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Cardiac output-guided haemodynamic therapy for patients 
undergoing major gastrointestinal surgery: OPTIMISE II 
randomised clinical trial
OPTIMISE II Trial Group

ABSTRACT

OBJECTIVES
To evaluate the clinical effectiveness and safety of 
a perioperative algorithm for cardiac output-guided 
haemodynamic therapy in patients undergoing major 
gastrointestinal surgery.

DESIGN
Multicentre randomised controlled trial.

SETTING
Surgical services of 55 hospitals worldwide.

PARTICIPANTS
2498 adults aged ≥65 years with an American Society 
of Anesthesiologists physical status classification 
of II or greater and undergoing major elective 
gastrointestinal surgery, recruited between January 
2017 and September 2022.
INTERVENTIONS
Participants were assigned to minimally invasive 
cardiac output-guided intravenous fluid therapy with 
low dose inotrope infusion during and four hours 
after surgery, or to usual care without cardiac output 
monitoring.
MAIN OUTCOME MEASURES
The primary outcome was postoperative infection 
within 30 days of randomisation. Safety outcomes 
were acute cardiac events within 24 hours and 30 
days. Secondary outcomes were acute kidney injury 
within 30 days and mortality within 180 days.
RESULTS
In 2498 patients (mean age 74 (standard deviation 
6) years, 57% women), the primary outcome occurred 
in 289/1247 (23.2%) intervention patients and 

283/1247 (22.7%) usual care patients (adjusted 
odds ratio 1.03 (95% confidence interval 0.84 to 
1.25); P=0.81). Acute cardiac events within 24 hours 
occurred in 38/1250 (3.0%) intervention patients and 
21/1247 (1.7%) usual care patients (adjusted odds 
ratio 1.82 (1.06 to 3.13); P=0.03). This difference was 
primarily due to an increased incidence of arrhythmias 
among intervention patients. Acute cardiac events 
within 30 days occurred in 85/1249 (6.8%) 
intervention patients and 79/1247 (6.3%) usual care 
patients (adjusted odds ratio 1.06 (0.77 to 1.47); 
P=0.71). Other secondary outcomes did not differ.
CONCLUSIONS
This clinical effectiveness trial in patients undergoing 
major elective gastrointestinal surgery did not provide 
evidence that cardiac output-guided intravenous 
fluid therapy with low dose inotrope infusion could 
reduce the incidence of postoperative infections. 
The intervention was associated with an increased 
incidence of acute cardiac events within 24 hours, 
in particular tachyarrhythmias. Based on these 
findings, the routine use of this treatment approach in 
unselected patients is not recommended.
TRIAL REGISTRATION
ISRCTN Registry ISRCTN39653756.

Introduction
An estimated 310 million patients undergo surgery 
worldwide each year.1 Older patients with comorbidities 
undergoing gastrointestinal surgery have a particularly 
high burden of postoperative morbidity.2  3 Around 
one third will develop a postoperative infection and 
about 10% will die within six months of surgery.4 
Administering intravenous fluids and inotropic or 
vasoactive drugs is a central element of perioperative 
care that may affect patient outcomes.5-7 Optimal 
haemodynamic management should provide adequate 
organ perfusion while minimising iatrogenic harm. 
However, clinical practices vary widely,5 and their 
effect on outcomes remains uncertain.

Protocolised haemodynamic management guided 
by monitoring of cardiac output is one approach 
that may improve patient care by reducing the risk of 
postoperative infections and other complications.4  8 
Our previous studies described the physiological and 
pharmacological basis of this effect, including the role 
of low dose inodilators, finding beneficial changes 
in inflammatory pathways and improved tissue 
perfusion and oxygenation.9  10 These are important 
determinants of postoperative infections.11  12 Cardiac 
output-guided therapy has proved controversial at 
times, and excessive early pulmonary artery catheter 
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Previous studies suggest that protocolised administration of intravenous fluids 
and inotropes guided by cardiac output monitoring can reduce complications 
after major surgery
Definitive evidence is, however, lacking

WHAT THIS STUDY ADDS
A perioperative haemodynamic therapy approach incorporating cardiac output-
guided intravenous fluid therapy with low dose inotrope infusion does not 
reduce the incidence of postoperative infections in high risk patients undergoing 
major gastrointestinal surgery
Use of fixed, low dose inotrope infusions within such algorithms should be 
avoided owing to the risk of arrhythmias
Routine use of this intervention is not warranted in unselected patients 
undergoing gastrointestinal surgery
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use generated safety concerns.13-15 More recent trials 
using simpler, minimally invasive technologies that 
track changes in cardiac output and stroke volume, 
using pulse wave analysis and other methods,16 have 
resolved some of these safety issues. Clear evidence 
of clinical effectiveness is, however, still lacking. The 
results of the original Optimisation of Perioperative 
Cardiovascular Management to Improve Surgical 
Outcome (OPTIMISE) trial of this intervention, 
although not definitive, highlighted a possible 
reduction in postoperative infections, but also raised 
questions about cardiac safety.4 Meta-analyses further 
suggest a reduction in postoperative infections and 
other complications, and shorter hospital stays,4 6 8 but 
they are limited by the inclusion of many older, single 
centre trials with a high risk of bias. This has led to 
partial adoption and widespread variation in clinical 
practice.17

To address this knowledge gap, we conducted 
the OPTIMISE II trial of a cardiac output-guided 
haemodynamic therapy intervention in patients with 
an increased risk of complications undergoing major 
elective gastrointestinal surgery. We hypothesised 
that this intervention would reduce postoperative 
infections compared with usual clinical care.

