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Abstract

Background: Evidence suggests that cardiac output-guided haemodynamic therapy algorithms improve outcomes after
high-risk surgery, but there is some concern that this could promote acute myocardial injury. We evaluated the incidence of
myocardial injury in a perioperative goal-directed therapy trial.

Methods: Patients undergoing major gastrointestinal surgery (n=723) were randomly assigned to cardiac output-guided
haemodynamic therapy (intervention group) or usual care as part of the OPTIMISE trial. At four participating sites, 288 patients
were enrolled in a biomarker substudy. Serum high-sensitivity cardiac troponin I (Tnl) concentration and N-terminal pro-brain
natriuretic peptide (NT-proBNP) concentration were measured before and at 24 and 72 h after surgery.

Results: Median preoperative Tnl and NT-ProBNP concentrations were 4.3 nglitre™* and 144 pg m1~%, respectively. After surgery,
67 (46%) patients in the intervention group and 68 (48%) patients receiving usual care had Tnl concentrations above the 99th
centile upper reference limit (P=0.82). Peak serum Tnl concentration was similar in the intervention and usual care groups
(median [interquartile range]: 10.0 [5.3-21.5] us 7.8 [5.0-21.8] ng litre"%; P=0.85), and no differences were observed in serum Tnl
concentrations over 72 h (repeated-measures ANovA, P=0.51). Likewise, there were no differences in peak NT-proBNP
concentration between intervention and usual care groups (645 [362-1169] s 659 [381-1028] pg m1~?; P=0.86) or in serial
NT-proBNP concentrations over 72 h (P=0.20).

Conclusions: Myocardial injury is common among patients undergoing major gastrointestinal surgery. In this study, the
frequency was not affected by cardiac output-guided fluid and low-dose inotropic therapy.
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Estimates of hospital mortality after inpatient surgery range from
1 to 4%, resulting in at least 2.3 million deaths worldwide each
year." ? Postoperative complication rates of up to 10 times this
figure have been reported, and these adversely affect long-term
survival.® There is some evidence to suggest that perioperative

haemodynamic therapy algorithms for i.v. fluid and inotrope
administration may improve patient outcomes and reduce com-
plications, but this is not standard practice.”

Concerns that this treatment approach may increase the inci-
dence of postoperative myocardial injury remain.” Ischaemic
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Editor’s key points

¢ Goal-directed therapies aim to optimize tissue oxygen de-
livery and so may reduce perioperative complications.

¢ Both catecholamines and fluid overload might increase the
risk of myocardial injury.

e This study found no evidence that perioperative goal-
directed therapy increased myocardial injury.

e The mechanisms leading to postoperative elevation of car-
diac biomarkers remain unclear.

heart disease is common among patients undergoing major sur-
gery,” and pharmacological agents that increase myocardial oxy-
gen demand at times of physiological stress may result in
myocardial ischaemia. Cardiac output-guided haemodynamic
therapy has been associated with increased mortality in critically
ill patients® and dopexamine administration with increased inci-
dence of arrhythmia when used in the perioperative period.”
Concerns also remain that excessive fluid administration, in par-
ticular of colloid solutions, could lead to harm associated with
fluid overload.*® A recent meta-analysis of perioperative
haemodynamic therapy failed to demonstrate any difference in
cardiovascular complications between patients exposed to this
therapy and those receiving usual care. Two analyses of post-
operative troponin concentrations in participants of small, sin-
gle-centre, perioperative haemodynamic therapy trials (both of
which included low-dose dopexamine administration) did not
demonstrate differences between the interventions and usual
care groups.* *?

The recently completed OPTIMISE trial was the largest rando-
mized trial of this intervention in surgical patients to date."® In
total, 734 high-risk adult patients undergoing major gastrointes-
tinal surgery were randomly assigned to receive cardiac output-
guided haemodynamic therapy or usual care. The primary
outcome of death or complications at 30 days was not significant-
ly reduced by the intervention, but prespecified subgroup
analyses suggest one explanation may have been a lack of statis-
tical power. The OPTIMISE trial demonstrated similar rates of
cardiovascular complications between groups at 30 days, but sur-
vival analysis suggested an excess of early deaths in the interven-
tion group. Safety data reported cardiovascular events in four
patients (1.6%) in this group compared with none in the control
group. Despite this, cardiac complications at 30 days were similar
between groups. These events may have been related to dopexa-
mine, but evidence to infer causality is not available. This pattern
of early serious adverse cardiovascular events raised the possibil-
ity of harm associated with the intervention.

