATION) trial 
enrolled 118 patients with a presumptive diagnosis of 
vasodilatory shock of any etiology within 24  h of vaso-
pressor initiation. This trial randomly allocated patients 

to a higher (75–80  mmHg) or lower (60–65  mmHg) 
MAP target [6].

Baseline
This review includes 894 patients from the SEPSISPAM 
trial (776 patients, 27 French sites) and the OVATION 
trial (118 patients, 11 North American sites). Table  1 
summarizes baseline patient characteristics by treatment 
group. A summary of baseline characteristics in each trial 
is shown in the supplemental material (eTable 1). Com-
pared to SEPSISPAM, the OVATION trial had a signifi-
cantly lower proportion of males (54 vs. 67%), a higher 
proportion of elective surgical admissions (8 vs. 1%), and 
a longer duration of vasopressor therapy prior to rand-
omization (10.6 vs. 3.6  h). The baseline illness severity, 
estimated using the SAPS-II score in SEPSISPAM and the 
APACHE II score in OVATION, yielded predicted hospi-
tal mortality rates of 59 and 52%, respectively (p = 0.003). 
We encountered no problems during the verification of 
individual patient data.

Risk of bias
In both trials, randomization was concealed but car-
egivers were not blinded. The analyses respected the 
intention-to-treat principle, follow-up was complete for 

Table 1  Baseline characteristics per group

Values are n (%), mean ± standard deviation or median [1st quartile, 3rd quartile]
a  This is based on OVATION patients only
b  This is based on SEPSISPAM patients only
c  For SEPSISPAM, this is calculated by SAPS II, and for OVATION, it was calculated from APACHE II

Higher target Lower target

n = 446 n = 448

Age, year 64.7 ± 13.4 65.5 ± 14.3

Male sex 300 (67%) 281 (63%)

APACHE II scorea 24.7 ± 6.2 24.4 ± 8.0

ICU Admission Simplified Acute Physiology Scoreb 58.2 ± 18.7 59.3 ± 19.1

SOFA scoreb 10.7 ± 3.1 10.8 ± 3.1

Predicted probability of hospital mortality, %c 57 ± 27 58 ± 27

Admission type

 Medical 380 (85%) 383 (85%)

 Surgical elective 9 (2%) 6 (1%)

 Surgical emergency 57 (13%) 59 (13%)

 Hours on vasopressors prior to randomization, median [Q1, Q3] 3.8 [1.9, 5.5] 4.0 [2.0, 5.7]

 > 6 h 55 (12%) 67 (15%)

Pre-existing conditions

 Chronic hypertension 186 (42%) 207 (46%)

 Chronic heart failure 65 (15%) 57 (13%)

 Atherosclerotic disease 48 (11%) 50 (11%)

 Arrhythmiaa 56 (13%) 47 (10%)

 Supraventricular arrhythmiaa 55 (12%) 45 (10%)

 Ventricular arrhythmiaa 3 (0.7%) 2 (0.5%)
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the primary outcomes and enrolment was not stopped 
for early benefit or harm. Assessors for arrhythmia 
occurring during the 5-day intervention were blinded 
in the SEPSISPAM trial. We considered overall risk of 
bias to be high in both trials due to lack of blinding.

Mortality
Crude measures of 28-day mortality were 36 and 33%, 
respectively, in the higher and lower blood pressure tar-
get groups. In the pooled analysis controlling for trial and 
site, the overall odds ratio for 28-day mortality for the 
higher versus lower blood pressure targets was 1.15 (95% 
CI 0.87–1.52, p  =  0.31). The odds ratio changed only 
trivially after adjusting for age, probability of hospital 
mortality, congestive heart failure, chronic hypertension 
and duration of vasopressor therapy before enrolment 
(adjusted OR =  1.19, 95% CI 0.88–1.62, p =  0.26). The 
90-day mortality in the higher and lower blood pressure 
target groups were 43 and 41%, respectively (OR = 1.10, 
95% CI 0.84–1.44, p  =  0.47). A Kaplan–Meier curve 
(eFigure  1) of the overall survival by treatment group 
and a table of 28- and 90-day mortality by trial (eTable 2) 
appear in the Supplementary Online Content.

