
Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journalInformation?journalCode=iort20

Acta Orthopaedica

ISSN: 1745-3674 (Print) 1745-3682 (Online) Journal homepage: informahealthcare.com/journals/iort20

Incidence of and risk factors for postoperative
urinary retention in fast-track hip and knee
arthroplasty
A prospective, observational study

Lars S Bjerregaard, Stina Bogø, Sofie Raaschou, Charlotte Troldborg, Ulla
Hornum, Alicia M Poulsen, Per Bagi & Henrik Kehlet

To cite this article: Lars S Bjerregaard, Stina Bogø, Sofie Raaschou, Charlotte Troldborg, Ulla
Hornum, Alicia M Poulsen, Per Bagi & Henrik Kehlet (2015) Incidence of and risk factors for
postoperative urinary retention in fast-track hip and knee arthroplasty, Acta Orthopaedica,
86:2, 183-188, DOI: 10.3109/17453674.2014.972262

To link to this article:  https://doi.org/10.3109/17453674.2014.972262

Copyright: © Nordic Orthopaedic Federation

Published online: 10 Oct 2014.

Submit your article to this journal 

Article views: 3946

View related articles 

View Crossmark data

Citing articles: 13 View citing articles 

https://informahealthcare.com/action/journalInformation?journalCode=iort20
https://informahealthcare.com/journals/iort20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.3109/17453674.2014.972262
https://doi.org/10.3109/17453674.2014.972262
https://informahealthcare.com/action/authorSubmission?journalCode=iort20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=iort20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.3109/17453674.2014.972262?src=pdf
https://informahealthcare.com/doi/mlt/10.3109/17453674.2014.972262?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.3109/17453674.2014.972262&domain=pdf&date_stamp=10 Oct 2014
http://crossmark.crossref.org/dialog/?doi=10.3109/17453674.2014.972262&domain=pdf&date_stamp=10 Oct 2014
https://informahealthcare.com/doi/citedby/10.3109/17453674.2014.972262?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/17453674.2014.972262?src=pdf


Acta Orthopaedica 2015; 86 (2): 183–188 183

Incidence of and risk factors for postoperative urinary retention 
in fast-track hip and knee arthroplasty 
A prospective, observational study

Lars S Bjerregaard1,2, Stina Bogø3, Sofie Raaschou4, Charlotte Troldborg5, Ulla Hornum6, 	
Alicia M Poulsen7, Per Bagi7, and Henrik Kehlet1,2

1 Section for Surgical Pathophysiology 4074, Rigshospitalet, Copenhagen University, Denmark.2 The Lundbeck Foundation Center for Fast-track Hip and 
Knee Replacement. Department of Orthopaedics, at 3 Gentofte University Hospital, 4 Hvidovre University hospital, 5 Vejle Hospital, 6 Aalborg University 
Hospital, Farsø, Denmark. 7 Department of Urology, Rigshospitalet, Copenhagen University, Denmark. 
Correspondence: Lars.stryhn.bjerregaard@regionh.dk 
Submitted 2014-05-12. Accepted 2014-09-08.

Open Access - This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, 
distribution, and reproduction in any medium, provided the source is credited.
DOI 10.3109/17453674.2014.972262

Background and purpose — Postoperative urinary retention 
(POUR) is a clinical challenge, but there is no scientific evidence 
for treatment principles. We describe the incidence of and pre-
dictive factors for POUR in fast-track total hip (THA) and knee 
arthroplasty (TKA). 

Patients and methods — This was a prospective observational 
study involving 1,062 elective fast-track THAs or TKAs, which 
were performed in 4 orthopedics departments between April and 
November 2013. Primary outcome was the incidence of POUR, 
defined by postoperative catheterization. Age, sex, anesthetic 
technique, type of arthroplasty, and preoperative international 
prostate symptom score (IPSS) were compared between catheter-
ized and non-catheterized patients. 

Results — The incidence of POUR was 40% (range between 
departments: 30–55%). Median bladder volume evacuated by 
catheterization was 0.6 (0.1–1.9) L. Spinal anesthesia increased 
the risk of POUR (OR = 1.5, 95% CI: 1.02–2.3; p = 0.04) whereas 
age, sex, and type of arthroplasty did not. Median IPSS was 6 in 
non-catheterized males and 8 in catheterized males (p = 0.02), but 
it was 6 in the females in both groups (p = 0.4). 