As the trial intervention could have been associated with ei-
ther an increase or a reduction in cardiac complications, we con-
ducted a substudy using biochemical markers to evaluate the
incidence of myocardial injury among patients recruited to the
OPTIMISE trial, in order to gain better understanding of the safety
and efficacy of this treatment.

Methods

Ethics, sponsorship, and indemnity

The OPTIMISE trial protocol was approved by a Research Ethics
Committee and the Medicines and Healthcare Products Regula-
tory Agency (MHRA). All patients provided written informed con-
sent to participate. These approvals included blood sampling for
the analysis of cardiac biomarkers. The trial sponsor was Queen

Mary University of London. Biomarker analysis was performed at
the University of Edinburgh.

Study population

In four participating sites, patients were also enrolled in the OP-
TIMISE biomarker substudy. High-risk patients undergoing major
gastrointestinal surgery were enrolled into the OPTIMISE trial, re-
ported previously.”® High-risk patients were defined as those
aged >65 yr or those aged 50-64 yr with one or more of the follow-
ing: non-elective surgery, acute or chronic renal impairment,
diabetes mellitus, or presence of a risk factor for cardiac or
respiratory disease. Patients were then randomized to receive
either haemodynamic therapy or usual care using a computer-
generated dynamic procedure (minimization) with a random
component. Perioperative treatment goals were defined for all
patients to avoid extremes of clinical practice. All patients re-
ceived standard measures to maintain oxygen saturation above
94%, haemoglobin above 80 g litre™?, core temperature above
37°C, heart rate below 100 min~, and mean arterial pressure be-
tween 60 and 100 mm Hg. Patients receiving the trial intervention
received non-invasive cardiac output monitoring and stroke vol-
ume optimization (LiDCO Ltd, Cambridge, UK) using colloid bo-
luses to achieve a maximal stroke volume. Dopexamine was
also administered at a dose of 0.5 pg~" kg~ min~" during and
for 6 h after surgery. The dose of dopexamine was reduced if
the heart rate increased to 120% of baseline or 100 min~" (which-
ever was greater) for more than 30 min despite adequate anaes-
thesia and analgesia. If the heart rate did not decrease despite
dose reduction, then the infusion was discontinued.

Blood sampling and analysis

Blood samples were collected at induction of anaesthesia and then
at 24 and 72 h after surgery. Samples were drawn from an arterial
or central venous catheter or by venepuncture into a vacuum tube,
inverted five times and left for 30 min before centrifugation at 3000
rpm for 10 min. The serum for each patient time point was sepa-
rated into three eppendorf tubes and stored at —80°C until transfer
to a central laboratory for batched analysis.

Serum cardiac troponin I and N-terminal pro-brain natriuretic
peptide (NT-proBNP) were selected as biomarkers of cardiac
injury. Cardiac troponins are released as a result of myocardial
injury or necrosis and have an established role in the diagnosis
of myocardial infarction.’*?° Modern troponin assays now pro-
vide a highly sensitive method of detecting myocardial injury.”*
?? Brain natriuretic peptide (BNP) is released by the ventricular
wall in response to increased tension associated with volume
overload and may also be released as a result of myocardial
ischaemia. N-Terminal pro-brain natriuretic peptide is a 76-
amino-acid inactive protein cleaved from proBNP. Serum concen-
trations of NT-proBNP are correlated with pulmonary capillary
wedge pressure, perioperative fluid administration, and post-
operative fluid balance.”® Brain natriuretic peptide and NT-
proBNP are sensitive tests for acute heart failure and pulmonary
oedema.”* ** They have also been used as prognostic and diag-
nostic tools for heart failure and cardiac events after surgery.?® %/

The ARCHITECTstar high-sensitive cardiac troponin I (Tnl)
assay (Abbott Laboratories, Abbott Park, IL, USA) has a limit of de-
tection of 1.2 ng litre™" and an interassay coefficient of variation
of <10% at 4.7 ng litre™. The mean (sD) concentration for a
healthy reference population is 1.6 (3.1) ng litre™?, and the 99th
percentile upper reference limit (URL) for the whole population
is 26 ng litre™* (females, 16 ng litre™*; 34 males, ng litre™).
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Concentrations of NT-proBNP were measured using the Roche
Cobas ProBNP Il assay (Roche Diagnostics, Mannheim, Germany).
The 97.5th percentile (URL) of a reference population for this
assay is 196 pg ml~*. Values <125 pg ml~* are typically used to
exclude cardiac disease.

