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prostate volume + urinary volume + Qmax that highly pre-
dicts successful catheter removal (sensitivity 100%, specific-
ity 69%, PPV 64%, NPV 100%).  Conclusion:  We found for the 
first time a significant association between hydronephrosis 
and successful catheter removal. Successful catheter remov-
al until day 4 after AUR can safely be managed without im-
mediate transurethral resection of the prostate. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 Acute urinary retention (AUR) is one of the most com-
mon emergencies in the field of urology. The painful in-
ability to void is often unexpected and urgent urinary 
drainage is needed  [1] . In most cases AUR results from 
benign hyperplasia of the prostate (BPH) that is a com-
mon disease in men accounting for the 10 most prevalent 
and most costly diseases in Western countries  [2–4] . 
However, there are many other factors suggested to pro-
mote the risk of AUR like increasing age, alcohol con-
sumption, neurological disorders or psychotropic drugs.

 Key Words 

 Acute urinary retention · Predictive values for catheter 
removal · Prostate · Transurethral resection of the prostate 

 Abstract 

  Introduction:  The study aims to identify candidates who can 
be managed conservatively after the first episode of sponta-
neous painful acute urinary retention (AUR).  Methods:  A to-
tal of 20 patients with primary spontaneous painful AUR 
were prospectively included in the study. Twenty-four hours 
after AUR, the catheter was removed. When residual urinary 
volume was <100 ml, patients were referred without cathe-
ter, when residual urinary volume was  ≥ 100 ml, the catheter 
was replaced and removed again at day 4, 7 or 10 after AUR, 
respectively. Receiver operating characteristic curves, sensi-
tivity, specificity, positive predictive value (PPV) and nega-
tive predictive value (NPV) were calculated to assess predic-
tors for successful catheter removal.  Results:  Thirteen out of 
20 (65%) patients had a successful catheter removal until day 
10 after AUR. Among them 12 of 13 (93.2%) had a successful 
catheter removal until day 4 of AUR. Hydronephrosis urinary 
volume and Qmax at the time of AUR were significant nu-
meric predictors for failure of successful catheter removal. In 
addition, we calculated a prediction model combing age + 
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  While immediate catheter placement is the unique 
acute therapy option in men with AUR, there is no gen-
eral consensus about the duration of catheterization or 
the general management of patients after AUR. Thus, 
procedure after the first episode of AUR depends on 
preferences of the individual patient and physician, as 
well as their expectations in term of treatment efficacy, 
side effects, quality of life and disease progression. In 
general, transurethral resection of the prostate (TURP) 
is regarded as the standard surgical procedure if pros-
tate volume is up to 80 ml  [5] . However, it has been 
shown that patients with AUR due to BPH treated by 
TURP had an increased risk of complications (risk of 
bleeding, urinary incontinence, urethral structure), lon-
ger hospital stay and more comorbidities than those 
without AUR  [6] . Therefore, it seems to be important to 
characterize those patients who can be managed conser-
vatively after AUR. Several studies propose a conserva-
tive approach with or without a period of α-blocking 
therapies  [7–9] .

  On the one hand, the present study investigates pos-
sible predictors for successful catheter removal after the 
first painful spontaneous AUR. On the other hand, we 
evaluate the duration required for catheter placement in 
the clinical practice.

  Patients and Methods 

 The study has been approved by the local ethics committee 
(study number AN 5180 328/4.2). Between December 2013 and 
December 2014, 20 patients with the primary episode of spontane-
ous painful AUR presenting at the Emergency Department of Urol-
ogy, Medical University Innsbruck, were prospectively included in 
the study. All patients participating in the study signed written in-
formed consent. Conditions for inclusion in the study were male 
gender, the first episode of spontaneous painful AUR and urine 
volume  ≥ 500 ml at initial bladder drainage. Exclusion criteria were 
age younger than 18 years, previous neurological disease as well as 
urological diseases such as known prostate hyperplasia urethral 
stricture, febrile prostatitis, bladder or prostate cancer.

  All patients were treated by urethral catheterization and hospi-
talized for 24 h after AUR to exclude post-obstructive polyuria. In 
addition, all patients were treated with a α-adrenoreceptor antago-
nist once a day and with antibiotic prophylaxis with sulfametrole-
trimethoprim twice a day for 1 week  [10–13] .

