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ABSTRACT
Objective: An exercise programme in primary care soon after radical cystectomy for urinary bladder can-
cer was previously evaluated regarding its effects on physical function. A secondary aim, presented herein, 
was to evaluate the programme in terms of its effect on postoperative complications.
Materials and methods: Patients who were planned for robot-assisted radical cystectomy for urinary 
bladder cancer at Karolinska University Hospital between September 2019 and October 2022 were invited 
to participate. At discharge from hospital, they were randomised to intervention group including aerobic 
and resistance exercises with physiotherapist in primary care twice a week for 12 weeks and daily walks, or 
to unsupervised home-based exercise including daily walks. Readmission rates between 30 and 90 days 
after discharge, and complications according to Clavien Dindo were collected from the medical records 
and analysed.
Results: Ninety patients were randomised, with a mean (SD) age of 72 (9) years. Readmission rates between 
30 and 90 days showed no difference between the groups. For readmitted patients, the intervention group 
had significantly fewer complications reported as Clavien Dindo grade 2 compared to the control group. 
Conclusion: An exercise programme in primary care soon after robot-assisted radical cystectomy appears 
to be safe for patients, as measured by hospital readmission rates. 
Trial registration: Clinical Trials (NCT03998579).
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Introduction

Patients who undergo radical cystectomy for urinary bladder 
cancer are at risk of being severely affected by postoperative 
complications [1]. Physical activity is thought to decrease the 
risk of postoperative complications after radical cystectomy 
[2, 3]. Common complications after the procedure are infection, 
ileus, thrombosis, metabolic imbalance and parastomal hernia 
[1, 4]. The readmission rate to hospital after radical cystectomy 
due to postoperative complications is high and thus also a 
financial burden for the health care system and society [1, 5]. 
This patient group generally includes people who are older and 
frail, suffer from comorbidities and are, or have been, smokers 
[6]. Older patients with comorbidities have a lower capacity to 
cope with postoperative complications [7].

The evidence on the effects of exercise on cancer-related 
symptoms is high and it has been shown to be safe and feasible 
[8, 9]. Patients with cancer who exercise have also shown to have 

a lower relative risk of cancer mortality and recurrence [9]. 
Exercise is a subset of physical activity that is planned, structured, 
and repetitive with the aim of improving or maintaining physical 
function or fitness [10]. Exercise recommendations for patients 
with cancer are aerobic exercise at moderate intensity at least 
150 min per week, and muscle strengthening activities twice a 
week [8]. Exercise has a positive impact on blood circulation, the 
immune system, and bowel peristalsis and could thus decrease 
the risk of postoperative complications [11–13]. 

Studies that evaluate physical exercise after radical cystectomy 
and its impact on postoperative complications are lacking. Two 
studies investigated early rehabilitation after radical cystectomy 
in oncological inpatient settings, with exercise as one component, 
in which postoperative complications were reported [14, 15]. 
However, because the type of exercise was not described and 
adherence to the programme was not reported, the possible 
impact on postoperative complications is unknown. At discharge 
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from hospital, patients who have undergone radical cystectomy 
are often recommended to engage in physical activity, like daily 
walks, and to avoid lifting heavy objects. However, most of these 
patients are feeble at discharge and may have difficulty following 
the general recommendations on physical activity. In a 
randomised controlled trial (RCT), we evaluated an exercise 
programme in primary care soon after discharge from hospital 
following robot-assisted radical cystectomy, in terms of impact on 
physical function, physical activity in daily life, and health-related 
quality of life [16]. Patients participated in a mean of 17 out of 24 
sessions for 12 weeks. Four months after discharge, both the 
intervention group and the active control group took between 
7000 and 8000 daily steps, but the intervention group had 
increased the daily number of steps more than the control group, 
compared to measurements at discharge from hospital. A 
secondary aim of the RCT, presented herein, was to evaluate the 
exercise programme in terms of its effect on readmission rates 
due to postoperative complications after discharge from hospital.