Methods
Trial design
OPTIMISE II was an international, multicentre, 
randomised trial conducted in 55 hospitals in the UK 
(n=14 hospitals), Spain (n=9), Brazil (n=7), Canada 

(n=5), US (n=5), Germany (n=4), Poland (n=4), 
Australia (n=3), Switzerland (n=2), Jordan (n=1), and 
Romania (n=1). Recruitment ran from 26 January 2017 
to 13 September 2022. We compared usual care versus 
cardiac output-guided intravenous fluid therapy with 
low dose inotrope infusion, during and four hours after 
major elective gastrointestinal surgery. The trial design 
and rationale have been reported previously.18 The 
trial protocol (see supplement 1) was approved by the 
UK National Research Ethics Service (ID 209688) and 
by responsible ethics committees in all participating 
countries.

Patients
We included patients aged 65 years and older, with an 
American Society of Anesthesiologists (ASA) physical 
status classification of II or greater, undergoing major 
elective surgery involving the gastrointestinal tract 
with an expected duration of more than 90 minutes. 
Surgical procedure categories were resection of colon, 
rectum, or small bowel; resection of pancreas and 
bowel; resection of stomach (non-obesity surgery); 
resection of oesophagus (non-obesity surgery); obesity 
surgery; and other surgery involving gut resection. 
Exclusion criteria were refusal of written informed 
consent, clinician refusal, expected mortality <30 
days, acute myocardial ischaemia or acute pulmonary 
oedema in previous 30 days, contraindication to low 
dose inotropic drugs, pregnancy, previous enrolment 
in the OPTIMISE II trial, or current participation in 
another clinical trial of a treatment with a similar 
biological mechanism or primary outcome measure. 
All participants provided written informed consent.

Randomisation and masking
After enrolment and shortly before surgery, participants 
were randomised in a 1:1 ratio by minimisation 
with a random component (80% probability to be 
allocated to the group that minimises the between 
group differences in the minimisation factors), using a 
central online service, which concealed the allocation 
sequence. Minimisation variables were country of 
participating hospital, category of surgical procedure, 
and ASA class (see supplement 2 for categories). It was 
not possible to conceal study group allocation during 
the trial intervention period. Research staff collecting 
and assessing clinical outcomes were not involved in 
the participants’ care and were unaware of study group 
allocation. Self-assessment of assessor blinding was 
performed after follow-up visits. The local principal 
investigator or delegate unaware of group allocation 
confirmed the clinical outcomes. Only the independent 
data monitoring and ethics committee had access to 
trial data represented by treatment arm. Final analysis 
was performed after the statistical analysis plan (see 
supplement 2) was signed off, and the trial database 
was locked.

Procedures
Care for all participants was loosely defined to avoid 
extremes of practice and practice misalignment while 

Study design Observer
blinded

Multicentre,
international

Participants were 
ASA* class ≥II

Randomised 
controlled trial

2498 patients aged ≥ years 
undergoing major elective 
gastrointestinal surgery

Average age:  years
Sex: % women
ASA* class: >% III or IV

Population

The trial did not provide evidence that the intervention could reduce 
the incidence of postoperative infections. The intervention was also 
associated with an increased incidence of acute cardiac events

Summary

https://bit.ly/bmj-gastro

Visual abstract Cardiac output-guided haemodynamic 
therapy in gastrointestinal surgery

*American Society of Anesthesiologists
†Confidence interval

© 2024 BMJ Publishing Group Ltd

Outcomes

.  
Adjusted odds ratio  % CI†

Infection < days PRIMARY 283

.  
Odds ratio  % CI†

Acute cardiac event < hours 21

Acute cardiac event < days 79

Favours
intervention

Favours
control

Postoperative events, 
time from randomisation

Intervention

Minimally invasive cardiac output 
guided intravenous fluid therapy 
with low dose inotrope infusion
during and four hours aer surgery

Control

Usual treatment,
but without 
cardiac output 
monitoring

12471251

Comparison

289

38

85
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reflecting the heterogeneity of routine clinical care.19 
Standard treatments were recommended to maintain 
oxygenation (SpO2 ≥94%), haemoglobin concentration 
(>80 g/L), core temperature (37°C), heart rate (<100 
beats/min), and mean arterial pressure (60-100 mm Hg). 
Maintenance fluid requirements were met by a 1 mL/kg/h 
infusion of crystalloid, with 5% dextrose recommended 
to minimise salt overload. Clinicians chose from a range 
of crystalloids or colloids for plasma volume expansion. 
Anaesthesia and analgesia were provided according 
to clinician preference and local protocols. Antibiotic 
prophylaxis was given in accordance with local protocols. 
Supplement 3 provides details of the trial’s standard 
operating procedures for the care of participants in the 
intervention and usual care groups.

The trial intervention began after induction of 
anaesthesia and continued until four hours after 
surgery (fig 1). Cardiac output and associated 
haemodynamic variables were monitored using an 
Edwards Lifesciences (Irvine, CA) system comprising 
an EV1000 or HemoSphere monitor with either 
ClearSight (non-invasive) cuff or FloTrac (invasive 
arterial pressure) sensor depending on clinician 
choice. The cardiac output monitoring system was set 
up immediately after the induction of anaesthesia, 
with cardiac stroke volume measured for the first time 
post-induction. In addition to maintenance fluids, 
250 mL fluid boluses were given in accordance with 
an algorithm to achieve an optimal value of stroke 
volume. Ongoing responsiveness to fluid was indicated 

by a 10% rise in stroke volume after a fluid bolus was 
administered. Cardiac output was considered optimal 
when the criteria for fluid responsiveness were no 
longer met and the stroke volume was maintained 
for at least 20 minutes. Further fluid boluses were 
withheld at this point. Additionally, stroke volume 
variation of <5% was taken to indicate the patient 
would not be fluid responsive,20 and fluid boluses 
were withheld. Intervention group participants also 
received a fixed, low dose, equipotent infusion of 
either dobutamine (2.5 µg/kg/min) or dopexamine  
(0.5 µg/kg/min), chosen based on clinician preference 
and local availability, and started after the first 
fluid bolus. If participants developed a tachycardia 
(>100 beats/min) for 30 minutes despite adequate 
anaesthesia and analgesia, the inotrope dose was 
reduced, and was terminated if the tachycardia 
persisted.

