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Abstract

Background: The perioperative use of vasoactive drugs is ubiquitous in clinical anaesthesia; yet, the drugs, doses, and

haemodynamic targets used are highly variable. Our objectives were to determine whether the perioperative adminis-

tration of vasoactive drugs reduces mortality, morbidity, and length of stay in adult patients (aged 16 yr or older) un-

dergoing major abdominal surgery.

Methods: MEDLINE, EMBASE, and the Cochrane Central Register of Controlled Trials were searched for peer-reviewed

RCTs with no language or date restrictions. Studies that assessed the intraoperative use of vasoactive drugs were

included. Title, abstract, and full-text screening was performed. Risk of bias for each outcome measure was conducted.

We calculated the risk ratio (RR) using the ManteleHaenszel random-effects model with corresponding 95% confidence

interval (CI) for dichotomous outcomes, and mean difference using the inverse variance random-effects model with

corresponding 95% CI for continuous outcomes.

Results: Twenty-six studies (5561 participants) were included. There was no difference in mortality at the longest follow-

up with an RR of 0.84 (95% CI: 0.63e1.12; P¼0.23). The intervention significantly reduced the number of patients with one

or more postoperative complications; RR: 0.76 (95% CI: 0.66e0.88; P¼0.0002). Hospital length of stay was reduced by 0.91

days in the intervention group.

Conclusions: This review is limited by the quality and sample size of individual studies, and the heterogeneity of the

settings, interventions, and outcome measures. Perioperative administration of vasoactive drugs may reduce post-

operative complications and hospital length of stay in adult patients having major abdominal surgery.

Keywords: cardiovascular agents; goal-directed therapy; haemodynamics; major abdominal surgery; perioperative care;

vasoconstrictor agents
Editor’s key points

� The authors performed a systematic review of the evi-

dence for an effect on outcomes associated with the

intraoperative use of vasoactive drugs.

� There was no difference in mortality at the longest

follow-up, but the intervention was associated with a
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reduced number of patients experiencing one or more

complications.

� The heterogeneous nature of the settings, in-

terventions, and outcome measures makes interpreta-

tion of these results difficult.

� A large randomised controlled trial assessing the

intraoperative use of vasopressors on standardised

postoperative outcomes is warranted.
rved.
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More than 310 million operations are performed around the

world each year.1 The perioperative period is characterised by

temporary but marked disruption of normal physiology, such

that fluid and vasoactive drugs are often administered to

counteract hypovolaemia, vasodilation, and reduced cardiac

output. Maintenance of organ perfusion through adequate

blood flow and oxygen delivery is crucial to reduce post-

operative complications and improve long-term survival.2

Vasoactive drugs, such as inotropic agents (dopamine,

dobutamine, and dopexamine) or vasoconstrictors (norepi-

nephrine, phenylephrine, and metaraminol), can increase or-

gan perfusion under conditions of impaired vascular tone or

reduced cardiac output, whereas further administration of

fluid may result in hypervolaemia, tissue oedema, and

cardiorespiratory complications. Despite the ubiquitous peri-

operative use of vasoactive drugs, these vary in type, potency,

and duration of administration, and are administered to blood

pressure or other haemodynamic targets.

In a 2017 consensus statement on reducing perioperative

mortality, 95% of participating clinicians agreedwith the survey

statement that ‘perioperative haemodynamic optimisation can

reduce mortality in high-risk surgical patients’.3 There is little

evidence to support this statement despite a high level of

clinician agreement. Several systematic reviews have assessed

the effects of goal-directed therapy (GDT) on perioperative

outcomes.4e9 These reviews evaluated different patient pop-

ulations and reported renal function,4 gastrointestinal compli-

cations,5 or mortality as the primary outcomes.6e9

Interventions included administration of fluids with or

without vasoactive drugs to specified haemodynamic targets.

More recently published systematic reviews show that hae-

modynamic targeting significantly reduces postoperative

complications, but this effect may be smaller than previously

believed.6,8 The effects on mortality were conflicting; two re-

views showed no significant differences inmortality,6,8 and one

showed reduced mortality in the intervention group, but this

became non-significant when only high-quality studies were

included.9 Two further meta-analyses evaluated the use of

dopexamine to improve oxygen delivery through its inotropic

and vasodilatory effects in the perioperative and intensive care

settings.10,11 No systematic review has exclusively evaluated

the use of vasoactive drugs in the perioperative setting.

We therefore undertook a systematic review designed to

evaluate the perioperative use of vasoactive drug therapy. Our

hypothesis was that the perioperative administration of

vasoactive drug therapy, with or without GDT, reduced mor-

tality, morbidity, and length of stay in adult patients (aged 16

yr and older) undergoing elective and emergency major

abdominal surgery.
Methods

The protocol for this review was drafted in accordance with

the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses statement (Supplementary material 6), and

was registered on International Prospective Register of Sys-

tematic Reviews (PROSPERO) (registration number

CRD42018116213; available from https://www.crd.york.ac.uk/

prospero/display_record.php?RecordID¼116213).
Study inclusion criteria

Peer-reviewed RCTs with or without blinding were included.