  Clinical variables including age, amount of drained volume at 
the time of catheterization, as well as serum creatinine and electro-
lyte levels were assessed. Moreover, urine analyses were performed 
in each patient included in the study. All patients were examined 
physically including body mass index, digital rectal examination 
and kidney sonography. Prostate volume was calculated by tran-
srectal ultrasonography. Furthermore, patient’s history concern-
ing sexual activity, obstipation, drug-, nicotine- and alcohol con-

sumption, international prostate symptom (IPSS) score (IPSS 
score, 7 symptom questions and 1 quality of life question)  [14]  as 
well as previous prostate-specific antigen values were documented.

  Study Design 
 Twenty-four hours after AUR, the catheter was removed. After 

first spontaneous micturition, residual urinary volume was mea-
sured by bladder scan. Moreover, an uroflowmetry analysis was 
performed. When residual urinary volume was <100 ml, the pa-
tient was referred at home without catheter, and residual urine 
volume was controlled again after 1 week and then monthly for a 
total of 6 months. However, if the residual urinary volume was 
 ≥ 100 ml, the catheter was placed again for further 72 h.  Figure 1  
shows a detailed overview of the study design.

  Fig. 1.  Overview about the study flow. 
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  Statistical Methods 
 All demographic and baseline characteristics were analyzed 

descriptively (absolute and relative frequency for qualitative data 
and mean and SD for quantitative data), overall and stratified if 
catheter removal was successful or not. Fisher’s exact test and 
Mann–Whitney U test were performed for group comparison. 
We investigated discriminatory power of age, urine volume and 
prostate volume to predict failure of catheter removal. For this 
purpose, we constructed receiver operating characteristic curves 
and calculated the area under the curve (AUC) as well as sensitiv-
ity, specificity, positive predictive value (PPV) and negative pre-
dictive value (NPV) for different cutoff values, including the val-
ue for which the sum of sensitivity and specificity was highest. 
The DeLong method for AUCs was used to calculate 95% CIs for 
all these parameters and exact binominal ones for the other per-
formance measures  [15] . A significance level of α = 0.05 (2-tailed) 
was applied. Statistical analyses were conducted in R version 3.1.1 
and SPSS version 22.0 (SPPS Inc., Chicago, Ill., USA).

  Results 

 All 20 patients participating in the study were eligible 
for final analyses. The mean age was 67.7 years. Baseline 
characteristics are shown in  table 1 .

  Among all 20 patients, 13 (65%) patients had a success-
ful catheter removal until day 10 after AUR. Seven of these 
13 patients had a residual urinary volume <100 ml at the 
first day after AUR, while 5 of the 13 patients were success-
ful at day 4 and 1 patient at day 7 after AUR. No patient 
had a successful catheter removal at day 10 after AUR.

  Analyzing differences between patients with and with-
out successful catheter removal, we found that hydrone-
phrosis of the kidney was present only in those patients 
with unsuccessful catheter removal (p = 0.001;  table 2 ). 
Thus, hydronephrosis at time of AUR is a highly signifi-
cant predictor for successful catheter removal failure with 
a PPV and NPV of 100% (100% sensitivity and 100% 
specificity).

  Moreover, urinary volume (p = 0.05) and Qmax (p = 
0.01) at initial drainage after AUR were significantly 
higher in those patients with unsuccessful catheter re-
moval. All other investigated parameters like IPSS score 
or drug- or alcohol consumption were not statistically 
different among both groups ( table 2 ). However, for high-
er age (p = 0.10), higher prostate volume (p = 0.09) and 
previous erectile dysfunction (p = 0.07), there was a sta-
tistical trend toward the unsuccessful treatment group 
( table 2 ). We also calculated mean values and standard 
deviations for the different days of successful catheter re-
moval (day 1 vs. >day 1). However, as the 2 groups are 
very small, data were only analyzed descriptively without 
statistical testing ( table 2 ).

  When investigating the discriminatory power of age, 
urine volume and prostate volume, we found that all test-
ed parameters had high predictive values; however, the 
combination of all 3 parameters (age >75 years, urine 
volume >1,500 ml prostate volume >80 ml and Qmax 
<5.7 ml/s) predicted the failure of successful catheter re-
moval best (sensitivity 100%, specificity 76.9%, PPV 
70%, NPV 100%;  table 3 ). AUC curves for the parameters 
age, urine volume, prostate volume and Qmax are shown 
in  figure 2 .

