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Intraoperative hypotension and postoperative 2
risks in non-cardiac surgery: a meta-analysis

Guanchao Qin'", Ming-cheng Du'", Ke-xin Yi' and Yuan Gong"

Abstract

Background Postoperative complications are often associated with the severity and duration of intraoperative
hypotension. However, the optimal approach for managing intraoperative hypotension remains controversial. The
aim of this meta-analysis of randomized controlled trials was to compare the incidence of common postoperative
complications with different treatment threshold of hypotension.

Methods We searched PubMed, the Cochrane Database, and Embase from August 2014 to August 2024 for studies
comparing different treatment threshold of hypotension (low [mean arterial pressure <60 mmHg], moderate [60-75
mmHg], and high [>75 mmHg]). Only randomized controlled trials conducted during 2014-2024 were included in
this meta-analysis without language restrictions. Studies with the following characteristics were included: randomized
controlled study; involved non-cardiac, non-obstetric surgery; included different blood pressure management
strategies; evaluated major postoperative complications; and included acute kidney injury, myocardial injury, altered
consciousness, or infection. Data included patient age, type of surgery, group criteria, and adverse events. Mantel—
Haenszel method was used for analysis. The primary outcomes were postoperative complications, including acute
kidney injury. The secondary outcomes included length of hospital stay and all-cause mortality.

Results Of the 2160 studies identified, eight randomized controlled trials with 9108 participants were included. No
significant differences in postoperative complications were observed between the moderate and high mean arterial
pressure treatment threshold groups (risk ratio= 1.0, 95% confidence interval =0.86-1.18, P=0.96). Sensitivity analysis
confirmed these findings. Length of hospitalization was not significantly different between the groups (standardized
mean difference =-0.39; 95% confidence interval = -0.69 to 1.31; P=0.03). Limited data prevented meta-analysis of
mean arterial pressure management at lower treatment thresholds.

Conclusion The results of this meta-analysis suggest no significant differences in postoperative complications
between moderate and high mean arterial pressure management.

Keywords Intraoperative hypotension, Target management, Postoperative complication

fGuanchao Qin and Ming-cheng Du contributed equally to this
work.

*Correspondence:

Yuan Gong

gy-yc@163.com

'Institute of Anesthesiology and Critical Care Medicine, Three Gorges
University & Yichang Central People’s Hospital, 443000 Yichang, Hubei,
People’s Republic of China

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12871-025-02976-5&domain=pdf&date_stamp=2025-2-24

Qin et al. BMC Anesthesiology (2025) 25:103

Background

Hypotension during surgery is strongly associated with
serious complications, such as ischemia of vital organs
(i.e., the heart, brain, and kidney), a condition termed
“intraoperative hypotension” (IOH) [1-4]. Studies sug-
gest that the complication risk increases with the sever-
ity and duration of IOH, and IOH management can
help reduce the risk of postoperative organ dysfunction.
Currently, measuring mean arterial pressure (MAP)
remains a key component of perioperative care, whereas
organ perfusion monitoring is not commonly performed
in non-cardiac surgery [5, 6]. Common therapeutic
approaches include a combination of vasoactive agent
(especially vasopressors) administration and fluid ther-
apy to achieve hemodynamic stability during surgery and
anesthesia.

The duration of IOH treatment should be carefully
controlled to ensure patient safety. A systematic review
and meta-analysis [7] reported that 10 min of MAP <80
mmHg, shorter durations of MAP<70 mmHg, and
any exposure to MAP <55 mmHg are associated with
end-organ injury in non-cardiac surgery. However, the
optimal treatment threshold of hypotension remain
uncertain. Therefore, we conducted a meta-analysis of
randomized controlled studies to determine the optimal
threshold associated with lower incidences of complica-
tions and improved outcomes.

Methods

Search strategy and selection criteria

The bibliographic search and analysis for this meta-
analysis were conducted according to the guidelines of
the Cochrane Handbook for systematic reviews of inter-
vention and the QUORUM statements [8]. We searched
various databases, including PubMed, Embase, and the
Cochrane Database, using the following predefined
terms:

#1: “hypotension” or “low blood pressure” or “slight
pressure”.

#2: “intraoperative” or “intraoperation” or “periop-
erative” or “operation” or “surgery” or “surgical” or
“procedure”.

#3: “target” or “targets” or “targeting” or “targeted” or
“management” or “goal” or “mark” or “purpose”

#4: “complication” or “neopathy” or “adverse effect” or
“myocardial injury” or “acute renal injury” or “kidney
injury” or “death” or “mortality” or “delirium” or “cogni-
tive dysfunction” or “stroke” or “end-organ injury” or
“mortality” or “atrial fibrillation” or “myocardial infarc-
tion” or “transfusion” or “mechanical ventilation”

#5: #1 and #2 and #3 and #4.

