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ABSTRACT

Objectives Myocardial revascularisation and
cardiopulmonary bypass (CPB) can cause ischaemia-
reperfusion injury, leading to myocardial and other
end-organ damage. Volatile anaesthetics protect the
myocardium in experimental studies. However, there is
uncertainty about whether this translates into clinical
benefits because of the coadministration of propofol and
its detrimental effects, restricting myocardial protective
processes.

Methods In this single-blinded, parallel-group
randomised controlled feasibility trial, higher-risk
patients undergoing elective coronary artery bypass
graft (CABG) surgery with an additive European

System for Cardiac Operative Risk Evaluation >5

were randomised to receive either propofol or

total inhalational anaesthesia as single agents for
maintenance of anaesthesia. The primary outcome was
the feasibility of recruiting and randomising 50 patients
across two cardiac surgical centres, and secondary
outcomes included the feasibility of collecting the
planned perioperative data, clinically relevant outcomes
and assessments of effective patient identification,
screening and recruitment.

Results All 50 patients were recruited within 11

months in two centres, allowing for a 13-month hiatus

in recruitment due to the COVID-19 pandemic. Overall,
50/108 (46%) of eligible patients were recruited. One
patient withdrew before surgery and one patient did not
undergo surgery. All but one completed in-hospital and
30-day follow-up.

Conclusions |t is feasible to recruit and randomise
higher-risk patients undergoing CABG surgery to a study
comparing total inhalational and propofol anaesthesia in a
timely manner and with high acceptance and completion
rates.

Trial registration number NCT04039854.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Clinical trials suggest that volatile anaesthetics may
limit myocardial injury in patients undergoing car-
diac surgery, however, inconsistently. Most clinical
trials include propofol in addition to volatile anaes-
thetics during cardiopulmonary bypass, but propofol
has been shown to restrict myocardial protective
processes and may have detrimental effects on
clinical outcomes. There is a paucity of clinical stud-
ies comparing single agents for the maintenance
of anaesthesia in cardiac surgery with meaningful
clinical outcomes.

WHAT THIS STUDY ADDS

= Based on this study in higher-risk patients under-
going elective coronary artery bypass graft surgery,
comparing patients receiving either total inhala-
tional anaesthesia (without propofol) or propofol as
single agents for their maintenance of anaesthesia,
we demonstrated that it is feasible to recruit and
randomise 50 patients across two cardiac surgi-
cal centres. In addition, it is feasible to collect the
planned perioperative data and meaningful clinically
relevant outcomes, such as major adverse cardio-
vascular and cerebral events.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= There is a need for a large multicentre randomised
controlled trial to assess whether total inhalational
anaesthesia will have benefits in limiting clinically
relevant outcomes in comparison to propofol anaes-
thesia. The demonstration of a clinically important
reduction in myocardial injury with total inhalation-
al anaesthesia would have far-reaching practice
implications.
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INTRODUCTION

Coronary artery bypass graft (CABG) surgery is the
revascularisation strategy of choice for patients with
multivessel coronary artery disease. However, cardiopul-
monary bypass (CPB) and myocardial revascularisation
cause ischaemia-reperfusion injury, leading to myocardial
and other end-organ damage. Myocardial protection has
been demonstrated in experimental settings, and it can
be triggered by ischaemic preconditioning via two main
intracellular signal transduction pathways: the reperfu-
sion injury salvage kinases and survivor-activating factor
enhancement pathways.1 * These pathways converge
in the mitochondria and act upon the mitochondrial
permeability transition pore to favour cell survival over
cell death.” Interestingly, volatile anaesthetics mimic
the activation of these myocardial protective pathways,
while propofol might be an inhibitor and have detri-
mental effects.’

Potential beneficial myocardial effects of volatile anaes-
thetics have been compared with intravenous agents in
many clinical trials and meta-analyses, indicating some
benefit to patient cardiovascular outcomes, but without
a definitive answer.® ? Crucially, many of these studies
have examined the use of volatile anaesthesia in combi-
nation with propofol infusions compared with propofol
use alone. This concomitant administration of propofol
with volatile anaesthetics conflicts with the demonstrable
evidence that volatile agents used during CPB as single
agents (without additional propofol administration) can
reduce postoperative markers of myocardial injury when
compared with propofol use alone.'’ "

However, these studies were too small to assess mean-
ingful clinical outcomes.

