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ABSTRACT

Introduction More than 30000 cardiac surgery procedures
are performed in the UK each year, however, postoperative
complications and long-term failure of interventions are
common, leading to repeated surgeries. This represents a
significant burden on the patient and health service.
Routinely, patients are discharged to their general
practitioner 6 weeks postoperatively and research studies
typically only report short-term outcomes up to 1year
after surgery, together this makes long-term outcomes
of cardiac surgery difficult to monitor. Further, traditional
research methods have yet to advance understanding
of what causes early complications and why surgical
interventions fail.

Methods and analysis This prospective cohort study will
characterise participants undergoing cardiac surgery at
baseline, describe short-term, medium-term and long-term
health outcomes postoperatively and collect tissue samples.
All eligible adult patients undergoing cardiac surgery

at the Bristol Heart Institute, UK will be approached for
consent. Recruitment is expected to continue for up to 10
years resulting in the largest cohort of cardiac patients
reported to date. Blood, urine and waste tissue samples
will be collected during admission. Samples, along with
anonymised data, will be used to investigate outcomes
and inform predictive models of complications associated
with cardiac surgery.

Data about the surgical admission will be obtained from
hospital databases and medical notes. Participants may
be monitored up to 5 years postoperatively using data
obtained from NHS digital. Participants will complete
health questionnaires 3 months and 12 months
postoperatively.

The analysis of data and tissue samples to address
specific research questions will require separate research
protocols and ethical approval.

Ethics and dissemination This study was approved
by the East Midlands Nottingham 2 Research Ethics
Committee.

Findings will be disseminated through peer-reviewed
publications and presentation at national and international
meetings. Participants will be informed of results in annual
newsletters.

Trial registration number ISRCTN90204321.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= A prospective observational cohort study based in a
research active cardiac centre in the UK which aims
to create a novel dataset of short-term, medium-
term and long-term complication outcomes after
cardiac surgery.

= High-quality follow-up data will be coupled with
preoperative and early postoperative biological
sampling, to facilitate future studies linking periop-
erative markers with outcomes.

= This large ongoing study has the potential to incor-
porate multiple Studies Within A Trial, which will in-
form the conduct of future cardiac research studies.

= This study is an efficient and cost-effective method
of obtaining information that can be used to evalu-
ate promising interventions in the longer term.

= The requirement for sponsorship and ethical ap-
proval for each study analysing the samples can
cause slight delays but also ensures all studies us-
ing the samples are high quality.

INTRODUCTION

Cardiac surgery is a common procedure
in the UK, with the National Adult Cardiac
Surgery Audit reporting 31046 cases carried
out in 2019/2020. The most common proce-
dure by far is coronary artery bypass grafting
(CABG), accounting for almost 50% of all
cardiac surgery cases. This is followed by
Aortic Valve Replacements (AVR) or a combi-
nation of AVR with another procedure.'
Cardiac surgery is associated with a high rate
of complications in the short term and long
term, and surgical interventions may fail
over time leading to repeated surgeries. This
results in a high burden on patients and the
health service.

The risk of developing postoperative
complications is dependent on numerous
factors including surgery type, patient age
and underlying comorbidities. Broadly, acute
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kidney injury (AKI) is reported to occur in up to 40%
of cases®™ with 1%-2% of cases requiring dialysis,” atrial
fibrillation (AF) in up to 65% of cases depending on
surgery type,”® myocardial infarction (MI) in up to 10%
of cases® and stroke in up to 3% of cases.'*°

In the longer term, patients may experience recur-
rence of symptoms as the surgical intervention fails. For
example, saphenous vein graft occlusion after CABG
occurs in 12% of cases in the first 6 months and up to
40%-50% of cases within 10-15 years.”®

There is currently no mechanism to monitor rates of
long-term surgical complications or failures of surgical
interventions. Typically, cardiac surgery research studies
report short-term outcomes such as mortality and major
adverse cardiovascular events (MACE) up to lyear post-
operatively . In addition, patients are routinely discharged
to the care of their general practitioner 6 weeks postoper-
atively and no longer receive care from, nor are followed
up by, the cardiac surgery team.

The Outcome Monitoring After Cardiac Surgery
(OMACS) study will enable us to record long-term
outcomes from patients undergoing cardiac surgery at the
Bristol Heart Institute (BHI). The BHI is a large tertiary
cardiac centre located in the UK, performing up to 1600
cardiac surgery cases a year. Participants will be moni-
tored during the immediate postoperative period, with
follow-up questionnaires at 3 and 12 months and passive
follow-up for up to 5 years after their cardiac surgery. This
will provide high-quality data to answer questions about
complications and return of symptoms after surgery, and
help examine why interventions fail. Data will be collected
to characterise the demographic and clinical profile of
participants undergoing cardiac surgery, the frequencies
of in-hospital complications after surgery and long-term
outcomes.