Participants in the usual care group received 
treatment as usual, but without cardiac output 
monitoring. At the discretion of the clinician, 250 
mL fluid boluses were given guided by pulse rate, 
arterial pressure, urine output, core-peripheral 
temperature gradient, serum lactate, and base excess. 
Cardiac output monitoring could only be requested to 
guide the care of participants who became critically 
unwell during the intervention period. Predefined 
protocol deviations were failure to use cardiac output 
monitoring, failure to administer inotrope, or incorrect 
dose of inotrope administered (intervention group 

Start inotrope: dobutamine 2.5 μg/kg/min
or dopexamine 0.5 μg/kg/min

Stroke volume variation >5%?

Fall in stroke volume ≥10% below “maximal”?

Monitor stroke volume
No fluid challenge

Yes

Yes

No

No

Note starting stroke volume

250 mL fluid challenge over ≤5 mins

Increase in stroke volume ≥10%?

Decrease in stroke volume within 20 minutes?

Note this “maximal” stroke volume
No fluid challenge

Monitor stroke volume

General haemodynamic measures (all patients)
1. Maintenance fluid at 1 mL/kg/h - dextrose 5% recommended
2. Tranfuse blood to maintain haemoglobin >80 g/L
3. Clinician retains discretion to adjust therapy if concerned about risks of hypovolaemia or fluid overload
4. Mean arterial pressure 60-100 mm Hg; SpO

2
 ≥94%; temperature 37˚C; heart rate <100 beats/min

Yes

Yes

No

Fig 1 | Algorithm for cardiac output-guided haemodynamic therapy for participants in the intervention group. The 
listed general haemodynamic measures were applied to all trial participants (intervention and control groups)
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participants), or the use of cardiac output monitoring 
in a control group participant.

Outcomes
The primary outcome measure was postoperative 
infection within 30 days of randomisation, defined 
using US Centers for Disease Control and Prevention 
criteria as one or more of superficial, deep, or organ 
space surgical site infection, pneumonia, urinary tract 
infection, laboratory confirmed bloodstream infection, 
or infection of uncertain source. The primary outcome 
was assessed using information from the medical 
record and from contact with patients.

Secondary outcomes were acute kidney injury 
(Kidney Disease Improving Global Outcomes stage 
2 or greater21) within 30 days and mortality within 
180 days of randomisation. The two safety outcomes 
were acute cardiac events (arrhythmia, myocardial 
infarction, myocardial injury after non-cardiac 
surgery, cardiac arrest with successful resuscitation, 
or cardiogenic pulmonary oedema) within 24 hours 
and 30 days of randomisation. Process measures were 
duration of postoperative hospital stay and number 
of days alive and not in a critical care bed within 30 
days of randomisation. Mortality was established by 
medical record review or from national databases. 
All morbidity outcomes were defined as events of 
Clavien-Dindo grade II or higher (ie, requiring clinical 
treatment) meeting the criteria of recommended 
standards for perioperative trials.21-23

The data monitoring and ethics committee reviewed 
unblinded data at intervals, including the rate of 
acute cardiac events as a safety outcome and all other 
reported serious adverse events. No formal interim 
analysis was conducted.

Statistical analysis
We determined that a sample size of 2502 participants 
(1251 in each group) would allow detection of a 
reduction in postoperative infection rate within 30 
days, from 30% to 24% with >90% power, using a two 
sided test with significance level α=0.05.4

All analyses were performed on an intention-to-treat 
basis, whereby all patients with a recorded outcome 
were included in the analysis and analysed according 
to the treatment to which they were randomised. The 
primary outcome was analysed using a mixed effects 
logistic regression model with a random intercept for 
country and fixed effects: surgical procedure category, 
age, sex, ASA class, and baseline haemoglobin 
and creatinine levels.24 We included ASA class and 
procedure as categorical variables using the same 
categories used in the minimisation algorithm. We 
used restricted cubic splines with three knots and 
knot locations based on Harrell’s recommendations 
to adjust for age and baseline haemoglobin and 
creatinine levels.25 A further post hoc analysis of the 
primary outcome using minimal adjustment including 
only the minimisation variables (country, surgical 
procedure category, ASA class) was also conducted 
during editorial review. Mean imputation was used 

to account for missing baseline data.26 The same 
model was used to analyse safety and secondary 
outcomes. A secondary analysis was conducted for 
the primary outcome, which included mortality as a 
competing risk for postoperative infection in a time-
to-event model. All statistical tests were two sided, 
and we considered a P value <0.05 to be statistically 
significant. Analyses of heterogeneity of effects across 
subgroups (surgical procedure category) were assessed 
by performing a likelihood ratio test comparing the 
primary outcome analysis model against the same 
model with a treatment-by-covariate interaction effect 
added. Surgical approach (laparoscopic or open) was 
added as a further subgroup analysis post hoc during 
editorial review and analysed using the same method, 
along with a comparison of the primary outcome 
event rate between the control group and each type 
of cardiac output sensor used in the intervention 
arm. The statistical analysis plan (see supplement 2) 
was finalised before unblinding and analysis and is 
publicly available (https://optimiseii.org/documents).

