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Abstract
: To analyze clinical data from male patients treated with urethrotomy andAim

to develop a clinical decision algorithm.
: Two large cohorts of male patients with urethralMaterials and methods

strictures were included in this retrospective study, historical (1985-1995,
n=491) and modern cohorts (1996-2006, n=470). All patients were treated with
repeated internal urethrotomies (up to 9 sessions). Clinical outcomes were
analyzed and systemized as a clinical decision algorithm.

: The overall recurrence rates after the first urethrotomy were 32.4%Results
and 23% in the historical and modern cohorts, respectively. In many patients,
the second procedure was also effective with the third procedure also feasible
in selected patients. The strictures with a length ≤ 2 cm should be treated
according to the initial length. In patients with strictures ≤ 1 cm, the second
session could be recommended in all patients, but not with penile strictures,
strictures related to transurethral operations or for patients who were 31-50
years of age. The third session could be effective in selected cases of
idiopathic bulbar strictures. For strictures with a length of 1-2 cm, a second
operation is possible for the solitary low-grade bulbar strictures, given that the
age is > 50 years and the etiology is not post-transurethral resection of the
prostate. For penile strictures that are 1-2 cm, urethrotomy could be attempted
in solitary but not in high-grade strictures.

: We present data on the treatment of urethral strictures withConclusions
urethrotomy from a single center. Based on the analysis, a clinical decision
algorithm was suggested, which could be a reliable basis for everyday clinical
practice.

1,2 1 1 3

1 1 1 1

1

1

2

3

     Referee Status:

  Invited Referees

 

  
version 2
published
24 Apr 2017

version 1
published
26 Sep 2016

   1 2 3

report

report

report

report

report

report

, University MedicalPeter F.W.M Rosier

Center Utrecht, Netherlands
1

, Eberhard KarlsBastian Amend

University Tuebingen, Germany
2

, University Medical CenterMargit Fisch

Hamburg-Eppendorf, Germany
, UniversityClemens Rosenbaum

Medical-Center Hamburg-Eppendorf,
Germany

, University HospitalLuis Kluth

Hamburg-Eppendorf, Germany

3

 26 Sep 2016,  :2378 (doi:  )First published: 5 10.12688/f1000research.9427.1
 24 Apr 2017,  :2378 (doi:  )Latest published: 5 10.12688/f1000research.9427.2

v2

Page 1 of 18

F1000Research 2017, 5:2378 Last updated: 01 AUG 2017

https://f1000research.com/articles/5-2378/v2
https://f1000research.com/articles/5-2378/v2
https://f1000research.com/articles/5-2378/v2
https://f1000research.com/articles/5-2378/v1
https://orcid.org/0000-0002-2039-8904
http://dx.doi.org/10.12688/f1000research.9427.1
http://dx.doi.org/10.12688/f1000research.9427.2
http://crossmark.crossref.org/dialog/?doi=10.12688/f1000research.9427.2&domain=pdf&date_stamp=2017-04-24


 

 Florian Imkamp ( )Corresponding author: imkamp.florian@mh-hannover.de

 Competing interests: No competing interests were disclosed.

 Tolkach Y, Herrmann T, Merseburger A   How to cite this article: et al. Development of a clinical algorithm for treating urethral strictures
   2017,  :2378 (doi: based on a large retrospective single-center cohort [version 2; referees: 3 approved] F1000Research 5

)10.12688/f1000research.9427.2
 © 2017 Tolkach Y  . This is an open access article distributed under the terms of the  , whichCopyright: et al Creative Commons Attribution Licence

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. Data associated with the article
are available under the terms of the   (CC0 1.0 Public domain dedication).Creative Commons Zero "No rights reserved" data waiver

 The author(s) declared that no grants were involved in supporting this work.Grant information:
 26 Sep 2016,  :2378 (doi:  ) First published: 5 10.12688/f1000research.9427.1

Page 2 of 18

F1000Research 2017, 5:2378 Last updated: 01 AUG 2017

http://dx.doi.org/10.12688/f1000research.9427.2
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://dx.doi.org/10.12688/f1000research.9427.1


REVISED   Amendments from Version 1

The following changes have been made in Version 2:

•     We have changed the Materials and Methods section 
to show that we didn’t have the patients with laser 
urethrotomy included in our cohort, as well as that 
the information for self dilatation was not available for 
analysis. Specialist status/experience was also not 
analysed, as was outlined in the Materials and Methods 
section

•     As requested by all referees, we have included the 
information for the “time to recurrence” in the Results 
section

•     Regarding the self dilatation, we also state this as the 
limitation of our study in the Discussion section

See referee reports

Introduction
Urethral stricture disease is a common problem in urological 
practice1,2. In general, the following three main types of treatment 
are applied in patients with urethral stricture disease: urethral dila-
tation, endoscopic treatment (urethrotomy) and urethroplasty3, with 
urethrotomy being the most frequently applied and mastered by 
almost all urologists4,5. The reported success rates for endoscopic 
urethrotomy widely range from 32% to 73.1% with an understudied 
long-term success rate2,6,7.

