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low-up only in patients with preoperative AUR. The minimal 
opening pressure decreased significantly more (p = 0.0077) 
from the preoperative period to follow-up in the non-AUR 
group. Patients older than 80 years and younger patients 
showed comparable results.  Conclusions:  TURP leads to a 
sustained and age-independent improvement of clinically 
relevant PFS parameters in patients with BPH. Patients with 
preoperative AUR had comparable symptomatic, but an im-
paired urodynamic outcome compared to patients without 
AUR.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Benign prostatic hyperplasia (BPH) may clinically 
lead to chronic symptoms, such as lower urinary tract 
symptoms (LUTS), and acute symptoms, such as acute 
urinary retention (AUR). While LUTS significantly re-
duces quality of life, AUR is an emergency situation  [1] . 
Treatment of symptomatic BPH has changed and medical 
treatment is nowadays the first option for patients with 
LUTS  [2, 3] . Transurethral resection of the prostate 
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 Abstract 

  Introduction:  Benign prostatic hyperplasia (BPH) may ulti-
mately result in acute urinary retention (AUR). This study was 
performed to assess the impact of transurethral resection of 
the prostate (TURP) on urodynamic parameters in patients 
with BPH using pre- and postoperative pressure-flow studies 
(PFS) and compare those between patients with and without 
preoperative AUR.  Patients and Methods:  78 patients un-
derwent TURP because of symptoms due to BPH and were 
evaluated preoperatively and at follow-up after a mean  8  
SD of 27  8  11.5 months by the International Prostate Symp-
tom Score and PFS.  Results:  32% of patients were admitted 
with AUR. The clinical and principal urodynamic parameters 
exhibited statistically significant improvement reaching nor-
mal values after TURP in most patients. Comparing patients 
with and without AUR, the bladder compliance significantly 
increased (p = 0.0013) from the preoperative period to fol-
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(TURP) remains the gold standard treatment for patients 
with bothersome LUTS refractory to medical manage-
ment or complications, such as refractory AUR  [4] . A va-
riety of other treatment options are available, but the 
most substantial long-term data are available for TURP 
 [5] .

  The pathophysiological impact of AUR on urodynam-
ic parameters in a long-term follow-up has not been as-
sessed so far. Pressure-flow studies (PFS) have been 
shown to be a sensitive way to study outcome parameters 
after different therapies for symptomatic BPH and to 
have excellent long-term reproducibility  [6–8] .

  The aim of this study was to investigate, if AUR results 
in a reduced recovery of the bladder urodynamics after 
TURP compared to patients without AUR. We therefore 
focused on the differences in the clinical and urodynam-
ic outcome in patients with and without AUR prior to 
TURP. 

  Patients and Methods 

 Study Design 
 The prognostic value of PFS was studied in 78 patients with 

symptomatic BPH admitted to the Urologic Clinic, Hospital St. 
Elisabeth, Straubing, Germany for TURP. Diagnostic criteria 
were adopted from the German guidelines on diagnosis of symp-
tomatic BPH  [9] . All patients were additionally preoperatively as-
sessed by urodynamic investigations including PFS and were then 
operated by TURP according to a standardized technique  [10, 11] . 
Intraoperative and postoperative characteristics were recorded. 
Early postoperative investigations included uroflowmetry and ul-
trasound residual urine measurement. A follow-up visit was per-
formed approximately 2 years after TURP, consisting of an Inter-
national Prostate Symptom Score (IPSS) evaluation and a urody-
namic investigation, using identical methods of assessment  [12] .

  Pressure-Flow Studies 
 PFS were performed according to the standards described by 

the International Continence Society (ICS) good urodynamic 
practices guidelines  [13–16] . The UD-2000 urodynamic system 
(Medical Measurement System, Enschede, The Netherlands) was 
used. Urodynamic parameters were generated by the urodynam-
ic system software. Additionally, the following parameters were 
calculated, using individual values of the recorded urodynamic 
parameters  [17, 18] :
  • bladder outlet obstruction index = P det  Q max  – 2 Q max , where 

P det  Q max  represents detrusor pressure at Q max ; 
 • bladder contractility index = P det  Q max  + 5 Q max ; 
 • bladder voiding efficiency (%) = voided volume/cystometric 

capacity. 

