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Abstract
Purpose To validate a German translation of the convalescence and recovery evaluation (CARE) as an electronic patient-
reported outcome measure (ePROM) and use it to assess recovery after major urological surgery.
Methods The CARE questionnaire was provided to patients scheduled for major urological surgery preoperatively, at dis-
charge and 6 weeks postoperatively, using an ePROM system. Cronbach’s alpha, inter-scale correlations and confirmatory 
factor analysis (CFA) were used to validate the translation. Mixed linear regression models were used to identify factors 
influencing CARE results, and a multivariable logistic regression analysis was done to determine the predictive value of 
CARE results on quality of life (QoL).
Results A total of 283 patients undergoing prostatectomy (n = 146, 51%), partial/radical nephrectomy (n = 70, 25%) or 
cystectomy (n = 67, 24%) responded to the survey. Internal consistency was high (α = 0.649–0.920) and the CFA showed a 
factor loading > 0.5 in 17/27 items. Significant main effects were found for the time of survey and type of surgery, while a 
time by type interaction was only found for the gastrointestinal subscale ( �2

(4)
 = 30.37, p < 0.0001) and the total CARE score 

(TCS) ( �2

(4)
 = 13.47, p = 0.009) for cystectomy patients, meaning a greater score decrease at discharge and lower level of 

recovery at follow-up. Complications demonstrated a significant negative effect on the TCS ( �2

(2)
 = 8.61, p = 0.014). A high 

TCS at discharge was an independent predictor of a high QLQ-C30 QoL score at follow-up (OR = 5.26, 95%-CI 1.42–19.37, 
p = 0.013).
Conclusion This German translation of the CARE can serve as a valid ePROM to measure recovery and predict QoL after 
major urological surgery.
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Introduction

The curative treatment of cancerous urological diseases 
relies on major surgery, such as radical prostatectomy (RP), 
radical cystectomy (RC) and partial/radical nephrectomy 
(R/PN). A continuous assessment of traditional clinician-
reported outcome measures, such as mortality and com-
plication rates, is required for the evaluation of the quality 
and success of such operations [1, 2]. Nevertheless, patient-
reported outcome measures (PROMs) have been increas-
ingly collected in recent years [3, 4]. The PROMs are stand-
ardized and validated tools or questionnaires [5] to assess 
patient-reported outcomes, such as postoperative quality of 
life (QoL), postoperative health status and others [6]. Several 
studies have proven the benefit of postoperative patient care 
when PROMs are routinely used, as their application can 
lead to better symptom control, an increase in supportive 
care or a reduction in emergency visits [7, 8].

In urology, several studies have investigated general or 
cancer-specific QoL after major surgery using PROMs [9, 
10]. In contrast, patient-reported postoperative short-term 
convalescence has been less frequently investigated. Still, to 
optimize outpatient care after discharge, detailed and current 
knowledge of the status of recovery is necessary to reduce 
complications and readmissions [11]. In addition, the appli-
cation of electronic PROMs (ePROMs) has significantly 
reduced the barriers to PROM use for both patients and 
physicians alike. Thus, the ease of implementing PROMs 
into clinical practice opens up new possibilities in outpatient 
care. The convalescence and recovery evaluation (CARE) 
[12] is a multi-dimensional questionnaire that is available to 
measure convalescence and health status (HS) after surgery, 
especially after abdominal and pelvic surgery independent 
of the underlying condition [13]. Studies using CARE after 
urological surgery were usually designed to compare differ-
ent surgical techniques [14–16]. Information on the status 
of recovery at the time of discharge and the further course 
of recovery is lacking.

Therefore, we aimed to validate a German translation of 
the CARE questionnaire as an ePROM and to use it to assess 
self-reported HS after RP, RC and R/PN at the time of dis-
charge and follow-up at a large German university hospital.

Material and methods

Study design

Adult patients at the Department of Urology at a German 
University hospital were prospectively screened for inclusion 
in this study. For inclusion, patients had to undergo RC, RP 
or PN/RN (including simple nephrectomy), speak German, 

have access to the internet, have an email address and be 
older than 18 years. Patients undergoing emergency surgery 
and patients with dementia or other cognitive impairment 
that would prevent the completion of the questionnaires were 
excluded. This study was approved by the ethical committee 
(ethic committee II Mannheim, 2018-585N-MA). Patients 
provided informed consent prior to inclusion.

Surveys and data collection

In 2019, we introduced a paperless ePROM system at our 
institution, designed to host ePROMs and the automatically 
calculated results online (“heartbeat ONE”1). Patients will-
ing to participate received a set of questionnaires compiled 
for the specific operations, including the CARE question-
naire. The patients were able to access the survey via a link 
sent by email; in addition, on-site completion of the survey 
was possible using tablets provided by our institution. Our 
staff provided a short introduction to the easy-to-use system. 
Additionally, every survey started with a short text explain-
ing the procedure. An exemplary image of the system is 
shown in Fig. 4 in the Appendix.

At first, only patients undergoing RC and R/PN were 
included, but in January 2020 patients undergoing RP were 
additionally enrolled. Patients were required to complete 
CARE preoperatively (baseline), postoperatively at dis-
charge and 6 weeks after surgery. At least one question-
naire had to be completed for inclusion in the analyses. For 
patients undergoing RC and R/PN, results on health-related 
quality of life (HRQoL) 8 weeks after surgery, as measured 
by the EORTC QLQ-C30 questionnaire [17] on the ePROM 
system, were also available (n = 81).

After a review of the literature, factors that could possibly 
influence recovery were selected according to the experi-
ence of the authors and included age (n = 283), comorbidi-
ties (measured with the age-adjusted Charlson Comorbidity 
Index, n = 283), sex (n = 283), in-hospital complications 
(n = 283) and BMI (n = 279). This data was obtained from 
the medical records.