The relative easiness of the procedure and direct initial effect after 
procedure in all patients could explain the misuse of urethrotomy 
in patients, in whom recurrence after treatment is an obvious 
reality. The guidelines issued by the professional organizations do 
not generally recommend urethrotomy in patients with strictures 
longer than 1 cm or repeated urethrotomy sessions. Nevertheless, 
there is no strict evidence from prospective studies about the patient 
selection or repeated urethrotomy implementation or for the best 
treatment for stricture disease in general3.

The aim of the current study was to analyze clinical data for a 
period of more than 20 years with endoscopic treatment of stric-
tures in a large cohort of male patients as well as to develop a rele-
vant and flexible clinical decision algorithm that could optimize the 
treatment of this patient group.

Materials and methods
Study design and data acquisition
The study was retrospective in nature. During the data acquisition 
period, clinical information was retrieved from medical records of 
male patients, who were initially treated in the urological clinic 
of Hannover Medical School with a diagnosis of urethral stricture 
using the urethrotomy in a period from 1985 to 2006.

Patient cohorts
Two large cohorts of male patients with urethral strictures were 
included in this study, one historical cohort (Cohort I, treatment 
years 1985–1995, n=366) and one contemporary cohort (Cohort II, 
years 1996–2006, n=470) with a total of 961 patients. The patients 

were divided in these two cohorts with regard to the data quality 
(given the data acquisition was restrospective) with more consistent 
and full data in the “modern” Cohort II.

Clinical characteristics
Clinical data, obtained from patient records, included the patient 
age at the moment of the first and following operations, stric-
ture etiology, stricture localization, stricture length, stricture 
grade and number of strictures in every patient. The results of the  
preoperatively performed urethrography were obtained, whenever 
possible. The stricture length was calculated according to the ure-
thrography images and partially derived from the urethroscopy 
protocols. A completely developed stricture grade classification 
was used. In all patients, the proportion of the minimal diameter 
in the stricture zone to the diameter of the normal urethra was 
calculated as a percent. Grade I was defined as lumen stenosis 33% 
or less, Grade II – 33–66% reduction in the lumen diameter, and 
Grade III – 66% and greater reduction. In some patients diameter 
of the urethra in the stricture zone was measured with the urethral  
catheter and further calculated as the percent of luminal stenosis. 
Traumatic stricture was defined as stricture, which has developed 
in clinically tight association with pelvic, perineal trauma / fracture 
of the pelvic bones. All information was entered in a database for 
subsequent statistical analysis.

Treatment description
All patients were treated with respect to a urethral stricture using 
the internal cold-knife urethrotomy with the section at 12 o’clock 
while they were under general anesthesia. The patients with laser 
urethrotomy were not included in this study. Only patients with-
out any prior treatment of urethral strictures were included in the 
study. Other urological conditions (e.g. benign prostatic hyperpla-
sia, prostatitis, prostate cancer, medicaments) were not considered 
as exclusion criteria. A substantial number of the patients received 
multiple treatment sessions (up to 9 urethrotomies). The duration 
of the catheterization was documented for all procedures. The pro-
cedures were performed by several experienced surgeons from the 
department (certified specialists). The influence of the specialist on 
the procedure efficacy was not evaluated in this study.

Follow-up description
Postoperative follow-up was performed in all patients by means of 
questionnaires and, in most of patients (especially in the modern  
cohort), uroflowmetry. When the stricture recurrence was  
considered, ultrasound investigation, urethrography and urethros-
copy were performed to aid the diagnosis. Stricture recurrence 
was defined as the progressive deterioration of the voiding based 
on objective symptom assessment using International Prostate 
Symptom Score (IPSS) questionnaire and visualization of the stric-
ture with cystoscopy and cystography with more than 30% of ure-
thral lumen obstruction. Self or assisted dilatation was used in some 
patients to sustain the urethral lumen. However, we do not possess 
the detailed information on this parameter, which precluded us 
from including it in this statistical analysis.

Ethics
IRB approval was not required by our institution due to the retro-
spective nature of the study.
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Statistics
Statistical analysis was performed using the STATISTICA 8.0 
software (StatSoft, Tulsa, USA). All data samples were tested for 
normality. Pair-wise comparison of the different parameters among 
clinical groups was performed with the use of parametric and non-
parametric methods. A P level < 0.05 was considered statistically 
significant. Correlation analysis was performed to identify the  
associations of clinical/perioperative variables with the outcome. 
Logistic regression, multiple regression and discriminant analysis  
were used to create a model for the re-stricture rate prediction  
based on the clinical and perioperative variables.