Interpretation — The incidence of POUR in fast-track THA 
and TKA was 40%, with spinal anesthesia and increased IPSS in 
males as predictive factors. The large variation in perioperative 
bladder management and in bladder volumes evacuated by cath-
eterization calls for randomized studies to define evidence-based 
principles for treatment of POUR in the future. 



Postoperative urinary retention (POUR) can be defined as the 

inability to voluntarily empty the bladder after anesthesia and 
surgery (Kaplan et al. 2008). It is normally treated by cath-
eterization of the bladder. However, the actual volume of urine 
in a bladder that would definitely require catheterization is 
unknown, which has resulted in different criteria for catheter-
ization (Baldini et al. 2009). The reported incidence of POUR 
in elective total hip arthroplasty (THA) and elective total knee 
arthroplasty (TKA) ranges from 0% to 75% (Balderi and Carli 
2010). POUR is a challenge in all surgical fields, not least in 
elective THA and TKA, and it may increase postoperative 
morbidity and prolong hospitalization (Choi and Awad 2013). 
Collaboration between urology specialists and other surgeons 
is therefore required to create evidence-based guidelines for 
POUR and its treatment. Several factors have been proposed 
to increase the risk of POUR (Baldini et al. 2009), and in this 
context, the international prostate symptom score (IPSS)—
which is based on the symptom index for benign prostate 
hyperplasia developed by American Urological Association 
(Barry et al. 1992)—has been suggested for use in predict-
ing the risk of POUR. However, published studies have shown 
substantial variation regarding their definition of POUR, their 
study design, and the level of detail, thus making them diffi-
cult to interpret and compare (Bjerregaard et al. 2014). 

There are no large-scale, detailed data on the incidence 
of POUR in THA and TKA performed in standardized fast-
track settings. Opioid-sparing postoperative analgesia and 
early mobilization may facilitate early restoration of blad-
der function (Bjerregaard et al. 2014), so the objective of this 
study was to determine the incidence of POUR—defined as 
the number of patients receiving intermittent urinary bladder 
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catheterization—in 4 high-volume departments that perform 
fast-track THA and TKA. We also determined the influence of 
previously proposed risk factors for POUR and evaluated cur-
rent practice for diagnosing and treating POUR in fast-track 
THA and TKA. 

Patients and study design

We included data from 1,062 procedures of elective primary 
THA or TKA that were performed between April 3, 2013 and 
the November 26, 2013 in 4 Danish orthopedics departments 
that are part of the Lundbeck Foundation Center for Fast-
Track THA and TKA (www.fthk.dk). 

Inclusion criteria were age ≥ 18 years and informed oral 
consent. Exclusion criteria were refusal to participate, preop-
erative use of urinary bladder catheterization, hemodialysis, 
pregnancy, incapability of the patient to cooperate, placement 
of an indwelling catheter before surgery (n = 6), or inability 
to speak or understand Danish. 1,401 procedures of elective 
primary THA or TKA were performed during the study period 
and 1,062 of these were included in the study; logistic rea-
sons (absence of research personnel, re-scheduling of opera-
tion dates etc.) prevented inclusion of approximately 10% of 
the patients. 50 patients were excluded postoperatively due to 
incomplete registration of data and the remaining patients were 
excluded on the basis of one or more of the exclusion criteria. 

The design was a hypothesis-generating, prospective, non-
interventional study with a pragmatically chosen sample size 
of 1,000 patients, as there had been no conclusive previous 
data on our primary outcome from a comparable population. 

Perioperative care and urinary bladder management
Low-dose spinal anesthesia (with or without propofol seda-
tion) was used as standard, but general anesthesia (GA) was 
offered if requested by the patient. Similar general regimens 
were used in all departments regarding anesthesia and surgical 
technique (Husted et al. 2010), and intraoperative fluid admin-
istration was restrictive, but was not recorded. Postoperative 
analgesia was accomplished by a multimodal approach of opi-
oid-sparing oral treatment and perioperative local infiltration 
analgesia (Husted et al. 2010).

After surgery, the patients were observed in the post-anes-
thesia care unit (PACU) until they fulfilled discharge crite-
ria defined by the Danish Association for Anaesthesiology 
and Intensive Care Medicine (www.dasaim.dk). In the ward, 
mobilization was initiated within 2–6 hours postoperatively, 
and always on the day of surgery.     

