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ABSTRACT

Introduction Frail patients have decreased physiological
reserves and consequently, they are unable to recover as
quickly from surgery. Frailty, as an entity, is a risk factor
of increased morbidity and mortality. It is also associated
with a longer time to discharge. This trial is undertaken

to determine if a novel prehabilitation protocol (10-day
bundle of interventions—physiotherapy, nutritional
supplementation and cognitive training) can reduce the
postoperative length of stay of frail patients who are
undergoing elective abdominal surgery, compared with
standard care.

Methods and analysis This is a prospective, single-
centre, randomised controlled trial with two parallel
arms. 62 patients who are frail and undergoing elective
abdominal surgery will be recruited and randomised to
receive either a novel prehabilitation protocol or standard
care. Participants will receive telephone reminders
preoperatively to encourage protocol compliance. Data will
be collected for up to 30 days postoperatively. The primary
outcome of the trial will be the postoperative length of
stay and the secondary outcomes are the postoperative
complications and functional recovery during the hospital
admission.

Ethics and dissemination This study has been approved
by the Singapore General Hospital Institutional Review
Board (CIRB Ref: 2016/2584). The study is also listed

on ClinicalTrials.gov (Trial number: NCT02921932). All
participants will sign an informed consent form before
randomisation and translators will be made available to
non-English speaking patients. The results of this study
will be published in peer-reviewed journals as well as
national and international conferences. The data collected
will also be made available in a public data repository.
Trial registration number NCT02921932 (ClinicalTrials.

gov)

INTRODUCTION

Frailty is defined as a state of decline and
vulnerability, characterised by weakness and
a decrease in physiological reserve.' Conse-
quently, frail patients are unable to recover
as quickly from a stressful event such as
an illness or surgery.' It is common in the

Strengths and limitations of the study

» This is a novel intervention looking at reducing
hospital length of stay for frail elderly patients
undergoing abdominal surgery.

» Randomised controlled trial design minimises risk of
selection bias.

» Pragmatic trial design allows understanding if the
intervention will work in the real world.

» Single-centre study design may
generalisability of the study.

» Open-label study design may result in bias, although
the use of objective outcome measures and
minimising the interaction between the research
and treatment teams limit this bias.

limit the

elderly and is thought to be due to an age-re-
lated decline in multiple organ systems.”
However, it is also increasingly recognised
as an important prognostic factor inpatients
with chronic diseases.”® Consequently, it
has been demonstrated that frailty is asso-
ciated with a significantly increased odds of
postoperative mortality (OR 1.33-46.33) and
morbidity (OR 1.24—3.36).7 Patients who are
frail also spend a longer time (median of
2.5 days longer) in hospital compared with
fit patients, increasing healthcare costs and
resource consumption.”

The population is ageing rapidly world-
wide. In 2004, 461 million people in the world
were above the age of 65. By 2050, it is esti-
mated that 2billion people will be above the
age of 65.°'” As such, it may be anticipated
that a large number of frail patients will be
requiring surgery in the future. Currently,
there is no clear intervention that has been
shown to modify the syndrome or its impact
on postoperative outcomes. Therefore, it is
important to clinician-researchers to develop
strategies aimed at improving the outcomes of
this high-risk population undergoing surgery.
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BACKGROUND

It has been recognised that frailty is a dynamic process. A
prospective observational study of 754 community-living
elderly subjects by Gill et al showed that over a 18-month
period, 43% participants became more frail while 23%
became less frail.'' In the non-surgical population, it has
been demonstrated that frailty can be modified through
interventions such as exercise therapy, dietary interven-
tions and drug therapy.'"*

After major surgery, there is an immediate and substan-
tial decline in a patient’s functional status, followed by
recovery in the postoperative period."” ' While a fit indi-
vidual is likely to regain his pre-hospitalisation level of
functioning, a frail individual may not be able to respond
as well, resulting in delayed recovery, increased hospital
length of stay and operative mortality.'> '’ There is initial
evidence that prehabilitation may be used to reduce
morbidity and mortality in frail patients. Notably, Harari
et alfound that the introduction of a comprehensive geri-
atric assessment service resulted in a clinically significant
decrease in medical complications and hospital length
of stay.18 However, at present, most recent guidelines are
unable to conclusively support the use of prehabilitation
as standard practice.19

The primary objective of the study is to determine if
prehabilitation with a bundle of interventions (physio-
therapy, nutritional support and cognitive exercises)
initiated preoperatively in frail patients undergoing
elective abdominal surgery will result in shorter hospital
length of stay. The secondary objectives are to determine
if prehabilitation will decrease postoperative complica-
tions and improve functional recovery following surgery.