Materials and methods

Study design

A single-blind, two-arm RCT-study was conducted to evaluate 
the effects of a physical exercise programme. This study reports 
a preplanned secondary analysis of the RCT-study which evalu-
ated the effects of a physical exercise programme on readmis-
sion rates due to postoperative complications.  The study was 
registered in Clinical Trials (NCT03998579), approved by the 
regional ethical review board in Stockholm (Dnr 2012/2214-
31/4 and 2020-06249), and described in a study protocol [17]. 

Participants and setting

Patients who were scheduled for a robot-assisted radical cystec-
tomy for urinary bladder cancer at Karolinska University Hospital, 
Stockholm between 1 September 2019 and 31 October 2022 
were consecutively invited to participate in the study. The 
patients underwent cystectomy with intracorporeal urinary 
diversion, either with an ileal conduit or orthotopic bladder 
reconstruction [18]. The patients had to be able to walk with or 
without a walking aid, understand and speak Swedish without 
an interpreter, and live in the Stockholm region. Patients who 
were planned for palliative surgery or had cognitive impair-
ments, identified in the medical records, were not invited to join 
the study. The researchers screened potential patients for eligi-
bility based on their medical records. Eligible patients were then 
given written information by a registered nurse at a preopera-
tive meeting, and a few days later, one of the researchers pro-
vided more information in a phone call. Informed consent was 
signed before surgery. Prior to surgery, all patients received 
information on the importance of postoperative physical activ-
ity, and after surgery, the Activity Board, which is a standardised 
tool involving individual goal setting, was used on the ward to 
enhance mobilisation [19–21]. At discharge, patients were 
instructed to avoid lifting heavy objects and informed about the 

importance of physical activity at home. Patients who needed 
more rehabilitation before returning home were referred to stay 
for 1 week at an inpatient rehabilitation ward.

Eighteen primary care settings in the Stockholm region 
participated in the study, enabling patients in the intervention 
group to exercise with a physiotherapist at a primary care setting 
close to where they lived. A referral was sent to the chosen primary 
care setting from the physiotherapist at Karolinska University 
Hospital who conducted the assessments when the patients were 
discharged from hospital. The assessments are described in the 
published study protocol [17]. After assessments, the patients 
were allocated to either intervention or the control group, and a 
referral was sent. The physiotherapists at the primary care settings 
received education from the researchers before the study started 
regarding the study process, the patient group, robot-assisted 
radical cystectomy, postoperative restrictions, the exercise 
programme, and potential adverse events.

Intervention group

Patients who were randomised to the exercise programme led by 
a physiotherapist in primary care were scheduled to start the 
exercise programme during the third week after discharge. The 
patients paid 200 SEK for their visits to primary care, in line with 
usual fees. After the patients reached the high-cost threshold of 
1400 SEK, visits were free. The programme was ongoing for 12 
weeks, with two exercise sessions per week, and was individually 
targeted, but based on international recommendations for 
patients with cancer [8]. The programme consisted of aerobic 
exercise aiming for moderate intensity (30 min/session) and mus-
cle strengthening exercises for endurance with 2 × 15 repetitions. 
The programme also included specific abdominal muscle train-
ing, including pelvic floor exercises, to minimise the risk of paras-
tomal hernia [22]. The exercise programme was approved by the 
surgeons who performed the cystectomies at Karolinska, and 
restrictions relating to the use of abdominal muscles for 6 weeks 
due to surgical wounds were followed in the programme. Patients 
were also recommended to take daily walks. A recommended 
number of daily steps was set together with the physiotherapist 
in primary care once a week, based on the patient’s capacity the 
previous week. Individual goal setting, feedback, and self-moni-
toring of daily steps were used to support the patients’ daily walks.

Control group

Patients who were randomised to the active control group 
received written and oral instructions for a gradually increasing 
unsupervised exercise programme that included daily walks and 
a sit-to-stand exercise. The patients also received information on 
techniques to enhance physical activity such as the use of a ped-
ometer, an exercise diary, and mobile phone applications.