Clinical decision algorithm
One of the aims of our study was to develop a clinical decision  
algorithm based on the analysis of recurrence or success of ure-
throtomy in different categories of patients with different disease 
characteristics, which would incorporate the clinical information 
and allow for selection of proper treatment in individual patients.

Results

Dataset 1. Database of 470 patients from the Cohort II (modern 
cohort of our study) with full raw data

http://dx.doi.org/10.5256/f1000research.9427.d135465

Median follow-up for patients in Cohort I was 96 months and in 
Cohort II – 64 months.

Patient demographics and stricture characteristics
The patient demographics and stricture characteristics are listed in 
Table 1 and Table 2.

The median time for recurrence after initial urethrotomy was  
1 year (range 0–9 years), with 33.0% of cases recurring during the 
first year, 26.4% during the second year and 18.9% during third 
year. After the second urethrotomy, 48.2% of recurring events were  
registered during the first year, with 18.5% and 14.3% recurring 
during the second and third years post-procedure, respectively.

The age distribution of the patients in two cohorts was compa-
rable (p=0.16). More than 70% of patients in both cohorts were 

41–80 years old and most were in the 61–70-year-old group. This 
was reflected in the stricture etiology data (Table 2) with a preva-
lence of the strictures, related to prostatic operations (transurethral 
resection of prostate and radical prostatectomy), which are usually 
the case in the aforementioned age group.

One of the main differences between both cohorts, which might 
influence the outcomes, is the catheterization time, and most 
patients in the historical cohort were on a catheter for fewer than 
3 days (67.4% only 1 day) with 3 days and more days in approx. 
90% of patients in contemporary group. This parameter was fur-
ther analyzed as a prognostic factor for the success/failure of the  
urethrotomy in patients with urethral strictures.

In our analysis, especially related to the development of a clini-
cal decision algorithm, we used the second cohort, which is better 
investigated and fully supported by clinical and radiological data, 
while cohort I was used as reference and control for some critical 
issues that arose during the analysis in the modern cohort.

Stricture recurrence rates
The overall recurrence rates for cohort II, according to the number 
of consecutively performed urethrotomies, can be observed in  
Figure 1A. For this cohort, it was demonstrated that the first and 
second operation had similar recurrence rates. The recurrence 
rate significantly increased after the third procedure (p<0.001). 
The overall recurrence rate after the first operation in cohort I was 
32.4% (159 out of 491 patients), which was slightly higher than for 
Cohort II (23%).

When the stricture etiology was considered (Figure 1B), differ-
ences in the recurrence rates were identified in Cohort II, and there 
was the highest recurrence rate after the first operation in patients 
with traumatic lesions and strictures of infectious origin. Interest-
ingly, only 1 out of 6 patients with failure of the first urethrotomy  
(initial n=16) recurred after the second treatment in the trauma 
group. No other etiological group was associated with an improved 
success rate following the second operation. In contrast with all 
other etiological groups with a generally unfavorable course, 
patients with idiopathic disease had a stable recurrence rate from  

Table 1. Patient demographics in two cohorts (overall n=961).

Number of 
patients

Mean age at 
diagnosis

Age distribution, years (and percents)

0–10 11–20 21–30 31–40 41–50 51–60 61–70 71–80 81–90 91–100

Cohort I 491 59.75±13.7 1 14 38 32 30 87 133 130 25 1

0.2% 2.9% 7.7% 6.5% 6.1% 17.7% 27.1% 26.5% 5.1% 0.2%

Cohort II 470 61.0±15.6 0 2 29 36 31 67 164 113 24 4

0% 0.4% 6.2% 7.7% 6.6% 14.3% 34.9% 24.0% 5.1% 0.9%

Total 961 n/a 1 16 67 68 61 154 297 243 49 5

0.1% 1.7% 7.0% 7.1% 6.3% 16.0% 30.9% 25.3% 5.1% 0.5%

Comments: Age distribution difference between Cohorts I and II was not statistically significant (p>0.05, chi–square test)
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Figure 1. Recurrence  rate after optical  internal urethrotomy  in patients with urethral stricture disease  (Cohort  II). A - Recurrence 
rate with respect to the number of urethrotomies in each patient. B - Recurrence rate with respect to the etiology after the 1st, 2nd and 3rd 
urethrotomies. C - Recurrence rate with respect to the patient age after the 1st and 2nd urethrotomies. D - Recurrence rate with respect to the 
stricture location and number of consecutive procedures. E - Recurrence rate with respect to the stricture length (≤1 cm and 1–2 cm) and 
number of urethrotomies. F - Recurrence rate with respect to the number of consecutive strictures in each patient after the 1st and 2nd attempts. 
G - Recurrence rate with respect to the catheterization duration after the 1st urethrotomy.
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Figure  2.  Clinical  decision  algorithm  for  patient  selection  for  internal  optical  urethrotomy  according  to  the  clinical  parameters 
and stricture characteristics and  ideal  time of catheterization  (with exclusion of  the  traumatic strictures and post-prostatectomy 
anastomotic strictures).

