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Abstract

Objectives: To assess if the introduction of routine pre-operative cardiopulmonary

exercise testing (CPET) in radical cystectomy has delayed surgical intervention.

Materials and Methods: A prospective database of patients undergoing radical

cystectomy in our local health network was maintained. A retrospective analysis of

two years (2018–2020) included 38 patients. Of these, 15 patients had CPET

pre-operatively, and a direct comparison was performed.

Results: The mean time from diagnosis to cystectomy was 95 days in patients who

did not have CPET compared to 110 days for those who did (p = 0.32), with compa-

rable rates of neoadjuvant chemotherapy (NAC) (62.5% and 64.29%). Average length

of stay was 18.6 days compared with 13.87 (p = 0.16), favouring the CPET group.

The CPET group also had a lower readmission rate within 30 days (13.33% compared

with 21.05%, p = 0.35). Cause-specific mortality within 90 days was 10.2% and

within the study timeframe was 36.84% (estimated 5-year mortality rate 43–65%).

Within the CPET group, eight had an anaerobic threshold (AT) of <11 ml/kg/min

(range 6.3–10.5): Of these, 50% had Clavien-Dindo complications of grade 2 or

higher and the 90-day mortality rate was 37.5% (cf. 0% in those with AT > 11 ml/kg/

min in this series).

Conclusion: CPET is a valuable risk evaluation tool. This study suggested that CPET

contributed to a minor non-significant delay to surgery, however was associated with

reduced length of stay and readmission rates, and was a valuable risk evaluation tool.

We found that CPET AT <11 ml/kg/min is associated with higher rates of patient

morbidity and perioperative mortality.
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1 | INTRODUCTION

Radical cystectomies are performed for muscle invasive and high risk

or recurrent non-muscle invasive bladder cancer, a major operation

with significant morbidity (significant complications in �30%, overall

complications up to 64%) and a perioperative 90 day mortality rate of

5–8%.1,2 When adjusted for comorbidity and smoking status, age

itself is not deemed a risk factor for post-operative morbidity/

mortality, rather cardiorespiratory fitness status.1–4

CPET is a non-invasive and reproducible method of assessing

cardiorespiratory function and reserve through a closely monitored

exercise test. Its focus is measuring oxygen uptake (VO2) (and calcu-

lating ventilatory equivalent for carbon dioxide [VE/VCO2]) during

exercise and the point at which aerobic respiration is supplemented

by anaerobic respiration to produce energy (the anaerobic threshold

[AT]), which appears to correlate with peri-operative outcomes.2,5

CPET is being adopted increasingly into the pre-operative workup

and optimisation of patients prior to major elective non-cardiac

surgeries.6 It has played a role in Early Recovery After Surgery (ERAS)

protocols for abdominal surgery and surgical p/rehabilitation.4,7,8

CPET can help risk assessment for perioperative morbidity and

mortality (therefore guide perioperative care and anaesthetic

practice), inform multidisciplinary decision-making, assess optimisation

of comorbidities, identify underlying pathology, and evaluate the

effect of neoadjuvant therapies.8 This is particularly important in

non-cardiothoracic surgery such as cystectomy where there are

increased cardiovascular demands without the expected cardiorespi-

ratory improvement from the intervention itself.9 However, there is

paucity of studies in the literature assessing the realistic impact of

introducing CPET-driven pre-operative co-morbid optimisation, or

any service-delivery related learning curve, on time to surgery.

Studies have suggested poor CPET scores pre-operatively are

correlated with a longer and more morbid length of stay.2,5,10 For

radical cystectomy, post-operative functional performance has also

been found to correlate with overall survival.3,11 Patients with a low

AT of ≤11–12 ml/kg/min and VE/VCO2 ≥ 33 appear to be at higher

risk of complications and mortality.2,5 However, the literature is still

relatively sparse for CPET in radical cystectomy (either laparoscopic/

robotic or open) compared with other major abdominal surgery, and

results have been to some degree divided. The best variables to

predict outcome risks are still being clarified and validated.2,8,12

This pilot study aims to identify whether the introduction of

CPET prior to radical cystectomy resulted in delay to surgical

intervention. The secondary outcomes assessed included comparison

of length of stay, readmission within 90 days, post-operative

morbidity and mortality rates.