   Follow-Up.  Patients with successful catheter removal 
were followed for 1 week after AUR and then monthly 
and further treated with an α-adrenoreceptor antagonist 
once a day  [13] . When prostate volume was >40 ml, 5 mg 
of finasteride once a day was added as part of the treat-
ment  [5, 16] . Among all 13 patients with successful cath-
eter removal, 11 were eligible for follow-up analyses. 
Among them, currently 10 out of 11 patients have still a 

Table 1.  Baseline characteristics

Variable Mean ± SD/n (%)*
Age, years 67.7±10.8
Body mass index, kg/m2 25.5±3.2
Urinary volume, ml 1,220±515
Prostate volume, ml 72.9±26.7
Hydronephrosis 5 (25.0)
Polyuria 0 (0.0)
Urinary infection 2 (10.0)
Phimosis 0 (0.0)
Alcohol consumption past 24 h 10 (50.0)
Sexual intercourse past 24 h 3 (15.0)
Prostatitis 1 (5.0)
IPSS (total) 14.6±9.8
IPSS score

≤7 5 (25.0)
8–19 9 (45.0)
≥20 6 (30.0)

Erektile dysfunction 11 (55.0)
Nicotin consumption 3 (15.0)
Alcohol consumption 12 (60.0)
Obstipation 1 (5.0)
Raised creatinine 3 (15.0)
Changes in Elyte parameters 2 (10.0)
Psychtropic drugs 2 (10.0)
Qmax, ml/s 8.0±4.2
Redidual urine volume, ml 135.1±164.5
Prostate-specific antigen, ng/ml 4.1±3.0
fPSA , % 21.3±10.8

 * Mean values ± SD for quantitative, and absolute and relative 
frequencies (n) for qualitative variables.
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Table 2.  Comparison of patient’s characteristics with and without successful catheter removal

Sucessful catheter 
removal (n = 13)
mean ± SD/n (%)

No sucessful catheter
removal (n = 7)
mean ± SD/n (%)

p 
value* Sucessful catheter 

removal day 1 (n = 7) 
mean ± SD/n (%)

Sucessful catheter 
removal day 1 (n = 6) 
mean ± SD/n (%)

Age, years 64.8±8.4 73.0±13.4 0.18 66.4±8.2 62.8±8.8
Body mass index, kg/m2 26.2±3.5 24.2±2.2 0.34 25.3±2.5 27.2±4.2
Urinary volume, ml 1,062±26 1,514±577 0.05 971±351 1,167±513
Prostate volume, ml 65.5±21.4 86.7±31.6 0.12 63.7±20.5 67.5±24.3
Hydronephrosis 0 (0.0) 5 (71.4) 0.001 0 (0.0) 0 (0.0)
Urinary infection 1 (7.7) 1 (14.3) 1.00 0 (0.0) 1 (16.7)
Alcohol consumption past 24 h 8 (61.5) 2 (28.6) 0.35 3 (42.9) 5 (83.3)
Sexual intercourse past 24 h 3 (23.1) 0 (0.0) 0.52 2 (28.6) 1 (16.7)
Prostatitis 1 (7.7) 0 (0.0) 1.00 1 (14.3) 0 (0.0)
IPSS (total) 14.8±8.9 14.3±12.0 0.76 13.4±6.1 16.3±11.8
IPSS score

≤7 3 (23.1) 2 (28.6) 1.00 1 (14.3) 2 (33.1)
8–19 6 (46.2) 3 (42.9) 1.00 5 (71.4) 1 (16.7)

≥20 4 (30.8) 2 (28.6) 1.00 1 (14.3) 3 (50.0)
Erectile dysfunction 5 (38.5) 6 (85.7) 0.07 3 (42.9) 2 (33.3)
Nicotin consumption 2 (15.4) 1 (14.3) 1.00 2 (28.6) 0 (0.0)
Alcohol consumption 8 (61.5) 4 (57.1) 1.00 4 (57.1) 4 (66.7)
Obstipation 1 (7.7) 0 (0.0) 1.00 1 (14.3) 0 (0.0)
Raised creatinin 2 (15.4) 1 (14.3) 1.00 2 (28.6) 0 (0.0)
Changes in Elyte parameters 1 (7.7) 1 (14.3) 1.00 1 (14.3) 0 (0.0)
Psychtropic drugs 1 (7.7) 1 (14.3) 1.00 0 (0.0) 1 (16.7)
Qmax, ml/s 8.9±4.4 5.0±0.8 0.01 9.3±4.6 8.5±4.6
Residual urine volume, ml 43.2±30.4 374.0±115.7 <0.001 24.7±20.9 64.7±25.7
PSA, ng/ml 3.4±2.3 5.8±4.4 0.38 3.0±2.6 3.8±2.3
fPSA, % 23.8±9.3 6.4±n.c.*** 0.29 14.1±4.9 28.6±6.6