The convalescence and recovery evaluation (CARE)

CARE is a validated, multi-dimensional, patient-reported 
questionnaire in English, first introduced in 2008 and used 
to assess the HS after surgery [12]. The questionnaire com-
prises a total of 27 items, each rated on a Likert-type scale. 
The responses are standardized on a 0–100 scale according 
to the official scoring instructions [12]. Four subscales can 
be computed for the HS domains, namely pain (9 items); 

1 heartbeat ONE by Heartbeat medical Solution GmbH, Berlin. 
https:// heart beat- med. com

https://heartbeat-med.com
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gastrointestinal (10 items); cognition (4 items); and activity 
(4 items). The total CARE score (TCS) is derived from the 
average of all subscales. A higher TCS and higher scores 
on the respective subscales of CARE indicate a better HS. 
Since only German-speaking patients were included in this 
study, author FW translated the questionnaire into German. 
To evaluate and optimize the precision of the German trans-
lation, the questionnaire was translated back into English by 
author ML and a non-medical bilingual translator. Subse-
quently, their translation was compared to the original ques-
tionnaire. After a review by the involved parties and with 
a few minor changes, a precise translation could be estab-
lished. The translation can be found in the supplementary.

Statistical analysis

JMP 15.2.1 (SAS Institute Inc. 2019, NC, USA) and Stata 
16 (StataCorp. 2019. College Station, TX, USA: StataCorp 
LLC.) were used for the statistical analysis. Mean and stand-
ard deviation or median and interquartile range were used to 
describe the continuous variables. To validate our translated 
version of CARE, we conducted a confirmatory factor analy-
ses (CFA) using generalized structural equation modelling. 
Item-loadings were illustrated on the respective subscales of 
the questionnaire based on all available data (all time-points) 
using standardized values (maximum-likelihood estima-
tion). Furthermore, we report on global fit indices using the 
comparative fit index (CFI) and model error using the root 
mean square error of approximation (RMSEA). In line with 
existing recommendations [18], we assumed a CFI > 0.90 
and a RMSEA below < 0.08 as indicators for good model 
fit. In line with the initial reporting from Hollenbeck et al., 
we assessed the inter correlations between the CARE com-
posite (total) and domain (subscales) scores using Pearson 
correlations separately for all time points. Analyses were 
based on the (1) available data (completer) and (2) intention-
to-treat (ITT) principle. For the ITT analyses, we used the 
last observation carried forward (LOCF) method to impute 
missing data. First, mixed-linear regression analyses were 
used to investigate the main effects of the fixed effects time 
(baseline [in], discharge [out] and follow-up [FUp]) and 
type of surgery (nephrectomy, prostatectomy, cystectomy), 
as well as their interaction on all the CARE subscales and 
the TCS. The patients’ IDs were used as random factors 
in all models. Post-hoc pairwise comparisons with Šidák 
corrected contrasts were used in subsequent analyses. The 
respective analyses were repeated for both the completer and 
ITT samples. Second, in exploratory analyses, focusing on 
the TCS and completer data only, mixed-linear regression 
analyses were used to investigate each main effect of the 
fixed effects sex (male, female), age (continuous in years), 
Boday Mass index (BMI, continuous in kg/m2), complica-
tion (yes, no) and comorbidity (continuous age-adjusted 

Charlson Comorbidity Index [19]), as well as their respec-
tive interaction with the time of survey. Models were again 
nested by the patients’ IDs. In exploratory analyses, we did 
not account for the effect of the type of surgery to avoid 
overfitting of models but solely focused on main and inter-
action effects with time. For the visualization of effects 
from continuous variables (age, BMI, comorbidity), dis-
crete groups were formed, namely age 30–49 years; 50–69 
years; 70 + years; BMI: < 25; 25–29; 30+ and comorbidity 
low (< 3), high (≥ 3). Pearson product moment correlation 
and multivariable logistic regression analysis were used to 
investigate the predictive value of HS at discharge on QLQ-
C30 outcomes at follow-up.

Results

Overall, 283 patients were included in this study between 
April 2019 and August 2020 (RP 01/2020–08/2020, P/
PN and RC 04/2019–08/2020), of which 146 underwent 
laparoscopic, robotic-assisted RP, 70 R/PN (35 open par-
tial nephrectomy, 13 open radical nephrectomy, 20 robot-
assisted partial nephrectomy, 2 robot-assisted radical 
nephrectomy) and 67 open RC, as depicted in Fig. 1. Of 
the 283 patients enrolled, 261 completed CARE at base-
line, 174 completed it at discharge while 178 completed it 
6 weeks postoperatively. One patient died during the follow-
up phase.

CARE results

Detailed patient characteristics and oncological features are 
provided in Table 1 and the results of CARE in Table 2 in 
the appendix. In the baseline survey, all groups showed the 
lowest scores in the activity subscale (76.4 ± 30.6) while the 
highest scores were seen in the pain (90.7 ± 12.0) and gas-
trointestinal subscales (91.1 ± 11.9). At discharge, the activ-
ity subscale showed again the lowest scores for all groups 
(54.5 ± 24.8), while the highest scores were reported for the 
cognition subscale (81.7 ± 24.0). At follow-up, the order 
seen on the baseline survey was restored, with the highest 
reported scores for the pain (78.5 ± 14.1) and gastrointestinal 
subscales (78.9 ± 18.3) and the lowest scores for the activ-
ity subscale (69.0 ± 23.0). Figure 2 demonstrates the scores 
grouped by the type of surgery for the completer (Fig. 2a) 
and ITT data (Fig. 2b) and the TCS grouped by possible 
influencing factors (Fig. 2c).

Internal consistency and confirmatory factor 
analyses of the German translation of CARE

Based on all the available data (all time-points), we found 
a high internal consistency in the respective subscales, 
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namely pain (α = 0.775); gastrointestinal (α = 0.854); cog-
nition (α = 0.920); and activity (α = 0.794). The lowest 
internal consistency was found in the TCS (α = 0.649). The 
inter-scale correlations of the subscales showed overall low 
correlations r < 0.6 confirming the measure of unique con-
structs with high correlation between TCS and the subscales, 
as depicted in Table 3 in the Appendix. The CFA revealed 
good factor loading for all items of the cognition and activ-
ity subscale as demonstrated in Fig. 3. However, in the pain 
and gastrointestinal subscales, in 6/9 and 4/10 items a factor 
loading < 0.5 was found.