Data collection

Baseline data describing age, sex, ASA Physiological Status (ASA-
PS) score, nature and urgency of surgery, anaesthetic technique,
and baseline risk factors, and clinical outcome data describing
myocardial ischaemia or infarction, major adverse cardiac events
(MACE), and death within 180 days were extracted from the OPTI-
MISE database for patients included in this substudy. A MACE
was defined as any of the following: new diagnosis of arrhythmia,
cardiogenic pulmonary oedema, myocardial infarction, or car-
diorespiratory arrest, as defined in the OPTIMISE Protocol (Sup-
plementary File 1).

Statistical analysis

The analysis was performed according to a prespecified plan.
Serum concentrations of Tnl and NT pro-BNP were compared
between groups at each time point. For Tnl, the area under the
concentration-time curve was calculated for each patient and
compared between groups. To adjust for skew and outliers, Tnl
and NT-proBNP concentrations were transformed to natural loga-
rithms. Comparison between groups was made using y?, two-way
repeated-measures ANOVA (with Bonferroni’s correction where ap-
propriate), or Mann-Whitney U-test as indicated. Logistic regres-
sion analysis was used to test for association between Tnl and
NT-proBNP and a composite outcome of death or MACE at 30
days and 180 day mortality. Analysis was performed using Stata
v12 (StataCorp, College Station, TX, USA) and Prism v5.0 (GraphPad
Software Inc., La Jolla, CA, USA). Data are presented as mean (sD)
where normally distributed and median (inter-quartile range)
where not normally distributed, or as odds ratios (ORs) with 95%
confidence intervals (CIs). Significance was set at P<0.05.

Results

Of 734 patients enrolled in the OPTIMISE trial, 288 were entered
into this biomarker substudy; 145 in the intervention group and
143 in the usual care group (Table 1). In common with the main
trial population, a higher proportion of patients in the usual
care group were >65 yr old [125 (87%) us 115 (79%)] or were ASA-
PS grade Il or IV [75 (52%) us 50 (34%)]. In the biomarker substudy
population, there were no differences observed in clinical diagno-
sis of myocardial infarction, MACE, or mortality at 30 or 180 days
between the intervention and usual care groups.

High-sensitivity cardiac troponin I

Median preoperative Tnl concentrations were 4.3 (2.8-7.7) and 4.3
(2.9-7.4) ng litre™* in the intervention and usual care groups, re-
spectively. No differences were observed in the proportion of pa-
tients with peak postoperative Tnl concentration greater than
URL between the intervention (67 of 145, 46%) and the usual care
group (68 of 143, 47.6%; P=0.82; Fig. 1) or in peak Tnl concentration
[10.0 (5.3-21.5) vus 7.8 (5.0-21.8) ng litre™?, respectively; P=0.85;
Table 2). Serum Tnl increased over time (P<0.001), but there were
no differences in serum concentration between the treatment
groups over 72 h (repeated-measures ANOvVA, F-statistic=0.73;
P=0.49; Fig. 2). There was no difference in the area under the Tnl
concentration-time curve between groups (P=0.95).

Table 1 Baseline patient characteristics. Data are presented as n
(percentage) or mean (sb). Patients may have had more than one
baseline risk factor

Characteristics Haemodynamic Usual care
intervention (n=143)
(n=145)
Age (yr) 69.8 (8.1) 71.6 (7.5)
Sex
Male 90 (62.1) 93 (65)
Female 55 (37.9) 50 (35)
Urgency of surgery
Elective 138 (95.2) 137 (95.8)
Emergency 7 (4.8) 6 (4.2)
Baseline risk factors
Renal impairment 8 (5.5) 4(2.8)
Diabetes mellitus 23 (15.9) 25 (17.5)
Risk factors for cardiac or 45 (31) 54 (37.8)
respiratory disease
Surgical procedure
Upper gastrointestinal 53 (36.6) 114 (31.2)
Lower gastrointestinal 36 (24.8) 163 (44.7)
Small bowel, pancreas, or 53 (36.6) 84 (23.0)
both
Urological or 3(2.1) 4(1.1)
gynaecological surgery
involving gut
ASA grade
I 8 (5.5) 5(3.5)
II 87 (60) 63 (44.1)
111 49 (33.8) 72 (50.3)
v 1(0.7) 3(2.1)
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Fig 1 Proportion of patients with serum high-sensitivity cardiac troponin I
(Tnl) concentrations above the 99th percentile upper reference limit (URL)
before and after surgery.