In both, clinical and experimental studies, propofol
has been shown to restrict myocardial protective
processes.” '*'* Furthermore, a recent meta-analysis of
252 randomised controlled trials (RCTs) suggested that
propofol is associated with reduced survival in periop-
erative and critically ill patients, particularly in cardiac
surgical patients.'’

The MortalitY in caRdIAc surgery randomiseD
controlled study (MYRIAD) included 5400 patients
undergoing CABG to either total intravenous anaesthesia
(TIVA) or volatile anaesthesia.'® However, within the
volatile anaesthesia group, there were high rates (59%)
of coadministration of propofol during the anaesthesia
maintenance. In addition, patients undergoing off-pump
procedures and patients with a low risk of ischaemia-
reperfusion injury were included in this study. The
authors reported no significant difference in relevant
clinical outcomes, including mortality at 1 year, between
the two groups.'® A post hoc analysis of the MYRIAD
study, however, demonstrated a lower rate of myocardial
infarction (MI) with haemodynamic instability and a
reduction of l-year cardiac mortality in patients receiving
volatile anaesthetics. The authors conclude that these
post hoc results indicate potential clinically relevant

cardioprotective effects of volatile anaesthetics, and
they suggest that this should be further assessed, despite
neutral effects on all-cause mortality.17

There has been a recent demonstration that the admin-
istration of volatile anaesthesia during CPB is feasible, with
oxygenator exhaust volatile concentrations correlating
with arterial blood concentrations and attainment of
adequate hypnosis and amnesia by this technique.'® "

Overall, there is sufficient equipoise, even among
non-cardiac surgery, that a large RCT is underway for
anaesthesia maintenance with volatile anaesthetic agents
compared with TIVA, including numerous clinical
outcomes (VITAL; ISRCTN62903453). Currently, there
is heterogeneity in clinical practice for anaesthesia in
cardiac surgical procedures in the UK and in Europe,
with approximately 50% of patients receiving intravenous
anaesthesia alone without volatile anaesthesia.”” *' There-
fore, demonstration of a clinically important reduction
in myocardial injury with a volatile-based anaesthetic
technique during the maintenance phase of anaesthesia,
including CPB, and without additional propofol (total
inhalational anaesthesia) would have farreaching prac-
tice implications.

We intend to assess whether a volatile-only anaes-
thetic strategy, that is, total inhalational anaesthesia,
for coronary artery bypass surgery on CPB, compared
with a propofol anaesthetic strategy, reduces postopera-
tive cardiovascular morbidity (major adverse cardiovas-
cular and cerebral events (MACCE)) as the overarching
hypothesis. We describe here the findings of a feasibility
study designed to investigate recruitment and protocol
adherence to the randomised treatment allocation.

METHODS

This study received Research Ethics Committee approval
(London, Chelsea, 19/L.0/1071, 2 August 2019) and
was prospectively registered with EudraCT (No.: 2019-
000171-16) and ClinicalTrials.gov (NCT04039854). All
participants were aged 18 years and above and provided
written informed consent.

We undertook a single-blind randomised controlled
trial to assess the feasibility of a subsequent larger study,
which will aim to assess whether volatile anaesthetics, as
the sole hypnotic agent for general anaesthesia during
elective CABG (with or without valve) surgery, will reduce
postoperative myocardial injury and cardiovascular
morbidity in high-risk adult patients, compared with
propofol anaesthesia. We sought to determine whether
recruitment, protocol adherence and data collection
would be feasible, as well as piloting clinically relevant
outcomes for the proposed full trial.