Urinary bladder volume was assessed in the postoperative 
period by trained nurses using ultrasound bladder scanners 
(BladderScan® BVI 3000, 6100, and 9400; Verathon Medical 
Europe BV, Ijsselstein, the Netherlands). Intermittent bladder 
catheterization was carried out in accordance with the local 
guidelines of the department. These were inability to empty the 
bladder voluntarily with a bladder volume of ≥ 400 mL (depart-
ments B–D, Table 1) or with a bladder volume of ≥ 600 mL 
(department A, Table 1). In cases of symptomatic urinary reten-
tion (inability to empty the bladder and abdominal discomfort, 
pain etc.), patients were catheterized in all departments.  

Data collection
Before surgery, all patients completed the 7 symptom-related 
questions of the IPSS, giving scores from 0 to 35 (Kaplan 
2006). Age, sex, type of arthroplasty, anesthetic technique, 
and time of the last preoperative spontaneous micturition and 
the first postoperative one were registered for all patients. 
When there was postoperative bladder catheterization, we reg-
istered the volume of urine evacuated by the first intermittent 
catheterization, whether the intermittent catheterization was 
repeated, and whether a subsequent indwelling catheter was 
placed.   Information on the department’s existing guidelines 
for postoperative bladder management was collected after the 
study, as we did not wish to affect current practice during the 
study period.

Outcome measures
Our primary outcome was the incidence of POUR, defined 
as the proportion of patients who received active intervention 
with intermittent urinary bladder catheterization in the post-
operative period.  

Secondary outcomes included the length of time from the 
last preoperative to the first postoperative spontaneous mic-
turition, urinary volumes evacuated by intermittent bladder 
catheterization, distribution of risk factors for POUR (age, 

Table 1. Numbers of elective fast-track THAs and TKAs where urinary bladder catheterization was performed postoperatively, and their 
distribution between departments
 

	 Department A	  Department B	  Department C	 Department D	 Total 
	 (n = 230)	  (n = 226)	  (n = 310)	 (n = 296)	 (n = 1,062)

Intermittent catheterization 81 (35.2%)	 127 (55.2%)	 132 (42.6%)	 89 (30.0%)	 429 (40.4%)
Repeated intermittent catheterization   4 (1.7%)	   16 (7.1%)	   14 (4.5%)	   9 (3.0%)	   43 (4.1%)
Indwelling catheter because of POUR   0	     2 (0.9%)	     0	   3 (1.0%)	     5 (0.5%)
Indwelling catheter not because of POUR    4 (1.7%)	     1 (0.4%)	     1 (0.3%)	   2 (0.7%)	     8 (0.8%)

POUR: postoperative urinary retention.
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sex, anesthetic technique, and type of surgery) between cath-
eterized patients and non-catheterized patients, and the asso-
ciation between preoperative IPSS and incidence of postop-
erative catheterization.   

Statistics
Categorical data are given as number of patients and group 
percentage. Between-group comparisons were done using 
Fisher’s exact test. Odds ratio with 95% confidence interval 
(CI) was calculated for statistically significant, dichotomous 
risk factors.

Continuous data are given as mean with range if they were 
approximately normally distributed (as assessed by histograms 
and probability plots), and as median and interquartile range 
(IQR) if they were not normally distributed. Groups were com-
pared using the unpaired t-test or Mann-Whitney U-test where 
appropriate. IPSS scores were analyzed for the full scale, and 
also divided into 3 groups according to the severity of lower 
urinary track symptoms (LUTS): mild, 0–7; moderate, 8–19; 
and severe, 20–35 (Kaplan 2006). The 8 patients who received 
an indwelling catheter postoperatively for reasons other than 
urinary retention (Table 1) were not included in the analysis 
of risk factors.  

IBM SPSS Statistics version 20 was used for data analysis, 
and any p-values less than 0.05 were considered significant.

Ethics
According to Danish law, this was considered a quality-
assurance project due to its non-interventional design. Thus, 
approval and need for written informed consent were waived 
by the local research ethics committee (registration no. H-1-
2013-011). Collection and storage of data were approved by 
the Danish Data Protection Agency (no. 2007-58-0015).