Data collection and outcomes

The primary outcome was readmission to hospital between 30 
and 90 days after discharge from hospital, related to the start 
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and duration of the exercise programme. Secondary outcomes 
were readmission within 30 days after discharge, the severity 
of complications reported according to the Clavien Dindo clas-
sification among the readmitted, difference in values of hae-
moglobin and leukocytes, and rate of postoperative hernias 
within 6 months [23, 24]. The first author collected demo-
graphic and clinical data, as well as data on readmissions, com-
plications, values of haemoglobin and leukocytes, and hernias 
from the patients’ medical records. The most severe complica-
tion on each occasion was included in the analysis. Physical 
tests, questionnaires and accelerometers were used at dis-
charge and 4 months after discharge to evaluate the effect of 
the RCT in terms of physical function, physical activity, and 
health-related quality of life [16].

Sample size

Power was calculated on the proportion of patients who were 
readmitted to hospital within 90 days after discharge. Based on 
previous research and clinical experience, we anticipated a 20% 
readmission rate for the intervention group and a 45% readmis-
sion rate for the control group [17]. Forty-five per cent was the 
proportion of patients that we estimated were readmitted in the 
clinic when the study was planned. One hundred and twelve 
patients would provide a statistical power of 80% with the type 
1 error set at 0.05. To allow for dropouts, the original plan was to 
include 120 patients (60 in each group). Due to the COVID-19 
pandemic and the length of data collection, a decision was 
taken to halt recruitment at 100 patients.

Allocation

Randomisation was conducted in blocks of 2–6 patients, strati-
fied by sex and age (<75, ≥75), through the ALEA system at the 
Centre for Clinical Cancer Studies at Karolinska University 
Hospital. After completing the tests at discharge from hospital, 
the physiotherapist received information from the researchers 
about which group the patient had been randomised to and 
informed the patient.

Blinding

The aim was that the physiotherapists conducting the measure-
ments were to be blinded to the intervention. However, due to 
the pandemic and the lack of resources in the clinics, not all 
measurements were blinded.

Statistical analyses

Statistical analyses were conducted in SPSS version 28. 
Descriptive statistics were employed to ensure comparability 
between the groups prior to surgery and to describe the results 
of the outcomes. Due to non-normally distributed data and 
missing data, outcomes are described as median interquartile 
range (IQR), and the Mann-Whitney U-test was used to analyse 
between-group differences regarding primary and secondary 

outcomes. The alpha level was set to 0.05 and data was analysed 
using both an intention-to-treat and per-protocol approach. Also, 
the Holm-Bonferroni method was used to control for multiple 
comparisons.

Results

Out of 202 eligible patients, 100 accepted the invitation to par-
ticipate in the study (Figure 1). One-third of the patients who 
declined participation were too stressed about the surgery to 
think about their rehabilitation. The other patients who declined 
prioritised other things or were not interested in the study. 
During the hospital stay, 10 patients dropped out, and at dis-
charge, 90 patients were randomised with a mean (SD) age of 72 
(9) years (Figure 1). There were no differences between the 
groups in terms of preoperative demographic or clinical charac-
teristics, except for treatment with Bacillus Calmette-Guérin 
(BCG) and adjuvant chemotherapy. More patients in the inter-
vention group had received BCG, and more patients in the con-
trol group had received adjuvant chemotherapy (Table 1). 
One-third of the randomised patients had non-muscle invasive 
tumour and two-thirds had muscle invasive tumour; almost all 
were grade 3 and nearly 50% had cancer in situ. Twenty-five 
patients began exercise in primary care, at a mean (SD) of 39 [21] 
days following discharge from hospital; within 90 days all 
patients, but one, had begun exercise.

There was no intervention effect on readmission rates 
between 30 and 90 days after discharge (Table 2). In total, 22 
(26%) patients were readmitted to hospital within 30 days after 
discharge, and 8 (10%) more patients within 90 days (Table 2). 
For patients readmitted between 30 and 90 days after discharge, 
the intervention group had significantly fewer grade 2 
complications compared to the control group (Table 2). The 
most common complications among the readmitted were 
infections (Supplementary Table 1). Only 4 of 15 patients in the 
intervention group that were readmitted to hospital within 30 
days had started the exercise programme in primary care within 
30 days. Two of the four patients were diagnosed with minor 
complications and two with major complications.