N-Terminal pro-brain natriuretic peptide

Median preoperative NT-proBNP concentrations were 162 (80—
355) and 139 (84-347) pg ml~* in the intervention and usual care
groups, respectively. No differences were observed in the propor-
tion of patients with peak postoperative NT-proBNP concentra-
tion greater than URL between the intervention (123, 84.8%) and
the usual care group (118, 82.5%; P=0.60; Fig. 3) or in peak
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Table 2 Clinical outcomes and high-sensitivity cardiac troponin I (TnI) and serum N-terminal pro-brain natriuretic peptide (NT-proBNP)
concentrations. Data are presented as n (percentage) and median (inter-quartile range). URL, upper reference limit

Outcome Haemodynamic intervention (n=145) Usual care (n=143) P-value
Myocardial infarction within 30 days 5(3.4) 6 (4.2) 0.74
Major adverse cardiac event within 30 days 24 (16.6) 32 (22.4) 0.21
Death within 30 days 5(3.4) 5(3.5) 0.98
Death within 180 days 16 (11.0) 21 (14.7) 0.36
Postoperative Tnl above URL 67 (46.2) 68 (47.6) 0.82
Tnl at each time point 0.40
Tnl at time 0 (ng litre™) 3 (2.75-7.7) 3(2.9-7.4)
Tnl at 24 h (ng litre™) .3 (5.1-17.0) .9 (4.3-17.8)
Tnl at 72 h (ng litre™) 4 (4.1-15.9) .7 (4.0-13.1)
Maximal Tnl (ng litre™) 10 0 (5.3-21.5) .8 (5-21.8) 0.85
Area under Tnl concentration-time curve 3.58 (2.42, 4.88) 3 21 (2.23, 5.06) 0.95
Postoperative NT-proBNP above URL 123 (84.8) 118 (82.5) 0.60
NT-proBNP at each time point 0.42
NT-proBNP at time 0 (pg litre™) 162 (80-355) 139 (84-347)
NT-proBNP at 24 h (pg litre™) 373 (192-857) 368 (151-672)
NT-proBNP at 72 h (pg litre™?) 338 (22-848) 434 (0-879)
Maximal NT-proBNP (pg litre™) 645 (362-1169) 659 (381-1028) 0.86
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Haemodynamic therapy Usual care

Fig 2 Log serum Tnl for each group at each time point. Data are presented as median (inter-quartile range), with outlier values represented as individual points. Log

Tnl=Log serum troponin I. Blue, time 0; green, time 24 h; pink, time 72 h.

NT-proBNP concentration [645 (362-1169) vs 659 (381-1028) ng
litre™?, respectively; P=0.86; Table 2). Serum NT-proBNP increased
over time (P<0.001), but there were no differences between
the treatment groups in concentrations over 72 h (repeated-
measures ANOVA, F-statistic=0.67; P=0.42; Fig. 4).

Logistic regression analysis

In a logistic regression model adjusted for age, sex, ASA-PS, emer-
gency surgery, and treatment group, peak Tnl concentration was
not associated with a composite outcome of death or MACE at 30

days (OR, 1.09; 95% CI, 0.90-1.31; P=0.37) or death at 180 days (OR,
0.99; 95% CI, 0.75-1.3; P=0.92). In the same model, however, peak
NT-proBNP concentration was associated with death or MACE at
30 days (OR, 1.36; 95% CI, 1.04-1.76; P=0.02) and death at 180 days
(OR, 1.46; 95% CI, 1.02-2.10; P=0.04).

Discussion

Biochemical evidence of acute myocardial injury was common
after major surgery in the OPTIMISE trial, occurring in almost
half of all participants. However, in this analysis, fluid- and
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dopexamine-based goal-directed therapy was not associated
with any biochemical or clinical evidence of myocardial injury.
This study provides some reassurance that early cardiac compli-
cations were not attributable to the trial intervention.