There were no date or language restrictions. Adult patients
aged 16 yr or older undergoing elective or emergency major

abdominal surgery, including gastrointestinal, urological,

vascular, and gynaecological surgeries in an operating

theatre, were included. We included studies if the majority

(�80%) of the operations in the study were intra-abdominal

surgery. Studies that assessed the intraoperative use of

vasoactive drugs (inotropes or vasopressors) either as part of

or in addition to GDT using invasive or noninvasive haemo-

dynamic monitoring were included. Studies that did not

include an intraoperative administration phase were

excluded.
Search strategy

CD performed electronic searches on the Cochrane Central

Register of Controlled Trials via OvidSP (from 1991 to

October 2018), MEDLINE via OvidSP (from 1946 to October

2018), and EMBASE via OvidSP (from 1947 to October 2018).

PM conducted an independent electronic search and results

were compared. For MEDLINE, we combined specific MeSH

terms with the Cochrane highly sensitive search strategy for

identifying RCTs. We used a modified version of this filter

for EMBASE. The four concepts used for the search strategy

were (i) intra-abdominal surgery; (ii) perioperative care; (iii)

inotropes, vasopressors, GDT, and haemodynamic targeting

or management; and (iv) mortality, morbidity, complica-

tions, or length of stay. The detailed search strategy can be

found in Supplementary material 1. Searches were also

conducted using clinical trials registry (www.clinicaltrials.

gov) to identify relevant studies. We checked the reference

list of all included studies to identify additional studies

missed from the original electronic search. We also

repeated our search strategy for meta-analyses and sys-

tematic reviews, and hand searched these articles for rele-

vant studies.
Data collection

We removed duplicate records from our electronic search

strategy. Title and abstract screening was performed by CD,

and studies were categorised for inclusion as ‘yes’, ‘no’, or

‘maybe’. We obtained the full-text articles of potentially

eligible studies (‘yes’ and ‘maybe’). Two independent au-

thors (CD and PM) performed full-text screening and iden-

tified studies for inclusion. The reasons for exclusion were

recorded and disagreement was resolved by discussion.

Screening was performed using Covidence systematic re-

view software (Veritas Health Innovation, Melbourne, VIC,

Australia). Details of the study selection process can be

found in Figure 1.

We used a data collection form to record study charac-

teristics. CD extracted the following study characteristics:

study design, patient population, intervention, and

outcomes.
Outcomes

The primary outcome was postoperative mortality at the

longest available follow-up. Secondary outcomes were hospi-

tal or 28e30 day mortality, morbidity (number of patients with

postoperative complications), postoperative renal dysfunc-

tion, physiological variables (mean arterial pressure, heart

rate, cardiac index, and serum lactate), and hospital and ICU

length of stay.

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=116213
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=116213
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=116213
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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Fig 1. Flow diagram of study selection.
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Statistical analysis

We calculated the risk ratio (RR) with corresponding 95%

confidence intervals (95% CIs) for dichotomous outcomes, and

mean difference (MD) with corresponding 95% CI for contin-

uous outcomes. We used the ManteleHaenszel random-

effects model for all dichotomous outcome analyses and the

inverse variance random-effects model for continuous-

outcome analyses. We compared the results of fixed-effects

and random-effects model to rule out small study effects.

We reported significant differences between the random- and

fixed-effects models. We applied the intention-to-treat or

modified intention-to-treat method for all analyses and risk-

of-bias assessments. We transformed length-of-stay results

reported asmedian and inter-quartile range (IQR) tomean and

standard deviation (SD) using the method described by Weir

and colleagues.12 We excluded results with insufficient data to

allow calculation of SD, and reports with obvious errors. For

studies with more than two treatment arms, we combined the

dichotomous outcomes of the subgroups into a single group

when appropriate. For continuous outcomes, we combined the

data following the formula in section 7.7.3.8 of the Cochrane

Handbook for Systematic Reviews of Interventions.13 Numerical

values were extracted from graphs using a graph digitiser

software CurveSnap (version 1.1; Xoofee, China). We consid-

ered a P-value of <0.05 and a 95% CI that did not cross the line
of equality as statistically significant. All statistical analyses

were done using ReviewManager 5.3 (Nordic Cochrane Centre,

Cochrane Collaboration, Copenhagen, Denmark).

We assessed variability in the outcomes by visual inspec-

tion of the forest plots and by calculating the I2 statistic. We

defined an I2 statistic of >40% as indicating important het-

erogeneity as per the Cochrane Handbook for Systematic Reviews

of Interventions.13 We assessed for evidence of reporting bias by

visual inspection of funnel plot symmetry for the primary

outcome.