the first to third procedure (where the number of cases was suf-
ficient to show a tendency). In Cohort I (Figure 3-A), a similar  
success level was detected for the first urethrotomy with the excep-
tion of a low recurrence rate for the infection-related strictures. 
For the second attempt, a substantial increase of the recurrence 
rate was observed in all etiology groups, except for strictures  
related to the catheterization.

The recurrence rates in Cohort II after the first and second  
urethrotomy were analyzed with respect to the age of patients  
(Figure 1C). Due to inadequate numbers of patients, the age- 
dependent outcomes of the further treatment attempts were not 
analyzed. Importantly the lowest recurrence rate after the first 
procedure was in the 81–90 (only 2 out of 24 patients, 8%) and 
>90-year-old groups (0 out of 4 patients, 0%) with an overall trend 
of 19–29% in younger patients without statistical significance  
between both groups. However, significant differences that  

negatively affect the success rate after second urethrotomy were 
observed for the 31–40 and 41–50-year-old groups, demonstrat-
ing that the second treatment attempt was by far less success-
ful in those patients. In the Cohort I controls (Figure 3-B), the 
same trend was observed favoring the 81–90-year-old group, but 
a significant difference negatively affecting the outcome of the  
41–50-year-old group was evident compared to almost all other  
age groups (all p<0.05).

The location of the stricture in Cohort II appeared in the  
outcomes of urethrotomies (Figure 1D), demonstrating an  
unfavorable course of penile strictures after the second treatment 
compared to the bulbar and prebulbar strictures. The third opera-
tion in penile strictures failed in more than half of the patients. In  
Cohort I, a slight tendency to increasing recurrence rates after the 
second treatment of bulbar and prebulbar and a significant increase  
in penile strictures was observed. Generally, the third treatment  
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Figure 3. Recurrence rate after optical internal urethrotomy in patients with urethral stricture disease (Cohort I). A - Recurrence rate 
with respect to the etiology after the 1st and 2nd urethrotomies. B - Recurrence rate with respect to the patient age after the 1st urethrotomy.  
C - Recurrence rate with respect to the stricture location and number of consecutive procedures (1st, 2nd and 3rd).

attempt was unfavorable for all patients and combination  
strictures had an intermediate position.

Interestingly, in Cohort II, there were no significant differences 
in the recurrence rates for patients with a stricture length of 1 cm 
or less compared to the strictures that were 1–2 cm in length  
(Figure 1E). Multiple strictures tended to be more recurrent than 
single ones after the first and lacked a difference after the second 
procedure (Figure 1F). In Cohort I, information on the length and 
multifocality of strictures showed no influence on the outcome, 
which could be statistically demonstrated (p>0.05).

One of the important findings in Cohort II is that a prolonged 
catheterization (6–10 days) tended to be more favorable in terms of 
recurrence than ultrashort (1–2 days) and short (3–5 days) regimens 
(p<0.01) (Figure 1G). On the contrary, of all patients in Cohort I, 
67.4% were postoperatively catheterized for only 1 day, and the 
minority were catheterized for more than 5 days.

The stricture grade (calculated as the percent of the urethral  
lumen obstruction), available for analysis (n=255 in Cohort I and 

n=176 in Cohort II), did not influence the outcome after the first 
urethrotomy (p>0.05).

Assuming that the stricture length influences the operative  
outcomes of urethrotomy, we further analyzed the available data 
from Cohort II (Figure 4 and Figure 5).

Recurrence rate analysis in patients with a stricture length 
of 1 cm or less (Figure 4)
During the pairwise comparison in patients with or without recur-
rence after first urethrotomy, there were only slight differences 
identified. A lower recurrence rate was observed in patients older 
than 80 years (14% vs. 24–44% in the other age groups, p<0.01; 
in the 31–40-year-old group, the recurrence rate was 10%, n=5), in 
patients with idiopathic strictures (19%) and post-radical prostate-
ctomy strictures (18%), but higher recurrence rates were observed  
in patients with post-TURP strictures (39%), post-traumatic stric-
tures (33%), post-infectious strictures (33%) and strictures related 
to the catheterization (40%), which had p-levels <0.01. The 
number of strictures and their stricture localization did not signifi-
cantly influence the outcome. Patients with ultrashort (1–2 days)  
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Figure 4. Recurrence rate after the 1st optical internal urethrotomy in patients with urethral stricture with a length ≤1 cm. A - Recurrence 
rate with respect to the patient age (*n=5; p1 <0.01). B - Recurrence rate with respect to the stricture etiology (p2, p3 < 0.01 compared to 
the TURP, trauma, infection and catheterization groups). C - Recurrence rate with respect to the stricture localization. D - Recurrence rate 
with respect to the number of consecutive strictures in each of the patients. E - Recurrence rate with respect to the catheterization duration  
(p4 <0.05 compared to the other two groups).