Figure 2 depicts 28-day mortality by trial and by sub-
groups defined by chronic hypertension, congestive 

heart failure and hours on vasopressors before enrol-
ment. Results were similar irrespective of the presence 
of prior hypertension (interaction p =  0.36), congestive 
heart failure (p =  0.71) or age (p =  0.11; Fig.  3). How-
ever, there was a significant difference in the treatment 
effects by duration of vasopressors before randomiza-
tion (interaction p =  0.017), with very similar mortality 
in high and low targets among patients on vasopressors 
≤ 6 h before randomization [higher vs. lower OR = 1.01 
(95% CI, 0.75–1.36)], but significantly higher mortality 
in the higher MAP target group among patients on vaso-
pressors >  6  h before randomization [OR =  3.00 (95% 
CI, 1.33–6.74); absolute risk difference 23%]. The 90-day 
mortality by subgroups and corresponding fragility indi-
ces are shown in the electronic supplement (eFigure  2, 
eTable 3).

Secondary outcomes
By 28  days, the proportion of patients who died or had 
persistent organ dysfunction was 41% and 39%, in the 
higher and lower blood pressure groups, respectively. The 
estimated odds ratio of death or persistent organ dys-
function by day 28 in the higher versus lower blood pres-
sure target was 1.06 (95% CI 0.81–1.39). The mean ± SD 
days alive and persistent organ dysfunction-free days 

Fig. 2  28-day mortality by trial and binary subgroup. Numbers in parentheses are deaths/total. Estimates are odds ratios with 95% confidence inter‑
val as estimated by logistic regression with site as random effect and target and study as fixed effects
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during the first 28 days appears in the online supplement. 
The higher versus lower target treatment effect on 28-day 
persistent organ dysfunction or death varied by dura-
tion of vasopressor before enrolment (p  =  0.013), but 
not by other subgroups (eFigure  3 in the Supplement). 
For patients on vasopressors for > 6 h prior to enrolment, 
the odds ratio for 28-day persistent organ dysfunction or 
death in the higher versus lower blood pressure target 
arm was 2.61 (95% CI 1.23–5.53), compared to 0.92 (95% 
CI 0.69–1.24) in patients enrolled within 6  h of initiat-
ing vasopressors. The expected mean difference in alive 
and persistent organ dysfunction-free days over the first 
28 days in patients enrolled over 6 h after the initiation of 
vasopressor therapy was 6.8 (95% CI 2.8–10.9) days fewer 
in the higher versus lower blood pressure target arm, 
while this difference was − 0.1 (95% CI − 1.6 to 1.5) in 
patients enrolled within 6 h of initiating vasopressors (p 
for interaction = 0.002).

Supraventricular arrhythmia during the first 5 vaso-
pressor days occurred in 40/446 (9%) of patients in the 
higher target arm compared to 17/448 (4%) of patients 
in the lower target arm [OR = 2.50 (95% CI 1.35–4.77), 

p  =  0.002]. The association between treatment and 
arrhythmia did not vary significantly by any subgroup. 
Risks of myocardial injury, digit or limb ischemia, mes-
enteric ischemia and major bleeding were not statisti-
cally different (Table  2). The number of other adverse 
events was too small to allow adjusted and subgroup 
analyses.

The impact of MAP targets on fluid balance and vaso-
pressor dose over the first 5 days while on vasopressors 
appears in the online supplement. The increment in vaso-
pressor exposure associated with higher MAP targets was 
more pronounced among patients enrolled > 6 h after ini-
tiation of vasopressor therapy (p for interaction = 0.047).

A summary of effects appears in Table 2.

Consideration of missing data
The duration of VP prior to enrolment was unknown 
for 3 patients. All other variables used for the primary 
analysis and subgroup analyses were known for all 894 
patients. We repeated the primary outcome (28-day mor-
tality) by duration of VP prior to enrollment subgroup 
analyses after multiply imputing the 3 missing values. 

Fig. 3  Higher versus lower blood pressure target odds ratio of 28-day mortality by age where age and age by target are modeled by a cubic spline 
with knots at 40, 60 and 80 years of age. Odds ratio > 1 favors the lower target. The solid line and shaded area depict the estimated odds ratio with 
95% confidence intervals by age according to our logistic model with the age and age by treatment effect modeled by a natural cubic spline with 
knots at 40, 60 and 80 years of age. The test for age by MAP target effect modification was not statistically significant according to this model (Wald 
test for interaction p = 0.11). The Hosmer–Lemeshow test for lack of fit was p = 0.86 indicating a good fit
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Table 2  Summary of effects

Outcome Subgroup Higher MAP arm 
event/n (%)

Lower MAP arm 
event/n (%)

Odds ratio (95% 
CI)

p value % absolute risk 
difference (95% 
CI)

Quality of evidence

28-day mortality ≤ 6 h 137/390 (35%) 134/379(35%) 1.01 (0.75–1.36) 0.97 0 (− 7 to 7) Low due to risk of 
bias, imprecision, 
and inconsistency