Frailty is a condition that affects multiple organ
systems.”” As such, the use of a combination of inter-
ventions is likely to yield better results than a single
intervention. For this reason, the intervention in this
study consists of a bundle of interventions rather than
a single intervention. Sarcopenia, anorexia and exhaus-
tion are key features of frailty.% Current understanding
of frailty is that it is a modifiable syndrome.'’ As such,
physiotherapy (inspiratory muscle training (IMT)) and
nutritional supplementation may be able to modity the
syndrome preoperatively and improve postoperative
outcomes.” ™ Postoperative delirium is also common in
frail patients and may result in delayed discharge from
hospital.”” Prior studies have demonstrated that cogni-
tive training may have a positive impact on postoperative
delirium.* Therefore, cognitive training is also included
in the prehabilitation bundle.

IMT and aerobic exercise training are the most
common physiotherapy interventions used to optimise
patients preoperatively.% At present, there are no head-
to-head studies that compare the effects of IMT and
aerobic training. A Cochrane article published in 2015
examined whether IMT had an impact on the recovery
of adults after surgery and concluded that compared with
usual care, preoperative IMT was associated with a reduc-
tion in postoperative atelectasis and pneumonia. It also

resulted in a reduced hospital length of stay. In compar-
ison, studies on aerobic exercise training have yield mixed
results.* ™ For this reason, IMT was chosen over aerobic
exercise training as the physiotherapy intervention in our
prehabilitation bundle.

METHODS: PARTICIPANTS, INTERVENTIONS AND OUTCOMES
Study design

This trial is a prospective, randomised controlled trial
conducted at a tertiary hospital in Singapore (Singapore
General Hospital (SGH)).

Inclusion criteria

Patients aged 65 years who are diagnosed as frail (Fried
Criteria Score of 3 or more) are enrolled in the study
if they are seen at least 11 days prior to their elective
major abdominal surgery and are able to understand and
follow the prescribed cognitive and physical exercises.
The definition of a major abdominal surgery is defined
as an intraperitoneal surgery with an expected length of
stay of more than 2 days. If the patients attend the clinic
more than 11 days prior to the surgery date, they will be
informed to start their prehabilitation bundle 11 days
prior to the surgery.

Exclusion criteria

Patients with Parkinson’s disease, previous strokes,
neuromuscular disorders and those taking carbidopa,
levodopa, donepezil hydrochloride or antidepressants
are excluded as previous studies have found that these
medications can cause symptoms that are similar to the
frailty domains.”” Patients who are unable to communi-
cate are also excluded.

Control

In the control arm, patients will be given standard educa-
tion material regarding their surgery. They are then asked
to carry out their daily activities as usual until the admis-
sion of the surgery. This will be conducted, as the norm,
by nurses from the surgical clinic, who are not involved
with the study.

Intervention
In the intervention arm, patients will be given an Inspi-
ratory Muscle Trainer device and taught to use it twice
daily, based on the physiotherapy protocol (online
supplementary appendix A). A nutritional assessment will
also be done in accordance with the nutrition protocol
(online supplementary appendix B and if needed, nutri-
tion supplement will be prescribed. A cognitive exercise
(online supplementary appendix C in the form of a
memory training card game, will be taught to the patients
and the caregiver (if available), and the patient will be
instructed to play it two times per day. The physiotherapy,
nutrition and cognitive interventions will be performed
by a physiotherapist, dietician and research assistant, who
are involved with the study.

This intervention will be run for a period of 10 days.
Currently, there is no consensus about the duration of
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prehabilitation that is required for optimising surgical
patients. In previous studies, this period ranged from 2 to
4 weeks.?' 2 However, we hypothesise that by combining
a number of interventions into a bundle, we may be able
to achieve beneficial effects within a shorter time frame.
Furthermore, in our centre, the majority of patients were
listed within 14 days to the date of their surgery. Consid-
ering that it may take up to 3days for the patient to be
seen at the preoperative evaluation clinic, be enrolled in
the study and be given the intervention, we considered a
prehabilitation period of 10 days to be both practical and
feasible.

The patients will be provided with a protocol activi-
ties log (online supplementary appendix D)and a study
assistant will conduct a telephone conversation on days
1, 3 and 7 to encourage compliance to the protocol and
answer any queries with regards to the study.

Outcomes
The primary outcome is the postoperative length of stay
(POLOS).

The secondary outcomes are postoperative compli-
cations and functional recovery during the hospital
admission for up to 30 days. The postoperative compli-
cations that are recorded including mortality, intensive
care unit (ICU) admission, reintubation, ventilation days
in ICU, acute myocardial infarction and new arrhyth-
mias. For functional recovery, the postoperative quality of
recovery scale (PQRS) questionnaire®® is administered at
four time points (day of surgery, postoperative days 1, 3
and 7) throughout their surgical admission.