catheterization (n=8) had a better success rate (p<0.05). These  
tendencies were a global trend when all strictures, regardless of 
length, were considered for analysis.

Recurrence rate analysis in patients with a stricture length 
of 1–2 cm (Figure 5)
When patients with a urethral stricture length greater than 1 cm 
were considered as a separate group, new factors arose that were 
important for patient selection in this indication.

The 71–80 and 81–90-year-old groups showed a favorable trend in 
terms of recurrence after the first procedure, 16% and 0%, respec-
tively, compared to 29–42% in the other groups (p<0.05), except 
for the 21–30-year-old group in which 9 patients presented with 
a recurrence rate of 0%. Etiologically, there were no observed  
advantages of the idiopathic and post-RPE strictures (as was the 
case in strictures < 1 cm), indicating that the length of a stricture 
represents a more important factor in these groups. Penile stric-
tures presented with a higher recurrence rate of 37% compared to 
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Figure  5.  Recurrence  rate  after  the  1st  optical  internal  urethrotomy  in  patients  with  a  urethral  stricture  with  a  length  of  1–2  cm.  
A - Recurrence rate with respect to the patient age (p1, p2 <0.05 compared to all other groups). B - Recurrence rate with respect to the 
stricture etiology (p3, p4 < 0.01 in comparison to other groups). C - Recurrence rate with respect to the stricture localization (p5 <0.01 to 
bulbar, p6 < 0.05 to prebulbar). D - Recurrence rate with respect to the number of consecutive strictures in each of the patients (p7 <0.001).  
E - Recurrence rate with respect to the catheterization duration (p8 <0.01 compared to the other two groups).

bulbar strictures (19%; p<0.01). Moreover, the number of strictures 
seemed to play an important role with a > 2-fold increase in the 
failure rate in patients with more than 1 versus a singular stric-
ture (45% vs. 20%, p<0.001), and this trend was not present in 
the patients with short strictures (1 cm or less). The other impor-
tant finding is the association between the length of catheteriza-
tion and the success rate of the first procedure. Patients who stayed 
on a catheter for 6 days or more had a recurrence rate of 0% 

(n=23) compared to 27% (27 out of 99 patients) in patients who 
were on a catheter for 5 days and less (p<0.001), indicating that  
prolonged catheterization influences the outcome of strictures that 
are 1–2 cm long.

The main clinical questions arising in everyday practice are: Who 
are the patients who should only be treated once? Who are the 
patients for whom two attempts could be considered? And who are 

Page 10 of 18

F1000Research 2017, 5:2378 Last updated: 01 AUG 2017



the patients for whom urethrotomy should never be performed? 
Further analysis focused on these questions (data from Cohort II)  
to develop a decision algorithm in patients with stricture disease.

Who are the patients who should only be treated once and 
who would benefit from two treatment attempts?
To answer this clinical question, patients with and without recur-
rence after second stricture treatment were selected and compared 
to identify factors that were indicative of treatment failure. The  
most important finding was, that the patients in whom a second 
operation was successful, had a predominance of bulbar and  
prebulbar strictures, implying that penile stricture cases are unfavo-
rable for second urethrotomy (recurrence rates of 33%, 7% and 16% 
for patients with penile, prebulbar and bulbar strictures, p<0.01). 
Moreover, post-TURP etiology tended to be a greater predictor 
of failure than other etiological groups (recurrence rates of 31%, 
20% and 17% in patients with post-TURP, idiopathic and post-
traumatic strictures; p<0.05 for the two latter groups to post-TURP  
strictures).

Therefore, men with penile strictures and post-TURP etiology are 
patients in whom any other attempts, except the first, are generally 
not reasonable.

Who are the patients, who should never be treated by 
urethrotomy?
We selected patients from our cohort (n=16) in whom 3 con-
secutive attempts of urethrotomy were performed with con-
secutive recurrent strictures, recurred, which represents a 
group that should initially be treated with other treatment  
modalities.

