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Abstract
Background Patients undergoing oesophageal cancer surgery are often frail with a high risk of post-operative complications.
Prehabilitation has been shown to reduce post-operative complications in specific patient populations but evidence in oesoph-
ageal cancer patients is inconclusive.
Methods Between January 2016 and April 2019, all patients with resectable oesophageal cancer who underwent curative
treatment at a specialist tertiary centre participated in a personalised, home-based, multimodal prehabilitation programme.
Post-operative complications and hospital stay in this group were compared to a control sample. Propensity score matching
was used to control for differences in baseline characteristics.
Results Seventy-two patients who completed prehabilitation and 39 control patients were studied; following propensity score
matching, there were 38 subjects in each group. In comparison to matched controls, patients in the prehabilitation group had a
lower incidence of post-operative pneumonia (prehabilitation = 26%; control = 66%; p = 0.001) and a shorter length of stay
(prehabilitation = median 10 days, IQR 8–17 days; control = median 13 days, IQR 11–20 days; p = 0.018). On multivariate
regression analysis, participation in prehabilitation was associated with a 77% lower incidence of post-operative pneumonia (OR
0.23, 95% CI 0.09 to 0.55 p = 0.001). There was no significant difference in the incidence of overall complications or severe
complications.
Conclusion Prehabilitation was associated with a lower incidence of post-operative pneumonia and shorter hospital length of stay
following oesophagectomy. This model of home based, personalised, and supervised prehabilitation is effective and relevant to
centralised cancer services.
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Introduction

Patients undergoing oesophageal cancer surgery are often el-
derly, frail, malnourished, with poor functional reserve, all of
which are associated with poor postoperative outcomes.1–4 Up
to 60% of patients experience post-operative complications.5

The high morbidity can lead to a prolonged hospital stay,
delayed recovery, long-term disability, and poor survival.6–8.

Prehabilitation utilises the time before surgery to im-
prove a patient’s functional capacity to better withstand
the stress of surgery.9,10 Through activation of inflam-
matory, endocrine, and immunological responses, the
‘surgical stress response’ creates increased metabolic de-
mand and a pro-catabolic state. 11 The introduction of
neoadjuvant chemotherapy provides a survival benefit
but at a cost to functional capacity when it is most
needed; immediately prior to surgery.12–14 This physical
deconditioning represents a clear mismatch with the
metabolic demand being placed on the body during
and after an oesophagectomy.

The content of prehabilitation programmes in the published
literature varies considerably, from a one-off appointment at a
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‘surgery school’ to a personalised exercise programme lasting
for several weeks.15–17 There is growing recognition that in
order to maximise the benefits that can be accrued in the pre-
operative period, programmes should be multimodal, includ-
ing exercise, nutritional support, and psychological
support.15,18–20

Prehabilitation has been trialled in a range of surgical spe-
cialities, including colorectal, breast, hepatobiliary, bariatric,
urological, thoracic, and orthopaedic surgery.10,16,17,21,22

There is a large body of evidence for prehabilitation in patients
undergoing intra-abdominal surgery, with studies reporting
improvements in pre-operat ive cardiopulmonary
fitness,14,17,23,24 post-operative cardiopulmonary fitness,23–26

and reductions in post-operative complications.22,27

However, the evidence in oesophageal cancer is scarce.20

Surgery for oesophageal cancer has a high morbidity and is
associated with a prolonged recovery5,28,29 so there is signif-
icant potential to improve outcomes in this high-risk popula-
tion. However, there are few studies of prehabilitation in oe-
sophageal cancer and to date, none has shown significant
changes in post-operative complications.30,31

The aim of this study is to establish the effect of a
personalised, home-based prehabilitation programme on
post-operative outcomes following oesophageal cancer
surgery.