Traditional research methods such as modelling
or biomarker analysis have not yet been successful in
advancing an understanding of early complications or
failure of cardiac surgery interventions, and the mech-
anisms of how they develop. This study will allow the
application of large-scale genomic’ and metabolomic'* "
approaches to predict complications and applied epide-
miological techniques to investigate causality'*™'* and has
the potential to advance mechanistic understanding and
streamline therapeutic development.'”

This protocol describes an efficient and cost-effective
method of obtaining information that can be used to
evaluate evolving clinical practice in the longer term.
The information will support the studies of the cardio-
vascular theme of the National Institute for Health and
Care Research (NIHR) Bristol Biomedical Research
Centre (BRC-CV) and will provide a bank of quality,
ready-to-use data with linked biological samples for use in
observational studies and to inform the design of future
prospective studies. A further benefit of this study design
and long recruitment period is that it will enable multiple
Studies Within A Trial (SWATS) to be incorporated. These
will provide high-quality evidence for the assessment of

measures designed to improve recruitment and retention
to future clinical studies.

METHODS AND ANALYSIS

The primary objective of this study is to create a bank
of samples and data that may be used by secondary
researchers. The research questions and outcomes will
be described in an analysis plan or protocol for each
secondary study.

Some specific outcomes will be described as part of the
OMACS protocol and these are as follows: occurrence of
MACE (defined as cardiovascular death, non-fatal MI and
non-fatal stroke), all-cause mortality, incidence of postop-
erative complications including the components of MACE
and including but not limited to AKI, AF, infection and
reoperation rates. We will also analyse quality of life at 3
and 12 months measured by the Coronary Revascularisa-
tion Outcome Questionnaire (CROQ) or Short-Form-12
(SF-12) questionnaire, treatments/investigations under-
taken during course of usual care and National Health
Service (NHS) resource use.

Study design
This single-centre prospective cohort study will charac-
terise the cohort at baseline, use in-hospital and Hospital
Episode Statistics (HES) data provided by NHS Digital to
describe short-term, medium-term and long-term health
outcomes and collect biological samples from consenting
participants who have had cardiac surgery. The study will
follow participants for up to 5 years using HES data.
Figure 1 shows the participant pathway through the
study.

Study population

Eligible patients over the age of 18 undergoing cardiac
surgery at the BHI (University Hospitals Bristol and
Weston NHS Foundation Trust) will be approached for
consent to take part in the study.

The only exclusion criteria are as follows: patients
whose main residence is outside of the UK, patients
lacking capacity to give informed consent and prisoners.

Recruitment is expected to continue for up to 10
years, subject to funding. The majority of patients will
be approached preoperatively for consent by a research
nurse. Alternatively, consent for data collection postoper-
atively may be obtained in person or by post. Participants
can consent to data collection only with no active partici-
pation; consent to give biological samples and consent to
participation in follow-up in addition to data collection.

Research procedures

If consent is given for biological samples, participants will
have blood, urine and waste samples taken during their
hospital admission. Samples will be collected preopera-
tively at induction of anaesthesia and at 2 and 24 hours
postoperatively. The maximum amount of blood taken
during the study will be 100 mL, however, the exact
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Figure 1

Participant pathway for the Outcome Monitoring After Cardiac Surgery (OMACS) study. Participants remain in the

OMACS study for up to 5 years. In-hospital data will be collected from hospital data systems and entered into a bespoke study
database. Patients will be actively followed up for 12 months postsurgery using quality of life questionnaires relevant to their
surgery, completed at 3 and 12 months postoperatively. Participants will be further monitored passively up to 5 years using data

from National Health Service (NHS) digital.

timing and volume of sampling may vary dependent on
the requirements of the specific analysis the samples
are designated for. In addition, tissue and fluids that are
routinely removed as part of the operation will be kept
(and not discarded as per routine care). Waste tissue
samples will include, but not be limited to, pericardial
fluid, pieces of heart tissue and saphenous vein removed
during the operation.

Samples may be analysed immediately but the majority
will be frozen for future analyses as part of secondary
studies. Samples will be stored long term in a licensed
biobank.

Data collection

In-hospital data from the participant’s admission will be
obtained from medical records, in bulk from hospital
systems including Medway (the patient administration
database used by the University Hospitals Bristol and
Weston NHS Foundation Trust), electronic cardiac
intensive care unit records, outcome data from Patient
Administration and Tracing System or haematology and
biochemistry systems. Data on in-hospital complications
will be collected on specifically designed case report forms
(CRFs) from paper and electronic medical notes and
entered onto the specially designed and user-restricted
OMACS database. The bespoke database is programmed
to automatically validate data, ensuring consistency and
quality. Data quality will be monitored on an ongoing
basis.