Main analyses

The main analyses on the completer data nested in each indi-
vidual patient, investigating the time of the survey, type of 
surgery as well as their interaction as predictors, showed 
significant model fit for the CARE subscales of pain 
( �2

(8)
 = 237.45, p < 0.0001), gastrointestinal ( �2

(8)
 = 217.94, 

p < 0.0001), cognition ( �2

(8)
 = 25.98, p = 0.001), activity 

( �2

(8)
 = 111.00, p < 0.0001) and the TCS ( �2

(8)
 = 234.17, 

p < 0.0001)—indicating that both predictors explained sig-
nificant variance in the outcome of interest. All models 

Fig. 1  STROBE diagram
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showed significant main effects of time of the survey, inde-
pendent of the type of surgery, as depicted in Table 4 in the 
appendix, indicating a significant initial decline in HS from 
admission to discharge followed by a significant increase 
towards follow-up. In turn, all models also showed signifi-
cant main effects of type of surgery, independent of time, 
indicating the greatest HS in patients undergoing RP, fol-
lowed by R/PN, and the lowest with RC. All main effects of 
type of surgery remained after adjusting for sex, to account 
for the fact that prostatectomy was only conducted in male 
patients. Significant time by type interactions were observed 
on the subscale of gastrointestinal ( �2

(4)
 = 30.37, p < 0.0001) 

and the TCS ( �2

(4)
 = 13.47, p = 0.009). As illustrated in 

Fig. 2a, patients who underwent RC showed a significantly 
greater initial decline and worse recovery at follow-up on the 
respective subscale and the TCS. Again, the later interac-
tions remained after adjusting for sex.

The ITT analyses following the imputation of missing 
data largely replicated the findings from the analyses on the 
completer data. Thus, we can conclude that the observed 
effects remain significant even when accounting for missing 
data and drop-out.

Exploratory analyses

Exploratory analyses on the completer data showed a sig-
nificant main effect of sex ( �2

(2)
 = 11.94, p = 0.0001) but no 

significant sex by time interaction ( �2

(4)
 = 0.76, p = 0.68). The 

findings illustrate better HS in males in this sample, inde-
pendent of time. The effect was stable when adjusting for 
type of surgery ( �2

(1)
 = 15.80, p = 0.0001), to account for the 

fact that prostatectomy was only conducted in male patients.
Age (continuous) showed no significant main effects or 

interaction with time. Similarly, BMI (continuous) showed 
no effects. Significant main ( �2

(2)
 = 18.36, p < 0.0001) and 

interaction effects with time ( �2

(2)
 = 8.61, p = 0.014) emerged 

for complications. As illustrated in Fig. 2c, for patients in 
whom complications were recorded, the decline in HS from 
admission to discharge was significantly steeper and they did 
not achieve a comparable level of recovery at follow-up. 
Main effects on HS were observed for comorbidity (continu-
ous, p = 0.011). However, trajectories over time did not sig-
nificantly differ as a function of comorbidity (continuous) or 
for groups based on comorbidity.

Fig. 2  Mean results of CARE subscales over time and explanatory 
factor analysis. a, b Mean scores of the subscales of CARE at base-
line (in), discharge (out) and follow-up (FUp) for the different types 
of operation, R/PN (kidney), RP (prostatectomy) and RC (cystec-

tomy) based on the completer data (a) and intention to treat (ITT) 
data (b). c Exploratory analysis to identify the influence of sex, age, 
BMI, complication, and comorbidity on the total CARE score (TCS)
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Table 1  Patient characteristics

a Prostate cancer only
b Bladder cancer only
c 4 values missing

All Prostatectomy Radical/partial 
nephrectomy

Cystectomy

Number of patients 283 146 70 67
Median age, IQR (years) 67 (61–72) 67.5 (62–71) 64 (55.5–72) 67 (61–75)
Male, n (%) 253 (89) 146 (100) 51 (73) 56 (84)
BMI, mean + std (kg/m2)c 27.82 ± 4.37 27.34 ± 3.57 29.02 ± 5.70 27.58 ± 4.14
Robotic surgery, n (%) 148 (50) 146 (100) 22 (31) 0 (0)
T0, T1 or  Tisb, n (%) 60 (21) 0 (0) 42 (60) 18 (27)
T2, n (%) 116 (41) 100 (68) 3 (4) 13 (19)
T3, T4, n (%) 85 (30) 46 (32) 10 (14) 29 (43)
Benign/other, n (%) 22 (8) – 15 (21) 7 (10)
Nodal positive N + , n (%) 26 (12) 11 (8) 1 (5) 14 (24)
Gleason score >  7aa – 46 (31) – –
Continent UD, n (%)b – – – 33 (50)
Median postoperative length of 

stay, IQR (days)
6 (6–11) 6 (6–6) 6 (5–7) 16 (12–22)

Complications, n (%) 68 (24%) 10 (7) 16 (23) 42 (63)
 II, n (%)
 IIIa, n (%)
 IIIb, n (%)
 IVa, n (%)
 IVb, n (%)
 V, n (%)

47 (18)
6 (2)
9 (3)
3 (1)
2 (7)
1 (0.3)

4 (3)
2 (1)
1 (1)
2 (1)
1 (1)
0

12 (17)
2 (3)
2 (3)
0
0
0

31 (46)
2 (3)
6 (9)
1 (1)
1 (1)
1 (1)

Table 2  Absolute scores of 
CARE questionnaire (completer 
data)

Mean ± standard deviation was used for all reported scores
a n = 22 not completed questionnaires
b n = 109 not completed questionnairs
c n = 105 not completed questionnairs