Patients

This feasibility study was conducted at two sites: King’s
College Hospital and St Thomas’ Hospital, both in
London, UK.
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Adult patients (aged =18 years) undergoing CABG
surgery on CPB, with or without concomitant valvular
surgery, and with an additive European System for
Cardiac Operative Risk Evaluation (EuroSCORE) >5
were eligible to participate. Patients were excluded if
they were pregnant or breastfeeding, allergic to propofol,
had known sensitivity to any volatile anaesthetic agent
(isoflurane, desflurane, sevoflurane or other haloge-
nated anaesthetic), had known or suspected malignant
hyperthermia, were currently receiving any agent known
to interfere with myocardial preconditioning (gliben-
clamide, allopurinol, theophylline or nicorandil) or were
included in any other clinical trial of an investigational
medicinal product within the last 3 months. Patients were
allowed to be enrolled in registry or observational studies
while participating in our study.

Eligible patients were approached preoperatively for
written informed consent. Consenting patients were
randomised on the morning of surgery in 1:1 allocation
by a secure web-based system (Sealed Envelope, London,
UK) to the propofol (control) arm or the volatile anaes-
thetic (intervention) arm.

Trial conduct

Routine preanaesthetic care was the same across both
arms, guided by the local evidence-based protocol.
Similarly, induction of anaesthesia was based on the
usual care of cardiac surgical patients with a bolus of
propofol as the commonly used anaesthetic agent.
Patients randomised to the volatile anaesthetic arm were
assigned to receive inhalational halogenated ether for
maintenance of anaesthesia. These included isoflurane
(1-chloro-2,2,2-trifluoroethyl difluoromethyl ether) or
sevoflurane (fluoromethyl-2,2,2-trifluoro-1-ethyl ether)
and were at the discretion of the attending anaesthe-
siologist. The volatile anaesthetic agent was delivered
prior to and following CPB by inhalation, and during
CPB through the oxygenator oxygen inflow of the CPB
machine. The dose of the volatile anaesthetic agent was
titrated to standard clinical endpoints, suggesting suffi-
cient depth of anaesthesia and a bispectral index (BIS) of
30-60. Volatile agent administration concluded with the
end of surgery. Sedation for the transfer to the cardiac
intensive care unit (ICU) was with propofol infusion.
Deviations from treatment assignments were permitted
and collected as part of routine data collection.

Patients randomised to the propofol arm received
propofol for maintenance of anaesthesia, delivered
via intravenous infusion, titrated to maintain adequate
depth of anaesthesia clinically and a BIS of 30-60. As for
the volatile arm, postoperative sedation in the postopera-
tive care unit was with continued propofol infusion until
tracheal extubation.

All other anaesthetic care was conducted in line with
consensus-based, locally approved institutional methods,
including the use of other agents routinely used in
cardiac anaesthesia, such as benzodiazepines, neuromus-
cular blocking agents, analgesics and vasoactive agents.

Cardiac surgical care followed evidence-based institu-
tional protocols, including CPB, as did postoperative
management in the cardiac ICU.

Data collection and trial outcomes

Preoperative patient characteristics and operative details

(including surgical, perfusion and anaesthetic manage-

ment) were collected by an unblinded research nurse

team, whereas postoperative management and relevant
clinical outcomes were collected by a different research
nurse team which was blinded to the treatment alloca-
tion. A further 30-day telephone follow-up was performed
by a blinded research nurse.

The primary outcome was an assessment of the feasi-
bility of the study protocol, assessed by:

1. Determination of the likely rate of recruitment at two
centres with the aim to complete recruitment within
12 months.

2. The identification of potential recruitment barriers
with the existing protocol.

Secondary outcomes included:

1. An assessment of effective patient identification,
screening and recruitment.

2. The feasibility of collecting the planned perioperative
data in more than 95% of enrolled patients at the 30-
day follow-up point.

3. An assessment of trial processes, including outcome
measures.

4. An assessment of the feasibility of collecting a number
of clinically relevant outcomes until 30 days after sur-
gery, including low cardiac output syndrome (LCOS),
stroke, MI or death from any cause, MACCE (includ-
ing stroke, non-fatal MI or death from any cause),
cardiac-related mortality, postoperative atrial fibril-
lation (AF) requiring treatment, ICU and hospital
length of stay, patients reported disability and quality
of life (European quality of life—D5) (online supple-
mental table 1).

Sample size and statistical analysis

We aimed to recruit 50 patients between the two
centres within an estimated timeframe of 12 months.
As a feasibility study, no power calculations were
performed.