Materials and Methods

Study Design

PREPARE (Physical activity, Respiratory exercises, Eat well,
Psychological well-being, Ask about medications, Remove
bad habits, Enhanced recovery) for Surgery is a personalised,
home-based, multimodal prehabilitation programme for pa-
tients with oesophageal and gastro-oesophageal junctional
cancer. All patients referred to the oesophago-gastric multi-
disciplinary team, aged ≥ 18 years, and with a diagnosis of
potentially resectable oesophageal cancer were invited to par-
ticipate in the PREPARE for Surgery programme. Exclusion
criteria included inability to give informed consent, non-
resectable disease, and patients who declined surgery. All pa-
tients who completed the programme between January 2016
and March 2019 were included in this study.

A control group of patients who underwent resection at the
same centre but had not undertaken prehabilitation was iden-
tified. This group comprised of patients who received treat-
ment in 2015 (before the introduction of the programme),
alongside patients from 2016 to 2018 who underwent resec-
tion at the same centre as the prehabilitation cohort but either
started their treatment at a different centre so did not partici-
pate in the prehabilitation programme or were not included in
the programme for administrative reasons. Ethical approval

for analysis of patient data was granted by the UK Health
Research Authority (268837) and the study protocol regis-
tered with Imperial College London (19SM5445).

The PREPARE for Surgery Programme

Patients attended the multi-professional prehabilitation clinic
within one week of the completion of staging investigations,
before or just at the commencement of neoadjuvant chemo-
therapy. The patients were reviewed by a cancer clinical nurse
specialist (CNS), exercise specialist, and dietitian during a
single visit to the hospital to develop and agree to a
personalised prehabilitation plan.

Exercise Programme

Details of our exercise programme have previously been
published32 and are summarised below. A personalised,
home-based exercise programme was prescribed by an exer-
cise therapist. In keeping with WHO guidelines, patients were
prescribed a minimum of 600 MET minutes week−1, which
equates to 150 min of moderate intensity activity, with the aim
of increasing this to 1200 MET minutes week−1 (300 min of
moderate intensity activity).33

Patients were prescribed a mixture of aerobic and strength
exercises, each with a defined frequency, intensity, and
duration.34 The exercises were personalised according to the
results of submaximal exercise testing, activities of daily liv-
ing, previous exercise behaviour, patient preference, medical
co-morbidities, and social circumstances. Patients received
training on how to undertake the exercises and how to self-
regulate the intensity using the Borg scale rating of perceived
exertion (RPE),35–37 with a target range of 13 to 15 depending
on the patient’s medical history and type of exercise.

A weekly telephone touch-point was held with an exercise
therapist. Providing the goals were achieved, the exercise pro-
gramme was progressed by frequency, duration, and then in-
tensity. For those who were unable to meet their goals, the
programme was adapted to their clinical condition and re-
evaluated at the next touch-point. The method for assessing
adherence to the exercise programme has previously been
reported32 and was expressed as the volume of exercise com-
pleted by the patient each week in MET minutes week−1 di-
vided by the prescribed volume of exercise each week inMET
minutes week−1.

Nutritional Support

A specialist dietitian undertook an assessment of nutritional
status including identification and stratification of nutritional
risk. A plan was agreed based on symptoms, dietary eating
habits, and nutritional deficiencies. Weekly or fortnightly
phone calls from the dietitian were used to monitor adherence
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to the programme. Interventions, such as oral supplementation
or enteral feeding via a jejunostomy, were established when
risk was identified.

Psychological Support

The overall aim was to contain anxiety, facilitate adaptation to
their current psychological health and disease state, and im-
prove self-efficacy. Psychometric screening was completed
immediately prior to the first CNS consultation to assess anx-
iety, depression, social support, self-efficacy, and relevant
background information (such as past trauma, major life
events, mental health history). The aims the consultation were
threefold: (i) to explore and address any anxieties or concerns
the patient may have regarding their diagnosis, symptoms,
and/or treatment plan; (ii) to outline the rationale for
prehabilitation and identify any potential barriers or facilita-
tors to adherence; (iii) to facilitate positive behaviour change.