TCS Pain Gastrointestinal Cognition Activity

Baselinea

 All 86.0 ± 12.7 90.7 ± 12.0 91.1 ± 11.9 85.5 ± 19.9 76.4 ± 30.6
 RP 88.6 ± 10.1 94.3 ± 7.7 93.2 ± 8.5 87.4 ± 16.6 79.3 ± 30.7
 R/PN 84.3 ± 14.2 88.4 ± 13.4 90.8 ± 12.8 84.4 ± 24.3 70.8 ± 33.5
 RC 81.4 ± 15.4 84.7 ± 15.4 86.5 ± 15.9 82.3 ± 22.0 74.2 ± 27.0

Dischargeb

 All 73.5 ± 15.0 78.5 ± 14.1 78.9 ± 18.3 81.7 ± 24.0 54.5 ± 24.8
 RP 78.3 ± 12.0 83.2 ± 10.9 85.8 ± 13.6 84.5 ± 23.4 61.0 ± 21.5
 R/PN 71.3 ± 14.4 75.1 ± 19.5 77.2 ± 19.5 79.2 ± 26.0 50.3 ± 23.8
 RC 64.6 ± 17.8 71.9 ± 16.7 65.1 ± 18.5 78.3 ± 22.3 44.0 ± 29.3

6 weeks  FUc

 All 82.5 ± 12.6 88.7 ± 11.2 88.5 ± 13.2 84.3 ± 21.1 69.0 ± 23.0
 RP 85.6 ± 9.9 91.9 ± 8.8 91.6 ± 9.7 86.9 ± 18.5 71.7 ± 22.6
 R/PN 81.0 ± 13.6 85.1 ± 13.1 88.7 ± 11.8 83.8 ± 22.6 67.8 ± 22.6
 RC 75.3 ± 15.4 84.2 ± 12.3 79.2 ± 18.3 77.7 ± 24.8 62.7 ± 23.9
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Correlation of CARE with QLQ‑C30

The TCS at discharge significantly correlated with global 
health (r(57) = 0.509, p = 0.0001) and physical function scores 
(r(57) = 0.522, p < 0.0001) in patients undergoing RC and R/
PN. As illustrated in Appendix Fig. 5, greater HS at dis-
charge was associated with better QLQ-C30 outcomes at fol-
low-up. In a multivariable analysis, a TCS > 70 at discharge 
proved to be the only significant predictor for QLQ-C30 
global health > 70 at follow-up (odds ratio = 5.26, 95%-con-
fidence interval 1.42–19.37, p = 0.013), as illustrated in 
Table 5 in the Appendix.

Discussion

In this study, we assessed patient-reported postoperative 
convalescence after major urological surgery using the 
CARE questionnaire. We were able to demonstrate that the 
translated questionnaire was a valid ePROM to investigate 
postoperative recovery after major urological surgery. It was 
shown that the type of surgery and the occurrence of com-
plications significantly influenced recovery.

This study was part of a larger project with the aim of 
digitally recording patient-reported outcomes after urologi-
cal surgery. For this purpose, we introduced the ePROM 

Fig. 3  Results from confirmatory factor analyses; illustrated are the 
four CARE subscales and their respective item loadings. ε: standard-
ized variance of the respective item; numbers in square items boxes 

refer to the constant of the standardized intercept; numbers next to 
arrows illustrate the standardized beta coefficient of the factor loading 
on the respective scale
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system as described. The potential to improve patient care 
by using ePROMs has already been demonstrated from both 
the patient and clinician perspective, as it can simplify the 
process of sending out, answering, collecting and evaluating 
the questionnaires [20]. In addition, patient-centered care 
can be significantly improved through better identification 
of individual problem areas in cancer patients undergoing 
systemic treatment [21]. These advantages are in line with 
our experience. One unique feature of ePROMs is the pos-
sibility to monitor and, therefore, better react to side effects 
of therapies in real time, by, for example, using electronic 
symptom monitor systems [22]. While, in our study in the 
current phase, the focus has not yet been on monitoring, this 
is planned for the future, and it is quite conceivable, judging 
by the results up to this point. The ePROMS can, however, 
also have disadvantages, such as the exclusion of patients 
who are not comfortable using PCs/smartphones and the fact 
that severely ill patients often struggle to complete ePROMs 
[20]. In our study, we observed relatively high dropout and 
low inclusion rates, especially at the beginning of the trial 
when the ePROM system was newly introduced, which can 
be explained by the mentioned disadvantages, among other 
things. In addition, patients received multiple questionnaires 
in addition to the CARE, especially in the preoperative sur-
vey, which meant that some patients did not want to partici-
pate due to the size of the survey.

Several studies have shown the need for a current evalu-
ation of post-discharge state of recovery [11, 23]. We chose 
the CARE questionnaire as the main ePROM for this study, 
as it has been proven to accurately report on postoperative 
convalescence and rehabilitation, is independent of the type 
of surgery and underlying conditions and is multidimen-
sional [12, 13]. Since only German patients were included 
in the study, we translated the questionnaire into German. 
While the initial validation study reported a high internal 
consistency with Cronbach’s α > 0.70 for all of the assess-
ment periods [12], in this study, we found even greater inter-
nal consistency of the respective subscales, using data from 
all available assessments. In line with Hollenbeck et al., we 
found similar inter correlations between CARE composite 
(TCS) and domain (subscales) scores by the time of assess-
ment [12]. Correlations between subscales and the TCS in 
our study were slightly lower (0.660–0.748) than reported by 
Hollenbeck et al. (0.70–0.81). In line with Hollenbeck et al., 
we found lowest correlations between the CARE activity 
and CARE pain as well as CARE gastrointestinal subscale, 
underlining that each subscale measures separate variables. 
Furthermore, we used SEM to evaluate the CFA of the scale. 
In the absence of a detailed reporting of the initial factor 

analysis of the original scale, that would enable compari-
sons, we can only derive recommendations based on the cur-
rent assessment in the present sample. In principle, factor-
loadings of single items for the CARE cognitive and activity 
subscale were satisfactory. Both subscales showed superior 
performance against the pain and gastrointestinal subscales 
as indicated by the better model fit. Model fit for the later 
subscales may be improved by eliminating item with lower 
factor loadings (e.g., item 14 or item 5). However, here we 
aimed to present a first German translation of the scale and 
report on its utility in clinical practice. The detailed report-
ing of our CFA may guide further use and refinement of the 
scale in future studies.