A Consolidated Standards of Reporting Trials
(CONSORT) diagram was selected to display the key
datarelating to the primary outcome and several of the
secondary outcomes, including recruitment, rando-
misation, adherence to allocation and follow-up.

Patient characteristic data are presented with
descriptive statistics by allocation arm. Operative
and anaesthetic management, along with postop-
erative outcomes, is presented similarly. Contin-
uous variables are presented as means (with SD)
or medians (with IQR) as appropriate, together
with the number of observations. Categorical vari-
ables are presented as number of observations and
percentages.
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I

Enrolment

Randomisation

Propofol (Control) Arm
(n=25)

(n=50)
Cardiac Surgery
(n=48)
Pre-CPB Propofol (n=24)
During CPB Propofol (n=24)
After CPB Propofol (n=24)
In-Hospital Completed (n=24)
Follow-Up Alive at Discharge (n=23)
30-day Follow- Completed (n=22)
Up Alive at 30-days (n=22)

Excluded (n=366):
* Ineligible (n=308)
* Declined consent (n=58)

Volatile (Intervention)

Figure 1
allocation and follow-up retention.

RESULTS

Primary outcomes

50 participants were recruited across both centres within
11 months of active recruitment, from November 2019
until November 2021, with a 13-month hiatus (March
2020-April 2021) due to the COVID-19 pandemic. A
single site was open to recruitment before COVID with
19 patients randomised in 3.7 months. Both sites were
open to recruitment for 6.9 months post-COVID, with 31
patients recruited). The prepandemic recruitment rate at
the single site was 5.1 patients per month, and following
resumption, the rate was 4.5 patients per month across
the two sites. Of the 416 patients screened for eligibility,
308 were not eligible, and 58 patients declined consent.
A CONSORT diagram for the flow of patients through
the study is shown in figure 1. Apart from the COVID-19
pandemic, no other systemic recruitment barriers were
identified.

Secondary outcomes

A total of 416 patients were screened during the study
period. 308 (74%) were ineligible, 14% (n=58) were
eligible but not recruited, and 12% (n=50) were eligible
and successfully recruited. 50/108 (46%) of eligible
patients were recruited to the study.

All 50 recruited patients underwent randomisation,
with one withdrawing consent prior to surgery, and one
patient not undergoing surgery. Of the remaining 48
patients, 47 completed in-hospital and 30-day follow-up.

Recruitment, retention and management by treatment
allocation are summarised in figure 1.

In the propofol arm, all 24 patients were managed as
per allocation throughout the operative period. In the
volatile arm, 22/24 patients received treatment as per
allocation with two protocol violations where propofol
was administered.

Patients’ preoperative characteristics are summarised
in table 1. Intraoperative details and clinical outcomes are

Arm (n=25)
Volatile (n=22), Propofol (n=2)
Volatile (n=22), Propofol (n=2)
Volatile (n=22), Propofol (n=2)
Completed (n=23)

No follow-up data (n=1)
Alive at discharge (n=23)

1)
Completed (n=22)
Alive at 30-days (n=22)

Consolidated Standards of Reporting Trials diagram showing recruitment, randomisation, adherence to treatment

shown in tables 2 and 3. Data completeness was good for
the majority of perioperative variables, including preop-
erative and intraoperative variables, as well as clinical
outcomes, including LCOS, AF, ICU and hospital length
of stay, MACCE and cardiac-related 30-day mortality
(tables 1-3). Overall, the median time at the time point of
the 30-day follow-up was 33 (30-54) days in the propofol
arm and 37.5 (31-49) days in the volatile arm.

DISCUSSION

The primary outcome of this study was the feasibility of
adequate patient recruitment comparing propofol with
total inhalational anaesthesia for cardiac bypass surgery.
50 patients were recruited across an l11-month period,
with an enforced hiatus due to the COVID-19 pandemic,
and thus the feasibility of recruitment was confirmed. The
initial rate of recruitment, prior to the pandemic, was 5.1
patients per month at a single centre followed by a rate
of 4.5 patients after the pandemic across the two sites.
Based upon the actual recruitment rate in this study with
50 patients recruited in two centres within 11 months,
a recruitment in excess of 1000 patients across 20 UK
sites would be achievable in 36 months. This is bearing
in mind that the two pilot centres in this feasibility trial
should be considered as high recruiting centres, and an
overall lower recruitment number was therefore assumed
in this conservative assessment. The recruitment time
could be reduced with an increased number of centres
participating, for example, to 2.5 years with 25 partici-
pating centres.

