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Abstract
Purpose: This study investigated the effect of early higher achieved mean arterial pressure (MAP) on clinical
outcomes after cardiac arrest (CA).

Methods: PubMed, ScienceDirect, Web of Science, China National Knowledge Infrastructure, and Wanfang
databases were searched for relevant articles until May 2020. The meta-analysis produced pooled effect size
represented by odds ratios (ORs) and corresponding 95% confidence intervals (CIs).

Results: Nine studies that enrolled 1337 participants were considered eligible for this meta-analysis. Early higher
achieved MAP was associated with similar mortality (OR 0.54, 95% CI 0.26 – 1.12; p = 0.10), neurologic outcome
(OR 1.30, 95% CI 0.65 – 2.58; p = 0.46), length of ICU stay (OR -0.06, 95% CI -0.31 – 0.19; p = 0.46), mechanical
ventilation time (OR -0.14, 95% CI -0.90 – 0.62; p = 0.72), and bleeding (OR 0.57, 95% CI 0.23 – 1.40; p = 0.22)
compared with low MAP. Sensitivity analysis demonstrated that the result was solid. No publication bias across
the studies was observed using Begg's and Egger’ funnel plot plot.

Conclusion: Based on current evidence, this meta-analysis confirmed that early higher achieved MAP does not
improve the clinical outcomes after CA.

REGISTRATION: (PROSPERO: CRD42020189875)

Introduction
Cardiac arrest (CA) is a major public health concern and a leading cause of death worldwide and has claimed
more than 17 million lives annually.[1] Only 10% of patients who underwent CA can survive hospitalization,[2]
and 5% experience full neurologic recovery;[3] many survivors are discharged with a poor functional status.

Early post-arrest care in CA is an important step in the chain of survival. An adequate mean arterial pressure
(MAP) may be beneficial to maintain organ blood flow and sufficient oxygen delivery to meet oxygen demands in
the brain, heart, and other organs. Current guidelines recommend targeting MAP of 65 mmHg in patients post-CA
during ICU stay. These guidelines are based on the assumption that post-CA syndrome is a sepsis-like syndrome.
The post-CA syndrome is a distinct and more complex entity than the sepsis-like syndrome alone; in this regard,
aiming for the same hemodynamic goals is probably oversimplification.

Several studies[4–12] assessed early high versus low MAP target for neurologic outcome after CA; However,
whether the use of vasoactive drugs to achieve higher MAP will increase survival remains unknown. In the
present work, we performed an updated meta-analysis to evaluate early high achieved MAP target for clinical
outcomes after CA.

Methods

Study design
This systematic review and meta-analysis were performed based on the guidance of the Preferred Reporting
Items for Systematic Reviews and Meta-analysis statement.[13] No ethical approval and patient consent are
required because all analyses are based on previously published studies. The protocol for this review was
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registered in advance with PROSPERO (International Prospective Register of Systematic Reviews;
CRD42020189875).

Literature search

PubMed, ScienceDirect, Web of Science, and China National Knowledge Infrastructure were comprehensively
searched from inception to May 2020 to locate potential articles that assessed early high achieved MAP for
clinical outcomes after CA. The search terms included “mean arterial pressure target” and “cardiac arrest” The
bibliographies of previous reviews and included studies were also manually searched to identify other potentially
eligible trials.

Studies were considered eligible if they met the following criteria: (1) studies that focused on early high versus
low MAP target for clinical outcomes after CA; and (2) studies with complete information for the assessment of
odds ratios (ORs) with 95% confidence intervals (CIs). In cases where no overlap of the study population or
enrollment period in articles published by the same investigators existed, the article with the greatest number of
patients was used for the analysis. The exclusion criteria were as follows: (1) studies published repeatedly; (2)
reviews, conference abstracts, letter, or case reports; and (3) studies without available data for statistical
analysis.