The analysis of the reported scores of CARE showed, as 
expected, that time of survey significantly influenced CARE 
results. There was a significant decrease for all reported sub-
scales and the TCS at the time of discharge with a signifi-
cant increase 6 weeks postoperatively. These findings show 
that major urological surgery has a significant impact on 
the patients’ HS but, generally, good recovery is achieved 
6 weeks after surgery. This finding is concordant to a study 
by Von Mechow et al. that showed that, after radical pros-
tatectomy, patients were, on average, able to return to work 
by postoperative day 42 [24]. Considering the specific 
subscales, the highest decrease was found in the activity 
subscale at discharge and follow-up. It has been shown that 
better physical status and activity is associated with higher 
QoL [10]. Therefore, patients should be motivated to be 
moderately active early, soon after surgery. In contrast to 
the activity subscale, the pain subscale showed only moder-
ate decreases at discharge and significant improvements at 
follow-up.

Type of surgery showed significant main effects, with the 
highest scores reported for the RP group, followed by the 
R/PN group and the worst scores for the RC group, which 
concurs with other studies on short-term recovery and QoL 
after such surgeries [25, 26]. We further analyzed the type of 
surgery by time of survey interaction. The RC group showed 
significantly higher decreases in the gastrointestinal subscale 
and TCS only at time of discharge and a significantly lower 
level of recovery at follow-up. While the morbidity of this 
operation is well documented [27, 28], this again emphasizes 
that cystectomy patients suffer remarkably from the opera-
tion. Our findings are concordant with a study by Stegemann 
et al. in 2012 that showed that patients achieved at least 
90% of the baseline scores by the 90-day follow-up for all 
subscales, except the gastrointestinal subscale after robotic-
assisted RC [14]. Other studies with longer follow-ups have 
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shown that complete recovery after RC might take up to six 
months after open or robotic-assisted RC [29, 30]. Thus, 
outpatient care of RC patients should focus on the impair-
ment in gastrointestinal function.

In the explanatory analysis on possible influencing fac-
tors, only the occurrence of a complication showed a sig-
nificant effect on the TCS, with a greater decrease seen in 
patients experiencing a complication. Although discharge is 
usually delayed for these patients, they do not seem to be at 
the same level of recovery at discharge and follow-up and, 
thus, need a more intensive outpatient care.

Finally, we assessed whether the TCS can predict better 
HRQoL. We found a significant correlation of the TCS at 
discharge with QLQ-C30 outcomes at 8 weeks follow-up. 
This finding was confirmed in a multivariable analysis that 
shows that the state of recovery after surgery significantly 
influences QoL in cancer patients.

Limitations

First, it has to be mentioned that different types of surgeries 
were included, thus, leading to a heterogenous overall study 
population. However, one aim of this study was to assess 
postoperative recovery among surgeries of different severity 
and impact with the CARE questionnaire, which inevita-
bly led to this heterogeneity. Second, due to the exploratory 
nature of this study, no power analysis was performed. Third, 
we noticed a low inclusion rate and a high dropout rate due 
to the previously mentioned reasons. On this point, the lack 
of evaluation of the user experience could also be considered 
as a shortcoming. Fourth, this was a single center trial, and 
the results should be confirmed in a multicenter trial. Due 
to these limitations, the study results must be interpreted 
with caution.

Conclusion

This German translation of the CARE questionnaire proved 
to be a valid ePROM to assess patient-reported postoperative 
recovery after major urological surgery and to predict QoL 
after surgery. Subsequent studies could investigate the extent 
to which the use of CARE as part of criteria for discharge 
can improve quality of life after discharge and correlates to 
early readmissions.

Appendix

See Tables 2, 3, 4 and 5 and Figs. 4 and 5. 
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Table 4  Main effects of time of survey and type of surgery (completer data)

Mixed-linear regression models were used for all calculations of  Chi2(χ2) and respective p-values

TCS Pain Gastrointestinal Cognition Activity

Time of survey (baseline, discharge, follow-up)
 �2

(2)
183.68 170.19 159.25 15.29 89.13

 p-value < 0.0001 < 0.0001 < 0.0001 0.0005 < 0.0001
Type of surgery (RP, R/PN, RC)
 �2

(2)
46.33 47.10 62.45 10.46 14.70

 p-value < 0.0001 < 0.0001 < 0.0001 0.005 0.0006
Time by type interaction
 �2

(4)
13.47 3.16 30.37 4.67 6.63

 p-value 0.009 0.53 < 0.0001 0.32 0.16

Table 5  Multivariable logistic 
regression analysis for the 
prediction of QLQ-C30 global 
health score > 70 at 8 weeks 
follow-up (n = 81)

Model fit: χ2 = 8.23, p = 0.2; model fit after removal of BMI, CCI and complication: 8.34, p = 0.039

Wald χ2 Odds ratio 95% Confidence 
interval

p-value

TCS discharge > 70 (yes vs. no) 6.19 5.26 1.42–19.47 0.013
Type of surgery (renal surgery vs. 

cystectomy)
0.59 1.71 0.44–6.68 0.442

Sex (male vs. female) 0.46 1.75 0.34–8.83 0.498
BMI > 30 (yes vs. no) 0.28 0.67 0.17–2.74 0.594
CCI > 2 (yes vs. no) 0.16 1.3 0.34–4.34 0.688
Complication (yes vs. no) 0.09 1.22 0.34–4.34 0.760

Fig. 4  Screenshot of the heartbeat ePROM system; this image shows 
the German translation of the item “I have had diarrhea over the past 
seven days” as it is displayed for the patient in the heartbeat ePROM 
system. The answer that suits the patient can be selected simply by 

clicking on the box. At the bottom right, it is possible to go back to 
the previous questions. At the bottom center, the current progress and 
the current domain (subscale) are shown



3989World Journal of Urology (2021) 39:3979–3991 

1 3

Acknowledgements We thank the Viktor & Sigrid Dulger Foundation 
for their support of this trial.