One of the secondary outcomes was an assessment of
the screening and participant identification processes.
These proved to be effective, and of the eligible patients
identified, 46% were recruited. This compares similarly
with 47% in the Effect of Remote Ischaemic precondi-
tioning on Clinical outcomes in patients undergoing
Coronary Artery bypass graft surgery (ERICCA) study
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Table 1 Patient characteristics by treatment assignment

Propofol (n=25)

Volatile (n=25)

Age, years
Male

Ethnicity, n (%)

Body mass index, kg/m?

Preoperative blood pressure, mmHg

Preoperative heart rate, beats per minute

Canadian Cardiovascular Society angina grade,

n (%)

New York Heart Association stage, n (%)

Cardiovascular system comorbidity

Smoking status, n (%)

Other comorbidity

Mean (SD)
Missing data
n (%)
Missing data
White

Black

Asian
Missing data
Mean (SD)
Missing data
Mean (SD)

Missing data
Mean (SD)
Missing data

0
1
2
3
4

Missing data
|

Il

1l

vV

Missing data
Arrhythmia

Hypertension
Previous myocardial infarction

Current

Previous

Never

Missing data
Chronic obstructive
pulmonary disease

Chronic kidney disease

Diabetes mellitus, n (%)

Transient ischaemic attack

Systolic
Diastolic

n (%)
Missing data
n (%)
Missing data
n (%)
Missing data

n (%)
Missing data

n (%)

Missing data
None

Diet controlled
Oral Medication
Insulin

Missing data

n (%)

Missing data

73.0 (8.5)
1 (4%)
18 (72%)
1 (4%)
21 (84%)

2 (8%)
27.0 (5.8)
2 (8%)
134 (21)
72 (10)

2 (8%)
66 (9)

2 (8%)

19 (76%)
1 (4%)
13 (52%)
1 (4%)

3 (12%)
12 (48%)
8 (32%)

73.6 (9.1)
1 (4%)
20 (80%)
0

23 (92%)
0 (0%)
1(4%)

1 (4%)
28.8 (4.4)
3 (12%)
132 (19)
71(12)

1(4%)
8 (32%)
10 (40%)
4 (16%)
1 (4%)

2 (8%)

2 (8%)

2 (8%)
15 (60%)
2 (8%)
10 (40%)
1 (4%)

4 (16%)
10 (40%)
10 (40%)
1(4%)

3 (12%)
1 (4%)

3 (12%)
1 (4%)
19 (76%)
0 (0%)

Continued
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Table 1 Continued
Propofol (n=25) Volatile (n=25)
Previous surgery n (%) 1(4%) 1 (4%)
Missing data 1(4%) 2 (8%)
Preoperative medications, n (%) Aspirin 16 (64%) 18 (72%)
P2Y12 antagonist 4 (16%) 6 (24%)
Beta-blocker 16 (64%) 15 (60%)
Calcium channel blocker 9 (36%) 7 (28%)
ACE inhibitor 11 (44%) 12 (48%)
Angiotensin-receptor blocker 5 (20%) 4 (16%)
Diuretic 2 (8%) 5 (20%)
Anticoagulant 11 (44%) 4 (16%)
Metformin 6 (24%) 5 (20%)
Sulfonylurea 3 (12%) 0 (0%)
Insulin 5 (20%) 2 (8%)
Missing data 1(4%) 1 (4%)
Preoperative laboratory results Capillary blood glucose, Mean (SD) 6.0 (1.2 6.7 (1.9)
mmol/L. Missing data 12 (48%) 9 (36%)
Creatinine, pmol/L Mean (SD) 96 (26) 107 (63)
Missing data 1(4%) 1 (4%)
Platelets, x10°%/L Mean (SD) 232 (61) 211 (52)
Missing data 1 (4%) 1 (4%)
Left ventricular ejection Median (IQR) 52 (45-56) 49 (40-55)
T 52 Missing data 7 (28%) 7 (28%)
Preoperative cardiac parameters (imaging and  Atrial fibrillation n (%) 1(4.2%) 3(12.5%)
ECG) Missing data 1(4%) 2 (8%)
Median (I0R) 16 (14-17) 15.5 (14-20)
Missing data 0 (0%) 1 (4%)
WHO disability assessment schedule score Median (IQR) 16 (14-17) 15.5 (14-20)
Missing data 0 (0%) 1 (4%)
EuroQoL 5-dimension health status (0—100) Median (IQR) 72 (50-78) 75 (65-82)
Missing data 1(4%) 0 (0%)