Safety issues regarding haemodynamic therapy in the critic-
ally ill (in particular, administration of p-adrenergic drugs) are
well established,® and recent large randomized controlled trials
have failed to demonstrate benefit from haemodynamic therapy
algorithms in early septic shock.”® ?° Hence, in the critically ill
population the risks associated with this therapy may outweigh
any benefits. The role of such algorithms in the perioperative

I Haemodynamic therapy

80
Usual care

Percentage
of patients above URL

Oh 24 h 72 h
Time point

Fig 3 Proportion of patients with serum N-terminal pro-brain natriuretic
peptide (NT-proBNP) concentrations above the 97th percentile URL before
and after surgery.

setting requires further investigation, and careful consideration
of the patients groups most likely to benefit from this approach
will be important. It is possible that patients at high risk of is-
chaemic events have less to benefit from this intervention. Trials
of perioperative haemodynamic therapy in vascular surgery,
where the incidence of ischaemic heart disease is greater, have
not shown benefit>**? compared with trials of gastrointestinal
surgery, where infectious complications are more common.* **

The incidence of myocardial injury after major surgery is high
when quantified using the latest generation of high-sensitivity
cardiac troponin I assay. Our findings are consistent with those
from a recent study using a high-sensitivity cardiac troponin T
assay with 45% of patients having concentrations above the
99th percentile in the perioperative period.* Several troponin as-
says are commercially available, and differences in performance
in the perioperative setting have been described.” The clinical
and biochemical findings of our study concur with findings of
two smaller single-centre trials investigating postoperative
troponin concentration after haemodynamic therapy'’ ' and
of a recently published systematic review, which examined
the association between haemodynamic therapy and cardiac
complications.*

Studies have found that peak postoperative troponin is corre-
lated with outcome.*® *” The largest of these studies measured
troponin T using a fourth generation assay in a cohort of 15 133
patients aged >45 yr undergoing inpatient, non-cardiac sur-
gery.”” The overall mortality in this cohort was low (1.9%), but
the investigators found that peak troponin concentration in the
first 72 h was strongly associated with increased mortality at 30
days in this group. Our study did not replicate these findings.
This may have been attributable to differences in the study popu-
lations, smaller sample size, or confounding from the trial
intervention. The association between elevated perioperative
NT-ProBNP concentrations and outcome is well established,
and these findings were also observed in our study cohort.*®
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Fig 4 Log serum NT-proBNP for each group at each time point. Data are presented as median (inter-quartile range), with outlier values represented as individual
points. Log NT-proBNP=Natural logarithm of serum NT-proBNP. Blue, time 0; green, time 24 h; pink, time 72 h.
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Several limitations of our study merit consideration. Al-
though we sought to recruit as many patients as possible at
trial sites with the ability to store samples, it is possible that
our study was underpowered. A retrospective sample size calcu-
lation based on an incidence of myocardial injury of 45%*° and a
relative risk reduction of 33%, with 90% power and an o error of
5%, suggests that a study requires 460 patients to test the hypoth-
esis; hence, a clinically significant effect may have been missed
because of lack of statistical power. Another limitation is that
we were not able to use the Universal Definition of Myocardial In-
farction® to differentiate between perioperative myocardial in-
jury and infarction because 12-lead ECGs were not performed
routinely in the OPTIMISE trial. The Universal Definition classi-
fies type 1 myocardial infarction, where myocardial necrosis is
a consequence of a coronary event, such as plaque rupture, and
type 2 myocardial infarction, where necrosis is secondary to an
imbalance of myocardial oxygen supply and demand (e.g. ar-
rhythmia or hypotension). The ability to distinguish type 1
from type 2 myocardial infarction may have been relevant to
our study, because the intervention may cause tachycardia and
tachyarrhythmia that would increase myocardial oxygen de-
mand and result in type 2 myocardial infarction. Myocardial in-
jury after non-cardiac surgery (MINS) is defined as a significant
elevation in serum troponin within 30 days of non-cardiac sur-
gery and, although it does not fulfil all of the criteria for a type
2 myocardial infarction, carries prognostic significance.’® In the
VISION study, only 15.8% of patients with MINS had ischaemic
symptoms. The findings of our study could have been strength-
ened if we had been able to distinguish accurately between
type 1 myocardial infarction, type 2 myocardial infarction,
and MINS.

In this study, we did not observe biochemical evidence of dif-
ferences in early myocardial injury, heart failure, or fluid over-
load between groups in the OPTIMISE trial. Concerns remain
around the cardiac effects of perioperative haemodynamic ther-
apy in the absence of clear benefit. Whether patients with signifi-
cant cardiac disease benefit from all the components of this
complex intervention remains uncertain. Further studies are
needed to understand how haemodynamic interventions in the
perioperative period impact on MINS and type 1 or type 2 myocar-
dial infarction. Future studies of perioperative haemodynamic
therapy should examine cardiac complications in detail to define
which patients benefit most from this intervention.

Conclusion

Myocardial injury is common among patients undergoing major
gastrointestinal surgery, but the frequency was not affected by
cardiac output-guided fluid and low-dose inotropic therapy.
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