 Statistical Analysis 
 Qualitative variables were calculated by the two-tailed  �  2  test 

or Fisher’s exact test, where appropriate, quantitative variables by 
the one-tailed paired (comparison preoperative to follow-up vari-

ables in the full cohort) or unpaired (comparison AUR vs. non-
AUR cohort) t test.

  Correlation calculations were performed by the two-tailed 
Pearson test. An  �  value of 0.05 was determined to be statisti-
cally significant. Statistical calculations were performed using 
Microsoft Excel 97 or SPSS for Windows 11.0.

  Results 

 Patient Characteristics 
 Patient characteristics of the 78 patients undergoing 

pre- and postoperative PFS are shown in  table 1 . 25/78 
(32%) patients were admitted with AUR and received im-
mediate, short-term transurethral catheterization. 13/78 
(17%) patients had a urinary tract infection (UTI) prior 
to TURP. On average, 61% of the preoperatively mea-
sured volume was resected. There were no serious intra- 
or postoperative complications. One patient received 
blood transfusion (1.3%). 6/78 (8%) patients had a postop-
erative UTI, but were not identical to the patients with 
preoperative UTI. 6/78 (8%) patients had delayed postop-
erative bleeding 8–40 days after TURP, treated by an in-
dwelling urinary catheter. 3/78 (4%) patients were dis-
charged with a permanent suprapubic catheter postop-
eratively, because of failure to void during their hospital 
stay. At follow-up, only 1 of these 3 patients required a 
permanent suprapubic catheter. Two of these 3 patients 
showed preoperative urodynamic parameters indicative 
of an unfavorable postoperative outcome [inadequate 
susceptibility to urgency ( 1 500 ml cystometric filling), 
bladder compliance of 100 ml/cm H 2 O]. None of these 3 
patients presented with clinical AUR prior to TURP, 
however, at preoperative PFS, all 3 were unable to void. In 
6/78 (8%) patients, an incidental carcinoma of the pros-
tate, and in 53/78 (68%) patients, chronic prostatitis was 
diagnosed by histological examination.

  Symptomatic improvement was significant from the 
preoperative period to follow-up ( table 2 ). Forty-six (59%), 
28 (36%) and 4 (5%) patients had IPSS values of 0–7, 8–19, 
and  6 20, respectively, at the follow-up visit.

  Pressure-Flow Studies 
 At preoperative PFS, 22/78 (28%) patients were not 

able to void under urodynamic circumstances. Eleven of 
those 22 patients were admitted with AUR. Follow-up 
clinical and urodynamic investigations were performed 
after a mean  8  SD of 27  8  11.5 months (range 9–42). At 
follow-up, 19/78 (24%) patients were not able to void un-
der urodynamic circumstances, but only 1 patient had a 
permanent suprapubic catheter because of permanent 
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urinary retention. Nine of those 19 patients were preop-
eratively admitted with AUR.

  The main urodynamic parameters [cystometric blad-
der capacity, maximal detrusor pressure (P detmax ), blad-
der volume at first urgency, detrusor overactivity, bladder 
compliance, maximal urine flow (Q max ), detrusor pres-
sure at Q max , voided volume, minimal urethral opening 
pressure (P detmuo ), bladder outlet obstruction index, blad-
der contractility index, degree of subvesical obstruction 
measured according to the ICS nomogram and the 
Schäfer classification] exhibited a statistically significant 
improvement and reached normal values at the follow-up 
visit ( table 2 )  [19, 20] .

  The postvoid residual volume and the percent bladder 
voiding efficiency did not significantly change between 
the preoperative and follow-up visit.

  A cystometric bladder capacity  ! 350 ml was found in 
34/78 (44%) patients before TURP and in 25/78 (32%) pa-
tients at follow-up (p  1 0.05), and a bladder compliance 
 ! 25 ml/cm H 2 O was found in 24/78 (31%) patients before 
TURP and in 8/78 (10%) patients at follow-up (p  !  0.01).