and less favourably with the MYRIAD trial (77.5%).16 %
The inclusion criteria in the ERICCA study and MYRIAD
trial could explain the difference in recruitment rates, as
the ERICCA study only included higher-risk patients with
a EuroSCORE >5, which is the same cut-off as in this feasi-
bility study, whereas the MYRIAD trial included patients
undergoing elective CABG irrespective of preoperative
risk. Of note, these were two large RCTs, rather than
feasibility studies.

Of those participants that were randomised and under-
went surgery (n=48), 47 (98%) patients completed
follow-up at 30 days. This figure is within the 95% target
for completing follow-up. Furthermore, assessment of
the patient characteristics (table 1), reveals a recognis-
able cohort of cardiac surgical patients with typical clin-
ical comorbidities.

We also sought to assess the feasibility of our trial
processes. In the propofol arm, all patients undergoing
surgery were managed throughout the operative period

as per treatment allocation. In the volatile arm, 22/24
(92%) patients randomised to the volatile arm were
managed as per treatment allocation that underwent
surgery. These results appear to be suggestive of a high
degree of feasibility for the management protocol, given
the absolute values of protocol adherence and the rela-
tive comparison with other studies.

The MYRIAD RCT was a pragmatic comparison of vola-
tile anaesthetics with TIVA for intraoperative anaesthesia
management in patients undergoing elective CABG, to
assess impact on mortality at 1 year. In the volatile anaes-
thesia group, 98% of patients received volatile agents,
but, in addition, 59% of participants received intrave-
nous hypnotics for maintenance. In the TIVA group,
99% of patients received per protocol maintenance
of anaesthesia, with 3% receiving volatile anaesthetic
agents.'® Based upon the level of treatment concordance
demonstrated in this pilot study with 92% of patients
receiving volatile anaesthetics only for their maintenance
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Table 2 Intraoperative surgical and anaesthetic details

Propofol (n=25)

Volatile (n=25)

Underwent surgery, n (%)
Surgery duration, min

Cross-clamp time duration, min

Myocardial protection, n (%)

Procedure, n (%)

Number of grafts, n (%)

Hypnotic agent
During CPB, n (%)

Other anaesthetic management

Analgesia, n (%)

Neuromuscular blocking agent, n (%)

Other medications

Vasoactive medications, n (%)

Median (IQR)

Missing data

Median (IQR)

Missing data
Cardioplegia
Cross-clamp fibrillation
No surgery

CABG

CABG and valve

No surgery

1
2
3
4
5
No surgery

Propofol
Isoflurane
No surgery

Fentanyl
Remifentanil
Morphine

No surgery
Atracurium
Rocuronium
Vecuronium
Pancuronium
No surgery
Tranexamic acid
Magnesium sulphate
No surgery

Any
Norepinephrine
Milrinone
Dobutamine
Epinephrine
Dopamine
Other

No surgery

If missing data not included as a row, all data collected.
CABG, coronary artery bypass graft; CPB, cardiopulmonary bypass.