Data Extraction And Quality Assessment
Two authors carefully extracted the following information from each study. The data extraction sheet was
prepared to collect information on the first author, year of publication, study design, sample size, population
characteristics, type of intervention, measured outcomes, and respective numerical values. When necessary and
feasible, the authors of the included studies were contacted to obtain additional information. A cerebral
performance category (CPC) score of 3, 4, or 5 or modified Rankin scale (mRS) of 4 or 5 was considered poor
neurological outcome.

The Cochrane risk of bias tool was used to assess the design, conduction, and outcomes of the included RCTs.
[14] The Newcastle–Ottawa Scale was used to assess the selection, comparability, and outcomes of the
observational studies.[15] If discrepancies were observed in the data collection or assessment of the risk of bias,
then the review authors resolved the disagreements through discussion.

Statistical analysis
Statistical analyses were performed using Review Manager 5.3 (The Nordic Cochrane Center, The Cochrane
Collaboration, Copenhagen, Denmark) and Stata version 14 (StataCorp., College Station, TX, USA). The OR was
used to denote the results with 95% CI, indicating the strength of association between MAP and outcomes. The
between-study heterogeneity indices were Cochran’s Q and I2. If I2 < 50% and p > 0.1, then the studies had no
heterogeneity overall, and a fixed-effect model was used; otherwise, a random-effect model was applied.
Subgroup analysis was used to evaluate whether key covariates available from the data, including sample size,
study design, duration of MAP target, or arrest location, could explain any observed heterogeneity. Sensitivity
analysis was conducted to monitor the robustness of the pooled treatment effects. Begg’s and Egger’s tests were
conducted to evaluate publication bias. Statistical significance was assumed when p < 0.05.
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Results
Literature search

Figure 1 shows the selection process for the eligible studies. Following the removal of duplicates and the
exclusion of records based on title and abstract screening, 21 studies were available for full-text review. Among
these full studies, five were excluded for unavailable data, four were excluded because they were studies, and
three were excluded due to duplication of data. Finally, nine studies[4–12] were included in this meta-analysis.

Characteristics of the included studies and quality assessment
The characteristics of the included studies[4–12] are outlined in Table 1. The mean age ranged from 58 years to
63 years, the proportion of male subject varied from 58–88%, and the duration of MAP target was between 2 and
96 h. Four studies[9–12] were conducted in North America, three[4, 6, 8] in Europe, and two in Asia[5]. The risk of
bias assessment for each included study and the summative assessment by domain are shown in
Supplementary Tables 1 and 2.
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Table 1
Characteristics of the included studies.

Author
(Year)

Country Design Sample
size

Arrest
location

MAP
target

(mmHg)

Duration
of MAP
target

TTM Definition
of poor
neurologic

outcome

Grand et
al.[1]
2020

Denmark Randomized
controlled
study

49 OHCA 65 vs.
72

48 h
after
ROSC

36℃
for
24 h

CPC 3–5

Huang et
al.[2]
2019

China Retrospective
cohort study

82 OHCA
and
IHCA

60–75
vs. 80–
100

36 h
after
ROSC

NA CPC 3–5

Jakkula
et al.[3]
2018

Finland

and
Denmark

Randomized
controlled
study

120 OHCA 60–75
vs. 80–
100

36 h
after
ROSC

33℃
or
36℃

CPC 3–5

Kilganno
et al.[4]
2014

USA Prospective
cohort study

151 OHCA
and

IHCA

≤ 80 vs.
༞80

6 h 33℃–
36℃

CPC 3–5

Müllner
et al.
[5]1996

Austria Retrospective
cohort study

136 OHCA ≤ 100
vs. ༞100

2 h after
ROSC

NA CPC 3–5

Pitcher
et al.[6]
2018

USA Retrospective
cohort study

220 OHCA
and
IHCA

༜100 vs.
≥100

6 h after
ROSC

33℃
for
24 h

CPC 3–5

Roberts
et al.[7]
2018

USA Prospective
cohort study

269 OHCA
and

IHCA

60–75
vs. ༞90

6 h after
ROSC

NA mRS 4–5

Russo et
al.
[8]2017

Canada Retrospective
cohort study

122 OHCA ༜70 vs.
≥70

96 h
after
ROSC

NA CPC 3–5

Young et
al.
[9]2015

USA Retrospective
cohort study

188 OHCA
and
IHCA

༜80 vs.
≥80

24 h
after
ROSC

32–
34℃
for
24 h

CPC 3–5

CA cardiac arrest, CPC cerebral performance category, MAP mean arterial pressure, mRS modified Rankin
Scale, NA not applicable, OHCA out-of-hospital cardiac arrest, IHCA in-hospital cardiac arrest, ROSC
restoration of spontaneous circulation, TTM targeted temperature management.