Authors’ contribution FW: conceptualization, methodology, formal 
analysis, investigation, data curation, writing—original draft, writ-
ing—review and editing, visualization. ML: conceptualization, meth-
odology, writing—review and editing. MN: methodology, writing—
review and editing. JM: data curation, writing—review and editing. 
JH: writing—review and editing. JB: writing—review and editing. PN: 
writing—review and editing, funding acquisition. MSM: resources, 

writing—review and editing, supervision. JK: formal analysis, writ-
ing—original draft, writing—review and editing, visualization. MCK: 
conceptualization, resources, methodology writing—original draft, 
writing—review and editing, supervision, funding acquisition.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This study was supported by the Viktor & Sigrid Dulger Foun-
dation (Viktor & Sigrid Dulger Stiftung). The author MC Kriegmair is 
supported by the German Cancer Aid (Deutsche Krebshilfe), Project 
ID 73000189.

Declarations 

Conflicts of interest None.

Ethics approval and consent to participate This study was approved 
by the local ethical committee (2018-585 N-MA) and was performed 
in accordance with the European general data protection regulation. 
Patients gave informed consent prior to inclusion.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Rowell KS, Turrentine FE, Hutter MM, Khuri SF, Henderson 
WG (2007) Use of national surgical quality improvement pro-
gram data as a catalyst for quality improvement. J Am Coll Surg 
204(6):1293–1300. https:// doi. org/ 10. 1016/j. jamco llsurg. 2007. 03. 
024

 2. Vollmer CM Jr, Pratt W, Vanounou T, Maithel SK, Callery MP 
(2007) Quality assessment in high-acuity surgery: volume and 
mortality are not enough. Arch Surg 142(4):371–380. https:// doi. 
org/ 10. 1001/ archs urg. 142.4. 371

 3. Acar C, Bilen C, Bayazit Y, Aslan G, Koni A, Basok E, Kaplan 
M (2014) Quality of life survey following laparoscopic and open 
radical nephrectomy. Urol J 11(6):1944–1950

 4. Bochner BH, Dalbagni G, Sjoberg DD, Silberstein J, Keren Paz 
GE, Donat SM, Coleman JA, Mathew S, Vickers A, Schnorr GC, 
Feuerstein MA, Rapkin B, Parra RO, Herr HW, Laudone VP 
(2015) Comparing open radical cystectomy and robot-assisted 
laparoscopic radical cystectomy: a randomized clinical trial. Eur 
Urol 67(6):1042–1050. https:// doi. org/ 10. 1016/j. eururo. 2014. 11. 
043

 5. Reeve BB, Hays RD, Bjorner JB, Cook KF, Crane PK, Teresi 
JA, Thissen D, Revicki DA, Weiss DJ, Hambleton RK, Liu H, 
Gershon R, Reise SP, Lai JS, Cella D, Group PC (2007) Psycho-
metric evaluation and calibration of health-related quality of life 
item banks: plans for the patient-reported outcomes measurement 
information system (PROMIS). Med Care 45(5 Suppl 1):S22-31. 
https:// doi. org/ 10. 1097/ 01. mlr. 00002 50483. 85507. 04

 

Fig. 5  Pearson’s correlation of TCS with QLQ-C30 (cystectomy and 
renal surgery only). Top: correlation TCS (discharge) and QLQ-C30 
global health (follow-up). Bottom: correlation TCS (discharge) and 
QLQ-C30 physical function (follow-up)

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jamcollsurg.2007.03.024
https://doi.org/10.1016/j.jamcollsurg.2007.03.024
https://doi.org/10.1001/archsurg.142.4.371
https://doi.org/10.1001/archsurg.142.4.371
https://doi.org/10.1016/j.eururo.2014.11.043
https://doi.org/10.1016/j.eururo.2014.11.043
https://doi.org/10.1097/01.mlr.0000250483.85507.04


3990 World Journal of Urology (2021) 39:3979–3991

1 3

 6. Wu AW, Kharrazi H, Boulware LE, Snyder CF (2013) Measure 
once, cut twice—adding patient-reported outcome measures to the 
electronic health record for comparative effectiveness research. J 
Clin Epidemiol 66(8 Suppl):S12-20. https:// doi. org/ 10. 1016/j. jclin 
epi. 2013. 04. 005

 7. Kotronoulas G, Kearney N, Maguire R, Harrow A, Di Domenico 
D, Croy S, MacGillivray S (2014) What is the value of the routine 
use of patient-reported outcome measures toward improvement of 
patient outcomes, processes of care, and health service outcomes 
in cancer care? A systematic review of controlled trials. J Clin 
Oncol 32(14):1480–1501. https:// doi. org/ 10. 1200/ JCO. 2013. 53. 
5948

 8. Basch E, Deal AM, Kris MG, Scher HI, Hudis CA, Sabbatini P, 
Rogak L, Bennett AV, Dueck AC, Atkinson TM, Chou JF, Dulko 
D, Sit L, Barz A, Novotny P, Fruscione M, Sloan JA, Schrag D 
(2016) Symptom monitoring with patient-reported outcomes dur-
ing routine cancer treatment: a randomized controlled trial. J Clin 
Oncol 34(6):557–565. https:// doi. org/ 10. 1200/ JCO. 2015. 63. 0830

 9. Venderbos LDF, Deschamps A, Dowling J, Carl EG, Remmers S, 
van Poppel H, Roobol MJ (2020) Europa uomo patient reported 
outcome study (EUPROMS): descriptive statistics of a prostate 
cancer survey from patients for patients. Eur Urol Focus. https:// 
doi. org/ 10. 1016/j. euf. 2020. 11. 002