24 (96%)
240 (175-270)
1 (4%)

64 (53-82)
1 (4%)

22 (88%)
2 (8%)

1 (4%)

17 (68%)

7 (28%)

1 (4%)

3 (12%)

7 (28%)
10 (40%)

3 (12%)

1 (4%)

1 (4%)

24 (96%)
0 (0%)
1 (4%)

22 (88%)
20 (80%)
7 (28%)
1 (4%)

3 (12%)
14 (56%)
2 (8%)

5 (20%)
1 (4%)
24 (96%)
6 (24%)
1 (4%)
10 (40%)
10 (40%)

24 (96%)
253 (210-285)
0 (0%)

63 (50-84)
1 (4%)

21 (84%)
3 (12%)

1 (4%)

16 (64%)

8 (32%)

1 (4%)

1 (4%)

6 (24%)

12 (48%)
4 (16%)

1 (4%)

1 (4%)

2 (8%)
22 (88%)
1 (4%)

23 (92%)
11 (44%)
14 (56%)
1 (4%)

6 (24%)
13 (52%)
2 (8%)

3 (12%)

1 (4%)
23 (92%)
4 (16%)

1 (4%)
16 (64%)
16 (64%)
4 (16%)

1 (4%)
0%

Q
=

(
0(0%)
0(0%)
1(4%)
1(4%)

NS
=
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Table 3 Clinically relevant outcomes by treatment assignment

Propofol arm (n=25)

Volatile arm (n=25)

Low cardiac output syndrome, n

(%)

Atrial fibrillation, n (%)

Intensive care unit LOS

Hospital LOS

Myocardial injury

Major adverse cardiac and
cerebrovascular events, n (%)

Cardiac-related mortality at 30
days, n (%)

WHO disability assessment
schedule

EQ-5D-5L

EQ-5D-5L health status

Days alive and at home until 30
days after surgery*

Present

Intra-aortic balloon pump criteria
Vasoactive criteria

Missing data

Present

Missing data

Days median (IQR)

Missing data

Days median (IQR)

Missing data

TnT (ng/L)

Elevated TnT (>100x 99th URL)
Preoperative TnT median (IQR)
Preop missing data

6 hour TnT median (IQR)

6 hour TnT missing data

Day 1 TnT median (IQR)

Day 1 TnT missing data

Day 2 TnT median (IQR)

Day 2 TnT missing data
Completed 4 TnT samples
Present

Stroke

Myocardial infarction

Death

Missing data

Present

Not recorded

Recorded at 30 days, n (%) (surviving patients,

n=22 in each group)
Median (IQR)
Change median (IQR)
Missing data

Recorded at 30 days, n (%) (from surviving

patients, n=22 in each group)
Missing data

Median (IQR)

Change in median (IQR)
Median (IQR)

Missing data

*Of surviving postoperative patients in each group (n=22).

EQ-5D-5L, EuroQoL 5-dimension 5-level; LOS, length of stay; TnT, troponin T.

4 (16%)

19 (11-36)

2 (8%)

936 (632-1189)
2 (8%)

578 (389-821)
2 (8%)

326 (232-453)
3 (12%)

18 (78.3%)

7 (28%)

16 (14-21)
2.0 (~2.0-6.0)
3 (12%)

19 (76%)

3 (12%)
75 (65-85)

4.0 (-5.0-23.0)
24 (21-30)

0 (0%)

4 (16%)

25 (14-41)

1 (4%)

777 (550-1087)
2 (8%)

504 (304-757)
1 (4%)

331 (202-589)
2 (8%)

19 (79.2%)

4 (16%)

20 (15-24)
2.5 (-1.0-9.0)
2 (8%)

20 (80%)

2 (8%)
75 (60-80)
~2.5(~10.07.5)
22.5 (18-30)

1 (4%)
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(compared with only 41% in the MYRIAD trial), the
protocol is feasible for a larger study.

For the proposed clinically relevant outcomes, there
was good data completeness for the majority of vari-
ables, such as LCOS, AF, length of stay, MACCE, cardiac-
related mortality and days alive and at home at 30 days.
The primary outcome for our proposed larger study will
be MACCE at 12 months, and therefore, high rates of
complete data for many of these outcomes are vital.

Concerning cardiac biomarker levels, a similar median
value of troponin T at 24 hours postoperatively was seen
in the propofol arm of this study, when compared with a
previous study of sevoflurane versus TIVA for on-pump
elective CABG surgery, primarily looking at the length
of stay.!" However, there was a much lower median level
of troponin T in the volatile arm in that study, which, in
contrast to our study, included low-risk patients.""