The results showed no intervention effect on haemoglobin, 
leukocytes or hernia rates (Tables 2 and 3). In total, 9% of the 
patients with ileal conduit developed a parastomal hernia (Table 
2). At the end of the study, 1 year after the radical cystectomy, 10 
patients of the 74 remaining in the study (14%) had been 
diagnosed with recurrence of urinary bladder cancer – two in 
the intervention group and eight in the control group (P = 
0.085). One year after surgery, a total of five of 74 patients (7%) 
had deceased, of which four had been diagnosed with 
recurrence of bladder cancer. 

Discussion

This study evaluated a preplanned secondary analysis of an 
exercise programme in primary care soon after robot-assisted 
radical cystectomy. No intention-to-treat-effect on the primary 
outcome of readmission to hospital between 30 and 90 days 
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after discharge was observed. Given there was no difference 
between the groups in terms of readmission rates, this early 
exercise programme in primary care appears to be safe for 
patients. In addition, for patients who were readmitted between 
30 and 90 days, the intervention group had significantly fewer 
complications reported as Clavien Dindo grade 2.

Compared to previous research on readmission rates after 
radical cystectomy, this study showed similar rates of 
readmission within 30 and 90 days after discharge from hospital 
[5, 25, 26]. The hypothesis was that early rehabilitation could 
reduce the rate of readmission due to postoperative 
complications, and that patients should begin exercise within 
the third week of discharge, which only six patients did. However, 
upon assessments 90 days after discharge, all, but one patient, 
had started the exercise in primary care. Results showed no 
intervention effect on the readmission rate, but the intervention 
group had significantly fewer grade 2 complications. Potentially 
the exercises the intervention group performed may have 
reduced complications that are reported as Clavien Dindo grade 

2, which mainly are infections treated with antibiotics [23, 24]. 
Finding a way to reduce the rate of less-severe infections would 
be an important achievement in the care of these patients, since 
infections are the most common postoperative complications 
after radical cystectomy, and the most common reason for 
readmission to hospital [26, 27].

An assessment of patients readmitted within 30 days 
revealed that only a few patients in the intervention group had 
started the exercise in primary care and they had participated in 
just a few sessions. Given the small number of exercise sessions 
those patients participated in, it is theorised that those sessions 
did not have an impact on the readmission rate. The intervention 
group was also instructed to take daily walks. However, it is 
possible that adherence was lower than expected until the 
patients started the exercise programme in primary care. The 
active control group had an exercise programme including daily 
walks that started the day after discharge. A more defined 
instruction to take daily walks, with individual goal setting right 
after discharge, could have had an impact on the readmission 

Figure 1.  Flowchart of the study.
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rate for the intervention group, particularly given that most 
readmissions occur within the first 2 weeks after discharge, 
which is in line with the results of this study [25, 26]. In addition, 

previous research has shown that patients who participate in 
prehabilitation exercise before radical cystectomy improve their 
functional capacity [28]. If patients undertake exercise before 
surgery, it could be easier for them to continue soon after 
discharge from hospital. However, prehabilitation for this 
patient group is challenging due to the short window of time 
between diagnosis and radical cystectomy.

After radical cystectomy with ileal conduit, parastomal hernia 
is a common complication. In one review including 3,170 
patients with ileal conduit, 17.1% developed parastomal hernia, 
diagnosed by clinical examination or cross-sectional imaging 
[4]. In this study, no intervention effect was seen on developing 
parastomal hernia, but in total only 9% of patients who had 
surgery with ileal conduit suffered a parastomal hernia. A body 
mass index (BMI) over 30 is a known predictor for the 
development of parastomal hernia. In the present study, 
however, both the intervention and control groups had a mean 
BMI value just above 25 [4, 29]. Also, both groups had relatively 
high level of daily steps 4 months after surgery. In addition to 
BMI values, higher physical activity levels could potentially also 
positively affect the risk of developing a parastomal hernia. No 
study has yet, to our knowledge, evaluated the association 
between postoperative objectively measured physical activity 
and parastomal hernia.