Only randomized controlled trials conducted over the
last 10 years (2014—2024) were included in this meta-
analysis, as we aimed to capture the latest advancements
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in clinical pressure research. We did not restrict language
and made every effort to obtain full text versions of the
articles, including contacting the authors via email in
cases where the original text was difficult to access. Addi-
tionally, we manually searched the references cited in the
selected articles.

Studies with the following characteristics were included
for further analysis:

1. Randomized controlled study.

2. Involved non-cardiac, non-obstetric surgery.

3. Included different blood pressure treatment
thresholds.

4. Evaluated major postoperative complications,
including at least one of the following: acute kidney
injury, myocardial injury, altered consciousness, or
infection.

The search was concluded in August 2024. Quality evalu-
ation and data extraction were performed by two inde-
pendent authors. Collected data included patient age,
type of surgery, group criteria, and actual number of
adverse events. We evaluated and integrated the original
group criteria from each study and distinguished them
as follows: (i) low threshold of hypotension group (blood
pressure <60 mmHg); (ii) moderate threshold of hypo-
tension group (blood pressure of 60—-75 mmHg); and (iii)
high threshold of hypotension group (blood pressure >75
mmHg).

In cases of conflicting results, the article was reviewed
by two authors, and the reasons for the exclusion of ineli-
gible studies were recorded. The selection process was
recorded, and a study selection flow diagram was con-
structed (Fig. 1).

Outcomes

Primary outcome

The primary outcome, indicated as a composite outcome,
was any postoperative adverse event being recorded dur-
ing the duration of hospital stay, including acute kidney
injury, myocardial injury, altered consciousness, and
post-surgical infection.

Secondary outcomes

The secondary outcomes included the individual com-
ponents of the combined outcome: all-cause mortality
within 30 days following surgery and the average length
of hospital stay.

Statistical analysis

Statistical analysis was performed using Review Man-
ager 5 (RevMan 5; The Cochrane Collaboration, Oxford,
the UK). The incidence of outcomes was analyzed using
the risk ratio (RR) computed using the Mantel-Haenszel
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Fig. 1 Flow diagram: PRISMA diagram showing the selection of articles for review

method (random models). RR represents the odds of out-
comes occurring in one group compared with that in the
other. A confidence interval (CI) for the RR that does not
include a value of one indicates a significant difference.
For continuous variables, the standard mean difference

with a 90% credibility interval was calculated using the
Mantel-Haenszel method (random models). To assess
the effect of study heterogeneity on the results of the
meta-analysis, we adjusted the RR values by excluding
studies with large (N>1000) or small (N<100) cohorts
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to reduce potential bias across studies. We also used I
in the analysis to assess the heterogeneity of the included
studies, with a fixed model used if I> was less than 50%
and random model used if I* was 50% or greater. For
comparisons involving high heterogeneity, the source
of consistency was verified by sequentially removing
individual studies, and changes in heterogeneity were
observed by removing studies with either large or small
samples.

When statistical heterogeneity was detected, a sensitiv-
ity analysis was performed by removing individual stud-
ies based on their research design. Studies with statistical
heterogeneity were further analyzed to identify differ-
ences in design and results. For unexplained heterogene-
ity, we explored rational interpretations by reviewing the
studies. The results are expressed as RR (95% CI), I%, and
P-value for heterogeneity. Reporting bias was assessed
using a funnel plot.

Results

We retrieved 2160 studies from PubMed/Medline,
EMBASE, and the Cochrane Database. Ultimately, eight
randomized controlled trials involving 9108 participants
were identified and included in this systematic review
and meta-analysis (Fig. 1). All studies included in the
analysis were designed as randomized, controlled, or
double-blind trials. In seven studies, participant age was
>60 years, whereas in one study, participant age was
14—45 years [9]. After reviewing the treatment thresh-
olds of hypotension in each group, participants were
randomized into three groups: low treatment threshold
of hypotension (<60 mmHg; N=101; 2 studies), moder-
ate treatment threshold of hypotension (60-75 mmHg;
N=4547; 8 studies), and high treatment threshold of
hypotension (>75 mmHg; N=4460; 7 studies). The char-
acteristics of the included studies are summarized in
Table 1.

Seven studies evaluated the primary outcome. The
incidence of the primary combined outcome was 17.4%
(783/4465) in the moderate treatment threshold group
and 17.4% (777/4460) in the high treatment threshold
group. The RR between the groups was 1.0 (95% CI: 0.86
to 1.18), I*=66%, and P=0.96. No significant differences
were observed between the groups (Table 2 and Forest
Plot S1).