Motivational interviewing techniques were used to engage
patients, establish their motivation for change, and increase
their sense of confidence and control.38 This was accompa-
nied by a timeline of agreed goals with personalised written
and visual information.

Study Outcomes

The primary study outcome was 60-day post-operative com-
plications. Other outcomes included 60-day pulmonary com-
plications, severe complications (Clavien Dindo grade 3 and
higher), length of stay, and 30-day readmission rate. The 60-
day end-point for complications was chosen to ensure that any
complications that resulted in readmission within 30 days of
discharge would be included in the overall complication fig-
ure. Complications were defined according to the
Esophagectomy Complication Consensus Group (ECCG)
guidelines.39

The unit has an Enhanced Recovery Programme (ERP)
since 2014 and the same protocol was used for both cases
and controls (Fig. 1). Compliance with each element of the
ERP was measured to assess whether there were any differ-
ences in post-operative care and early recovery between the
two groups.

Statistical Analysis

To reduce the effects of potential confounding factors on the
comparison between the two groups, a propensity score
matched analysis was performed.40,41 A propensity score
was created using a multivariate logistical regression model,
with the following potential confounding factors as covariates:
age, ASA grade, pre-operative cancer staging, use of neoad-
juvant chemotherapy, and Charlson Comorbidity Index
(CCI). Using the propensity score, patients in the

prehabilitation group were matched 1:1 to those in the control
group.

Outcomes were compared between cases and controls
using chi-squared tests for categorical outcomes. For continu-
ous outcomes, either Mann-Whitney or unpaired T tests were
used, depending on distribution. Multivariate analysis of fac-
tors associated with complications was performed using bina-
ry logistic regression. Two-tailed tests were used throughout
with a significance level of p < 0.05. Statistical analysis was
performed using SPSS version 25 (IBM, New York, USA).

Results

Seventy-two patients who completed the programme between
January 2016 and April 2019 and underwent surgery were
included in this study (Fig. 2). Thirty-nine control patients
who underwent surgery but did not complete prehabilitation
were identified (Fig. 2).

Prior to propensity score matching, there were no statisti-
cally significant differences in age, ASA grade, clinical stage,
CCI, the use of chemotherapy, operative approach, pre-
operative weight, or pre-operative body mass index between
the two groups (Table 1). After propensity score matching, 38
matched pairs were generated. There was a higher incidence
of respiratory comorbidities in the PREPARE group in com-
parison to the controls, but there was no difference in the
incidence of cardiac, endocrine, neurological, or psychologi-
cal comorbidities (Table 1).

In the PREPARE group, no patients asked to withdraw
from the programme once they had enrolled. The mean
amount of physical activity completed each week was 848
MET minutes week−1 (SD 659) during neoadjuvant chemo-
therapy, and 1198 MET minutes week−1 (SD 1225) after che-
motherapy was completed. The mean adherence to the

Mobilisation Walk twice a day every day from POD 1

NG tube Free drainage 
until POD 4 Remove by POD 5 

Surgical 
drains Remove by POD 5

Oral intake Sips of fluid on POD 5 (after contrast swallow)

Pain control Maximal pain score of 4 or less out of 10

Extubation Extubation on POD 0

Fig. 1 Enhanced recovery protocol following oesophagectomy. NG,
nasogastric; POD, post-operative day
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personalised exercise prescriptions was 55% (SD 29.8) during
chemotherapy and 66% (SD 35.9) after it was completed.

Post-operative Outcomes

The overall incidence of complications was lower in the
PREPARE group compared to controls, but this difference
was not statistically significant (Table 2; unmatched analysis
68% vs 79%, p = 0.089; matched analysis 63% vs 82%, p =
0.073).

In both the unmatched and the matched analyses, there was
a significant reduction in the incidence of 60-day pulmonary
complications and post-operative pneumonia in the
PREPARE patients in comparison to controls (Table 2; un-
matched analysis overall pulmonary complications 36% vs
67% p = 0.002 and post-operative pneumonia 33% vs 64%
p = 0.002; matched analysis overall pulmonary complications
32% vs 68% p= 0.001 and post-operative pneumonia 26% vs
66% p = 0.001).