Limitations

One limitation in this study is power which was calculated on 
the proportion of patients who were readmitted to hospital 
within 90 days after discharge. However, because most of the 
patients started exercise more than 30 days after discharge, we 
report readmission rates between 30 and 90 days after dis-
charge. The COVID-19 pandemic affected patient recruitment, 
which was capped at 100 patients, instead of the planned 120 
and affected the proportion of patients who dropped out dur-
ing the study, resulting in low power. In addition, the pandemic 
made it difficult for many patients to start exercise in primary 
care as early as planned. More than half of the patients were dis-
charged from the hospital to an inpatient rehabilitation ward. 
However, we have no documentation of what kind of exercise 
the patients participated in during the week they spent at the 
rehabilitation ward or how it affected the results of this study.

Adjuvant treatment within 12 months after surgery was 
reported, but not how long after surgery. More patients in the 
control group had adjuvant chemotherapy, which might have 
affected the rate of readmission and complications. Also, in 
terms of the blood tests, there were variations in when the blood 
tests were administered (e.g. not always on postoperative 
day 14), and some patients might have had medical treatments 
before the blood tests were taken, which made it difficult to 
compare the blood tests and it may have impacted the results.

With the goal of minimising hernia risk, the intervention 
group was assigned specific abdominal exercises. However, 
patients were instructed to do the abdominal exercises at home 
due to insufficient time during the sessions in primary care. 
Adherence to the abdominal exercise regime was thereby not 

Table 1.  Preoperative demographic and clinical characteristics of included 
patients between 2019 and 2022, by intervention and control group, 
presented as n (%).
Demographic and characteristics Exercise in primary 

care (intervention 
group) n = 47

Home-based 
exercise 

(control group)  
n = 43

Age, years, mean (SD) 71.3 (9.1) 71.3 (7.8)
Men 31 (66) 31 (72)
BMI ≥ 25 21 (45) 21 (49)
Smoking status
  Smokers 2 (4) 4 (9)
  Quit less than 6 months ago 3 (6) 6 (14)
  Quit more than 6 months ago 29 (62) 18 (42)
  Never smoked 13 (28) 15 (35)
Family status
  Living alone 13 (28) 9 (21)
Preoperative clinical characteristics
  Hypertension 24 (51) 26 (60)
  Diabetes 7 (15) 9 (21)
Tumour stage
  NMIBC 15 (32) 14 (33)
  MIBC 31 (66) 27 (63)
  Locally advanced 1 (2) 1 (2)
  T not known 0 1 (2)
Nephrostomy prior to surgery
  One 5 (11) 4 (9)
  Two 0 1 (2)
ASA class
  1 3 (6) 3 (7)
  2 24 (51) 27 (63)
  3 20 (43) 13 (30)
Treatments before surgery
  Neoadjuvant chemotherapy 14 (30) 15 (35)
  BCG 13 (28)* 4 (9)*
  Previous abdominal surgery 12 (26) 15 (34)
Surgery
  Ileal conduit 39 (83) 36 (84)
  Orthotopic neobladder 8 (17) 7 (16)
  Operation time, minutes, mean (SD) 275 (64) 301 (47)
Postoperative clinical characteristics 
during hospital stay
  Ventricle drain 14 (30) 9 (21)
  Reoperation 3 (6) 1 (2)
 � Length of hospital stay, days, 

mean (SD)
8.5 (3.7) 8.9 (6.7)

  Discharged to rehabilitation ward 32 (68) 23 (53)
Adjuvant treatments after surgerya n = 37 n = 37
  Chemotherapy 2 (5)* 10 (27)*
  Radiotherapy 0 1 (3)
  Radio and chemotherapy 1 (3) 2 (5)