Our intention was to identify clinical factors that might be  
indicative for a successful initial internal urethrotomy. However, 
besides a trend of a higher number of penile strictures (43.7% of 
patients in this group) and post-TURP etiology (50% of patients), 
other parameters were distributed equally compared to the entire 
study population, providing no answer to this clinical question.

Prediction models
We have attempted to develop a prediction model based on the  
database of the Cohort II patients, integrating multiple clinical  
parameters, such as the age, stricture etiology, length, grade,  
localization, number of strictures and length of catheterization for 
predicting the risk of recurrence. Nevertheless, statistical analysis  
by logistic regression, multiple regression and discriminant analy-
sis did not reveal clear discriminating factors.

Discussion
Cold-knife direct vision urethrotomy is a technically simple and 
easy procedure to perform in patients with urethral strictures. As 
a result, it is the default treatment approach for urethral strictures 
compared to long-lasting, complex open urethral reconstructions, 
requiring experience, precise surgical technique, specific instru-
ments and, often, additional materials1,4,5. But, the long-term results 
of urethrotomy are questionable with convincing evidence of high 
recurrence rates2. Nevertheless, general recommendations about 

who should undergo urethrotomy and who should not are still 
lacking3.

We publish results of an analysis in our two consecutive cohorts 
of patients, who were repeatedly treated with urethrotomy. The  
high number of patients (n=961) and multiple treatment sessions 
provide sufficient data for clinical decision-making in patients  
with urethral strictures.

In the present cohort, some patients had strictures related to the 
trauma (n=19 and n=16 in Cohorts I and II, respectively) and post-
prostatectomy strictures of the vesico-urethral anastomosis (n=20, 
Cohort II). Both, in our opinion, have to separately be considered 
due to different endoscopic and other treatment modalities. In 
case of post-prostatectomy anastomotic strictures, internal ure-
throtomy or other endoscopic procedures (transurethral resection 
or laser incision) is the only available treatment modality. These 
well-established procedures could be combined with experimental 
techniques, such as glucocorticoid injection in the resection area, 
with very good overall results8–11. The data derived from cohort II 
demonstrated that performing internal urethrotomy in only patients 
who have an anastomosis stricture achieves a relatively good suc-
cess rate of 90% after the first urethrotomy (Figure 1D).

Trauma-related strictures represent a separate clinical problem. 
Open urethroplasty is considered to be the best treatment at a spe-
cialized center of excellence due to the high recurrence rates in 
case of endoscopic treatment. Moreover, all attempts to perform  
urethrotomy and other urethral manipulations substantially decrease 
the success rate of consecutive open urethroplasty12–15. Only a  
few patients with short and passable strictures without coarse  
scarring could be considered for direct vision internal urethrot-
omy. In our small group of patients with traumatic strictures, the 
failure rate of the first procedure was relatively high in cohort II  
(n=16, 38%, p<0.05) and comparable in cohort I (n=19, 26%, 
p>0.05).

According to our analysis of all other strictures in the anterior  
urethra, a set of clinical factors influences the outcomes of inter-
nal urethrotomy, namely the patient age, stricture etiology, stricture 
length, number of consecutive strictures in one patient, stricture 
localization and catheterization duration. These considerations, 
deriving from the analysis in Cohort II, namely the probability 
of success and failure of urethrotomy in certain clinical settings 
(dependent on the characteristics of the stricture disease), allowed 
us to formulate the clinical decision algorithm for patients with  
urethral strictures.

Algorithm of patient selection for urethrotomy and the ideal 
time of catheterization (traumatic strictures and post-
prostatectomy anastomotic strictures excluded) (Figure 2)
Patients who are 70 years of age and older should be considered 
as ideal candidates for urethrotomy. The length of the stricture 
should only be considered in relation to other factors. In patients 
with short strictures (<1 cm), the etiology, number of strictures and 
stricture localization did not influence the success rate. The ideal 
duration of catheterization in this group is 1–5 days (ultra-short  
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catheterization  of 1–2 days can be considered). For strictures that 
are 1–2 cm long, the number of strictures and etiology as well 
as the duration of catheterization (optimal 6–10 days) signifi-
cantly influenced the clinical outcomes. Penile strictures (>1 cm)  
could be treated endoscopically in the presence of a tender  
stricture. Other treatments should be considered if the number 
of strictures in those patients exceeds 1. Bulbar strictures with a 
length of 1–2 cm could be treated endoscopically at least once. 
Having more than 1 stricture is a predictor of failure. The stric-
ture grade and other parameters should be cautiously considered. 
A second treatment attempt is generally not recommended in the  
31–50-year-old age group. Penile strictures, as well as post-TURP 
strictures, should only be treated once. All other localizations or  
etiologies, except multiple long strictures, could be attempted  
twice. A third attempt should not be performed except for highly 
selected cases of idiopathic bulbar strictures. Strictures longer than 
2 cm should only be considered for an open reconstruction.