Results of meta-analysis

Mortality
Fiver studies[4–6, 10, 11] that employed 642 patients reported the relation between MAP target and mortality.
The pooled result with the random-effect model revealed that high MAP was associated with similar mortality to
low MAP (OR 0.54, 95% CI 0.26–1.12, p = 0.10; I2 = 73%, p = 0.006; Fig. 2a).
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Neurologic outcome
Nine studies[4–12] with 1337 patients reported the relation between MAP target and neurologic outcome after
discharge. The pooled result with the random-effect model showed that high MAP was associated with similar
neurologic outcome to low MAP (OR 1.30, 95% CI 0.65–2.58, p = 0.46; I2 = 86%, p < 0.001; Fig. 2b).

Length of ICU stay
Three studies[4–6] with 251 patients reported the relation between MAP target and length of ICU stay. The
pooled result with the fixed-effect model indicated that high MAP was associated with similar length of ICU stay
to low MAP (OR -0.06, 95% CI -0.31–0.19, p = 0.46; I2 = 0%, p = 0.58; Fig. 2c).

Mechanical ventilation time
Two studies[4, 6] with 169 patients reported the relation between MAP target and mechanical ventilation time.
The pooled result with the random-effect model demonstrated that high MAP was associated with similar
mechanical ventilation time to low MAP (OR -0.14; 95% -0.90–0.62, p = 0.72; I2 = 81%, p = 0.02; Fig. 2d).

Bleeding
Two studies[4, 11] with 171 patients reported the relation between MAP target and bleeding. The pooled result
with the fixed-effect model demonstrated that high MAP was associated with similar bleeding to low MAP (OR
0.57, 95% CI 0.23–1.40, p = 0.22; I2 = 0%, p = 0.85; Fig. 2e).

Subgroup Analysis
To explore heterogeneity among the studies, we performed a subgroup analysis based on sample size, study
design, MAP target duration, and arrest location (Table 2). However, we did not find the cause of heterogeneity in
the subgroup analysis.
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Table 2
Subgroup analysis.

  N OR (95% CI) p I2 (P value)

Sample size        

< 100 5 0.90 (0.38–2.16) 0.81 80% (0.05)

≥ 150 4 0.64 (0.19–2.13) 0.47 91% (< 0.001)

Study design        

Retrospective 6 1.09 (0.55–2.16) 0.80 80% (< 0.001)

Prospective 3 0.37 (0.13–1.09) 0.07 75% (0.02)

Duration of MAP target        

≤ 24 h 4 0.48 (0.19–1.22) 0.12 85% (< 0.001)

> 24 h 5 1.66 (0.47–2.89) 0.74 82% (< 0.001)

Arrest location        

OHCA 4 0.95 (0.32–2.89) 0.94 85% (< 0.001)

OHCA and IHCA 5 0.65 (0.25–1.73) 0.39 89% (< 0.001)

CI confidence intervals, OHCA out-of-hospital cardiac arrest, OR odd ratio, IHCA in-hospital cardiac arrest,
MAP mean arterial pressure.

Sensitivity Analysis And Publication Bias
Sensitivity analysis results demonstrated that when any single study was removed, the remaining results were
still significant (Fig. 3). As shown in Fig. 4, no publication bias was obtained from Begg's and Egger’ funnel plot
across the studies (p = 0.917; p = 0.535).

Discussion
This systematic review summarize and re-assess the data of previous studies and explore early higher achieved
MAP for clinical outcome after CA. The result showed that early higher achieved MAP is not associated with
clinical outcome after CA.