  There was no significant correlation between IPSS at 
follow-up, as a symptomatic outcome parameter, and pre-
operative urodynamic parameters (bladder capacity, p = 
0.895; P detmuo , p = 0.947; bladder contractility index, p = 
0.069; bladder obstruction index, p = 0.090), with the ex-
ception of bladder compliance (p = 0.002). There was also 
no significant correlation between bladder compliance at 
follow-up, as a urodynamic outcome parameter, and pre-
operative clinical or urodynamic parameters (IPSS, p = 

0.094; bladder contractility, p = 0.306; P detmuo , p = 0.172; 
bladder outlet obstruction index, p = 0.172).

  There were, however, significant correlations between 
preoperative IPSS and preoperative quality of life assess-
ment (p  !  0.001), the IPSS at follow-up (p = 0.012) and the 
difference between preoperative and follow-up IPSS val-
ues (p  !  0.001). The preoperative IPSS value correlated 
significantly with the difference between the preopera-
tive and follow-up bladder compliance (p = 0.027).

  Age did not correlate with the difference between pre-
operative and follow-up compliance (p = 0.898), cysto-
metric bladder capacity (p = 0.627), bladder outlet ob-
struction index (p = 0.295) and bladder contractility in-
dex (p = 0.727). There was a slight correlation of age with 
the difference between preoperative and follow-up IPSS 
value (p = 0.043).

  Patients aged 80 years and older (n = 8) did not show 
significantly different changes between preoperative and 
follow-up symptomatic and urodynamic parameters 
compared to patients younger than 80 years (n = 70; data 
not shown).

   Table 3  presents the differences between preoperative 
and follow-up patient characteristics and cystomanomet-
ric parameters of patients with (n = 25) and without (n = 
53) preoperative AUR. There were no preoperative clini-
cal parameters significantly differentiating both groups 
with the exception of prostate-specific antigen (PSA). 
There were also no significant differences between the 
preoperative and follow-up changes in IPSS values and 
quality of life scores.

Table 1.  Pre- and postoperative patient characteristics 

Parameters Mean 8 SD Range

Age, years (n = 78) 7188.1 47–89
Charlson index [25] (n = 78) 1.581.6 0–8
ASA score [26] (n = 78) 2.580.6 1–4
Creatinine, mg/dl (n = 78) 1.181.0 0.6–9.3
PSA, ng/ml (n = 75) 4.7811.1 0.1–102.4
Prostate volume, ml (n = 69) 46.1817.2 13–100
Resected tissue weight, g (n = 78) 27.1816.3 5–100
Resection time, min (n = 78) 48.8820.7 15–140
Resected tissue weight/prostate volume, % (n = 69) 61827.2 20–172
Duration of postoperative transurethral urinary catheter, days (n = 78) 2.681.8 1–13
Postoperative uroflowmetry1, ml/s (n = 68) 20811 6–62
Postoperative voided volume1, ml (n = 68) 2068118.3 51–523
Postoperative postvoid residual urine1, ml (n = 78) 338126 0–1,000

A SA = American Society of Anesthesiologists. 1 Data not from the PFS.
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  Regarding the filling cystomanometry parameters, 
there were no significant differences between the preop-
erative period and follow-up with the exception of blad-
der compliance, which increased significantly more in 
the AUR group.

  In the AUR group 14/25 (56%) patients and in the non-
AUR group 15/53 (28%) patients were not able to void,
either in the preoperative or in the follow-up PFS (p  !  
0.01). However, this did not reflect the clinical situation, 
because at follow-up only 1 patient remained with a supra-
pubic catheter because of permanent urinary retention. 

  Discussion 

 In this study, patients treated by TURP due to symp-
tomatic BPH showed sustained symptomatic and urody-
namic improvement after a mean of 27 months. The eval-
uated morbidity and early outcome data are well in line 
with a recently published multicenter evaluation per-
formed in our region  [21] .

  In most patients, IPSS values and urodynamic param-
eters returned to normal at the follow-up visit. Four pa-
tients reported severe LUTS at follow-up (IPSS  6 22). 
These 4 patients also reported IPSS values of  6 24 before 
TURP. Cystomanometry at follow-up did not show de-
trusor overactivity, and bladder compliance was between 
25 and 85 ml/cm H 2 O. Before TURP as well as at the fol-
low-up visit, 1 patient of those was not able to void in the 
PFS, but reported ability to void in normal life. The blad-
der contractility index in the other 3 patients was be-
tween 54 and 93, and the PFS showed no obstruction ac-
cording to different nomograms. There was no preop-
erative symptomatic or urodynamic parameter able to 
predict the negative outcome at follow-up in those 4 pa-
tients, which has similarly been shown by another study 
 [22] . Additionally, 1 patient needed a permanent supra-
pubic catheter because of urinary retention.