Long-term outcome data up to 5 years postoperatively
will be obtained from HES. An advantage of HES is that
we will be able to record admissions to other hospitals in
England.

Participants will be asked to complete short health
questionnaires at 3 months and 12 months postopera-
tively. Participants undergoing CABG surgery, including
those having CABG surgery alongside another procedure
will receive the validated CROQ," 17 Participants who
have had other operation types will be sent the SF-12 V.2
health questionnaire.

Analysis of data

Recruitment and retention rates will be described.
The frequency of MACE (and the individual compo-
nent events), the time to first MACE event, the time to
death and quality of life at 3 and 12 months will also be
described. The frequency of different outcome events for
different patient populations will be described to inform
sample size calculations of future randomised controlled
trials. The populations analysed for this purpose will be
dependent on the proposed trial inclusion criteria.

The analyses of the OMACS data pertaining to specific
observational research questions will be described in the
protocol for those studies.

We will develop algorithms to check for data quality
and consistency between data sources (eg, events iden-
tified through the CROQ and HES). Event rates will also
be compared against the published literature to check for
validity against national databases.

Patient and public involvement

The Bristol BRC-CV has an engaged cardiovascular
patient advisory group (PAG). At the beginning of the
OMACS study, the BRC-CV PAG provided in depth feed-
back on the Participant Information Leaflet and consent
form. Subsequent amendments to the protocol and study
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documents were also reviewed by the group and the docu-
ments were updated in line with their comments.

Participants will be informed of studies which use
samples and data collected in the OMACS study through
annual newsletters, which they can opt into receiving
for 5 years postoperatively. The study newsletters will
also be available on the study website https://bristoltri-
alscentre.blogs.bristol.ac.uk/details-of-studies/omacs/.
Our BRC-CV PAG have been involved in the generation
of these newsletters to ensure the content is relevant and
accessible for participants.

Ethics and dissemination

The study received Research Ethics Committee (REC)
approval from the East Midlands—Nottingham 2
Research Ethics Committee in December 2014 (REC
reference: 14/EM/1222). Participants have the right to
withdraw their consent at any time. Patients who with-
draw their consent will be treated according to usual
hospital procedures. Participants who choose to withdraw
will have the option of participating in the quality of life
follow-up questionnaires.

Findings of this study will be disseminated via typical
academic channels (eg, peerreviewed publications,
conferences) as well as through newsletters to participants.

The study is sponsored by University Hospitals Bristol
and Weston NHS Foundation Trust and is coordinated by
the Bristol Trials Centre, which is a UK Clinical Research
Collaboration registered Clinical Trials Units (registra-
tion ref. 70).

DISCUSSION

The OMACS study proposes an efficient mechanism to
collect large-scale data and tissue samples from a broad
cohort of cardiac surgery patients from a large cardiac
centre in the UK.

The high-quality data obtained in this study will be
combined with samples collected immediately before,
during and shortly after surgery. Secondary research
will be able to analyse these to answer specific research
questions. For example, to identify potential markers of
postoperative complications using large-scale genomic
and metabolomic techniques, or to assess the response to
different surgical techniques through markers of systemic
inflammation. This has the potential to advance under-
standing of specific surgical techniques and postopera-
tive complications, which could improve treatment for
patients.

Furthermore, the high-recruiting nature of the study
means it is an ideal platform to embed SWATs for fast
assessment of interventions aimed at increasing recruit-
ment and retention to clinical studies. To date, three
SWATs have been added to the protocol and itis intended
that SWATs embedded into the OMACS study will be
published separately. One has reported results on the
most effective way to format patient information leaflets
to maximise recruitment."

OMACS study challenges
Recruitment to the OMACS study began in May 2016,
and recruitment will continue until at least November
2022 with extension dependent on continued funding.
So far, more than 4000 participants have consented to
the study, with over 1100 providing samples, allowing
us to collect a large bank of data relating to cardiac
surgery outcomes.

Our experience so far has presented several challenges
which we will briefly discuss.

Recruitment of participants

Approximately 100 patients are screened and
approached for the OMACS study each month. During
recruitment significant changes have been made to
the clinical patient pathway (eg, timing of preadmis-
sion clinics) necessitating flexibility in how and when
informed consent is sought so that potential partic-
ipants are not missed. The protocol was designed to
allow patients to be approached for consent preoper-
atively for collection of samples and data, or postop-
eratively for collection of data only. Consent may be
obtained during a consultation, or remotely by post
and telephone. This flexibility maximises the number
of patients who can be approached for the study and
allowed us to react quickly to recruitment challenges
posed by COVID-19 by increasing the number of
patients consenting remotely. In addition, hospitals
that regularly refer inpatients to the BHI for surgery
have been opened as consenting sites. This approach
enables patients sufficient time to review study docu-
ments before being transferred for surgery, reducing
the chance of patients being missed due to late trans-
fers. This facilitates the recruitment of patients under-
going urgent transfer, who typically have higher rates
of postoperative complications and mortality, thus
making the dataset more representative of the entire
cardiac surgery population.