Results

The overall incidence of POUR was 40%, but it ranged from 
30% to 55% between departments. Only 4% of the patients 
needed re-catheterization, and only 0.5% had an indwelling 
catheter due to POUR (Table 1). 

Median time between the last preoperative spontaneous 
micturition and the first postoperative one was 8 h and 10 
min (IQR: 6:50–8:50) in the non-catheterized group and 10 h 
(IQR: 5:15–12:09) in the catheterized group. Bladder volumes 
evacuated by catheterization varied from 75 mL to 1,900 mL 
with a median volume of 550 mL (IQR: 450–703), and there 
were similar distributions between departments. 27% of the 
catheterized patients had bladder volumes of less than 500 
mL, whereas 21% had bladder volumes of more than 800 mL 
(Figure). Mean age in the non-catheterized group was 67 years 
(range: 19–92) as compared to 68 years (range: 24–91) in the 
catheterized group (p = 0.9).  Neither sex nor type of arthro-
plasty was related to postoperative catheterization (p = 0.2 and 
0.5, respectively). The proportion of catheterized patients was 
statistically significantly higher in the spinal anesthesia group 
than in the GA group (41% vs. 31%; p = 0.04; OR = 1.5, CI: 
1.02–2.3). Overall data on the role of risk factors are given in 
Table 2.  

In the total study population, median IPSS was 6 (IQR: 
3–11) in the non-catheterized group and  7 (IQR: 3–12) in the 
catheterized group (p = 0.03). In males, median IPSS in the 
non-catheterized group was 6 (IQR: 2–11), as opposed to 8 
(IQR: 4–13) in the catheterized group (p = 0.02). In females, 
median IPSS was 6 (IQR: 3–11) in both groups (p = 0.4). We 
found no statistically significant association between the 3 
groups of IPSS severity and the risk of POUR—in the study 
population as a whole (p = 0.1) and when we analyzed males 
and females separately (p = 0.08 and 0.4, respectively) (Table 
3). Comparison of patients with evacuated bladder volumes of 
less than 500 mL and those with bladder volumes of at least 
500 mL showed no differences in IPSS scores or severity of 

Table 2. Distribution of sex, type of arthroplasty, and anesthetic 
technique in catheterized and non-catheterized patients

	 Catheterized 	 Non-catheterized
	 (n = 424)	 (n = 630)	 p-value

Sex			   0.2
 Male 	 159 (37.5%)	 262 (41.6%)	
 Female 	 265 (62.5%)	 368 (58.4%)	
Type of arthroplasty			   0.5
 THA	 228 (53.8%)	 352 (55.9%)	
 TKA	 196 (46.2%)	 278 (44.1%)	
Anesthetic technique			   0.04
 Spinal	 387 (91.3%)	 549 (87.1%)	
 General	   37 (8.7%)	   81 (12.9%)	

THA: total hip arthroplasty; TKA: total knee arthroplasty.

Urine volumes evacuated at the first intermittent catheterization post-
operatively (n = 414).  
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IPSS (p > 0.05 for all patients, for males, and for females) 
(Table 3).    

Discussion

With an overall incidence of postoperative urinary catheteriza-
tion of approximately 40%, this is the first large-scale, pro-
spective detailed study to report a qualified estimate of the 
incidence of POUR in fast-track THA and TKA. As previ-
ously stated, the incidence of POUR in THA and TKA has 
been imprecisely reported to be between 0% and 75% due to 
the highly variable criteria used to define POUR (Balderi and 
Carli 2010). 2 recent studies reported incidences of POUR 
of 25% and 30%, but the retrospective study defined POUR 
from bladder volumes of 500 mL or more (Balderi et al. 2011) 
whereas the prospective study defined POUR as abdominal 
discomfort, inability to micturate, and clinical evidence of an 
extended bladder (Kotwal et al. 2008). Neither of these 2 stud-
ies was performed in a fast-track setting and neither provided 
data on the bladder volumes evacuated by catheterization.  

We found considerable differences between our 4 depart-
ments regarding the proportion of patients receiving cath-
eterization, and there were considerable differences between 
departments regarding time of bladder scan and bladder vol-
umes used as catheterization threshold, reflecting that no local 
or international consensus exists on evidence-based guidelines 
for defining and treating POUR. 