 10. Tostivint V, Verhoest G, Cabarrou B, Gas J, Coloby P, Zgheib J, 
Thoulouzan M, Soulie M, Game X, Beauval JB, Pons-Tostivint 
E, Roumiguie M (2020) Quality of life and functional outcomes 
after radical cystectomy with ileal orthotopic neobladder replace-
ment for bladder cancer: a multicentre observational study. World 
J Urol. https:// doi. org/ 10. 1007/ s00345- 020- 03484-6

 11. Krishnan N, Liu X, Lavieri MS, Hu M, Helfand A, Li B, Helm JE, 
He C, Hollenbeck BK, Skolarus TA, Jacobs BL (2016) A model 
to optimize followup care and reduce hospital readmissions after 
radical cystectomy. J Urol 195(5):1362–1367. https:// doi. org/ 10. 
1016/j. juro. 2015. 11. 063

 12. Hollenbeck BK, Dunn RL, Wolf JS Jr, Sanda MG, Wood DP, 
Gilbert SM, Weizer AZ, Montie JE, Wei JT (2008) Development 
and validation of the convalescence and recovery evaluation 
(CARE) for measuring quality of life after surgery. Qual Life Res 
17(6):915–926. https:// doi. org/ 10. 1007/ s11136- 008- 9366-x

 13. Hedgepeth RC, Wolf JS Jr, Dunn RL, Wei JT, Hollenbeck BK 
(2009) Patient-reported recovery after abdominal and pelvic sur-
gery using the convalescence and recovery evaluation (CARE): 
implications for measuring the impact of surgical processes of 
care and innovation. Surg Innov 16(3):243–248. https:// doi. org/ 
10. 1177/ 15533 50609 342075

 14. Stegemann A, Rehman S, Brewer K, Kesavadas T, Hussain A, 
Chandrasekhar R, Wilding GE, Guru KA (2012) Short-term 
patient-reported quality of life after robot-assisted radical cystec-
tomy using the convalescence and recovery evaluation. Urology 
79(6):1274–1279. https:// doi. org/ 10. 1016/j. urolo gy. 2011. 12. 062

 15. Jacobs BL, Montgomery JS, Dunn RL, Weizer AZ, Miller DC, 
Wood DP, Wolf JS Jr, Zhang Y, Wei JT, Hollenbeck BK (2012) 
A comparison of extraperitoneal and intraperitoneal approaches 
for robotic prostatectomy. Surg Innov 19(3):268–274. https:// doi. 
org/ 10. 1177/ 15533 50611 429028

 16. Althaus AB, Chang P, Mao J, Olugbade K, Taylor K, Dewey L, 
Percy A, Crociani C, McNally K, Wagner AA (2020) Patient-
reported quality of life and convalescence after minimally invasive 
kidney cancer surgery. Urology 144:123–129. https:// doi. org/ 10. 
1016/j. urolo gy. 2020. 06. 020

 17. Fayers P, Bottomley A, Group EQoL, Quality of Life U (2002) 
Quality of life research within the EORTC-the EORTC QLQ-C30. 
European Organisation for Research and Treatment of Cancer. Eur 
J Cancer 38(Suppl 4):S125-133. https:// doi. org/ 10. 1016/ s0959- 
8049(01) 00448-8

 18. Hooper D, Coughlan J, Mullen M (2008) Structural equation mod-
elling: guidelines for determining model fit. Electron J Bus Res 
Methods 6(1):53–60. https:// doi. org/ 10. 21427/ D7CF7R

 19. Charlson M, Szatrowski TP, Peterson J, Gold J (1994) Validation 
of a combined comorbidity index. J Clin Epidemiol 47(11):1245–
1251. https:// doi. org/ 10. 1016/ 0895- 4356(94) 90129-5

 20. Aiyegbusi OL, Kyte D, Cockwell P, Marshall T, Dutton M, 
Walmsley-Allen N, Slade A, McMullan C, Calvert M (2019) 
Patient and clinician perspectives on electronic patient-reported 
outcome measures in the management of advanced CKD: a quali-
tative study. Am J Kidney Dis 74(2):167–178. https:// doi. org/ 10. 
1053/j. ajkd. 2019. 02. 011

 21. Velikova G, Brown JM, Smith AB, Selby PJ (2002) Computer-
based quality of life questionnaires may contribute to doctor–
patient interactions in oncology. Br J Cancer 86(1):51–59. https:// 
doi. org/ 10. 1038/ sj. bjc. 66000 01

 22. McCann L, Maguire R, Miller M, Kearney N (2009) Patients’ 
perceptions and experiences of using a mobile phone-based 
advanced symptom management system (ASyMS) to monitor and 
manage chemotherapy related toxicity. Eur J Cancer Care (Engl) 
18(2):156–164. https:// doi. org/ 10. 1111/j. 1365- 2354. 2008. 00938.x

 23. Rutherford C, Patel MI, Tait MA, Smith DP, Costa DSJ, Sengupta 
S, King MT (2020) Patient-reported outcomes in non-muscle 
invasive bladder cancer: a mixed-methods systematic review. Qual 
Life Res. https:// doi. org/ 10. 1007/ s11136- 020- 02637-9

 24. von Mechow S, Graefen M, Haese A, Tennstedt P, Pehrke D, 
Friedersdorff F, Beyer B (2018) Return to work following robot-
assisted laparoscopic and open retropubic radical prostatectomy: a 
single-center cohort study to compare duration of sick leave. Urol 
Oncol 36(6):309e301-309e306. https:// doi. org/ 10. 1016/j. urolo nc. 
2018. 02. 006