Jakkula et al.[6] reported that early higher achieved MAP did not affect the serum concentration of neuron-
specific enolase, S100B protein, cardiac troponin, regional frontal cerebral oxygenation, and epileptic activity on
the electroencephalography. Ameloot et al.[16] did not find the benefits of a higher MAP target assessed by
magnetic resonance imaging of the cerebrum. Compared with the standard MAP regimen, targeting high MAP in
the first hours of an experimental ECPR model did not result in any hemodynamic improvement nor in a decrease
in the amount of infused fluid.[17] These studies suggest that higher achieved MAP do not improve clinical
outcomes after CA.
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Cerebral perfusion pressure (CPP) is the driving force for cerebral blood flow. CPP is defined as the difference
between MAP and intracranial pressure. However, higher MAP induced by vasoconstrictors may impair regional
organ perfusion, which might be undetected when monitoring arterial pressure alone. Holmgaard et al.[18]
reported that higher MAP induced by vasopressors led to lower mean regional cerebral oxygenation and more
frequent and pronounced cerebral desaturation during cardiopulmonary bypass. Kisser et al.[19] reported relative
ratios of cerebral blood flow in the left dorsolateral and orbital prefrontal cortex and the left temporal cortex
decreased with increasing systolic blood pressure; cerebral blood flow also decreased in the left dorsolateral
prefrontal cortex with increasing DBP. Under brain injury, cerebral blood flow autoregulation plateau to the left
and allow lower MAP, and increasing MAP with the application of vasopressor agents might be potentially
harmful if the patient exceeds the upper limit pressure of autoregulation.[20, 21]

Grand et al.[4, 22] observed a trend toward preserved renal function in the high MAP group, as illustrated by a
trend towards higher eGFR and less need for renal replacement therapy in the high MAP target group. Early
higher achieved MAP increased the urine volume and reduced the use of diuretics for pulmonary edema. This
finding indicated that different organs may need different blood pressure levels after CA.

Identifying the optimal MAP for the overall patient population may be complicated by individual patient
variability because baseline blood pressure varies among patients. Roberts et al.[10] reported that the
association between MAP greater than 90 mmHg and good neurologic outcome was found to be stronger
among subjects with a previous diagnosis of hypertension compared with those without hypertension. In the
absence of definitive data, the European Resuscitation Council guidelines recommend targeting MAP that
achieves adequate urine output (1 ml/kg/hour) and normalization or downtrend in plasma lactate.

This meta-analysis has several important limitations. First, a recognized limitation of our study is the obvious
heterogeneity with regard to the baseline characteristics of the participants, study-specific resuscitation
protocols, definition of the outcomes, and follow up duration. Second, most of the included studies were non-
randomized controlled trials at risk of bias, particularly confounding and selection bias. Lastly, we were not able
to assess publication bias or perform meta-regression due to the low number of the included articles.

Conclusion
Current evidence showed early higher achieved MAP is not associated with clinical outcome after CA. Although
the results of this meta-analysis were limited by the heterogeneity among the studies, in the absence of large
randomized controlled trials, the pooled analysis represents the best available method of assessing early higher
achieved MAP for clinical outcomes after CA.

Abbreviations:

CA = cardiac arrest, CI = confidence interval, CPC = cerebral performance category, CPP = cerebral perfusion
pressure, CPR = cardiopulmonary resuscitation, IHCA in-hospital cardiac arrest, MAP = mean arterial pressure,
NOS = Newcastle–Ottawa Scale, OHCA = out-of-hospital cardiac arrest, OR = odds ratio, ROSC = restoration of
spontaneous circulation
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Figure 1
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Flow diagram of the study selection

Figure 2

Forrest plot of the effect of early higher achieved mean arterial pressure on (a) mortality, (b) neurologic outcome,
(c) length of ICU stay, (d) mechanical ventilation time, and (e) bleeding.
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Figure 3

Results of the sensitivity analysis.
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Figure 4

Funnel plot to evaluate the publication bias.
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