Five studies evaluated the length of hospitalization.
The standard mean difference for length of hospitaliza-
tion between the moderate threshold (N=4224) and high
threshold (N=4219) groups was -0.3 (95% CI: -0.57 to
-0.03; 12=92%; P=0.07). Because the CI does not include
“0, this difference was considered statistically signifi-
cant. After removing a large sample study, the standard
mean difference changed to -0.39 (95% CI: -0.69 to -0.00;
P=0.03; Table 2 and Forest Plot S7a and b).
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There were no significant differences in the other sec-
ondary outcomes, and the results did not change follow-
ing adjustment. The results are summarized in Table 2
and Forest Plots S2-S7b.

Only two studies evaluated postoperative complica-
tions at a low treatment threshold of hypotension, and
it was impossible to complete the meta-analysis owing
to incomplete reports and inconsistent results. We
attempted to obtain raw data from the authors; unfortu-
nately, we received no response.

In the funnel plot of primary outcome analysis, the
effect estimates of eight studies are evenly distributed
around the relative risk of 0, including one large study
and one small study. Therefore, removing large or small
studies when conducting sensitivity analysis may be
effective for identifying sources of heterogeneity.All fun-
nel plots used for bias assessment are available in the
Supplementary Materials, and no significant publication
bias was observed (Funnel Plots S1-S7).

Discussion

Whether hypotension causes postoperative complica-
tions or is merely an associated phenomenon remains
unclear. Therefore, determining the optimal treatment
threshold of hypotension is essential.

Our meta-analysis confirmed the absence of a signifi-
cant difference in postoperative complications between
moderate and high treatment thresholds of hypotension.
A few randomized studies have confirmed the effect of
different treatment threshold of hypotension on clinical
outcomes, largely because maintaining MAP over a rela-
tively narrow range is challenging in clinical practice. We
found similar results in two studies on the management
of blood pressure in patients with shock [12, 13]. In the
study conducted by Lamontagne et al., the risk of cardiac
arrhythmias in lower and higher MAP arms was 20% and
36%, respectively [10]. Similarly, Asfar et al. found no
significant difference in the overall incidence of serious
adverse events between the moderate and high treatment
threshold of hypotension (P=0.64) [11].

Unexpectedly, a recent meta-analysis reported that a
lower treatment threshold of hypotension is associated
with a reduction in hospital stay compared with a higher
treatment threshold [12]. However, these findings remain
controversial. Payne et al. [13] suggested that this dis-
crepancy may stem from the inclusion of the POISE-3
study, which involved some patients who did not require
general anesthesia. Nonetheless, even after excluding this
study, the results remained unchanged. This phenom-
enon is difficult to explain, and future prospective studies
are required to clarify the issue.

Only two studies have compared treatment thresh-
old of hypotension with MAP <60 mmHg [10, 11], and
each study used different variables. Yajuan et al. assessed
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Table 1 Research characteristic
Research  Features  Nation Study Type of Group(target) Outcomes
of study population surgery Target Target Target>75mmhg
design <60mmhg  60-75mmhg
An-MinHu  Single cen- China Age =60y non-car- N/A MAP (60-70 MAP postoperative
2021 [7] ter RCT diothoracic mmHg) (90-100 mmHq) delirium, length of
surgery hospital stay
Emmanuel  multicenter France Age>65y abdominal  N/A Individualized  Standard blood composite of sys-
Futier 2017 RCT operation blood pressure  pressure temic inflammatory
[8] (>90%) Management Management response syndrome
(10% of refer- (=80mmhg) and dysfunction
ence value) of at least 1 organ
system of the renal,
respiratory,
cardiovascular,
coagulation, and
neurologic systems
postoperative
JuliaY 2024  Single cen- Germany Age =60y major N/A MAP>65mmhg baseline Neurocognitive dis-
[9] ter RCT noncardiac MAP+10 mm Hg  orders, glomerular
surgery filtration rate, acute
kidney injury, acute
myocardial injury,
hospital length
of stay, all-cause
mortality
Maura multicenter International Age > 60y noncardiac ~ N/A MAP>60mmhg  MAP>80mmhg A composite of
Marcucci RCT surgery vascular death and
2023 [10] nonfatal myocardial
injury after noncar
diac surgery, stroke,
and cardiac arrest
at 30 days.
Xiaodong  Single cen- China Age =60y poste- N/A MAP>65mmhg  MAP>75mmhg kidney functions,
Qiu 2021 ter RCT rior lumbar Postoperative
[11] fusion adverse reactions
included pulmo-
nary complications,
gastrointestinal
complications.
Yajuan Single cen-  China Aged 55-70y  total knee MAP+30% Map+20% MAP +10% Postoperative Hb,
Zhao 2022  terRCT arthroplasty CRP after operation,
[12] MMSE score at 1,
3,and
7 days after op-
eration and PACU
residence time
Matthew M Single cen-  USA Aged 14-45y  gunshot MAP Map 65mmhg ~ N/A acute myocardial
2015 [13] ter RCT wounds 50mmhg infarction, stroke,
(76%) and any renal failure
stab wounds coagulopathy,
(24%) infection and Acute
renal injury
Patrick M. Single cen-  Switzerland Age = 60y noncardiac  N/A MAP>65mmhg  MAP>75mmhg acute myocardial
Wanner ter RCT surgery injury, acute kidney
2021 [14] injury, all-cause