 * Mean values ± SD for quantitative, and absolute and relative frequencies (n) for qualitative variables; Mann–Whitney U test for quan-
titative variables, Fisher’s exact test for qualitative variables; ** not calculable due to no observed events; *** SD not calculable since only 
one value available.

Table 3.  Performance measures for selected thresholds predicting repeated failure of catheter removal (i.e., residual volume ≥100 ml 
after all 4 tries)

AUC 
(95% CI**) True 

positives
True 
negatives

False 
positives

False 
negatives

Sensitivity 
(95% CI***) Specificity 

(95% CI***) PPV 
(95% CI***) NPV 

(95% CI)

Age >75 years* 0.69 (0.43–0.96) 3 12 1 4 43 (10–82) 92 (64–100) 75 (19–99) 75 (48–93)
Total urinary 

volume, ml 0.78 (0.57–0.99)
>950* 7 7 6 0 100 (43–100) 54 (25–81) 54 (25–81) 100 (47–100)
>1,500 4 11 2 3 57 (18–90) 85 (55–98) 67 (22–96) 79 (49–95)

Prostate volume, ml 0.73 (0.50–0.95)
>58.5* 7 6 7 0 100 (47–100) 46 (19–75) 50 (23–77) 100 (42–100)
>80 3 11 2 4 43 (10–82) 85 (55–98) 60 (15–95) 73 (45–92)

Qmax <5.7 ml/s* 0.92 (0.77–1.00 12 4 0 1 92 (64–100) 100 (28–100) 100 (64–100) 80 (28–99)
Age >75 or urinary 

volume >1,500 ml 
or prostate volume 
>80ml or Qmax 
<5.7 ml/s 7 9 4 0 100 (47–100) 69 (39–91) 64 (31–89) 100 (55–100)

 * ‘Best’ cutoff value (i.e., sum of sensitivity and specificity is highest); ** obtained according to the DeLong method; *** exact binomial 
confidence limits.
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good voiding function (residual urine volume <100 ml) 
after a median time of 6 months follow-up. However, 1 
patient had a new episode of AUR and underwent TURP.

  Discussion 

 The present study was undertaken to assess numeric 
predictive factors for a successful catheter removal after 
the first episode of a painful AUR in patients with no 

previous urological diseases. In general, AUR is a severe 
disease mostly resulting from BPH, characterized by a 
sudden, unexpected and painful inability to void volun-
tarily despite the presence of urine in the bladder and the 
desire to urinate  [1] . Immediate treatment consists of 
complete bladder decompression by insertion of urinary 
or suprapubic catheterization. However, there is an in-
consistency regarding how long the catheter has to be 
placed after AUR. Moreover, there are no standard pro-
cedures to emphasize that the patients should be imme-

  Fig. 2.  AUC curves for the parameters age ( a ), urine volume ( b ), prostate volume ( c ) and Qmax ( d ). 
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diately treated surgically and whether they can be man-
aged conservatively after the first episode of painful 
spontaneous AUR.

  In the present prospective study, we aimed to identify 
the ideal time point of successful catheter removal after 
catheterization after the first episode of spontaneous 
painful AUR. Moreover, we assessed predictors for a suc-
cessful catheter removal. For this purpose, we included 20 
patients with the first episode of a spontaneous AUR. In 
contrast to other studies, we included only patients with 
the first spontaneous episode of AUR. Postoperative and 
neurogenic AUR as well as AUR due to malignancies 
were not included in the study. In addition, previous uro-
logical malignancies or a previous history of BPH were 
exclusion criterion in the present study. Therefore, our 
study is in contrast to other studies, which include not 
only spontaneous but also precipitated AUR  [9, 17]  pa-
tients with known BPH  [18]  or postoperative AUR  [19]  
in their investigations.