We anticipated heterogeneity across studies, and therefore

the following subgroup analyses were pre-specified for the

primary outcome: (i) urgency of surgery (elective vs emergency

or mixed); (ii) nature of intervention (part of GDT vs in addition

to GDT); (iii) type of surgery (gastrointestinal vs aortic vs other

intra-abdominal surgery); (iv) patient population (high risk vs

mixed or other); and (v) risk of bias (low vs unclear or high).
Risk of bias

Risk of bias for each outcome was performed using the

Cochrane risk-of-bias tool 2.0.14 Risk of bias was assessed in

the following five domains: (i) randomisation process, (ii) de-

viations from intended interventions, (iii) missing outcome

data, (iv) measurement of the outcome, and (v) selection of the



Table 1 Characteristics of included studies. DOI/ _DO2, oxygen delivery index; GEDVI, global end-diastolic volume index; Hb, haemoglobin; Hct, haematocrit; O2ER, oxygen extraction ratio;
PaO2, arterial pressure of oxygen; PCWO, pulmonary capillary wedge pressure; PPV, pulse pressure variation; SaO2, arterial saturation of oxygen; SBP, systolic blood pressure; StO2, tissue
oxygen saturation; SVI, stroke volume index; SVR, systemic vascular resistance; SVV, stroke volume variation; UO, urine output; _VO2, oxygen consumption; SV, stroke volume.

Study Number Patient risk Urgency Type of surgery Period of intervention Intervention Targets

Benes and colleagues15 120 High Elective Gastrointestinal and
vascular

Intraoperative GDT using fluid,
dobutamine, ephedrine,
or norepinephrine

SVV <10%; CI: 2.5e4; MAP
>70

Bonazzi and colleagues16 100 Low Elective Aortic Pre- and intraoperative GDT using fluids,
dobutamine, and
nitroglycerine

Cardiac index >3; PCWP 10
e18; SVR <1450; _DO2

>600
Broch and colleagues17 79 ASA 2e3 Elective Major abdominal Intraoperative GDT using fluids,

norepinephrine,
theodrenaline/cafedrine,
and dobutamine

Cardiac index �2.5; PPV
<10%

Colantonio and
colleagues18

80 ASA 2e3 Elective Cytoreductive surgery Intraoperative GDT using fluids and
dopamine

SVV <15%; cardiac index
>2.5; SVI >35

Davies and colleagues19 124 High Elective Colorectal and
urological

Pre-, intra-, and
postoperative (24 h)

Dopexamine (0.5 mg kg�1

min�2) vs placebo
SVV <10%; Hb >8

Donati and colleagues20 135 High Elective Gastrointestinal and
aortic

Intraoperative GDT using colloids and
dobutamine

O2ER <27%

Funk and colleagues21 40 Mixed Elective Aortic Intraoperative GDT using fluids,
norepinephrine, and
phenylephrine

SVV <13%; cardiac index
>2.2; MAP >60

Futier and colleagues22 298 High AKI
risk

Mixed Mixed, mostly
abdominal

Intra- and
postoperative (4 h)

Norepinephrine infusion
vs ephedrine bolus 6 mg

SBP within 10% of baseline
vs >80 mm Hg or within
40% of baseline

Lobo and colleagues23 50 High Elective Gastrointestinal,
urological, and other

Intra- and
postoperative (24 h)

GDT using fluids and
dobutamine

_DO2 >600; MAP 70e110;
PCWP 12e16; Hct >30%;
SaO2 >94%; UO >0.5

Pavlovic and colleagues24 43 Mixed Emergency Intra-abdominal with/
without orthopaedic
or thoracic surgery

Intraoperative GDT using fluids,
inotropes, and
vasopressors

Cardiac index 2.5e3; GEDVI
600e800

Pearse and colleagues8 732 High Mixed Gastrointestinal Intra- and
postoperative (6 h)

GDT using colloids and
dopexamine (0.5 mg kg�1

min�2)

SaO2 �94%; Hb >8;
Temperature >37�C; HR
60e100; MAP 60e100;
colloid for maximal SV

Pestana and colleagues25 142 Mixed Elective Gastrointestinal Intra- and
postoperative (24 h)

GDT using fluids,
dobutamine, and
norepinephrine

Cardiac index >2.5; MAP
�65

Ponnudurai and
colleagues26

65 Mixed Elective Orthotopic liver
transplant

Intraoperative Norepinephrine infusion
vs placebo

MAP �80% baseline; PCWP
�80% baseline

Reyad and colleagues27 60 ASA 1e3 Elective Whipple Intraoperative Dobutamine (3 or 5 mg kg�1

min�2) vs placebo
HR and MAP within 20% of
baseline

Salzwedel and colleagues28 160 ASA 2e3 Elective General,
gynaecological, and
urological

Intraoperative GDT using inotropes and
vasopressors

PPV <10%; cardiac index
>2.5; MAP >65

Sandham and colleagues29 1994 High,
ASA 3e4

Mixed Abdominal, thoracic,
vascular, and
orthopaedic

Intraoperative GDT using fluids,
inotropes, vasodilators,
vasopressors, and blood
transfusion

_DO2I 550e600; cardiac
index 3.5e4.5; MAP �70;
PCWP �18; HR <120; Hct
>27%
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Table 1 Continued

Study Number Patient risk Urgency Type of surgery Period of intervention Intervention Targets

Schmid and colleagues30 180 ASA 1e3 Elective Mixed (gastrointestinal
and other)

Intra- and
postoperative (72 h)

GDT using fluids,
dobutamine, and
norepinephrine

GEDVI >640; cardiac index
>2.5; MAP >70

Shoemaker and
colleagues31

88 High Mixed Mixed Pre- and intraoperative Three groups: CVP group,
PAC-control group, and
PAC-protocol group
using fluids,
dobutamine, nitrates,
and vasopressors