Patient and public involvement
Patient and public representatives were involved from 
the planning stages of the trial. The Royal College of 
Anaesthetists Patient, Carer, and Public Involvement 
and Engagement (PCPIE) in Research Group reviewed 
the OPTIMISE II trial in detail. Detailed feedback from 
the group informed both the design and the conduct of 
the trial. Specifically, the group considered the results 
of the original OPTIMISE trial and whether a larger trial 
was justified. They considered the effect of hospital 
acquired infection and stated that this was a clinical 
outcome of clear and direct relevance to patients. The 
group also provided detailed advice on the patient 
experience in the trial, particularly trial consent in the 
limited period within 24 hours of surgery. This led us 
to strongly promote recruitment in the preoperative 
outpatient setting. The RCoA PCPIE group nominated 
a member to join the OPTIMISE II project group as a 
lay representative. This member has been involved 
throughout the preparation of the trial, providing 
detailed input on issues of safety and the experience 
of participating patients. The trial steering committee 
included a lay member, providing independent non-
medical input to trial conduct.

Results
Overall, 6693 patients were assessed for eligibility and 
2502 participants were enrolled. Without knowledge 
of study group allocation, the independently led trial 
steering committee advised excluding four enrolled 
participants who were randomised incorrectly because 
they did not meet the inclusion criterion for age. Of 
the 2498 participants meeting the inclusion criteria, 
1251 were allocated to receive cardiac output-guided 
haemodynamic therapy (intervention group) and 
1247 to receive usual care (control group) (fig 2). 
Intervention groups were well matched at baseline 
(table 1). Mean age was 74 (standard deviation 6) 
years and 1432/2498 (57.3%) participants were 
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women. Most surgery types were well represented, 
and clinical care outside of the trial intervention was 
similar between the two groups (table 2). The primary 
outcome was available for 1247 (99.7%) patients in 
the intervention group and 1247 (100%) patients in 
the usual care group (fig 2).

Table 2 describes the delivery of the trial 
intervention. The combined volumes of crystalloid 
and colloid fluids given during the overall intervention 
period and within each phase (intraoperative 
and postoperative) were similar (mean totals for 
intervention and usual care: 3267 mL v 3058 mL, 
respectively). Balanced crystalloids were the primary 

fluid used for volume replacement in both groups. 
Other than the trial inotrope infusion, vasopressors 
and inotropes were widely used and to a similar 
extent in both groups. Adherence to intervention was 
excellent, with 93% of patients receiving trial care 
that complied with the protocol (see tables S11 and 
S12 in supplement 3). Trained investigators assisted 
in administering the trial intervention in 653/1248 
(52%) patients during surgery and in 527/1243 
(42%) patients during the postoperative phase. Self-
assessment showed that investigators were suitably 
masked for more than 70% of outcomes assessments 
(see table S10 in supplement 3).

Assessed for eligibility

Excluded
Did not meet eligibility criteria
Declined to participate
Other reasons
    Research staff or equipment not available
    Change in surgical care plan

2184
634

1377

Allocated to intervention
Received intervention according to protocol
Did not receive intervention according to
  protocol (patients)†
    Failure to use cardiac output monitoring
      (events)
    Failure to administer inotrope or
      incorrect dose of inotrope (events)

1159
92

Received usual care according to protocol
Did not receive intervention according to
  protocol (patients)†
    Use of cardiac output monitoring

1229
18

472
154

47

85

18

Incorrectly randomised*
3

Missing primary
outcome data

4

Missing 180 day
mortality data

Incorrectly randomised*
1

Postoperative infection within
30 days (primary outcome)

Mortality within 180 days

10

6693

12471251

1247

Randomised
2502

4195

Allocated to usual care

Included in intention-to-treat
analysis of primary outcome

1241
Included in intention-to-treat
analysis of 180 day mortality

Missing 180 day
mortality data

1239
Included in intention-to-treat
analysis of 180 day mortality

Missing primary
outcome data

0

8

1247
Included in intention-to-treat
analysis of primary outcome

Fig 2 | Flow of participants through study. *After completion of trial recruitment, without knowledge of trial group 
allocation, the independent trial oversight committees recommended post-randomisation exclusions for incorrect 
randomisations (patients too young to fulfil inclusion criteria). †Patients could experience more than one predefined 
protocol deviation category

the bmj | BMJ 2024;387:e080439 | doi: 10.1136/bmj-2024-080439� 5

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

b
y g

u
est

 
o

n
 19 A

u
g

u
st 2026

 
h

ttp
s://w

w
w

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
3 D

ecem
b

er 2024. 
10.1136/b

m
j-2024-080439 o

n
 

B
M

J: first p
u

b
lish

ed
 as 

https://www.bmj.com/


RESEARCHRESEARCH

We found no difference between groups in the 
primary outcome of postoperative infection within 30 
days of randomisation, which occurred in 289/1247 
(23.2%) intervention patients and 283/1247 (22.7%) 
usual care patients (adjusted odds ratio 1.03, 95% 
confidence interval (CI) 0.84 to 1.25; P=0.81). More 
participants in the intervention group than control 
group experienced an acute cardiac event within 24 
hours (38/1250 (3.0%) v 21/1247 (1.7%); adjusted 
odds ratio 1.82, 1.06 to 3.13; P=0.03) (table 3 and fig 3). 
This difference was primarily due to a greater number 
of participants experiencing arrhythmias within 24 
hours in the intervention group (33 v 17). There was 
no difference in acute cardiac events within 30 days 
(85/1249 (6.8%) v 79/1247 (6.3%); adjusted odds 
ratio 1.06, 0.77 to 1.47; P=0.71). Supplementary tables 
S5 and S6 show the Clavien-Dindo graded severity of 
cardiac events. Secondary outcomes of acute kidney 
injury or death within 180 days of randomisation did 
not differ between the two groups (table 3 and figure 
S1 in supplement 3). The process measures of hospital 
stay and days alive and not in a critical care bed within 
30 days did not differ between the two groups (see 
supplement 3, table S1). Tables S4 to S9 and figure S3 
in supplement 3 report the components of the primary 
and secondary outcomes and all other postoperative 
complications, treatments, and serious adverse event 
reports, stratified by treatment group.