mortality

changes in postoperative cognitive function under dif-
ferent treatment threshold using the Mini-Mental State
Examination (MMSE) scale; the MMSE scores were lower
in the group with MAP<60 mmHg. However, a lower

score does not indicate a functional change, and none of
the participants experienced postoperative changes in
cognitive function [10]. Therefore, without access to the
raw data, we were unable to perform a meta-analysis of
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Table 2 Comparison of common postoperative complications managed by different intraoperative MAP targets

Outcomes Study Events/total Risk Ratio/ Adjust Risk Ratio ~ Adjust Risk Ratio I p Ad-  Ad-
Target Target Std mean (1)/Std mean (2)/Std mean justp justp
60- >75mmhg difference(95%Cl) difference(95%Cl) difference(95%Cl) value value
75mmhg group 1 2
group

the composite pri- 7 783(4465) 777(4460) 1.00[0.86,1.18] 1.02[0.80,1.31] 1.02[0.80,1.20] 66% 096 088 086

mary outcome.

Acute kidney injury 166(678)  179(691) 0.91[0.66,1.25] N/A N/A 65% 063 N/A  N/A

Acute myocardial 6 576(4445) 570(4445) 1.05[0.96,1.15] 1.24[0.99,1.55] 1.05[0.96,1.15] 0% 041 012 041

injury

Postoperative con- 4 65(451) 59(465) 1.00[0.44,2.25] N/A N/A 86% 099 N/A  N/A

sciousness changed

Postoperative 4 88(4058)  89(4062) 0.94[0.62,1.41] 0.78[0.47,1.31] 1.01[0.61,1.65] 50% 080 043 098

infection

All-cause mortality 4 56(4279)  59(4278) 0.93[0.68,1.26] 1.28[0.63,2.59] N/A 0% 068 056 N/A

Length of 5 4224 4219 -0.3[-0.57,-0.03] -0.39[-0.69,-0.10] -0.30[-0.59,0.00] 92% 007 003 0.

hospitalization

these two studies; unfortunately, our request for the data
was not granted. However, moderate variability was also
noted in our analysis, with I* of 66% for the primary out-
comes. The funnel plot did not suggest significant publi-
cation bias, and this difference may have to be explained
both in light of our results and from a clinical perspec-
tive. First, we used a composite index as the primary out-
come. Second, during the review of the studies, we found
that all included studies were randomized, controlled,
and double-blinded. Thus, differences in trial design such
as age, surgery type, intervention time, dosage, adminis-
tration method, and evaluation criteria may be the pri-
mary source of heterogeneity. Nonetheless, these results
require confirmation through prospective studies.

This study had certain limitations. First, the standard
blood pressure thresholds in some studies [9, 14—17]
were individualized, making it difficult to establish fixed
criteria for grouping. Instead, we defined the grouping
criteria using an interval based on the need for clinical
benefits. Therefore, our primary findings may have been
biased owing to the variability in real-word clinical set-
tings. Second, it was impossible to analyze all results
of each study; we selected commonly reported indi-
cators for analysis to obtain results that more closely
reflect actual clinical situations. As the follow-up period
extends, mortality may become more susceptible to influ-
ence by other factors.

Conclusions

There is no significant difference in postoperative com-
plications between moderate and high treatment thresh-
olds of hypotension. A higher treatment threshold during
non-cardiac surgery does not significantly improve short-
term prognosis compared with a moderate threshold.
However, concerning the significant heterogeneity, fur-
ther exploration and research are essential. Additionally,

long-term follow-up data are crucial for assessing the
impact of various blood pressure thresholds on long-
term outcomes. Consequently, future research should
focus on these factors. A moderate treatment threshold
of hypotension appeared to reduce the length of hospital
stay. However, the low treatment threshold of hypoten-
sion cannot be adequately explained by the available data
and may pose potential risks.
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