Cardiac index >4.5; _DO2

>600; _VO2 >170

Stens and colleagues32 175 Moderate Elective General and urological Intraoperative GDT using fluids,
dobutamine, and
norepinephrine

PPV <12%; cardiac index
>2.5; MAP >70

Stone and colleagues33 100 Mixed Elective Gastrointestinal and
urological

Intra- and
postoperative (24 h)

Dopexamine (0.25 mg kg�1

min�2) vs placebo
<5% increase in SV with
fluid bolus; Hb 9e11 g
dl�1

Takala and colleagues34 412 High Mixed Major abdominal
surgery

Pre-, intra-, and
postoperative (24 h)

Three groups: dopexamine
(0.5 or 2 mg kg�1 min�2) vs
placebo

Cardiac index >2.5; MAP
>70; PCWP >10; Hb >10;
SaO2 >94%

Valentine and colleagues35 120 Low to
moderate

Elective Aortic Pre- and intraoperative GDT using fluids, nitrates,
and dopamine

PCWP 8e14; cardiac index
�2.8; SVR �1100

van Beest and colleagues36 40 High,
ASA 3e4

Elective Gastrointestinal, aortic,
and other

Intraoperative GDT using dobutamine StO2 �80%

Weinberg and colleagues37 52 Mixed Elective Whipple Intraoperative GDT using fluids, inotrope,
vasopressors,
inodilators, and
antihypertensives

SVV <20%; cardiac index
>2; HR >60; PaO2 >13.3;
Hb >8; Temperature
>36�C; MAP within 20%
baseline

Wilson and colleagues38 138 High Elective General, vascular, and
urological

Pre- (4 h), intra-, and
postoperative (12 h)

Three groups: adrenaline
infusion (0.025 mg kg�1

min�2) or dopexamine
(0.125 mg kg�1 min�2)
infusion vs placebo

_DO2 >600

Zheng and colleagues39 60 High Elective Gastrointestinal Intra- and
postoperative (24 h)

GDT using fluids,
norepinephrine, and
dopamine

Cardiac index �2.5; SVI
>35; SVV <12%; MAP >65
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reported result. An overall risk of bias was assessed as ‘low’,

‘high’, or ‘some concern’ based on the recommended algo-

rithm. Publication, language, citation, and selection bias were

also assessed.
Results

The initial electronic search generated 4814 potential studies;

3737 studies were multiply identified (Fig. 1). An additional 11

studies were identified through hand searching. This process

identified 110 potentially eligible studies after screening of the

abstracts. Of these 110 studies, 26 were included in our meta-

analysis (5561 participants).8,15e39 We excluded 84 studies that

did not meet the inclusion criteria for various reasons. Thir-

teen studies15e18,20,22,24,25,28,30,32,34,36 were conducted in

Europe; four8,19,33,38 in the UK; three26,31,35 in the USA; two21,29

in Canada; and one in each of China,39 Egypt,27 Brazil,23 and

Australia.37

All studies were randomised, and 20

studies15e21,23,25e28,30,32,33,35e39 recruited patients exclusively

having elective surgery. The studies were published between

1988 and 2017. The characteristics of included studies are

summarised in Table 1.

The studies had varied patient population; 12

studies8,15,19,20,22,23,29,31,34,36,38,39 were conducted on high-risk

patient groups. This was defined using high-risk criteria based

on surgical and patient factors,8,15,22,23,31,34,38 age,29,36,39 ASA

physical status score,22,29,36 and anaerobic threshold.19 Only

two studies31,34 used the same high-risk criteria. One study did

not define high-risk criteria.20

Vasoactive agents were used as part of a goal-directed

protocol to achieve specified haemodynamic targets in 20

studies8,15e18,20,21,23e25,28e32,35e39 and as an infusion in addi-

tion to standard care in six studies.19,22,26,27,33,34 A variety of
Fig 2. Forest plot of pooled data for primary outcome (mortality at the
vasoactive drugs were used, including dobutamine, dopamine,

dopexamine, norepinephrine, phenylephrine, ephedrine, and

vasodilators (nitrates), either alone or in combination to ach-

ieve haemodynamic targets. Targeted haemodynamic pa-

rameters varied across studies (Table 1).

Using the Cochrane Collaboration’s risk of bias 2.0 tool, the

randomisation process was assessed as low risk in 21 studies

(81%). Five studies (19%) had deviations from intended in-

terventions attributable to exclusion of participant post-ran-

domisation as a result of complications and protocol

violations (i.e. as-treated or per-protocol analyses). No studies

had missing outcome data. All studies had low risk for selec-

tion of the reported result.

Measurement of outcome was deemed as low risk for

mortality and length of stay in all studies. Ascertainment of

complications was deemed low risk in 19 of the 24 studies

(79%) that reported complications; five studies (21%) were

classified as ‘some concern’ as they did not provide definitions

for complications and outcome assessors were not blinded.