The prespecified subgroup analysis showed 
that the effect of the intervention did not differ by 
category of planned surgical procedure (see table S2 
in supplement 3). The post hoc subgroup analyses 

showed that the effect of the intervention was similar 
across modes of surgery and the cardiac output 
monitor sensor technologies available (see table S2 
in supplement 3). The primary outcome finding was 
robust for the effect of mortality acting as a competing 
risk for postoperative infection (see table S3 and figure 
S2 in supplement 3), and it was not modified by the 
post hoc minimally adjusted analysis (table 3).

Discussion
In this trial of 2498 participants at risk of postoperative 
morbidity, a cardiac output-guided haemodynamic 
therapy intervention, incorporating optimisation 
of stroke volume and fixed low dose inotrope 
infusion, used during and for four hours after major 
gastrointestinal surgery, did not reduce the incidence 
of postoperative infections within 30 days. The 
intervention led to a higher incidence of acute cardiac 
events within 24 hours of randomisation, owing to 
an excess of arrhythmias requiring clinical treatment. 
Study arms did not differ for 180 day mortality, all 
other safety and morbidity outcomes, or hospital and 
critical care length of stay. These results did not differ 
in any prespecified surgical subgroup, nor in the post 
hoc subgroup analyses by surgical approach or type of 
monitor sensor technology used.

Interpretation of results and comparison with other 
studies
It is well established that haemodynamic management 
during and after surgery, including using intravenous 
fluid and inotropic or vasoactive drugs, can affect 

Table 1 | Baseline characteristics of participants. Values are number (percentage) unless stated otherwise
Summary measure Absolute 

standardised 
differenceIntervention (n=1251) Usual care (n=1247)

Mean (SD) age (years) 74.0 (6.4) 73.9 (6.3) 0.023
Women 714 (57.1) 718 (57.6) 0.009
Mean (SD) BMI 27.2 (5.6) 27.1 (5.2) 0.024
ASA physical status classification*:
  II 607 (48.5) 604 (48.4) 0.002
  III 620 (49.6) 617 (49.5) 0.002
  IV 24 (1.9) 26 (2.1) 0.012
Mean (SD) haemoglobin (g/L) 124.4 (19.7) 125.6 (19.5) 0.062
Mean (SD) creatinine (μmol/L) 84.5 (49.2) 83.5 (36.1) 0.024
Mean (SD) eGFR (ml/min/1.73m2) 74.0 (21.4) 74.7 (21.3) 0.032
Comorbidities:
  Chronic obstructive pulmonary disease 133 (10.6) 132 (10.6) 0.002
  Asthma 88 (7.0) 87 (7.0) 0.003
  Interstitial lung disease or pulmonary fibrosis 14 (1.1) 20 (1.6) 0.042
  Ischaemic heart disease 195 (15.6) 167 (13.4) 0.063
  Diabetes mellitus 315 (25.2) 322 (25.8) 0.014
  Heart failure 62 (5.0) 53 (4.3) 0.034
  Liver cirrhosis 31 (2.5) 17 (1.4) 0.081
Planned surgery for active cancer 1054 (84.3) 1043 (83.6) 0.086
Previous stroke or transient ischaemic attack 68 (5.4) 83 (6.7) 0.051
Current smoker (in past 14 days) 117 (9.4) 110 (8.8) 0.019
Preoperative immunosuppressant treatment† <30 days before surgery 81 (6.5) 79 (6.3) 0.005
Positive SARS-Cov-2 test result before surgery‡ 1 (0.1) 5 (0.4) 0.066
ASA=American Society of Anesthesiologists; BMI=body mass index; eGFR=estimated glomerular filtration rate; SD=standard deviation.
*ASA physical status classes: I (healthy), II (mild systemic disease), III (severe systemic disease), IV (severe systemic disease that is a constant threat to 
life), and V (moribund patient not expected to survive without surgery).
†Includes systemic steroids, chemotherapy, or other agents defined in the study protocol.
‡Variable not collected from outset and therefore not available for all participants.
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Table 2 | Clinical management of participants during intervention period (during and for four hours after surgery). Values 
are number (percentage) unless stated otherwise

Summary measure
Intervention (n=1251) Usual care (n=1247)