There was a shorter length of stay in the PREPARE group
in comparison to controls (10 days vs 13 days in both the
unmatched and matched analyses, p = 0.019 and p = 0.018
respectively). In the unmatched comparison, the rate of severe
complications (Clavien Dindo grade 3 or higher) was lower in
the PREPARE group, but this difference lost significance in
the matched comparison (Table 2; unmatched analysis 24% vs
46%, p = 0.015; matched analysis 32% vs 47%, p = 0.159).

On multivariate regression analysis of the whole cohort,
participation in PREPARE was associated with a 77% lower
incidence of post-operative pneumonia (Table 3; OR 0.23
95% CI 0.09 to 0.55 p = 0.001). There was no significant

effect of age, the use of neo-adjuvant treatment, pre-
operative stage, CCI, or ASA grade.

There was a non-significant trend for a higher 30-day re-
admission rate in the PREPARE patients (Table 2). In the
overall PREPARE cohort, 13 patients were readmitted within
30 days (18%). The reasons for readmission included pneu-
monia (n= 2); recurrent pleural effusions (n= 2); pneumotho-
rax (n= 1); wound infection (n= 2); inadequate pain control (n
= 2); cardiac arrythmia (n = 1); diarrhoea (n = 1); intra-
abdominal collection (n = 1); and a new diagnosis of metasta-
tic disease (n = 1). The median length of stay for the
readmissions was 6 days (IQR 3 to 13 days).

Compliance with Enhanced Recovery Protocol

There was a higher rate of compliance with the post-operative
target for removal of nasogastric (NG) tubes in the PREPARE
patients (Table 2). In the unmatched analysis, there was also a
significantly higher compliance with the removal of surgical
drains in the PREPARE patients, but this lost significance
once propensity score matching was performed. Compliance
with all other ERP elements was comparable between the two
groups.

Discussion

This study has found a significantly lower incidence of post-
operative pneumonia and a shorter length of stay in patients
who have undergone the PREPARE for Surgery programme
in comparison to controls. We also observed a trend for a

85 patients with oesophageal or
GOJ cancer – eligible for

PREPARE for Surgery

23 patients with oesophageal or GOJ
cancer underwent surgery in 2015

10 patients with oesophageal or GOJ
cancer who were referred after
starting treatment at a different
center

39 control patients who
underwent surgery but did not

receive prehabilitation

72 patients completed
prehabilitation and underwent

surgery

11 patients did not complete the
programme due to a change in
clinical status precluding resection
(disease progression, development
of metastases or deterioration in
medical co-morbidities)

1 patient declined surgery after
starting treatment

1 patient declined to participate in
the programme

6 patients who did not enroll on
PREPARE due to administrative
limitations

Identification of controls

Fig. 2 Study participant flow chart
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lower overall incidence of complications in the PREPARE
cohort, although this did not reach statistical significance.

To date, this is the first study that has shown improved post-
operative outcomes in oesophageal cancer patients who have
undergone prehabilitation. Two meta-analyses into
prehabilitation in patients undergoing intra-abdominal opera-
tions have reported 37% and 41% reductions in post-
operative complications.22,27 The impact of prehabilitation on
respiratory complications is particularly notable, with a 60%
lower incidence in comparison to controls.27 In this study, we
observed that prehabilitation was associated with a 77% reduc-
tion in the incidence of pneumonia following oesophagectomy.