Smaller prospective studies have indicated that male sex 
and high age are associated with an increased risk of POUR 
in patients undergoing lower limb arthroplasty (Sarasin et al. 
2006, Kotwal et al. 2008), but this has not been confirmed 
in more recent retrospective studies with larger sample sizes 
(Balderi et al. 2011, Griesdale et al. 2011). We did not find 
increasing age or male sex to be clinically relevant risk factors 
for postoperative catheterization after fast-track THA or TKA. 
Previous studies have been inconclusive as to whether TKA 
is a risk factor for POUR compared to THA (Griesdale et al. 
2011, Balderi et al. 2011), and in the present study we found 

who receive spinal anesthesia and in those who receive GA 
(Harsten et al. 2013). 

POUR is considered to be an acute, unobstructive urinary 
retention precipitated by surgery and/or anesthesia (Kaplan 
et al. 2008), and spontaneous remission should be expected 
when the precipitating stimuli are gone. Fast-track THA and 
TKA includes opioid-sparing analgesia and early mobiliza-
tion, which might both facilitate restoration of bladder func-
tion (Kehlet 2013). In the present study, the median time from 
the last preoperative spontaneous micturition to the first post-
operative one was approximately 8 hours in non-catheterized 
patients and approximately 10 hours in catheterized patients, 
and only 4.1% of the patients were catheterized more than 
once (Table 1). These findings indicate that POUR is a tran-
sient condition of relatively short duration in fast-track THA 
and TKA. Consistent with our findings, Balderi et al. (2011) 
reported a mean time from surgery to first spontaneous mic-
turition of 6 hours and 25 minutes in the 213 patients (75%) 
who were not catheterized. Of the 73 patients (25%) who 
developed POUR, 18 had 1 single intermittent catheterization, 
6 had 2 intermittent catheterizations, and the remaining 49 
patients were treated with an indwelling catheter for 48 hours. 
No data were provided on time of the first spontaneous mictu-
rition in the POUR group (Balderi et al. 2011). 

In our study, half of the catheterized patients had evacuated 
bladder volumes of between 500 mL and 800 mL, 21% had 
evacuated bladder volumes of more than 800 mL, and 7% had 
evacuated bladder volumes of more than 1,000 mL (Figure). 
As our study reflects clinical practice, some patients were 
catheterized based on clinical symptoms of urinary retention, 
and therefore independently of bladder volume—which is 
reflected by the fact that a smaller proportion (< 10%) had 
evacuated bladder volumes of less than 400 mL (Figure). We 
believe that urinary bladder volume is a central component 
in defining POUR, and non-evidence-based recommendations 
on bladder volumes for defining (and treating) POUR vary 
from 500 mL (Balderi and Carli 2010) to 600 mL (Balderi et 
al. 2011), mostly based on the assumption that over-distension 
of the bladder may cause detrusor damage and subsequently 

Table 3. IPSS grouped according to severity, and compared between non-catheter-
ized and catheterized patients, and also between patients catheterized for bladder 
volumes < 500 mL or ≥ 500 mL 

	 IPSS 0–7	 IPSS 8–19	 IPSS 20–35	 p-value

All patients, n	 603	 367	 70	 0.1
 Catheterized 	 226 (62.5%)	 166 (45.2%)	 26 (37.1%)	
 Non-catheterized 	 377 (37.5%)	 201 (54.8%)	 44 (62.9%)	
Catheterized patients, n	 220	 162	 25	 0.5
 BV < 500 mL 	   60 (27.3%)	   40 (24.7%)	   8 (30.8%)	
 BV ≥ 500 mL 	 160 (72.7%)	 122 (75.3%)	 18 (69.2%)	

IPSS: international prostate symptom score.
Missing data: IPPS was missing for 6 catheterized patients and 8 non-catheterized 
patients. Evacuated bladder volume was missing for 10 catheterized patients. 

that there was no difference in risk between 
patients undergoing THA and TKA. 