Characteristics of surgery
Median (IQR) duration of surgery (mins) 259.5 (180-357) 265 (187-365)
Type of surgical procedure:
  Resection of colon, rectum, or small bowel 895 (71.5) 888 (71.2)
  Resection of pancreas and bowel 118 (9.4) 115 (9.2)
  Resection of stomach (non-obesity surgery) 87 (7.0) 84 (6.7)
  Resection of oesophagus (non-obesity surgery) 32 (2.6) 31 (2.5)
  Obesity surgery 7 (0.6) 6 (0.5)
  Other major surgery involving gut resection 99 (7.9) 114 (9.1)
Surgical technique:
  Open surgical 537 (42.9) 545 (43.7)
  Laparoscopic or laparoscopic assisted 607 (48.5) 603 (48.4)
  Laparoscopic converted to open 100 (8.0) 93 (7.5)
Cardiac output monitor sensor used:
  ClearSight 236 (18.9) 11 (0.9)
  FloTrac 970 (77.5) 2 (0.2)
  Other 5 (0.4) 4 (0.3)
Anaesthetic technique:
  General anaesthesia 1248 (99.8)* 1247 (100)
  Spinal/epidural 682 (54.5) 649 (52.0)
  Tracheal tube removed at end of surgery 1165 (93.1) 1188 (95.3)
Median (IQR) time in post-anaesthesia care unit post-surgery (mins) 240 (60-300) 180 (60-300)
Haemodynamic therapy intervention stopped before 4 hours post-surgery? 59 (4.7) NA
Level of care on first night post-surgery†:
  Critical care level 3 115 (9.2) 91 (7.2)
  Critical care level 2 607 (48.5) 607 (48.7)
  Post-anaesthesia care unit 159 (12.7) 162 (13.0)
  Surgical ward 364 (29.1) 388 (31.1)
Fluids during surgery
Primary fluid used for volume replacement:
  Balanced crystalloid‡ 1156 (92.6) 1137 (91.2)
  0.9% sodium chloride 37 (3.0) 44 (3.5)
  Gelatin based colloid 10 (0.8) 5 (0.4)
  Starch based colloid 29 (2.3) 28 (2.3)
  Albumin 4 (0.3) 0 (0.0)
  Other 13 (1.0) 33 (2.7)
Mean (SD) total intravenous crystalloid (mL) 2407 (1810) 2307 (1525)
Mean (SD) total intravenous colloid (mL) 93 (278) 64 (239)
Received any colloid: No (%), mean (SD) volume (mL) 176 (14.1), 661 (418) 147 (11.8), 547 (469)
Mean (SD) total red cell and other blood products (mL) 73 (555) 56 (373)
Received any red cell and other blood products: No (%), mean (SD) volume (mL) 114 (9.1), 802 (1679) 96 (7.7), 731 (1154)
Mean (SD) total volume of all fluids (mL) 2573 (2137) 2428 (1677)
Fluids four hours after surgery
Primary fluid used for volume replacement:
  Balanced crystalloid 1005 (80.5) 908 (73.1)
  0.9% sodium chloride 64 (5.1) 95 (7.6)
  Gelatin based colloid 6 (0.5) 3 (0.2)
  Starch based colloid 7 (0.6) 4 (0.3)
  Albumin 5 (0.4) 1 (0.1)
  Other 4 (0.3) 9 (0.7)
  None 158 (12.7) 223 (17.9)
Mean (SD) total intravenous crystalloid after surgery (mL) 638 (718) 565 (770)
Mean (SD) total intravenous colloid after surgery (mL) 31 (417) 34 (495)
Received any colloid after surgery, No (%), mean (SD) volume (mL) 38 (3.0), 1016 (2204) 36 (2.9), 1181 (2704)
Mean (SD) total red cell and other blood products after surgery (mL) 26 (409) 31 (493)
Received any red cell and other blood products after surgery, No (%), mean (SD)  
volume (mL)

27 (2.2), 1191 (2568) 27 (2.2), 1447 (3090)

Mean (SD) total volume of all fluids after surgery (mL) 695 (1336) 630 (1575)
Drugs used during intervention period
Inotrope infusion:
  Dobutamine 1176 (94.0) 6 (0.5)
  Dopexamine 0 (0.0) 0 (0.0)
  Neither 68 (5.4) 1241 (99.5)

 (Continued)
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postoperative outcomes.6 7 27 Our findings are at odds 
with previous research suggesting that perioperative 
cardiac output-guided haemodynamic therapy reduces 
infections, other complications, and length of hospital 
stay after major surgery.4  6  8 The original OPTIMISE 
study was previously the largest trial of this intervention 
(n=734). The primary outcome was a composite of 
postoperative morbidity events, and the intervention 
was associated with a relative risk of 0.84 (95% CI 
0.71 to 1.01; P=0.07). Of the morbidity components, 
infections were common overall but appeared less 
frequent in the intervention group, occurring in 24% 
of intervention patients and 30% of control patients. 
A similar reduction in postoperative infections was 
found when the results were integrated with the results 
of a previous Cochrane systematic review (relative risk 
0.81, 95% CI 0.69 to 0.95).4 Evidence syntheses have 
also suggested reductions in the overall incidence of 

postoperative complications and renal impairment, 
reduced postoperative hospital stays, and reduced 
mortality when used in elective surgery.4 6 8 However, 
more recent individual trials (each n<1000) have not 
shown consistent evidence of benefit.28-31

Postoperative infections remain one of the 
commonest surgical complications, with substantial 
healthcare burden and impact on patients’ experience. 
A large evidence base supports the plausibility of 
haemodynamic therapy interventions reducing 
the risk of infections. Surgical site infections are 
associated with reduced tissue perfusion and tissue 
oxygenation,11 12 and our previous work found that this 
intervention can improve these factors, particularly 
when low dose inodilators are included in the 
haemodynamic algorithm.9 10 Inclusion of these agents 
is also justified owing to their beneficial modulation 
of the surgical inflammatory response that may be 

Table 2 | (Continued)
Summary measure
Intervention (n=1251) Usual care (n=1247)

Infusion rate reduced due to tachycardia:
  Yes (during surgery) 166 (13.3) 1 (0.1)
  Yes (after surgery) 83 (6.6) 1 (0.1)
  No 915 (78.6) 11 (84.6)
Bolus vasopressor or inotrope agent used during intervention period§ 813 (65.0) 793 (63.6)
Infusion of vasopressor or inotrope (other than intervention mandated fixed dose 
dopexamine or dobutamine) during intervention period:

505 (40.4) 554 (44.4)