Using multiple consent pathways requires multiple
types of patient documents to cover each consent method
(preoperative/postoperative and remote/face to face).
This relatively straight forward study has seven patient-
facing documents approved relating to consent. Having
multiple patient document types adds an extra layer of
complexity in document management and implementing
study amendments.

Use of routine data and quality monitoring

Manual data entry onto specially designed CRFs ensures
high-quality data collection but presents a significant
burden on research nurse time considering the high
recruiting rate on this study. To reduce this pressure, it
is intended that routinely collected clinical data will be
used as much as possible, reducing manual data collec-
tion and entry. Further, where participants are coenrolled
on other studies managed by the Bristol Trials Centre
(BTC), relevant baseline and complication data may be
shared to prevent duplication of data collection and entry
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across several studies. We plan to obtain bulk extracts of
data, such as demographic information, operation data
and details of comorbidities from centralised databanks
used by the hospital Trust for financial or audit purposes.
However, due to pressures on the hospital Trust infor-
matics teams and lengthy data cleaning processes, we
have found that these data can be difficult to obtain in a
timely matter.

As well as the issue of timeliness of obtaining routine
data, we have also found issues with data accuracy.
For example, we intended to collect details about
the operation via Office of Population Censuses and
Surveys (OPCS) codes assigned to each procedure.
OPCS codes are assigned by clinical coders following
a national standard and are used for a wide variety of
purposes, including financial reimbursement to the
hospital Trust. When comparing these codes against
the operation notes filed in participant’s medical
records, we found that up to 20% had been coded
incorrectly. This is in line with findings from other
centres.?’ Further, where OPCS codes are correct,
they often do not provide enough granular detail
about the operation type for use in research.

To overcome these challenges, we have developed a
bespoke study database which tracks patient consent,
clinical data entry, questionnaire follow-up and sample
management. Our statisticians have developed algo-
rithms to detect discrepancies between data extracted
directly from patient notes and those data obtained from
routine sources.

Large-scale sample collection and storage

The logistics of collecting, processing and storing samples
from up to 50 participants per month has proved chal-
lenging. Our standard sample collection protocol
requires 14 samples to be taken over 48 hours resulting
in a total of 72 aliquots per participant. This has required
significant investment in specialist laboratory solutions,
and dedicated laboratory staff who are responsible for
processing samples within strict time limits to ensure
sample integrity.

Multiple staff groups are involved in the collection of
biological samples. This requires extensive clinical and
research staff time to ensure samples are collected within
the defined time windows. The process involves coopera-
tion between operation department practitioners, anaes-
thetists, surgeons, research nurses, ward nurses, research
administrators and laboratory technicians. Involving
these staff groups has improved the culture of research
in the BHI.

CHANGES TO THE PROTOCOL SINCE REC APPROVAL

The study began recruiting in May 2016 with V.1 of
the protocol. At this stage, all participants were sent
a study invitation letter, consent form and question-
naire 3 months after their surgery. The protocol was
amended in March 2017 to approach participants

face to face and add the collection of blood and waste
tissue samples. The latest version of the protocol was
approved in December 2020, following an amend-
ment to add the option of obtaining informed consent
remotely. The current version of the protocol is V.6
dated 6 November 2020.

Study progress

The study opened on 1 May 2016 and 4064 participants
have been recruited to date with 2021 opting to donate
samples as well as data (correct as of 7 March 2022).

AVAILABILITY OF DATA AND MATERIALS

Data storage

Participant documentation will be stored in a secure loca-
tion for 5 years after the end of the study. After the end
of the study all patient identifiable paper records will
be destroyed by using confidential methods. Any paper
CRFs and participant questionnaires will be retained
until the data is clean and then destroyed using confi-
dential methods. Digital copies of the consent forms
will be stored securely on an NHS server with password-
controlled access.

In compliance with MRC policy on data preservation,
the full dataset and ‘meta-data’ about the study will be
held indefinitely on a secure University of Bristol server.
These will not contain direct participant identifiers but
will contain a unique participant identifier. A separate file
containing a key to link the participant identifiers with
key personal identifiers will be stored indefinitely on an
NHS server. This will be retained in case of a need to use
the raw data for secondary research.

Data sharing

Data will be available for sharing in an anonymised format
conditional on compliance with MRC policy on data
preservation and sharing. A protocol will be required
describing the purpose, methods and analysis of the
secondary research. Participant identifiers would be made
available for record linkage subject to ethical approval of
the secondary research by a UK REC or similar. Data may
not be released unless all BTC and sponsor requirements
are met (e.g. REC approval).

Twitter Terrie Walker-Smith @Terrie_smith_
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