> 6 h 24/55 (44%) 14/67(21%) 3.00 (1.33–6.74) < 0.01 23 (6 to 39) Low due to risk of 
bias and inconsist‑
ency

90-day mortality ≤ 6 h 166/390 (43%) 167/379(44%) 0.95 (0.71–1.27) 0.74 − 1 (− 8 to 6) Low due to risk of 
bias, imprecision, 
and inconsistency

> 6 h 27/55 (49%) 17/67(25%) 2.93 (1.34–6.42) < 0.01 24 (7 to 41) Low due to risk of 
bias and inconsist‑
ency

28-day death or 
persistent organ 
dysfunction

≤ 6 h 151/390 (39%) 155/379(41%) 0.92 (0.69–1.24) 0.59 − 2 (− 9 to 5) Low due to risk of 
bias, imprecision, 
and inconsistency

> 6 h 30/55 (55%) 21/67(31%) 2.61 (1.23–5.53) 0.01 23 (6 to 40) Low due to risk of 
bias and inconsist‑
ency

Supraventricular 
arrhythmia 
during the first 
5 days of vaso‑
pressor therapya

Overall 40/446 (9%) 17/448(4%) 2.50 (1.35–4.77) < 0.01 5 (− 1 to 12) Moderate due to risk 
of bias

Myocardial injury 
during the first 
5 days of vaso‑
pressor therapya

Overall 16/446 (4%) 11/448 (2%) 1.47 (0.64–3.56) 0.34 1 (− 5 to 8) Low due to risk of 
bias and impreci‑
sion

Digit or limb 
ischemia during 
the first 5 days 
of vasopressor 
therapya

Overall 11/446 (2%) 12/448 (3%) 0.92 (0.36–2.10) 1.00 0 (− 7 to 6) Low due to risk of 
bias and impreci‑
sion

Mesenteric 
ischemia during 
first 5 daysa

Overall 9/446 (2%) 10/448 (2%) 0.90 (0.32–2.50) 1.00 0 (− 7 to 6) Low due to risk of 
bias and impreci‑
sion

Major bleeding 
during first 
5 daysa

Overall 33/446 (7%) 43/448 (10%) 0.75 (0.45–1.24) 0.28 − 2 (− 9 to − 4) Low due to risk of 
bias and impreci‑
sion

Outcome Subgroup Mean (SD) Mean (SD) Mean difference (95% CI) p value Quality of evidence

Number of days alive and without 
organ dysfunction up to day 28

≤ 6 h 13.4 (11.4) 13.3 (11.6) 0.1 (− 1.5 to 1.6) 0.95 Low due to risk of bias, imprecision, 
and inconsistency

> 6 h 8.4 (10.6) 15.6 (11.2) − 6.8 (− 10.9 to − 2.8) < 0.01 Low due to risk of bias and incon‑
sistency

Outcome Subgroup Median [Q1, Q3] Median [Q1, Q3] Ratio of geometric means 
(95% CI)

p value Quality of evidence

Total daily norepinephrine 
equivalent received over 
the first 5 days of vasopres‑
sor therapy

≤ 6 h 101 [43, 230 44 [16, 159] 2.1 (1.7–2.6) < 0.01 Moderate due to risk of bias

> 6 h 69 [37, 171] 21 [5, 77] 3.7 (2.2–6.2) < 0.01 Moderate due to risk of bias

Outcome Subgroup Median [Q1, Q3] Median [Q1, Q3] Ratio of medians p value Quality of evidence

Fluid balance over first 5 days on 
vasopressors

Overall 1332 [421, 2252] 1455 [679, 2435] 0.92 0.07 Low due to risk of bias and 
imprecision

CI confidence interval, SD standard deviation, Q1 first quartile, Q3 third quartile
a  Due to small numbers the odds ratios and % absolute difference are unadjusted with exact confidence intervals
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After rounding to the first decimal or second significant 
digit, the test for subgroup by treatment interaction and 
the odds ratios estimating the within subgroup estimates 
of treatment effects were identical to the complete case 
analysis reported above. A secondary analysis re-esti-
mated the overall treatment effect after adjusting for age, 
probability of hospital mortality, congestive heart failure, 
chronic hypertension and duration of vasopressor therapy 
before enrolment. Other than duration of vasopressor 
therapy before enrolment, the only other missing data was 
the estimated probability of hospital mortality, which was 
missing for 8 patients. Again, the multiple imputed results 
agreed with the complete case results to the first decimal.