Further comparison of myocardial injury values across
studies is particularly difficult given the disparity in the
study interventions (the idiosyncrasies of the anaesthesia
regimens), as well as the specifics of the study popula-
tion, surgical techniques and other facets of manage-
ment. However, other clinically defined outcomes may
be more readily compared, despite the small size of our
study. When compared with our study, the MYRIAD study
had a lower incidence of cardiac-related death at 30 days
(0.7% and 0.9% in the volatile and TIVA arms, respec-
tively, compared with 4% in both arms of our study) and
in slightly more restrictive composite outcome of non-
fatal MI and death at 30 days (5.0% and 4.7% in the
volatile and TIVA arms, respectively, compared with the
MACCE criteria (stroke, MI and death) in our study, with
an incidence of up to 28%).'° This may indicate that our
inclusion criteria may select for a higher risk of postoper-
ative cardiovascular injury and may therefore enable the
detection of a significant difference between the arms,
where previous studies have failed to do so.” 2%

Our results reveal that there was an incidence of LCOS,
a clinical state indicating myocardial injury, in 16% of
patients in each group, and this is in agreement with the
previously described incidence of LCOS (13.5%) after
CABG.*

Anaesthetic agents, and in particular nitrous oxide
(N,O), play an important role regarding environ-
mental sustainability, which has been comprehensively
reviewed.? However, it was demonstrated that volatile
halogenated anaesthetics, such as isoflurane or sevoflu-
rane, make only a minute contribution to greenhouse
gas radiative forcing (0.01%-0.02% of the radiative
effect that results from increases in carbon dioxide by
human activity), which is in contrast to NQO.26 Therefore,
moving away from inhalational anaesthesia (with either
isoflurane or sevoflurane) to TIVA may negatively affect
the long-lived carbon in the atmosphere because of the
vast quantity of plastic needed for TIVA.*® Consequently,
there are no strong environmentally motivated reasons in
favour of the usage of either agent, TIVA or volatiles (ie,
isoflurane or sevoflurane).

Regarding a future large RCT comparing propofol
versus total inhalational anaesthesia, a possible approach
to the combination of both, clinical outcomes and
biochemical markers of myocardial injury and infarction,
would be the use of a composite endpoint with a win-ratio
approach, and our pilot data will be very useful to inform
this decision.”

LIMITATIONS

In this feasibility study, we decided to have a pragmatic
approach comparing single agents for the maintenance
of anaesthesia intraoperatively. This anaesthetic main-
tenance period comprises intraoperative surgery time,
during which ischaemia and reperfusion injury occur and
during which the potentially protective effect of volatile
anaesthetics as a single agent is most important. Based
on this pragmatic approach, we allowed common prac-
tice and the use of propofol for the induction of anaes-
thesia and for sedation after surgery. Changing induc-
tion and postoperative sedation agents would have been
difficult to implement, as alternatives to propofol (such
as remimazolam or dexmedetomidine) are rarely used in
the UK and would therefore reduce the feasibility of a
future RCT. Another limitation is that the EuroSCORE
was used as an inclusion criterion; however, it was not
collected formally as one of the preoperative patient
characteristics variables. A future large RCT is going to
include this important risk score.

The important question of whether volatile anaesthetics
administered as a single maintenance agent (without
the addition of propofol) protect the myocardium with
relevant clinical outcomes in higherrisk patients under-
going on-pump CABG surgery should be addressed in a
large RCT.*® There has been a paucity of trials comparing
single agents for the maintenance of anaesthesia in
cardiac surgery with meaningful clinical outcomes.

We therefore conducted this study, assessing feasibility,
and demonstrated thatitis indeed feasible to recruit elec-
tive cardiac surgery patients to a randomised study exam-
ining markers of myocardial injury and clinical cardiac
outcome variables between those assigned to an intra-
venous anaesthetic regimen versus a total inhalational
anaesthesia. The reported rates of recruitment, adher-
ence to anaesthetic management by group assignment
and completion of follow-up have demonstrated that a
large-scale RCT within a reasonable timeframe is possible
with our protocol.
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