The overall bias was low for 17 studies (65%). The remaining

nine studies were of ‘some concern’ or at ‘high’ risk of bias for

at least one outcome measure. The risk-of-bias figure for the

primary outcome can be found in Supplementary material 2.
Data synthesis

Mortality

Mortality at longest follow-up. Twenty-one studies reported

mortality.8,15,16,18e25,27,29e36,38 The longest follow-up period

was hospital admission for 12 studies16,19e21,24,25,27,31,33,35,36,38

and 28 or 30 days for five studies.15,18,22,32,34 Four studies re-

ported mortality beyond 30 days (Fig. 2).8,23,29,30 The longest

follow-up period was 1 yr, and this was reported by two

studies.29,30 The longest follow-up period for mortality in each
longest follow-up). CI, confidence interval.



Fig 3. Forest plot of pooled data for number of patients with postoperative complications. CI, confidence interval.
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study is described in Supplementary material 3. Using data

from the longest reported follow-up, the pooled mortality was

280/2552 (11.0%) in the intervention group and 298/2436

(12.2%) in the control group; RR: 0.84 (95% CI: 0.63e1.12;

P¼0.23).

Hospital or 28e30 day mortality. Hospital or 28e30 day mor-

tality was reported in 21 studies.8,15,16,18e25,27,29e36,38 The

overall mortality was 161/2657 (6.1%) in the intervention group

and 175/2506 (7.0%) in the control group; RR: 0.87 (95% CI:

0.66e1.13; P¼0.29).
Morbidity

Complications

Postoperative complications were reported in different ways.

The total number of complications was reported by 12

studies.15,17,19e21,23,28,31,33,36e38 Twenty-four studies reported

the incidence of individual complications or the number of

participants with individual complications.8,15,16,18e25,27e39

The types of complications measured varied between

studies, as did the definition of individual complications.

Eleven studies16,19,20,24,27,31,35e39 reported complications dur-

ing hospital stay, one study33 reported 14 day complication

rate, nine studies8,15,17,18,22,28,32,34,36 reported 28 or 30 day

complication rate, and one study23 reported 60 day complica-

tion rate. We did not pool the overall number of complications

because of variation in the definition of complications. The

numbers of participants with one or more complications were

reported by 22 studies, and this was pooled for our analysis

using the longest follow-up.8,15e20,22e25,27,28,31e39 Significant

statistical heterogeneity was detected (I2¼66%; P<0.00001). The
number of patients with one or more complications was 654/
1725 (37.9%) in the intervention group and 761/1577 (48.3%) in

the control group (Fig. 3); RR: 0.76 (95% CI: 0.66e0.88; P¼0.0002).
Postoperative renal dysfunction

Postoperative renal dysfunction was reported in 22

studies.8,15,16,18e25,27e31,33e38 Postoperative renal dysfunction

was defined in 13 studies using clinical or laboratory

criteria.15,16,18e20,22,23,25,28e31,37 Two studies22,30 used the risk/

injury/failure/loss/end-stage criteria40 for acute kidney injury

and one study37 used the European Perioperative Clinical

Outcome definition of acute renal dysfunction.41 The number

of patients with postoperative renal dysfunction was 282/2626

(10.7%) in the intervention group and 322/2486 (13.0%) in the

control group; RR: 0.85 (95% CI: 0.71e1.02; P¼0.08).
Physiological data

Physiological variables were reported at various time points.

For consistency, reported values closest to the end of surgery

were pooled for analyses (Table 2). Graphs were digitalised and

numerical values extracted using CurveSnap (version 1.1;

Xoofee, China).
Mean arterial pressure. Twelve studies compared MAP be-

tween the intervention and control

groups.15,18,20e22,24,25,27,28,31,32,39 Four studies20,27,31,32 reported

MAP graphically. Eleven studies15,18,20e22,24,25,27,28,32,39 reported

mean (SD), and one study reported mean and standard error.31

The MD between the intervention and control groups at the

end of surgery was 1.25 mm Hg (95% CI: e1.09 to 3.59 mm Hg;

P¼0.29). Significant heterogeneity was detected (I2¼78%;

P<0.00001).



Table 2 Pooled estimates for physiological outcomes. CI, confidence interval; MD, mean difference. *Calculated as mean of inter-
vention groupemean of control group.

Parameter Studies, n Participants, n MD* 95% CI for MD P-value for MD I2 (%) P-value for I2

Cardiac index (L min�1

m�2)
10 1389 0.35 0.17e0.54 0.0001 86 <0.00001

HR (beats min�1) 9 748 2.31 e2.28 to 6.89 0.32 89 <0.00001
MAP (mm Hg) 12 1380 1.25 e1.09 to 3.59 0.29 78 <0.00001
Serum lactate (mmol
L�1)

8 758 e0.07 e0.26 to 0.12 0.45 64 0.007
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Heart rate. Nine studies compared HR between the interven-

tion and control groups.15,18,19,21,25,27,31,33,39 Two studies27,31

reported HR graphically. Seven studies15,18,21,25,27,33,39 re-

ported mean (SD), one study31 reported mean and standard

error, and one study19 reported mean and 95% CI. The MD in

HR at the end of surgery between the intervention and control

groups was 2.31 beats min�1 (95% CI: e2.28 to 6.89; P¼0.32).