Moreover, other factors influenced the outcomes. In the present 
study, we aimed to create a prognostic model based on the afore-
mentioned clinical parameters. However, it was impossible to iden-
tify factors in spite of the clinically significant stricture-related 
factors. This implies that the factors were randomly distributed 
throughout the cohort and neither a single nor multiple factors were 
able to predict the outcome. Therefore, other factors (e.g., severity  
of spongiofibrosis and individual reactivity) that were not in 
the scope of this study might be useful for predicting treatment  
outcomes. Spongiofibrosis, according to several promising explora-
tory studies and believed to significantly limit success of internal 
urethrotomy in patients with stricture disease, could be detected 
pre-operatively by means of magnetic resonance imaging or  
ultrasound investigation and can therefore be considered with 
other clinical variables, given that specificity and sensitivity of the  
diagnostic modality could reach acceptable levels16–18.

Our algorithm demonstrates that there are some discrepancies with 
other large, published series. Our analysis shows that in many  
bulbar and prebulbar strictures, a second urethrotomy, even in 
case of long strictures up to 2 cm, could be safely attempted with 
promising success rates. Other authors reported that repeated ure-
throtomy did not improve the success rate, concluding that only a 
single procedure should be considered in all patients6,19. Due to the 
high failure rates, the treatment of strictures with a length of more  
than 1 cm by urethrotomy should be avoided in accordance with  
several studies7,20,21. The duration of the postoperative bladder 
drainage is also controversially discussed7,21. Nevertheless, in the  
majority of these studies, the overall success rate was approximately 
60%, implying that a more flexible algorithm could extend the  
indications for direct vision internal urethrotomy, even for  
disease with recurrent structures. Given that our patients, in case 
of recurrence, received repeated treatment sessions, we were able 
to perform a thorough analysis of cases of which repeated ure-
throtomies were successful, leading to the development of the  
aforementioned algorithm, providing a therapeutic reserve before 

these patients were subjected to open urethral reconstruction.  
Certainly this algorithm needs further investigation in a prospective 
trial to confirm its applicability and reliability.

Another important issue to consider is that more than 50% of all 
strictures originate with iatrogenic manipulations (transurethral 
resection, prostatectomy and catheterization), which should be a 
serious alert for urologists. This finding substantiates that no safe 
and easy manipulations on the urethra are available and that the 
urethra is very sensitive to traumatization, warranting a careful 
approach.

Our study is not devoid of limitations related to the retrospective 
nature of data acquisition, possible biases, and the absence or inac-
curacy of data in some patients. Particularly, some parameters, 
which were not available in our patients, namely the use of self or 
assisted dilatation of the urethra (which could have led to higher 
success rate of urethrotomy in our study compared to the more strict 
criteria in other studies), and the surgical experience with urethrot-
omy of operating surgeons, could  certainly make the conclusions 
more durable. Nevertheless, the retrospective study design and big 
patient cohort provided extensive valid information for perform-
ing a thorough statistical analysis that could be used to generate 
important issues that could be implemented in our clinical decision 
algorithm.

Conclusions
Based on two cohorts of patients, we have performed analysis of  
the clinical factors related to the efficacy of the primary and repeated 
urethrotomies in male patients with urethral stricture disease.  
Based on these findings, a flexible clinical decision algorithm was 
developed for this group of patients, providing a rationale for the 
optimal selection of patients for endoscopic treatment.
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32% and 73.1%. This leaves out data given by Santucci et al. with significantly lower success rates
between 0 and 9% only, that said, this was a smaller patient cohort . These data should be included as
they mirror the variety in results given by the literature.
 
The authors stated: “The guidelines issued by the professional organizations do not generally recommend
urethrotomy in patients with strictures longer than 1 cm or repeated urethrotomy sessions.” These
guidelines should be quoted .
 
 
Results/discussion:
 
The time to recurrence of urethral stricture would be interesting to know.
 
Vesicourethral anastomosis stenosis (VUS), bladder neck stenosis (BNS) and traumatic posterior urethral
stenosis are different to anterior urethral strictures. It should be avoided to mix theses different reasons for
bladder outlet obstruction. As partially discussed the 28 (VUS and BNS) and 16 (trauma) patients in the
modern cohort should be excluded. If they have been, as it remains unclear after restudying the material
and methods as well as the discussion part, it needs to be clarified more precisely.  
 
In the material and methods section it is stated: “Only patients without any prior treatment of urethral
strictures were included in the study”. However, in the results we have listed 13 patients with prior
urethroplasty in the modern cohort (Table 2). These patients should be excluded. Stricture recurrence

after urethroplasty is a different situation and should be considered elsewhere .  
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after urethroplasty is a different situation and should be considered elsewhere .  
 