A previous study of patients participating in the PREPARE
for Surgery programme found that the incidence of post-

operative pneumonia was significantly related to the amount
of exercise completed in the pre-operative period.32 The
mechanism by which prehabilitation reduces post-operative
pneumonia is likely to be multi-factorial. Prehabilitation has
been shown to improve cardio-respiratory fitness in a range of
patient populations, including oesophageal cancer
patients.16,17,23,31,42. Oesophageal cancer patients have a high
incidence of sarcopenia,43,44 which is associated with post-
operative respiratory complications,45,46 and further research
is needed to assess the impact of prehabilitation on body com-
position. Other possible mechanisms include improving respi-
ratory physiology with stronger respiratory muscle function
and better clearance of secretions. Some prehabilitation
programmes include specif ic inspiratory muscle

Table 1 Demographic factors before and after application of PS matching

Unmatched groups Matched groups

PREPARE Controls p value PREPARE Controls p value

N 72 39 38 38

Age—median (IQR) 68 (61–73) 67 (62–74) 0.973 69 (60–73) 68 (61–74) 0.979

ASA, n (%) 0.557 0.574

1 0 0 0 0

2 59 (82%) 30 (77%) 31 (82%) 29 (76%)

3 12 (17%) 9 (23%) 7 (18%) 9 (24%)

4 1 (1%) 0 0 0

Stage, n (%) 0.736 0.842

1 7 (10%) 4 (10%) 2 (5%) 4 (10%)

2 8 (11%) 4 (10%) 5 (13%) 4 (10%)

3 44 (61%) 21 (54%) 21 (55%) 21 (55%)

4 13 (18%) 10 (26%) 10 (27%) 9 (27%)

CCI—median (IQR) 5 (4–5) 5 (4–5) 0.872 5 (2–8) 5 (4–5) 0.944

NAC, n (%) 63 (88%) 21 (87%) 0.961 33 (87%) 33 (87%) > 0.999

Pre-operative weight (kg)—mean (SD) 80.7 (18.6) 77.7 (13.9) 0.340 81.9 (18.9) 77.0 (12.6) 0.217

Pre-operative BMI (kg/m2)—mean (SD) 27.4 (5.8) 26.1 (3.7) 0.154 27.5 (5.6) 25.9 (3.7) 0.172

Comorbidities

Cardiac 18 (25%) 5 (13%) 0.131 10 (26%) 5 (13%) 0.150

Respiratory 19 (26%) 2 (5%) 0.006 11 (29%) 2 (5%) 0.006

Neurological 5 (7%) 1 (3%) 0.330 1 (3%) 1 (3%) > 0.999

Endocrine 11 (15%) 6 (15%) 0.988 4 (11%) 6 (16%) 0.497

Psychiatric 8 (11%) 5 (13%) 0.789 2 (5%) 5 (13%) 0.234

Procedure 0.152 0.280

Three stage 12 (17%) 11 (28%) 7 (18%) 11 (29%)

Two stage 60 (83%) 28 (72%) 31 (82%) 27 (71%)

Operative approach—abdominal stagea 0.450 0.692

Laparotomy 66 (92%) 34 (87%) 34 (89%) 35 (92%)

Laparoscopy 6 (8%) 5 (13%) 4 (11%) 3 (8%)

a In all cases, the thoracic component was performed as an open procedure

Continuous data displayed as mean (standard deviation) if parametric and median (interquartile range) if non-parametric. CCI, Charlson Comorbidity
Index; NAC, neoadjuvant chemotherapy; ASA, American Society of Anesthesiologist physical status classification; BMI, body mass index; IQR, inter-
quartile range; SD, standard deviation
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training,15,16,20 although this is not a component of the
PREPARE programme.

Reported rates of complications after an oesophagectomy
often exceed 60%5,47 and respiratory complications are partic-
ularly commonplace, with previous studies reporting post-
operative pneumonia rates of between 16 and 50%.2,6,48,49

Within this study, all patients underwent an open thoracotomy
and approximately 90% of patients underwent an open laparot-
omy for the abdominal stage (Table 1). This approach is used
with the aim of maximising oncological outcomes but is known
to be associated with a greater incidence of post-operative
pneumonia.50 The high incidence of post-operative pneumonia
was a driving factor behind the adoption of prehabilitation.