Significant heterogeneity was detected (I2¼89%; P<0.00001).

Cardiac index. Ten studies compared cardiac index between

the intervention and control groups at the end of

surgery.17,19,21,22,23,31e34,39 In addition, four studies15,18,29,38 re-

ported cardiac index in the intervention group without corre-

sponding values in the control group. These studies were not

included in our pooled analysis. Three studies17,31,32 reported

cardiac index graphically. Seven studies21e23,32e34,39 reported

mean (SD), one study31 reported mean and standard error, one

study19 reported mean and 95% CI, and one study17 reported

cardiac index graphically, but did not specify what the error

bars represented. This was assumed to be SD for our analysis.

Cardiac index at the end of surgery was significantly higher in

the intervention group than the control group (MD: 0.35 L

min�1 m�2; 95% CI: 0.17e0.54; P¼0.0001). Significant hetero-

geneity was detected (I2¼86%; P<0.00001).

Serum lactate. Serum lactate was reported by eight stud-

ies.15,17e20,23e25 One study20 reported this graphically. Six

studies15,17,18,20,23,24 reported mean (SD), one study19 reported

mean and 95% CI, and one study25 reported median (IQR). The

MD in serum lactate between the intervention and control

groups was e0.07 mmol L�1 (95% CI: e0.26 to 0.12; P¼0.45).

Significant heterogeneity was detected (I2¼0.64%; P¼0.007).
Resource use

Hospital length of stay

Hospital length of stay was reported in 24

studies.8,15e26,28,29,31e39 This was reported as median and IQR

in 14 studies,8,15,17,19,21e25,29,32,36,37,39 mean and SD in five

studies,20,26,28,31,35 median and range in one study,16 median

and 95% CI in one study,18 mean and IQR in one study,34 and

medianwith no spread of data in two studies.33,38We excluded

two studies33,38 that did not report spread of data and one

study23 with an error in the reported SD. We also excluded one

study,34 which reported length-of-stay data in survivors and

non-survivors without explicitly defining these terms. Median

(range/IQR) was transformed to mean (SD) using the method

described by Weir and colleagues.12 The calculation for mean

zq1þmedianþq3
3 . The calculation for SD approximates to the

Cochrane Handbook for Systematic Reviews of Interventions
estimation, SD zq3�q1
1:35 . One study31 had two control groups that

were combined using equation 7.7a according to the Cochrane

Handbook for Systematic Reviews of Interventions.13 Hospital

length of stay was reduced by a mean of 0.91 days (95% CI:

1.69e0.12 days; P¼0.02) by the intervention. Significant sta-

tistical heterogeneity was detected (I2¼81%; P<0.00001).
ICU length of stay

Eleven studies reported ICU length of stay.15,22e26,31,32,35,36,39

This was reported as median and IQR in eight

studies,15,22e25,32,36,39 and mean and SD in three studies.26,31,35

We excluded one study38 that reported median with no

spread of data and one study34 that reported length-of-stay

data in survivors and non-survivors without explicitly defining

these terms. Numerical conversion was performed as per

hospital length of stay. The MD in ICU length of stay between

the intervention and control groups was e0.33 days (95% CI:

e0.96 to 0.30 days; P¼0.31). Significant heterogeneity was

detected (I2¼90%; P<0.00001).
Subgroup analyses for mortality at longest follow-up

Urgency of surgery

The intervention was conducted in participants exclusively

having elective surgery in 15

studies,15,16,18e21,23,25,27,30,32,33,35,36,38 emergency surgery in one

study,24 and a mix of elective and emergency surgery in five

studies.8,22,29,31,34 Emergency and mixed surgery were com-

bined for the analysis. The studies with mixed surgical pro-

cedures did not report data separately for emergency or

elective groups. Therewas no interaction between the urgency

of surgery and the intervention; RR for mortality in elective

surgery was 0.70 (95% CI: 0.41e1.21) and in mixed/emergency

procedures was 0.90 (95% CI: 0.63e1.27) (Table 3).

Nature of intervention. Vasoactive drugs were administered as

part of the goal-directed protocol in 16

studies.8,15,16,18,20,21,23e25,29e32,35,36,38 In four studies,19,27,33,34

vasoactive infusions or placebo was used in addition to iden-

tical haemodynamic targets for both intervention and control

groups. One study22 compared two different systolic blood

pressure targets using a vasoactive infusion (norepinephrine)

for the intervention group. There was no difference in mor-

tality between the studies that used vasoactive drugs as part of

GDT and the studies that used vasoactive infusions either in

addition to goal-directed targets or to maintain a specified

blood pressure. The RR for mortality in the former was 0.77

(95% CI: 0.52e1.14) and the latter was 0.91 (95% CI: 0.51e1.41)

(Table 3).



Table 3 Subgroup analysis for the primary outcome (mortality). Effect size reported as risk ratios using random-effects models. CI,
confidence interval.