  Preoperative clinical symptoms measured by the IPSS 
were best predicting clinical success. In contrast to the 
publication by Thomas et al.  [18] , we could not demon-
strate that detrusor underactivity (bladder contractility 

Table 2.   Preoperative and follow-up symptom characteristics and cystomanometric parameters in 78 patients

Parameter Preoperative Postoperative p
value

IPSS total 1988 887 <0.001
IPSS irritative 884 583 <0.001
IPSS obstructive 1185 384 <0.001
Quality of life index of IPSS 481 281 <0.001

Filling cystomanometry
Cystometric bladder capacity, ml 3498148 3968114 0.006
Pdetmax, cm H2O 65844 29815 <0.001
Volume at first urgency, ml 2148108 273896 <0.001
Detrusor overactivity, n 26 (33%) 14 (18%) 0.043
Compliance, ml/cm H2O 39826 48826 0.013

Pressure-flow cystomanometry
No micturition possible, n 22 (28%) 19 (24%) 0.716
Qmax, ml/s 783 1287 <0.001
Pdetmuo, cm H2O 24815 986 <0.001
Pdet Qmax, cm H2O 75841 38812 <0.001
Bladder contractility index [17] 111842 96833 0.034
Voided volume, ml 1858106 2788133 0.001
Postvoid residual urine, ml 1308146 1078134 0.418
Percent bladder voiding efficiency [17] 74840 81835 0.325
Bladder outlet obstruction index [17] 60841 14821 <0.001
Obstructed (ICS nomogram) [19, 27], n/total 35/56 (63%) 3/59 (5%) <0.001
Schäfer nomogram [20] 381 181 <0.001

Figures are mean 8 SD unless indicated otherwise. p values in italics indicate significance.
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index  ! 100) is correlated with poor symptomatic out-
come (IPSS  6 20). Similar to our findings, it has also re-
cently been reported that symptomatic patients with 
weak bladder contractility might benefit from TURP 
 [23] . The only preoperative urodynamic parameter that 
correlated with symptomatic outcome in our study was 
preoperative bladder compliance: the higher the preop-
erative bladder compliance, the higher the IPSS value at 
follow-up.

  The grade of preoperative symptoms also correlated 
significantly with improvement in bladder compliance at 
follow-up: the higher the preoperative IPSS value, the 
lower the preoperative to follow-up increase in bladder 
compliance. This shows that the preoperative symptom-

atic load is important and has a negative influence on the 
cystomanometric recovery of the bladder.

  Comparing specifically patients with and without 
AUR prior to TURP showed no significant difference in 
symptoms, nor in prostate volume. However, preopera-
tive PSA was significantly higher in the AUR group. This 
finding corresponds partly with the results of one study 
showing prostate volume and PSA being best predictors 
of AUR  [24] . Interestingly, the AUR group showed lower 
preoperative bladder compliance values. However, blad-
der compliance changed significantly at the follow-up 
visit only in the AUR group and was then comparable to 
the non-AUR group. This demonstrates that only pa-
tients with AUR showed initially an impaired effect on 

Table 3.  Preoperative and preoperative to follow-up differences of patient characteristics and cystomanometric parameters comparing 
patients with and without preoperative AUR

Parameter No preoperative AUR Preoperative AUR p  value
(n = 53) (n = 25)
preoperative
(I)

� preoperative
to follow-up (II)

preoperative
(III)

� p reoperative
to follow-up (IV)

Age 7188 n.a.  7089 n.a. 0.353 n.a.
Charlson index [25] 182 n.a. 282 n.a. 0.394 n.a.
ASA score [26] 381 n.a. 281 n.a. 0.423 n.a.
Prostate volume, ml 47817 n.a. 44817 n.a. 0.232 n.a.
PSA, ng/ml 2.982.5 n.a. 8.7821.3 n.a. 0.028 n.a.
Creatinine, mg/dl 0.9680.27 n.a. 1.3481.68 n.a. 0.052 n.a.
IPSS 2088 –1189 1788 –1088 0.082 0.462
Quality of life index of IPSS 481 –282 482 –382 0.372 0.112