Participant timeline

This trial comprises a 10-day intervention treatment phase
and a 7-day postoperative follow-up phase. Patients may
drop out of the trial at any point in time. The patients’
baseline function will be measured at recruitment, imme-
diately preoperatively and on postoperative days 1, 3 and
7. They will then be released from the study on postoper-
ative day 30. (figure 1)

Sample size

The sample size was calculated based on the POLOS. A
recent study from our centre found that frail patients
had a longer median POLOS compared with non-frail
patients—13.5 days compared with 8 days. As such, we
considered an absolute reduction of 2 days of POLOS to
be clinically significant.” Due to non-parametric distribu-
tion of the POLOS, we used the Wilcoxon-Mann-Whitney
U test to estimate the sample size. Using a type I error of
0.05 and power of 80%, the sample size needed was 56. To
account for a 10% dropout rate, a total recruitment size
of 62 participants was obtained. As this sample size was
calculated for the primary outcome measure, any conclu-
sion derived from the secondary outcome measures may
be underpowered and may require further studies.

Recruitment

Potential participants will be identified from the appoint-
ment list for attendees of the preoperative evaluation
clinic at SGH. On registration, patients about 65 years old
and listed for abdominal surgery will be approached and
given the opportunity to fill up the frailty questionnaire

Day 0: Preoperative Evaluation

Ve
Days 1,3,7

Figure 1
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based on Fried’s criteria.”’ If they are diagnosed as frail
(Fried score 23), they will be invited to take part in the
study. Written informed consent will then be taken from
participants who are willing to be enrolled into the study.

METHODS: ASSIGNMENT OF INTERVENTIONS

Randomisation and allocation concealment

On enrolment, patients will be randomised in a 1:1 ratio
to either the intervention or control arm of the study. The
randomisation will be done via a computer-generated list.
The allocation will be concealed in an opaque envelope
by a study assistant who is blinded to the subsequent allot-
ment.

Blinding

The investigators will not be blinded as they will be
prescribing the intervention bundle in the interven-
tion arm. However, hospital staff, including nurses and
surgeons, will be blinded to the study arm that the patient
has been assigned to. However, we note thatit may be diffi-
cult for the treating team to remain fully blinded in the
days postoperative as the study details may be disclosed by
the unblinded participants.

METHODS: DATA COLLECTION, MANAGEMENT AND ANALYSIS
Data collection

On the day of the operation, the patient’s recovery from
surgery will be assessed using the PQRS scale prior to
his discharge from the Post-Anaesthetic Care Unit. The
PORS scale will be repeated on postoperative days 1, 3
and 7. If the patient is discharged prior to day 7, the PQRS
assessment will be performed via the telephone. Apart
from that, a research assistant will be assigned the role of
reviewing the patients’ clinical records for a list of compli-
cations every other day until the patient is discharged or
up to 30 days postoperatively.

The participants are allowed to withdraw their partic-
ipation from the study at any time. Demographic
information of eligible patients who decline to participate
and patients who withdraw their consents after randomis-
ation will also be collected in order to assess the feasibility
and take-up rate of the bundled interventions. While the
patients do not need a valid justification for withdrawing
from the study, the reasons for their withdrawal will be
recorded. This data will also be used to examine whether
there are any systematic differences between those who
have declined and those who stayed on in the study.

Electronic and paper records of the patients will be used
to obtain information about the patients’ demographics,
procedure urgency, intraoperative procedure and anaes-
thetic variables, blood product utilisation, mechanical
ventilation, delirium/coma, ICU and hospital LOS, major
adverse events and infections.

Data management
Confidentiality of participant data will be maintained at
all times during the study. Each patient will be identified

with a unique study-related identification number. Their
personal details for each participant are kept securely in
an access-controlled, locked cabinet at the investigation
centre. The study-related identification number is used
on the case report form (CRF).

Local research staff are responsible for entry of de-iden-
tified information into the REDCap (Research Electronic
Data Capture) tool hosted on a secure server at Singa-
pore General Hospital.* Like the patient details, all hard
copies of the research data will be kept in the access-con-
trolled, locked cabinet at the investigation centre. Soft
copies of the research data are kept on a password-pro-
tected computer. Only the study members will have access
to the data.

Records for all participants, including CRFs, all source
documentation (containing evidence to study eligibility,
history and physical findings, laboratory data, results of
consultations, etc.) as well as IRB records and other regu-
latory documentation will be retained by the principle
investigator and be accessible for inspection and copying
by authorised authorities. Compliant to the Singhealth
Institutional Review Board policy, research data will be
kept in the Department of Anaesthesiology in Singapore
General Hospital for 6 years before being destroyed.