Subgroup Studies, n Patients, n Effect size
(95% CI)

P-value of
effect size

I2 (%) P-value
of I2

Urgency of surgery
Elective 15 1578 0.70 (0.41e1.21) 0.20 27 0.16
Emergency or mixed 5 3410 0.90 (0.63e1.27) 0.53 49 0.08

Nature of intervention
Part of GDT 16 4000 0.77 (0.52e1.14) 0.19 45 0.03
In addition to GDT 5 988 0.91 (0.59e1.41) 0.68 0 0.62

Patient population
High risk 10 3974 0.73 (0.51e1.06) 0.10 46 0.05
Low to moderate or mixed 10 1014 1.14 (0.69e1.90) 0.60 7 0.38

Type of surgery
Gastrointestinal 3 926 0.64 (0.42e0.99) 0.04 0 0.04
Aortic 3 260 0.93 (0.07e13.06) 0.96 51 0.96
Mixed intra-abdominal 14 3802 0.89 (0.64e1.24) 0.49 32 0.12

Risk of bias
Low risk 17 4780 0.90 (0.70e1.16) 0.41 23 0.19
Some concern or high risk 3 208 0.28 (0.04e1.86) 0.19 38 0.20
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Patient population. The intervention was conducted exclu-

sively on high-risk patients in 11 studies8,15,19,20,22,23,29,31,34,36,38

and a mix of low-to-moderate and high-risk patients in 10

studies.16,18,21,24,25,27,30,32,33,35 The size of effect for the inter-

vention was stronger and in opposite directions in the high-

risk studies; RR for mortality was 0.73 (95% CI: 0.51e1.06)

compared with studies with a mixed patient population; RR:

1.14 (95% CI: 0.69e1.90) (Table 3).

Type of surgery. Three studies8,25,27 included patients exclu-

sively undergoing gastrointestinal surgery, and three

studies16,21,35 recruited patients undergoing aortic surgery.

Fifteen studies15,18e20,22e24,29e34,36,38 recruited patients having

major abdominal surgery not exclusively limited to gastroin-

testinal or aortic surgery, and these were pooled into a sub-

group. The latter group includes cytoreductive,18

urological,19,23,32,33,38 vascular,15,29,36,38 or major abdominal

surgery with a small proportion (<20%) of other surgical pro-

cedures, such as orthopaedic, thoracic, or trauma surger-

y.22e24,29e31,36 The intervention significantly reduced mortality

in gastrointestinal surgery, RR: 0.64 (95% CI: 0.42e0.99), but not

aortic surgery, RR: 0.93 (95% CI: 0.07e13.06; P¼0.96), or mixed

intra-abdominal surgery, RR: 0.89 (95% CI: 0.64e1.24) (Table 3).

Risk of bias. The overall bias for mortality was ‘low’ for 18

studies8,15,16,19e25,27,29,30,32e35,38 and of ‘some concern’ or ‘high’

for three studies.18,31,36 The risk of bias did not affect the pri-

mary outcome of mortality at longest follow up; studies of

‘low’ risk, RR: 0.90 (95% CI: 0.70e1.16), and ‘some concern’ or

‘high’ risk, RR: 0.28 (95% CI: 0.04e1.86) (Table 3).

Forest plots of each analysis are included in Supplementary

material 4.
Discussion

Our systematic review revealed that the perioperative use of

vasoactive drugs for major abdominal surgery in adult pa-

tients significantly was associated with reduced postoperative

complications and hospital length of stay. The point estimate
for mortality, RR 0.84, although not statistically significant,

would be clinically important if confirmed by a large, definitive

trial. There were no significant differences in postoperative

renal dysfunction or ICU length of stay between the inter-

vention and control groups.

Cardiac index at the end of surgery was predictably higher

in the intervention group, as 15 studies had explicit cardiac

index targets as part of the intervention.15e18,21,24,25,28e32,35,37,39

Despite the higher cardiac index in the intervention group,

there was no difference in serum lactate concentrations at the

end of surgery. Most studies had comparable MAP and HR

targets between the intervention and control groups; MAP and

HR at the end of surgery were similar between the two groups.

Explorative subgroup analyses for mortality indicated a

stronger intervention effect in high-risk patient populations

and gastrointestinal surgery. These findings could be used to

guide the design of future trials.

This is the first systematic review to study the effects of

vasoactive therapy in major abdominal surgery. Data were

pooled from 26 studies including 5561 participants. The study

inclusion criteria were defined a priori, and the meta-analysis

was conducted according to a predefined analysis plan. The

individual studies were conducted internationally and

included various types of abdominal surgery encompassing

gastrointestinal, urological, gynaecological, and vascular sur-

geries. Random-effects models were chosen to reflect the

heterogeneity of settings, interventions, and patient pop-

ulations of the included studies. The results of our review are

consistent with previously published meta-analyses of similar

interventions.6,8 The Cochrane review by Grocott and col-

leagues6 included studies using fluids alone and fluids and

vasoactive drugs as the intervention. Subgroup analyses per-

formed for the primary outcome (mortality at longest follow-

up) showed no significant differences in mortality according

to the intervention: fluid therapy alone vs a combination fluid

and vasoactive therapy. This is consistent with the findings of

our review: the intraoperative administration of vasoactive

drugs is not associated with a reduction in mortality. Re-

ductions in complication rate in both reviews suggest that the
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intervention is safe and likely to be effective, but studies may

be underpowered to detect differences in mortality attribut-

able to low event rates.