2 | MATERIALS AND METHODS

All patients aged 18 years and over who underwent open radical

cystectomy at John Hunter Hospital from January 2018 to December

2020 were included. Pre-operative CPET became routine for

cystectomies in December 2019; CPET testing is performed on a

calibrated electronically-braked cycle ergometer, with patients

wearing a 12-lead ECG and being monitored by an exercise physiolo-

gist and medical doctor. The rate at which power increases each

minute is individualised, with the aim of achieving a test duration of

between 8 and 12 min. Breath-by-breath expired gas analysis is

undertaken using a Medisoft Exp’air metabolic cart. Peak exercise

capacity is defined as the rate of oxygen consumption averaged over

the final 30 second epoch of the CPET. AT at our institution is

determined using the Modified V-slope method (in a plot of the

minute production of CO2 [VCO2] over the minute uptake of oxygen

[VO2], the slope increases from <1 to >1). If this is not possible,

secondary methods (ventilatory equivalent method or excess carbon

dioxide method) are utilised to determine AT.

The included patients were divided into two groups based on

whether they had pre-operative CPET assessment or not. The primary

outcome of interest was whether the introduction of CPET resulted

in delay to surgical intervention. Secondary outcomes included

length of inpatient stay, perioperative, and postoperative morbidity/

mortality outcomes as a result of CPET assessment and potential

change in patient selection. Data obtained from the medical record

included basic demographics, comorbidities expressed as a calculated

Charlson comorbidity index (excluding their bladder cancer),

pre-operative haemoglobin and albumin, histopathology results and

staging, time from histopathological diagnosis to cystectomy, details

of pre-operative CPET assessment, perioperative or postoperative

complications, length of ICU and hospital stay, readmissions, and

post-operative survival.

Ethics approval was obtained from Hunter New England Human

Research Ethics Committee, a NSW Health Lead HREC and informed

consent obtained from participants.

Comparative analysis was completed including a Kaplan–Meier

survival curve, with 95% confidence intervals where indicated and

p < 0.05 considered statistically significant.

3 | RESULTS

Thirty-eight patients were included over the two-year retrospective

study period. Overall, the mean age at diagnosis was 64 years and

patients waited an average of 100.8 days from diagnosis to

cystectomy. Twenty-three patients had neoadjuvant chemotherapy

(60.5%), and an additional seven had adjuvant chemotherapy. The

mean albumin pre-operatively was 35.94 g/L, and mean drop in

haemoglobin from pre-operatively to immediately post-operatively

was 23.84 g/L. The mean hospital length of stay was 16.05 days,

whilst average ICU length of stay was 0.14 days. The readmission rate

within 30 days was 21.05%. The overall cause-specific mortality

within the study timeframe was 36.84%, and the 90 day mortality rate

was 10.2% (four patients).

These patients were divided into Group 1 (no CPET assessment,

n = 23) and Group 2 (CPET assessment, n = 15) for comparative

analysis (Table 1). Group 1 had a shorter diagnosis to cystectomy
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interval, 95 days compared with 110 (p = 0.32). Notably, COVID

19 may have affected elective surgery bookings in 2020 so a separate

analysis of the period between January 2018–February 2020 and

March 2020–December 2020 was performed, resulting in a mean of

97.81 days and 108.7 days respectively, without statistical signifi-

cance (p = 0.508).

Both groups had comparable baseline characteristics and compa-

rable rates of neoadjuvant chemotherapy (NAC) (62.5% and 64.29%).

Average length of stay was 18.6 days compared with 13.87

(p = 0.16), favouring Group 2. The CPET group also had a lower

readmission rate within 30 days (13.33% compared with 21.05%,

p = 0.35).

A Kaplan–Meier analysis was completed which demonstrated a

survival rate of 65% (Group 1) compared with 43% (Group 2) at

24 months, but this was not statistically significant (p = 0.205)

(Figures 1 and 2).

Within the CPET group, the mean peak VO2 was 18.49, mean AT

was 11.89, and VE/VOC2 was 35.77. CPET values correlated with

poor outcomes, particularly AT, which has also been favoured in the

literature as a predictor of post-operative morbidity. In this study, AT

of <11 ml/kg/min was associated with an increased rate of post-

operative complications. Eight patients had an AT <11 ml/kg/min

(range 6.3–10.5): Of these patients, 50% had Clavien–Dindo compli-

cations of grade 2 or higher, and the 90-day mortality rate was 37.5%

(this is compared to 0% in those with AT>11 ml/kg/min in Group 2).

Of the five patients who had the lowest pre-operative AT measure-

ments at <9 (range 6.3–8.8), four had a Clavien–Dindo complication

of II or higher (80%).

4 | DISCUSSION

We have established in this study that the introduction of CPET itself

did not cause significant delays to surgery in our local health district.