 25. Kaye DR, Syrjamaki J, Ellimoottil C, Schervish EW, Solomon 
MH, Linsell S, Montie JE, Miller DC, Dupree JM, Michigan Uro-
logical Surgery Improvement C, the Michigan Value C (2018) Use 
of routine home health care and deviations from an uncomplicated 
recovery pathway after radical prostatectomy. Urology 112:74–79. 
https:// doi. org/ 10. 1016/j. urolo gy. 2017. 11. 004

 26. Kim SB, Williams SB, Cheng SC, Sanda MG, Wagner AA (2012) 
Evaluation of patient-reported quality-of-life outcomes after renal 
surgery. Urology 79(6):1268–1273. https:// doi. org/ 10. 1016/j. urolo 
gy. 2012. 02. 047

 27. Wessels F, Kriegmair MC, Oehme A, Rassweiler-Seyfried MC, 
Erben P, Oberneder R, Kriegmair M, Ritter M, Michel MS, 
Honeck P (2019) Radical cystectomy under continuous antiplate-
let therapy with acetylsalicylic acid. Eur J Surg Oncol J Eur Soc 
Surg Oncol Br Assoc Surg Oncol 45(7):1260–1265. https:// doi. 
org/ 10. 1016/j. ejso. 2019. 02. 023

 28. Lavallee LT, Schramm D, Witiuk K, Mallick R, Fergusson D, 
Morash C, Cagiannos I, Breau RH (2014) Peri-operative morbid-
ity associated with radical cystectomy in a multicenter database 
of community and academic hospitals. PLoS ONE 9(10):e111281. 
https:// doi. org/ 10. 1371/ journ al. pone. 01112 81

 29. Parekh DJ, Reis IM, Castle EP, Gonzalgo ML, Woods ME, Svatek 
RS, Weizer AZ, Konety BR, Tollefson M, Krupski TL, Smith ND, 
Shabsigh A, Barocas DA, Quek ML, Dash A, Kibel AS, Sheman-
ski L, Pruthi RS, Montgomery JS, Weight CJ, Sharp DS, Chang 
SS, Cookson MS, Gupta GN, Gorbonos A, Uchio EM, Skinner 
E, Venkatramani V, Soodana-Prakash N, Kendrick K, Smith 
JA Jr, Thompson IM (2018) Robot-assisted radical cystectomy 
versus open radical cystectomy in patients with bladder cancer 
(RAZOR): an open-label, randomised, phase 3, non-inferiority 
trial. Lancet 391(10139):2525–2536. https:// doi. org/ 10. 1016/ 
S0140- 6736(18) 30996-6

 30. Becerra MF, Venkatramani V, Reis IM, Soodana-Prakash N, Pun-
nen S, Gonzalgo ML, Raolji S, Castle EP, Woods ME, Svatek RS, 
Weizer AZ, Konety BR, Tollefson M, Krupski TL, Smith ND, 

https://doi.org/10.1016/j.jclinepi.2013.04.005
https://doi.org/10.1016/j.jclinepi.2013.04.005
https://doi.org/10.1200/JCO.2013.53.5948
https://doi.org/10.1200/JCO.2013.53.5948
https://doi.org/10.1200/JCO.2015.63.0830
https://doi.org/10.1016/j.euf.2020.11.002
https://doi.org/10.1016/j.euf.2020.11.002
https://doi.org/10.1007/s00345-020-03484-6
https://doi.org/10.1016/j.juro.2015.11.063
https://doi.org/10.1016/j.juro.2015.11.063
https://doi.org/10.1007/s11136-008-9366-x
https://doi.org/10.1177/1553350609342075
https://doi.org/10.1177/1553350609342075
https://doi.org/10.1016/j.urology.2011.12.062
https://doi.org/10.1177/1553350611429028
https://doi.org/10.1177/1553350611429028
https://doi.org/10.1016/j.urology.2020.06.020
https://doi.org/10.1016/j.urology.2020.06.020
https://doi.org/10.1016/s0959-8049(01)00448-8
https://doi.org/10.1016/s0959-8049(01)00448-8
https://doi.org/10.21427/D7CF7R
https://doi.org/10.1016/0895-4356(94)90129-5
https://doi.org/10.1053/j.ajkd.2019.02.011
https://doi.org/10.1053/j.ajkd.2019.02.011
https://doi.org/10.1038/sj.bjc.6600001
https://doi.org/10.1038/sj.bjc.6600001
https://doi.org/10.1111/j.1365-2354.2008.00938.x
https://doi.org/10.1007/s11136-020-02637-9
https://doi.org/10.1016/j.urolonc.2018.02.006
https://doi.org/10.1016/j.urolonc.2018.02.006
https://doi.org/10.1016/j.urology.2017.11.004
https://doi.org/10.1016/j.urology.2012.02.047
https://doi.org/10.1016/j.urology.2012.02.047
https://doi.org/10.1016/j.ejso.2019.02.023
https://doi.org/10.1016/j.ejso.2019.02.023
https://doi.org/10.1371/journal.pone.0111281
https://doi.org/10.1016/S0140-6736(18)30996-6
https://doi.org/10.1016/S0140-6736(18)30996-6


3991World Journal of Urology (2021) 39:3979–3991 

1 3

Shabsigh A, Barocas DA, Quek ML, Dash A, Parekh DJ (2020) 
Health related quality of life of patients with bladder cancer in 
the RAZOR trial: a multi-institutional randomized trial compar-
ing robot versus open radical cystectomy. J Urol 204(3):450–459. 
https:// doi. org/ 10. 1097/ JU. 00000 00000 001029

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1097/JU.0000000000001029

	Validation of a German translation of the CARE questionnaire and its implementation as electronic PROM to assess patient-reported postoperative convalescence and recovery after major urological surgery
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Study design
	Surveys and data collection
	The convalescence and recovery evaluation (CARE)
	Statistical analysis

	Results
	CARE results
	Internal consistency and confirmatory factor analyses of the German translation of CARE
	Main analyses
	Exploratory analyses
	Correlation of CARE with QLQ-C30

	Discussion
	Limitations

	Conclusion
	Acknowledgements 
	References