Exercise during chemotherapy is challenging.51 We found
adherence to the personalised exercise prescriptions was lower
whilst patients were undergoing neoadjuvant chemotherapy in
comparison to once it was completed (55% and 66% respec-
tively). The exercises were personalised and adapted over the
course of each patient’s programme dependent on their prog-
ress and clinical condition. This dynamic approach was
adopted with the aim of maximising participation. Whilst the
adherence percentages show that most patients did not fully
complete their exercises as prescribed, it is notable that no
patients asked to withdraw from the programme and the aver-
age amount of physical activity completed in MET minutes
week−1 exceeded the WHO recommendations both during
and after chemotherapy.33

Compliance with six out of the seven ERP elements in the
matched analysis were comparable between the two groups,
suggesting that there were no substantial differences in post-
operative care to account for the lower rate of pneumonia and
shorter hospital stay. However, in the prehabilitation group,
there was a higher rate of compliancewith the target to remove
NG tubes by day 5 after surgery (Fig. 1 and Table 2).

As the majority of controls patients were from a historical
cohort, this could reflect a small change in practice around NG
tube removal. However, the relationship between ERP com-
pliance and complications is complex; complications may re-
sult from poor compliance but complications themselves will
also cause deviation from the protocol and lower
compliance.52 For example, better compliance with the target
for NG tube removal in the PREPARE group may occur

Table 2 Comparison of study
outcomes in both unmatched and
propensity score matched analysis

Unmatched groups Matched groups

PREPARE Controls pvalue PREPARE Controls p value

Any complication, n (%) 46 (68%) 31 (79%) 0.089 24 (63%) 31 (82%) 0.073

Pulmonary complication, n
(%)

26 (36%) 26 (67%) 0.002 12 (32%) 26 (68%) 0.001

Post-operative
pneumonia, n (%)

24 (33%) 25 (64%) 0.002 10 (26%) 25 (66%) 0.001

Severe complications, n (%)a 17 (24%) 18 (46%) 0.015 12 (32%) 18 (47%) 0.159

Length of stay (days),
median (IQR)

10 (8–17) 13
(11–20)

0.019 10 (8–17) 13
(11–20)

0.018

30-day readmission, n (%) 13 (18%) 3 (8%) 0.138 9 (24%) 3 (8%) 0.059

Enhanced recovery protocol compliance

Mobilisation, n (%) 24 (33%) 14 (36%) 0.679 11 (29%) 13 (34%) 0.449

NGT removal, n (%) 40 (56%) 13 (33%) 0.053 23 (61%) 13 (34%) 0.046

Drain removal, n (%) 34 (47%) 11 (28%) 0.048 16 (42%) 11 (29%) 0.179

Oral intake, n (%) 28 (39%) 12 (31%) 0.442 15 (39%) 12 (32%) 0.583

Fluid balance, n (%) 3 (4%) 4 (10%) 0.203 1 (3%) 4 (11%) 0.144

Pain control, n (%) 41 (57%) 23 (59%) 0.656 21 (55%) 23 (61%) 0.362

Day 0 extubation, n (%) 51 (71%) 28 (72%) 0.905 27 (71%) 27 (71%) > 0.999

a Severe complications was defined as Clavien Dindo grade 3 or higher

IQR, inter quartile range; NGT, nasogastric tube

Table 3 Factors associated with development of post-operative
pneumonia

Variable Odds ratio (95% CI) SE p value

Age 1.04 (0.97 to 1.12) 0.04 0.280

ASA grade 1.19 (0.39 to 3.66) 0.57 0.761

Clinical stage (II) 3.39 (0.37 to 31.28) 1.13 0.281

Clinical stage (III) 0.72 (0.12 to 4.00) 0.88 0.707

Clinical stage (IV) 1.94 (0.60 to 6.31) 0.60 0.271

CCI 0.92 (0.49 to 1.73) 0.32 0.806

NAC 1.34 (0.22 to 8.02) 0.91 0.751

Prehabilitation 0.23 (0.09 to 0.55) 0.46 0.001

CCI, Charlson Comorbidity Index; NAC, neoadjuvant chemotherapy;
ASA, American Society of Anesthesiologist physical status classification
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because of the lower incidence of post-operative pneumonia.
In our practice, an elevation in inflammatory markers raises
concerns about an anastomotic leak. Therefore, a rise in in-
flammatory markers from pneumonia may delay NG tube
removal until an anastomotic leak has been excluded by other
investigations, and this could explain the lower compliance
with the target for NG tube removal in the control group.