Patients who had CPET appeared to have a shorter length of stay and

lower readmission rate. However, this change in hospital stay out-

comes suggests that although the demographics of the two groups

were comparable, the process of having CPET may result in some

degree of selection bias; the scope of this study did not include all

potential candidates considered for cystectomy, only those who

proceeded to surgery. In the study period, routine CPET was still

being established and prehabilitation had not yet been implemented

as a formal program, although it has now been introduced to optimise

high risk patients. The beneficial difference then, noting that it is not

statistically significant, may be attributable to a small cohort and other

confounders.

In reviewing the patients who had <90-day mortality, all were

cause-specific (metastatic bladder cancer), and all had either aggres-

sive undifferentiated or variant pathology or were upstaged at

cystectomy to at least nodal metastatic disease. This likely accounts

T AB L E 1 Comparison of baseline characteristics and main outcomes

Overall (n = 38)
Group 1
(no CPET, n = 23)

Group 2 (CPET
pre-op, n = 15) Difference

Age at diagnosis (mean) 64.66 65.87 62.8 95% CI �9.6 to 3.46,

P = 0.3467

Charlson comorbidity index (mean) 3.26 3.21 2.86 95% CI �1.55 to 0.85,

P = 0.5594

Difference in Hb pre-operatively to

post-operatively (g/L, mean)

23.84 24.83 22.14 95% CI �13.62 to 8.24,

P = 0.6208

Pre-operative albumin (g/L, mean) 35.95 36.17 35.57 95% CI �3.86 to 2.66,

P = 0.7108

Mean (days) from diagnosis prompting

surgery to cystectomy date

100.83 95.34 110.54 95% CI �15.37 to 45.75,

P = 0.3196

Hospital LOS (days, mean) 16.05 18.56 13.87 95% CI �11.28 to 1.88,

P = 0.1563

ICU LOS during admission (days, mean) 0.14 0.48 0.2 95% CI �22.60 to 26.01,

P = 0.7406

Readmission within 30 days 8/38 = 21.05% 6/23 = 26.08% 2/15 = 13.33% 95% CI �15.28 to 35.27,

P = 0.3524

For those who died within study period

Mean post operative survival time (days)

(percentage mortality)

255.2143 (n 14/38 =

36.84%)

306 (n 9/23 =

39.13%)

163.8 (n 5/15 =

33.33%)

95% CI �271.67 to �12.72,

P = 0.0323

Median survival (days) 180.5 183 82

Interquartile range (IQR) (days) 80.75–388 152.5–457.5 68.5–300

90-day mortality (n, percentage) 4/39 = 10.2% 1/23 = 4.35% 3/15 = 20.0% 95% CI �5.44 to 41.09,

P = 0.1295
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for the slightly higher than average proportion of early mortality,

10.2% compared with �8% quoted in the literature.13 However, some

studies have suggested that the mortality rate post cystectomy is

likely to have been previously under-reported in the literature.

Schiffmann et al.’s study used data from a SEER-medicare database

from 1991 to 2009 and reported an average 90-day mortality rate of

10.6% (with statistically significant predictors of increased mortality

including: advanced age, higher CCI, low socioeconomic status,

unmarried status and non-organ confined staging).14 Continuation of

this study with risk stratifying patients according to pathology

would provide more informative subgroup analysis with a larger

cohort. The 5-year cancer-specific survival rate post cystectomy is

between �25–63% in the literature.13,15 Our 24- to 35-month

survival rate calculated is also comparable to other studies (52–71%),

but further longer term studies and specific subgroup analysis with

tumour staging, grading, and variant pathology would be beneficial in

considering the impact of CPET and prehabilitation options on

outcomes.16–18

Anaerobic threshold is considered the optimal predictor of

outcome in intra-abdominal surgery, with <10–11 ml/kg/min

considered high risk.2,5,19 We certainly found this to be consistent

with our post-operative morbidity and mortality outcomes showing

higher complication rates and mortality rates with patients who had

AT <11 ml/kg/min.

Given the small number of patients who had CPET done,

subgroup analysis beyond overall morbidity/mortality rates was not

useful; however, larger studies evaluating the survival statistics of

patients with stratified AT results would be useful in further

assessment of whether CPET and pre-operative optimisation

programs impacts this.

Limitations of this study include its retrospective design and

limited cohort size which introduce potential for bias; additional

studies would be beneficial with an extended time frame including

prospective data collection and a longer follow up period. During the

course of this study, the effect of COVID 19 on elective surgery and

pre-operative assessment may have been a confounder in delaying

time to surgery.

CPET is a valuable risk evaluation tool. This study suggested that

CPET contributed to a clinically non-significant delay to surgery and

may result in reduced length of stay and readmission rates. We found

CPET AT <11 ml/kg/min is associated with higher rates of patient

morbidity and perioperative mortality.
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