  Interestingly, 12 of 13 patients (92.3%) had a successful 
catheter removal until day 4 after AUR. These data are in 
line with a large multicenter study that also found that 
catheterization for >3 days does not influence the success 
rate and increased adverse events like hematuria or uri-
nary tract infections  [9] . Therefore, one can assume that 
successful catheter removal until day 4 has a good chance 
to avoid or delay immediate surgery in patients. Six 
months follow-up analysis also revealed that only 1 pa-
tient had a recurrent episode after AUR with successful 
catheter removal.

  In our study, ‘successful catheter removal’ was defined 
when residual urine volume was <100 ml. Most of the 
other studies did not define a residual volume cutoff 
when assessing successful catheter removal. Only Maha-
dik et al.  [20]  characterized a successful catheter removal 
when residual urine volume was <200 ml. In our opinion, 
it has to be considered that consistent high residual urine 
volumes have the risk of other urological complications 
like urinary tract infections or chronic hydronephrosis 
leading to loss of kidney function. Mustonen et al.  [21]  for 
example described that one-third of patients (n = 25) had 
elevated resistance indexes in the kidney sonography af-
ter AUR due to chronic bladder outlet obstruction. In ad-
dition, there is a big variability in duration of catheter 
placement after AUR causing inter- and intraobserver 
variability when comparing different studies on this is-
sue.

  To our knowledge, the present study described for the 
first time that hydronephrosis at the time point of AUR 
is a relevant predictor of successful AUR. In our opinion, 

this is an important finding as urinary obstruction due to 
prostatic disease in men is responsible for at least 5% of 
new cases of end-stage renal disease among patients over 
the age of 65 years  [21] . This finding again underlines the 
importance of early surgical intervention in case of AUR 
with hydronephrosis.

  In addition to hydronephrosis, urine volume and 
Qmax at AUR is a significant predictor of successful cath-
eter removal. This finding is in line with previous studies 
describing urine volume at initial bladder drainage as 
predictor for successful catheter removal  [9, 17, 18] .

  Several studies investigating factors for successful 
catheter removal found prostate volume and age as sig-
nificant predictors for successful catheter removal  [9, 18, 
20, 22, 23] . In the present study, predictive value for these 
parameters was also high. Even better results for predic-
tion of successful catheter removal until day 4 after AUR 
were achieved when combining patient age, urine volume 
at initial bladder drainage as well as prostate volume in 
one model, yielding 100% sensitivity and 76.9% specific-
ity.

  In contrast to another study, IPSS values had no sig-
nificant influence on successful catheter removal in our 
investigation  [18] , which might be likely due to the lack 
of study power (n = 20). Furthermore, it has to be consid-
ered that the IPSS score is a subjective test and not all pa-
tients give correct answers.

  In addition to the predictors that have been described 
above, in the present study, intravesical prostatic protru-
sion has been observed as predictor for successful cathe-
ter removal  [18] . For example, a recent randomized con-
trolled trial showed that bladder training before urinary 
catheter removal did not increase the chance of trial with-
out catheter success significantly in spontaneous AUR 
patients with BPH.

  To our knowledge, this is the first prospective pilot 
study investigating predictors for successful catheter re-
moval after spontaneous AUR without confounding pa-
rameters like already treated BPH, postoperative settings 
or comorbidities. Further strengths of the study are the 
homogenous patient collective as we included only pa-
tients with the first spontaneous episode of AUR without 
previous urological disorders. Limitations of the study 
are the small patient number as well as the short follow-
up (6 months). Therefore, the present study may be un-
derpowered concerning predictors for successful catheter 
removal like prostate volume, age or IPSS value. As a fur-
ther consequence, point estimates of predictive values 
like sensitivity and specificity are associated with a rela-
tively high degree of uncertainty as can be seen from the 
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broad CIs. Thus, we assume that this finding has to be 
confirmed in a larger multicenter study prior to drawing 
any final conclusion.

  In summary, we found that hydronephrosis and the 
combination model of age + prostate volume + urinary 
volume highly predict the success of catheter removal af-
ter the first episode of spontaneous painful AUR. In addi-
tion, we found that the success rate of successful catheter 
removal sharply decreases after day 4 after AUR. In the 
clinical practice, the present study may help to identify 
patients who can be managed conservatively after AUR.
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