  Inotrope infusion 8 (0.6) 12 (1.0)
  Vasopressor infusion 504 (40.3) 547 (43.8)
Additional research staff present to assist with trial intervention during surgery 653 (52.2) 142 (11.4)
Additional research staff present to assist with trial intervention in four hours  
post-surgery

527 (42.1) 81 (6.5)

IQR=interquartile range; NA=not applicable; SD=standard deviation.
*Missing data for three participants. All patients are assumed to have received general anaesthesia owing to extent of surgery
†Levels of care are defined according to care the patient receives: Critical care level 3: includes advanced organ support (eg, invasive ventilation, renal 
replacement therapy). Critical care level 2: might include advanced cardiorespiratory monitoring (eg, invasive arterial/central venous monitoring) and 
basic organ support (eg, non-invasive ventilation, inotropic/vasoactive drugs). Post-anaesthetic care unit: designated area for patient care immediately 
after anaesthesia. Surgical ward (level 0/1): normal ward care without capability for level 2 or 3 interventions or monitoring.
‡Balanced crystalloids included compound sodium lactate/Ringer’s solution/Hartmann’s solution, Plasmalyte 148, and Normosol-R.
§Inotropes were defined as any of epinephrine (adrenaline), ephedrine, dobutamine, dopexamine, or dopamine. Vasopressors were defined as any of 
metaraminol, phenylephrine, or norepinephrine (noradrenaline).

Table 3 | Main results for analysis of primary, safety, and secondary outcomes. Values are number (percentage) unless stated otherwise

No included in analysis Summary measure
Fully adjusted prespecified primary  
analysis model

Minimally adjusted analysis model 
(post hoc)*

Intervention 
(n=1251)

Usual Care 
(n=1247) Intervention

Usual  
Care

Adjusted odds 
ratio (95% CI)

P 
value

Adjusted 
difference in 
percentage 
points (95% CI)

Adjusted odds 
ratio (95% CI)

P 
value

Adjusted 
difference in 
percentage 
points (95% CI)

Postoperative infection 
<30 days of randomisation 
(primary outcome)

1247 (99.7) 1247 (100) 289 (23.2) 283 (22.7) 1.03  
(0.84 to 1.25)

0.81 0.4  
(−3.4 to 4.2)

1.03  
(0.85 to 1.25)

0.75 0.5  
(−3.3 to 4.3)

Acute cardiac event <24 
hours of randomisation 
(safety outcome)

1250 (99.9) 1247 (100) 38 (3.0) 21 (1.7) 1.82  
(1.06 to 3.13)

0.03 1.3  
(0.1 to 2.5)

1.84  
(1.07 to 3.17)

0.03 1.4  
(0.0 to 2.7)

Acute cardiac event <30 
days of randomisation 
(safety outcome)

1249 (99.8) 1247 (100) 85 (6.8) 79 (6.3) 1.06  
(0.77 to 1.47)

0.71 0.4  
(−1.6 to 2.3)

1.09  
(0.79 to 1.50)

0.61 0.5  
(−1.4 to 2.4)

Acute kidney injury <30 
days of randomisation

1250 (99.9) 1247 (100) 40 (3.2) 32 (2.6) 1.24  
(0.77 to 2.00)

0.37 0.6  
(−1.1 to 2.3)

1.26  
(0.78 to 2.02)

0.35 0.6  
(−1.1 to 2.3)

Mortality <180 days of 
randomisation

1241 (99.2) 1239 (99.4) 68 (5.4) 84 (6.7) 0.76  
(0.54 to 1.07)

0.12 −1.5  
(−3.5 to 0.5)

0.79  
(0.56 to 1.11)

0.17 −1.3  
(−3.1 to 0.6)

ASA=American Society of Anesthesiologists.
*Adjusted for minimisation factors: country, surgical procedure, and ASA class only.
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independent of haemodynamic effects.9 More widely, 
optimisation of cardiac output-guided stroke volume 
can maintain adequate gastrointestinal tract perfusion 
during surgery,32 helping to maintain barrier function 
and reduce bacterial translocation, another driver of 
systemic inflammation and infection.33 When taken 
with the previous evidence suggesting modifiability, 
reducing postoperative infections was therefore the 
most important beneficial outcome to seek.

Some differences in trial design and setting may 
explain why our findings contrast with those of 
existing studies. Most previous trials were smaller, 
single centre efficacy studies, whereas we studied a 
simplified haemodynamic intervention in a pragmatic 
real world clinical effectiveness trial. Infectious and 
other outcomes have been inconsistently defined in 
previous research, whereas we used standardised 
endpoints.21 Furthermore, much of the research 
in this area is decades old. In the intervening 
period, surgical techniques (eg, minimal access), 
perioperative care (eg, enhanced recovery protocols), 
baseline infection rates,4 and other outcomes have 
improved substantially. Despite using a similar 
intervention, such non-protocolised changes were 
seen from OPTIMISE (2014) to OPTIMISE II, with more 
laparoscopic surgery, less intravenous colloid use, and 
wider use of non-trial vasopressor or inotrope infusions 
in this trial. Both fluid composition and maintenance 
of perioperative blood pressure have been shown to 
affect postoperative outcomes.34  35 It is possible that 
temporal changes in perioperative care have reduced 
the potential benefits of routinely applied cardiac 
output-guided haemodynamic approaches when 
studied in a broad international setting.