BMI: Body mass index; Gx: Squamous epithelial; CIS: Cancer in situ; ASA: 
American Society of Anesthesiologists; BCG: Bacillus Calmette-Guérin.
*Significant difference between the groups.
aWithin 12 months after surgery. The Mann-Whitney U-test was used to 
analyse between-group differences.
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measured, which is a limitation. Also, hernias were intended to 
be diagnosed by cross-sectional imaging 6 months after surgery; 
but due to logistic difficulties, hernias were assessed through 
the patients’ medical records 6 months after surgery. The rate 
of hernias was low in this study, but 6 months could be 
considered a short follow-up period for parastomal hernia. 
Also, patients suffering hernias may have dropped out of the 
study, potentially skewing this aspect of the results. Finally, 
patients who participate in exercise studies often have fewer 

comorbidities and are more likely to be physically active than 
patients who decline participation, which affects the external 
validity.

Conclusion

Considering the limitations in this study, an exercise pro-
gramme in primary care soon after discharge following 
robot-assisted radical cystectomy appears to be safe for 

Table 3.  Haemoglobin and leukocytes at 10–14 days and 6 months after surgery, and differences between groups, presented as median (IQR).
Blood values Intervention group Control group Intervention effect between 10–14 days and 6 months

10-14 days 6 months 10-14 days 6 months Intervention 
difference

Control difference P-value

Haemoglobin, g/L 108(17) 133(19) 106(17) 129(18) 25(15) 1(26) 0.052
Leukocytes, 10^9/L 10.3(5.9) 6.0(2.7) 9.5(4.4) 7.0(2.5) -4.0(6.7) -3.5(4.5) 0.946

The Mann-Whitney U-test was used to analyse between-group differences.

Table 2.  Readmission rate and registration according to Clavien Dindo between 30 and 90 days after discharge and within 30 days after discharge, and rate 
of development of hernia within 6 months after surgery, presented as intention-to-treat and per protocol analyses
Readmission and hernia Intervention group Control group P-value

Readmission between 30 and 90 days Intention To Treat analysis

Intervention, n = 40 Control, n = 38
Readmission, n (%) 2 (5) 6 (16) 0.149
  Clavien 1, n (%) 0 0
  Clavien 2, n (%) 0 5a 0.024
  Clavien 3a, n (%) 1 1 1.0
  Clavien 3b, n (%) 1 0 1.0

Per protocol analysis, exercised at least 16 sessions
Intervention, n = 18 Control, n = 38

Readmission, n (%) 0 6 (19) 0.162
  Clavien 1, n (%) 0
  Clavien 2, n (%) 5 0.164
  Clavien 3a, n (%) 1 1.0
Readmission within 30 days Intention To Treat analysis

Intervention, n = 45 Control, n = 40
Readmission, n (%) 15 (33) 7 (18) 0.137
  Clavien 1, n (%) 3 (7) 2 (5) 1.0
  Clavien 2, n (%) 6 (13) 3 (8) 0.491
  Clavien 3a, n (%) 6 (13) 2 (5) 0.272

Per protocol analysis, exercised at least 16 sessions
Intervention, n = 18 Control, n = 40

Readmission, n (%) 4 (22) 7 (18) 0.724
  Clavien 1, n (%) 1 2 1.0
  Clavien 2, n (%) 2 3 0.641
  Clavien 3a, n (%) 1 2 1.0
Hernia within 6 months Intention To Treat analysis

Intervention, n = 38 Control, n = 38
Hernia, n (%) 5 (13) 5 (13) 1.0
  Parastomal, n (%) 3 (8) 3 (8)
  Inguinal, n (%) 1 2
  Incisional, n (%) 1 0

Per protocol analysis, patients with ileal conduit
Intervention, n = 33 Control, n = 31

Hernia, n (%) 5 (15) 5 (16) 1.0
  Parastomal, n (%) 3 (9) 3 (10)
  Inguinal, n (%) 1 (3) 2 (6)
  Incisional, n (%) 1 (3) 0
aOne patient with orthotopic neobladder, four with ileal conduit. The Mann-Whitney U-test was used to analyse between-group differences.
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patients as measured by hospital readmissions. Future similar stud-
ies should consider the risk of a high drop-out rate when planning 
the study, with the purpose of ensuring a fully-powered study.
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