Quality control and quality assurance

All data will be monitored and reviewed by the PI or
co-investigators. Training will be provided to the research
coordinator and the data entry of all the case report forms
will be verified by a second person from the study team.

Statistical method
In this randomised controlled trial, an intention-to-treat
analysis will be performed.

The primary outcome of this study is postoperative
length of stay. If the primary outcome is normally distrib-
uted, the results will be described using means (with SD
and CIs) and analysed using the Student’s t-test. However,
if the primary outcome is not normally distributed, the
Wilcoxon-Mann-Whitney U test will be performed.

For the secondary outcomes, binary measures such as
mortality, ICU admission, reintubation, acute myocardial
infarction and new arrhythmias, the risk ratios and risk
differences and their 95% CIs will be estimated using
binomial regression. Quality of recovery from surgery
will be measure by the PQRS score. The PQRS consists of
five recovery domains (physiologic, emotive, nociceptive,
activities of daily living, and cognition), and one self-as-
sessment domain, including satisfaction. Pain scores are
measures using a visual faces chart with a 1 to 5 scale, with
scores of 3 or greater representing moderate to severe
pain. Data will be reported as the proportion of patients
recovered at each time point. Differences between groups
over days 1 to 7 will be analysed using the Cochrane-Man-
tel-Haenszel test. Continuous data such as the days of ICU
stay and ventilation days will be analysed using Student’s
t-test.

To ascertain the robustness of the test results, a per
protocol analysis for the primary outcome, based on 75%
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compliance from the activity log, will be done. We will
also perform the analysis with and without adjustment
for baseline characteristics. Statistical comparisons across
the intervention and control arms will be performed for
patient demographics (age group and race), duration
of surgery, site of surgery (upper vs lower abdominal),
smoking status, presence of malignancy, use of regional
anaesthesia and blood product utilisation. If there are
differences between the intervention and control arms,
multivariate models will be performed to adjust for these
baseline differences.

Statistical significance will be considered when the p
value is<0.05.

METHODS: MONITORING

The data and safety monitoring will be performed by
the Principal Investigator (PI) and Co-investigators. The
practices are also subjected to audit and monitoring by
the Division of Research at SGH as well as the Centralised
Institutional Review Board. There will also be monthly
reviews of the adverse events and dropouts.

The management of adverse events will be based
on Singhealth CIRB guidelines. Adverse events will be
reported by the PI to the CIRB within the stipulated
timeframe. The PI will also be responsible for informing
the institutional representative and sponsor. There is no
independent data safety and monitoring board made for
this study due to the anticipated low risk nature of the
intervention. Data safety and monitoring will be done by
the study team, reported to CIRB and the study sponsor.
There are no plans for interim analyses due to the rela-
tively low sample size and anticipated rapid recruitment
rate.

ETHICS

This study will be conducted in accordance with the
Singapore Good Clinical Practice (SGCP) guidelines,
which is based on the principles enshrined in the
Declaration of Helsinki. This study has been approved
by the Singapore General Hospital Institutional
Review Board (SGH IRB) (CIRB Ref: 2016/2584) and
is registered on the ClinicalTrials.gov registry (Iden-
tified: NCT02921932). In the event of any important
protocol modifications, all investigators, SGH IRB and
trial participants will be notified. The results of this
study will be presented at international conferences
and submitted to a peerreviewed journal. The data
collected will also be made available in a public data
repository.

All eligible participants will be approached by the
research assistant during their visit to the preoperative
evaluation clinic. They will be given an explanation
about the study, a patient information sheet and a
consent form. They will then be given an ample time to
consider if they would like to participate in the study.
They will also be allowed to ask questions freely. If the

participant expresses an interest to participate in the
study, a written consent will be obtained. The consent
forms are in English. However, participants from
non-English speaking backgrounds will be provided a
translator. For illiterate participants, an accompanying
family member will be approached to verify and witness
the consent process.

CONCLUSION

In this protocol, we describe our randomised controlled
trial looking at the impact of a novel prehabilitation
bundle on a frail patient’s postoperative length of
stay. This study also examines the secondary outcome
measures of functional recovery and in-hospital compli-
cations. The strengths of this study are that it is novel,
randomised-controlled trial design and uses cheap
and easily available interventions to decrease hospital
length of stay. If this bundle is successful in reducing a
frail patient’s POLOS, it will have significant impact as
it will decrease resource use and free up resources for
other patients.

The limitations of this study are its single-centre and
open-label design. In order to ameliorate these limita-
tions, care was taken to ensure that the researchers do
not have any role to play in the determining the patients’
POLOS. The study team will have very limited or no
contact with the clinical team, therefore, minimising the
risk that a treating physician’s knowledge of the patient’s
group assignment will lead to a bias in decision making.
In addition, the secondary outcomes were objectively
defined to minimise subjectivity.
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