The trial intervention included a choice of inotrope. 
Owing to drug availability, dobutamine was the 
default inotrope given to intervention patients, 
whereas dopexamine was routinely used in the 
original OPTIMISE trial. These agents have subtle 
differences in haemodynamic, immunomodulatory, 
and arrhythmogenic effects that may have contributed 

to our findings.36 Although the incidence of early 
perioperative arrhythmias was higher in the current 
trial’s intervention group, by 30 days the number of 
cardiac events was the same as in the control group, 
with a lower overall incidence than in the original 
OPTIMISE trial.4

Implications of this study
Given the lack of clinical superiority of this intervention 
compared with standard care, we do not recommend 
its routine use in this patient group. With an increased 
rate of early postoperative arrhythmias, presumably 
driven by dobutamine, we would advise caution in the 
use of inotrope infusions in algorithms for perioperative 
haemodynamic therapy. It remains to be seen whether 
there are patient groups with characteristics not 
explored here (eg, demonstrable impairment of 
cardiovascular performance or particularly high 
perioperative risk profile) who may derive more benefit. 
This might apply to subpopulations within this trial 
(owing to heterogeneity of treatment effect) or to other 
groups not studied. Our team is currently exploring 
the role of cardiac output-guided therapy without 
routine inotrope infusion for patients undergoing 
emergency abdominal surgery.37 The results of this 
trial cannot be extrapolated to that patient group, nor 
to other specific abdominal surgical groups (eg, liver 
resection) not included. However, for routine use in 
elective gastrointestinal surgery, it seems unlikely that 
further research into similar simple haemodynamic 
strategies will show a positive effect on postoperative 
infections. Alternative approaches to perioperative 
haemodynamic management, such as those based on 
newer monitoring technologies, personalised blood 
pressure targets, or more complex algorithms aiming 
to more closely individualise therapy have shown early 
benefit, but the effects require confirmation.35 38-40

Strengths and limitations of this study
Our study has several strengths. The large sample 
size and rigorous procedures of the trial addressed 
the limited statistical power and risk of bias of many 
previous trials, and the trial groups were well matched. 
The broad inclusion criteria and international setting 
enhanced the generalisability of our findings. The 
haemodynamic strategy we tested was the final 
iteration of an intervention developed through earlier 
studies by our team,4  10  41 with a clear biological 
rationale for modifying the chosen clinical outcomes. 
Our previous studies have shown the potentially 
beneficial effects of incorporating low dose inotropes 
in modifying immune and inflammatory pathways 
and in improving microvascular flow and tissue 
oxygenation.9 10 The protocol adherence rate was high 
across diverse international settings, even without 
the presence of routine research staff or postoperative 
critical care admission. The inclusion of cardiac safety 
endpoints provides the highest standard of patient 
safety data for this intervention. The standardised 
outcomes definitions and masking procedures during 
data collection and adjudication helped to minimise 
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Fig 3 | Kaplan-Meier plot of time to first postoperative infection within 30 days from 
randomisation
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bias. The reporting of self-assessed blinding by data 
collectors is an important addition. Finally, we used 
minimisation rather than stratified permuted blocks 
to randomise patients as this has been shown to offer 
equivalent or better balance of stratification factors 
across treatment groups.

Our trial also has some limitations. It was 
not possible to conceal group allocation during 
administration of this complex intervention.4  18 
Some elements of wider perioperative care were not 
standardised or quantified. For example, choice of 
surgical antibiotic prophylaxis was administered in 
accordance with local guidelines based on regional 
resistance patterns, but adherence was not recorded. 
However, all recorded aspects of non-protocolised 
perioperative care were similar between trial groups, 
reducing the likelihood of systemic differences from 
knowledge of treatment allocation. Both the baseline 
infection rate and the treatment effect size were 
lower than assumed for the trial sample size, but we 
considered the sample size recruited to have been 
adequate to detect a clinically important difference in 
the primary outcome. As a large clinical effectiveness 
trial, we prioritised data collection with a focus on 
clinical outcomes and adherence and therefore have 
not reported detailed physiological changes associated 
with the intervention. However, the physiological 
effects of similar haemodynamic approaches have 
already been well characterised in previous efficacy 
trials. The adherence rate to the intervention was 
slightly higher in the usual care than intervention 
group, but this was an expected finding given the 
intervention was used in addition to treatment as 
usual. Achieving >90% adherence to an intervention in 
a large international trial of a multifaceted algorithm is 
a strength, and it seems unlikely that 100% adherence 
would have substantially altered our findings. The 
post hoc subgroup analyses should be considered 
exploratory and therefore interpreted with caution. In 
particular, the type of sensor used to monitor cardiac 
output was chosen after randomisation. The decision 
to use the non-invasive sensor (ClearSight) may have 
been biased towards lower risk patients and surgeries 
and this may in part explain the lower infection rate 
in this subgroup. Lastly, myocardial injury after non-
cardiac surgery is commonly a subclinical event, 
despite its association with subsequent mortality.42 We 
did not routinely screen all participants for myocardial 
injury after non-cardiac surgery and therefore the true 
incidence may have been higher than reported.

Conclusion
This international clinical effectiveness trial in high 
risk patients undergoing major elective gastrointestinal 
surgery did not provide evidence that cardiac output-
guided intravenous fluid therapy with low dose inotrope 
infusion could reduce the incidence of postoperative 
infections. The intervention was associated with an 
increased incidence of acute cardiac events within 24 
hours, primarily tachyarrhythmias. The routine use of 

this treatment approach in unselected patients is not 
recommended.
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Health and Social Care, royal colleges, and NHS trusts, and equivalent 
organisations in the other countries included. The OPTIMISE II findings 
will be promoted to guideline committees for inclusion in relevant 
practice guidance. For patients and members of the public, the study 
group will facilitate dissemination to patient groups (eg, bowel cancer, 
inflammatory bowel disease) and provide a lay summary of the 
trial findings. Inclusion of the findings of OPTIMISE II in an updated 
Cochrane systematic review is planned, along with a health economic 
analysis on the healthcare costs and cost effectiveness of the 
intervention. This will provide a comprehensive package of evidence 
on this intervention.
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