Discussion
In this pooled analysis of data from 894 patients enrolled 
in two randomized controlled trials, higher blood pres-
sure targets for vasopressor therapy in shock were not 
associated with improved 28-day survival overall or in 
prespecified subgroups. However, we observed a higher 
risk of death with higher targets in patients already 
exposed to vasopressors for more than 6 h. In contrast, 
we found no effect modification with the presence of 
prior hypertension or heart failure, which challenges the 
common practice of modifying blood pressure targets for 
patients with these comorbidities. The results of the cur-
rent analysis may warrant updating recent recommenda-
tions informed by a study-level meta-analysis that could 
not assess the impact of timing and age.

The reported subgroup effect is one of only four pre-
specified subgroups, statistically significant, consistent 
across trials, relies on a strong biological rationale and 
results from within- rather than between-study compari-
sons—meeting all criteria for credible subgroup effects 
[15]. The results suggest that, when higher MAP targets 
are instituted early, the adverse effects of the interven-
tion may be balanced by beneficial effects. In contrast, 
when patients have already been treated with vasopres-
sors for more than 6  h, and failed to improve rapidly, 
targeting higher MAP targets could be deleterious over-
all because, contrary to harmful effects, benefits are no 
longer possible. The fact that patients enrolled later also 
received larger cumulative doses raises the possibility of a 
dose effect whereby higher MAP targets become harmful 
beyond a dose threshold. Harm may not be apparent in 
the subgroup of patients enrolled very early if a signifi-
cant proportion of these patients are weaned off early.

In contrast, our failure to find any effect modifica-
tion, for the outcomes of interest, with prior hyper-
tension raises questions regarding previous guidelines 
stating that “the optimal MAP should be individual-
ized as it may be higher in patients with atherosclerosis 
and/or previous hypertension than in young patients 

without cardiovascular comorbidity. For example, a MAP 
of 65  mmHg might be too low in a patient with severe 
uncontrolled hypertension; in a young, previously nor-
motensive patient, a lower MAP might be adequate.” [1, 
2].

Strengths of this review include explicit and pre-
specified eligibility criteria, analysis plan, subgroups 
and direction of subgroup effects, a comprehensive lit-
erature search, duplicate adjudication of eligibility, data 
extraction and risk of bias assessment, relevant harmo-
nisation metrics for catecholamine dosage and sever-
ity of illness, and strict criteria of subgroup credibility. 
Moreover, the definition of persistent organ dysfunc-
tion used clinically relevant, operator-independent met-
rics (i.e. mechanical ventilation and renal replacement 
therapy) over unvalidated scoring systems. All patients 
enrolled in published randomized controlled trials of 
vasopressors targeting higher versus lower blood pres-
sure are included in this work, which allows detailed 
analyses related to individualization of vasopressor 
therapy. The statistical analysis takes into account the 
possible impact of study and centre, allowed explora-
tion of four hypothesized subgroup effects, and yielded 
consistent results at different time points. Although the 
eligibility criteria and interventions were not identical, 
the trials shared many characteristics including the age 
distribution, vasopressor requirements, and consistent 
findings.

Limitations include the fact that, in both trials, actual 
MAP values while treated with vasopressors were higher 
than stated targets, in both arms. The effect of adhering to 
the targets that were protocolized in either trial remains 
uncertain. Exploring what constitutes the lowest safe tar-
get for patients who are most susceptible to vasopressor-
induced side effects would constitute a logical next step. 
In both trials, norepinephrine was the vasopressor of 
choice. Whether higher blood pressure targets using non-
catecholamine drugs would yield similar effects remains 
unclear. The operational definition for hypertension used 
in both trials relied on past medical history recorded 
in medical records and may not reflect actual elevated 
blood pressure before the acute illness. However, dur-
ing the urgent initial management of shock, ascertaining 
the degree of control, or lack thereof, of chronic hyper-
tension before hospitalization is seldom feasible and not 
easily operational. Patients treated with vasopressors for 
more than 6 h were not eligible for the SEPSISPAM trial. 
Accordingly, the SEPSISPAM participants included in this 
subgroup represent only 6% of the study population com-
pared to 67% for OVATION. Finally, the analyses hinge on 
a small number of events and are therefore imprecise. At 
this stage, the lack of a statistically significant associations 
does not rule out potential clinical effects and, conversely, 
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statistically significant subgroup effects could be attribut-
able to random error.

In conclusion, the results of this study suggest that 
higher blood pressure targets may increase mortality 
in patients who have been treated with vasopressors for 
more than 6 h while lower blood pressure targets were not 
associated with patient-important adverse events in any 
subgroup, including chronically hypertensive patients.
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