Further on, data as shown in Figure 1 should be supported by total number of patients analyzed: Data like
declining recurrence rates in repeated DVIUs in patients with prebulbar strictures hint at small sample
sizes. This issue is addressed in results: “No other etiological group was associated with an improved
success rate following the second operation.” But no conclusion has been drawn from this statement. 
 
The authors stated: “One of the important findings in Cohort II is that a prolonged catheterization (6–10
days) tended to be more favorable in terms of recurrence than ultrashort (1–2 days) and short (3–5 days)
regimens (p<0.01)”. This stands in contrast to published data by Albers et al. with a comparable patient
cohort . This issue needs to be discussed.
 
The significant differences negatively affecting the success rate after second DVIU for the 31–50-year-old
groups, demonstrating that the second treatment attempt was by far less successful in those patients,
needs to be discussed as well. As stated: “The number of strictures and their stricture localization did not
significantly influence the outcome”. This again is in contrast to most data given. It needs to be discussed
as well.
 
In Figure 2, some arrows to illustrating the next suggested treatment (for example: after 1.DVIU in a short
stricture in case of recurrence, an arrow to other treatments in case of younger age, penile or
post-TURP-strictures) would be helpful to faster understand the figure.
 
Overall, the effort made to find a clinical algorithm how and when to apply DVIUs is excellent. In this paper
data given by this large cohort seems reliable. Unfortunately, statistical analysis did not reveal clear
discriminating factors. This extenuates the power of the proposed algorithm and should be discussed
more clearly. It seems obvious that other factors, as discussed by the authors, seem to influence outcome
more relevant. As long as these factors are not identified clearly, an algorithm as proposed by the authors
seems to be the most applicable tool.
 
Based on these findings, this reviewer considers this manuscript as a minor revision.
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   Bastian Amend
Department of Urology, Eberhard Karls University Tuebingen, Tübingen, Germany

The presented study is based retrospectively on a considerable patient population. This makes
conclusive statements possible.

Some questions need revision/to be answered: The time to recurrence of urethral stricture would be
necessary to know. In addition, it might be interesting to see whether the specialist status has an influence
on the recurrence rate. Have patients with laser urethrotomy been excluded?

Overall the idea of a flow chart as a result of data analysis is excellent and worthful for clinical daily
practice.

 No competing interests were disclosed.Competing Interests:

I have read this submission. I believe that I have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard, however I have significant reservations, as outlined
above.

Author Response 20 Apr 2017
, Institute of Pathology, University Hospital of Bonn, GermanyYuri Tolkach

Dear Dr. Amend, 

Thank you very much for your comment. 

Indeed, a time to recurrence is a very important parameter. We have added the information to the
time to recurrence into the Results section of the Manuscript.

Our study does not include the patients with laser urethrotomy, concentrating on the optical
cold-knife urethrotomy. We have stated this explicitly in the Materials and Methods. 

In the Materials and Methods we have also clarified that the specialist status was not separately
assessed in our study. We agree that this is always a very interesting and understudied confounder
of the procedure success, which although very hard to define and evaluate. 

Once again thank you for you time and critical review,

On behalf of all authors,

Yuri Tolkach and Florian Imkamp 
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 Peter F.W.M Rosier
Department of Urology, University Medical Center Utrecht, Utrecht, Netherlands

The paper provides a detailed overview of single center data. I slightly miss 'time to recurrence' and
basically the endeavour remains without the result that was aimed. Few other issues are that all
information about self dilatiation misses. And also that it is unclear what the definition of 'traumatic
stricture' has been, as separate from 'unknown'. Last but not least the single center results could be much
better integrated in the body of evidence that exists for this topic.

 No competing interests were disclosed.Competing Interests:

I have read this submission. I believe that I have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard, however I have significant reservations, as outlined
above.

Author Response 20 Apr 2017
, Institute of Pathology, University Hospital of Bonn, GermanyYuri Tolkach

Dear Dr. Rosier,

We are very thankful for your input and review. 

We have added the time to recurrence information in the Results section of the Manuscript. 

We are agree that the self dilatation is a very important parameter to analyse, however in our
cohort this data was only partially available, making it's inclusion into analysis impossible. We have
stated this explicitly in the Materials and Methods and also in the Discussion of the limitations of
our article. It's indeed could lead to somehow higher rates of the success for urethrotomy, the
effect which we also state as limitation of our study. 

Moreover, we have provided the definition of the "traumatic stricture" used in our study (in
Materials and Methods).

Thank you very much for efforts,

With kind regards, 

on behalf of all authors,

Yuri Tolkach and Florian Imkamp 

 No competing interests.Competing Interests:
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