The results are limited by the quality of individual studies

and the heterogeneous nature of the published literature. We

consider this review hypothesis generating rather than

conclusive. The quality of outcome data reporting was vari-

able. Mortality and postoperative complications were reported

over a variety of time frames, and postoperative complications

were mostly composite outcomes of various organ system

dysfunction and surgical complications. Lack of blinding of

outcome assessors and poorly defined outcomes, such as

complications, could introduce bias in some studies. Stand-

ardised outcome measures should be reported to facilitate the

comparison and combination of future trials.42e45 Hospital

and ICU length of stay data were transformed to mean (SD) in

several studies, which may limit the precision of the effect

estimate. Analyses of physiological and length-of-stay data

were limited by significant statistical heterogeneity. A partic-

ular concern is the heterogeneity of interventions. The main

goal of any GDT is to maintain organ perfusion, and this has

been studied using various drugs and regimens. All monitored

variables are imperfect surrogates for organ perfusion, and

there is little evidence to support the use of one drug over

another for this purpose. Vasoactive medications used in

these studies were varied and included inotropes, vasopres-

sors, and vasodilators. Vasoactive drugs were administered as

part of targeted haemodynamic therapy inmost studies, but in

some studies, these were administered in addition to common

haemodynamic goals for both intervention and control

groups.19,26,27,33,34 Only one study investigated the use of

vasoactive drugs to maintain a targeted systolic blood pres-

sure in the intervention group.22 Vasoactive drugs were

administered as part of a package of care in most studies, and

it is difficult to determine whether outcomes are attributable

to the drugs or fluids administered, the use of monitoring

devices, haemodynamic goals or critical care, or a combina-

tion of these. The period of intervention varied from 14 h

before operation to 24 h after operation with most studies

limiting the intervention to the intraoperative period. Various

monitors and haemodynamic targets were used, ranging from

noninvasive cardiac output monitoring to pulmonary artery

catheters. The comparative effectiveness of these devices in

the perioperative setting has not been validated; results from

studies using one monitor cannot necessarily be compared

with or combined with trials using a different monitor. This

limits the ability to make definitive conclusions based on the

results of this review. We also limited our review to major

abdominal surgery, as this is associated with significant

postoperative morbidity and mortality.46 I.V. fluid manage-

ment during major abdominal surgery has been controversial,

as fluid requirements are often higher because of third spacing

and endothelial dysfunction, but excessive fluid administra-

tion may result in delayed gastrointestinal function and

anastomotic complications. The intervention is likely to have

a greater effect on patients undergoing major abdominal sur-

gery, but the results of this review cannot be extrapolated

beyond major abdominal surgery.

Several sources of potential bias are present in this review.

Publication bias was assessed visually using a funnel plot

(Supplementary material 5). No obvious asymmetry was

detected for the primary outcome, but the possibility of pub-

lication bias cannot be excluded as four published peer-

reviewed articles were not available for published protocols
or trial registrations identified through our search strategy.

Language bias could also be present because of the selection of

electronic databases. Citation bias could be present, as refer-

ence lists of eligible studies were hand searched for additional

studies. Selection bias was minimised by strictly predefined

study inclusion criteria and the assessment of eligibility by

two independent reviewers. Extraction of data was performed

by one investigator to minimise inter-observer extractor bias.

The quality of individual studies in our review is a potential

source of bias. Inclusion of biased studies in themeta-analysis

may affect the validity of the results. Themajority of studies in

our review had small sample sizes and was underpowered to

detect changes in mortality. Eleven

studies17,18,21,23,24,26,27,31,36,37,39 had fewer than 100

participants.

Most clinicians agree that the maintenance of adequate

organ perfusion during the perioperative period is likely to

reduce postoperative complications. The method of achieving

this remains controversial. GDT typically uses a monitoring

device with explicit goals of care aimed at optimising organ

perfusion. However, monitoring devices are varied, often

invasive, add complexity to the intervention, and limit gen-

eralisability to settings where a specific monitor is available.

Haemodynamic targets are surrogate measures of organ

perfusion with some studies opting for normal physiological

values and others for supranormal values. A recently pub-

lished trial of 292 patients found that targeting individualised

systolic blood pressure using a norepinephrine infusion may

be effective at reducing the postoperative systemic inflam-

matory syndrome and organ dysfunction compared with

standard treatment, after maximising fluid therapy.22 This

offers further support for a large definitive trial assessing the

effects of perioperative vasopressor therapy with simple blood

pressure targeting to reduce postoperative morbidity and

mortality.
Conclusions

Vasoactive drugs used in the perioperative period to support

organ perfusion may reduce postoperative complications and

hospital length of stay in adult patients having major

abdominal surgery. The heterogeneous nature of the setting,

intervention, and outcome measures makes interpretation of

results difficult. Questions, such as which drug, what targets,

and in what setting, remain to be answered. Future studies

should be adequately powered, multicentre, rigorously

designed, pragmatic, and widely applicable. Standardised

outcome measures should be reported to facilitate the com-

parison and combination of future trials.42 Nonetheless, the

findings of this systematic review are the necessary first steps

in the design, powering, and planning of a large multicentre

RCT.
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