Filling cystomanometry
Cystometric bladder capacity, ml 3528146 +338114 3428154 +768139 0.384 0.076
Pdetmax, cm H2O 63839 –35835 71853 –39860 0.220 0.346
Volume at first urgency, ml 2228111 +628115 1978103 +888145 0.185 0.191
Detrusor overactivity, n 19/53 (36%) –9/53 (17%) 7/25 (28%) –3/25 (12%) 0.610 0.742
Compliance, ml/cm H2O 45825 +1834 27824 +25829 0.001 0.001

Pressure-flow cystomanometry
No micturition possible, n 11/53 (21%) +15/53 (28%)1 11/25 (44%) +14/25 (56%)1 0.057 0.025
Qmax, ml/s 783 +588 884 +185 0.345 0.033
Pdet Qmax, cm H2O 72829 –36829 84865 –22835 0.158 0.092
Pdetmuo, cm H2O 27816 –18817 18812 –4816 0.028 0.008
Bladder contractility index [17] 107829 –9839 122868 –18845 0.135 0.258
Voided volume, ml 1998106 +828145 142898 +668175 0.040 0.382
Postvoid residual urine, ml 1318151 –318154 1248134 +878166 0.434 0.016
Percent bladder voiding efficiency [17] 78841 +6842 64838 –9847 0.122 0.159
Bladder outlet obstruction index [17] 57830 –46837 69865 –23835 0.179 0.036
Obstructed (ICS nomogram) [19, 27], n/total 27/42 (64%) –26/38 (68%) 8/14 (57%) –6/11 (55%) 0.752 0.480
Schäfer nomogram [20] 381 –282 382 –182 0.396 0.016

Figur es are mean 8 SD unless indicated otherwise. p values in italics indicate significance. 1 Preoperative and at follow-up. 
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the storage function of the bladder, which normalized in 
most patients after deobstruction. Despite being admit-
ted with AUR, 56% of those patients were able to void at 
preoperative PFS. Only preoperative P detmuo  was signifi-
cantly lower in the AUR group and comparable with the 
non-AUR group at the follow-up visit. The increase in 
maximal urine flow rate at follow-up was significantly 
higher in the non-AUR group. The cystometric postvoid 
residual urine, preoperatively not different in the two 
groups, decreased in the non-AUR group at the follow-
up visit, but increased in the AUR group. The bladder 
outlet obstruction index, also not different preoperative-
ly between both groups, decreased significantly more in 
the non-AUR group. This fact was also consistent when 
the Schäfer nomogram index was applied, but not when 
obstruction was classified according to the ICS nomo-
gram.

  In summary, maximal urine flow, P detmuo , postvoid
residual urine and the bladder outlet obstruction index 
improved significantly more in the non-AUR compared 
to the AUR group. In this study, AUR in BPH patients 
correlated with an adverse long-term outcome in urody-
namic parameters. However, this was not reflected by the 
patients’ symptoms. Nevertheless, it might well be that in 
the longer term the persistent urodynamic impairments 

will also lead to symptomatic failure in patients with 
AUR.

  There was no association of age and urodynamic pa-
rameters and their improvement. Elderly patients had a 
somewhat lower symptomatic improvement at the follow-
up visit. However, overall patients older than 80 years had 
a favorable outcome compared to younger patients. This 
is especially important in the light of the increasing age 
epidemiology, showing that TURP should be offered to 
all patients suffering from symptomatic BPH, if indicat-
ed.

  Conclusion 

 Based on the results of this work, we could show that 
TURP in symptomatic BPH patients led to sustained, sig-
nificant and age-independent improvement of micturi-
tion symptoms, quality of life and the urodynamic pa-
rameters of both the filling cystomanometry and the PFS. 
Patients presenting with preoperative AUR, however, had 
an impaired outcome in urodynamic parameters, which 
shows that AUR is an adverse condition leading to long-
term urodynamic sequelae.
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