The readmission rate in our prehabilitation patients was
18% in the unmatched comparison and 21% in the matched
analysis. These figures are higher than recent benchmarking
outcome data which reported an 11% readmission rate.5 In the
whole PREPARE cohort, nine of the 13 readmissions were
due to post-operative complications and four were due to
symptom control or disease progression. These complications
were included in the comparison of 60-day complications be-
tween the two study groups. Although the overall rate of pul-
monary complications was lower in the PREPARE group, the
incidence of post-operative complications after an
oesophagectomy is still high.5,6 The PREPARE cohort had a
shorter length of stay and therefore complications that may
otherwise have been managed during the index admission
occurred in the community setting.

Identifying ways to reduce readmission and provide more
support following discharge should be a focus of future re-
search. Ambulatory care for symptom control and low-grade
complications, such as wound infections, could be employed
to prevent or limit readmission, which itself may serve to
further delay post-operative functional recovery. The ethos
of prehabilitation could be extended to recovery at home after
surgery, with structured exercise and psychological interven-
tions to facilitate supported self-management.

There are several limitations to this study. Firstly, it is an
observational study and the intervention was not randomised
between the two arms of this study. To reduce the impact of
confounding factors between the two groups, a propensity
score matched analysis was performed. Although this reduced
the size of the study population, the significant differences in
the incidence of pneumonia and length of stay remained. The
number of cases and controls included in this study limited the
number of variables that could be added to the propensity
score. The number of controls was limited by the availability
of data. It was not possible to add cases from before 2015 as a
new enhanced recovery protocol was implemented at this
point and therefore significant differences occurred in other
aspects of peri-operative care independent to the use of
prehabilitation.

Measurements of baseline fitness and physical activity
were not recorded for the control patients so this could not
be added to the propensity score. Whilst there was no differ-
ence in comorbidities between the two groups (with the ex-
ception of a higher incidence of respiratory comorbidities in
the PREPARE group), we were unable to compare the two
cohorts for cardio-respiratory fitness and lung function, which

could have impacted on post-operative pneumonia. Lung
function tests were performed only when indicated and
cardio-pulmonary exercise testing was not routinely per-
formed. Sub-maximal exercise testing was performed only
in the prehabilitation group and thus was not available for
the controls. Psychometric variables, such as anxiety or moti-
vation, which may influence post-operative recovery were
also not recorded for the control patients. However, there
was no significant difference in known psychiatric comorbid-
ities between the two groups (Table 1).

Further research is needed into the effects of prehabilitation
on long-term outcomes and recovery.We have not reported an
economic analysis of prehabilitation, and this will form an
area of future research. The PREPARE for Surgery pro-
gramme was developed and implemented using quality im-
provement methodology, and was co-designed by patients,
carers, and healthcare professionals. Given the growing evi-
dence showing significant benefits from prehabilitation, a
study into the barriers and facilitating factors for the delivery
of prehabilitation should be undertaken to aid the roll-out of
prehabilitation to a wider range of clinical settings.

Conclusion

Patients undergoing an oesophagectomy are at high-risk of
respiratory complications. Using a propensity score matched
analysis, we have observed a lower rate of post-operative
pneumonia and shorter length of stay in oesophageal cancer
patients who have undergone home-based, multimodal
prehabilitation. This model of home-based prehabilitation is
especially important in centralised cancer specialties such as
oesophageal cancer. Success hinges not on the location of the
intervention, but the level of personalisation, monitoring, and
support provided by the clinical team.
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