We found that spinal anesthesia is a risk 
factor for POUR in fast-track THA and TKA, 
increasing the risk of postoperative catheteriza-
tion by approximately 50% compared to GA. 
This is consistent with previous findings, and 
is in accordance with current knowledge on the 
physiology of the micturition reflex (Baldini 
et al. 2009, Choi and Awad 2013). Data on the 
use of low-dose, short-acting local anesthet-
ics without opioid adjuvants are inconclusive 
(Choi and Awad 2013, Bjerregaard et al. 2014), 
and a recent smaller (but randomized) study has 
shown no difference in POUR rates in patients 
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urological deficits (Baldini et al. 2009). However, the degree 
and duration of bladder distension that would cause chronic 
voiding difficulties in humans are unknown (Madersbacher 
et al. 2012). A recent review on perioperative micturition and 
POUR suggests that long-term sequelae are unlikely with 
over-distension of the bladder lasting less than 4 hours (Choi 
and Awad 2013), but this was based solely on the findings of 
Pavlin et al. (1999), without any more up-to-date data. Cur-
rently, no conclusive clinical data exist on the optimal inter-
ventional threshold for catheterization (Bjerregaard et al. 
2014), so we hypothesize that a less aggressive strategy for 
postoperative bladder management—including acceptance of 
higher bladder volumes before catheterization—might avoid 
catheterization in many patients. However, clinical trials are 
needed to determine the long-term consequences and safety 
aspects of increasing the catheterization threshold. 

The IPSS has been validated to quantify LUTS in men 
(Barry et al. 1992) and, although never validated in women, it 
has been proposed to be correlated with the bothersomeness of 
obstructive bladder symptoms in women (Groutz et al. 2000). 
We found statistically significant differences in preoperative 
IPSS scores between non-catheterized and catheterized male 
patients, but no differences in female patients. As mentioned 
above, the IPSS has not been validated in females, which may 
explain why it did not prove useful in predicting POUR. Our 
results are consistent with previously reported results from 
prospective observational studies on male patients undergo-
ing THA and TKA (Elkhodair et al. 2005, Kieffer and Kane 
2012), but they contradict the results of the study by Sarasin 
et al. (2006) who found that IPSS was not useful in predict-
ing POUR regardless of sex and age (Sarasin et al. 2006). 
Although significant (p < 0.05), we found an absolute dif-
ference in median IPSS in males of only 2 points, and when 
grouping the IPSS values according to severity, we found no 
association between severity of symptoms and the risk of 
catheterization in either males or females, thereby calling into 
question the clinical applicability of IPSS for assessing the 
risk of POUR in fast-track THA and TKA. In addition, we 
compared IPSS scores in those who were catheterized for vol-
umes < 500 mL and those who were catheterized for volumes 
≥ 500 mL, but, irrespective of sex, we found no differences 
between these groups.   

Our study had some limitations, as no detailed data were 
collected on preoperative morbidity and previous urogeni-
tal or gynecological surgery, which may affect perioperative 
micturition (Baldini et al. 2009). Also, due to the observa-
tional design, we did not provide uniform intraoperative pro-
cedures such as the technique for spinal anesthesia or fluid 
therapy, and no data were collected on intraoperative fluid 
administration. Since a positive intraoperative fluid balance 
may result in larger bladder volumes earlier in the postopera-
tive period (where the “micturition reflex” may still not have 
been restored), it could result in a higher incidence of POUR. 
Future studies should include registration of intraoperative 

fluid therapy and fluid balance. Finally, there was great vari-
ability between the departments regarding the volumes of 
urine evacuated by catheterization (Figure), and a consider-
able proportion of patients were catheterized for a smaller 
volume than that recommended by the local guidelines. This 
means that some patients may have been catheterized unnec-
essarily, which is why we may have overestimated the real 
incidence of POUR.     

In conclusion, the incidence of POUR in fast-track THA and 
TKA was 40% when defined by postoperative catheterization, 
but the lack of an evidence-based definition of POUR was 
reflected by considerable variation between the participating 
departments. Spinal anesthesia increased the risk of POUR, 
while age, sex, and type of arthroplasty did not. Although the 
IPSS was related to POUR, it had limited (if any) meaning-
ful clinical applicability. Finally, POUR in fast-track THA and 
TKA was a transient and short-lasting condition with a risk of 
indwelling catheterization of only 0.5%. These results should 
serve as a basis for designing detailed, large, randomized con-
trolled trials to provide high-quality data on the optimal blad-
der volume for postoperative catheterization in fast-track THA 
and TKA and other procedures. Such studies should be per-
formed based on good collaboration between urologists, other 
surgeons, and anesthesiologists.
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