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Abstract
Aim
This study aimed to investigate the incidence of urethral stricture during the early period after transurethral
resection of the prostate (TURP) and the risk factors affecting the development of urethral stricture in
patients treated in our clinic.

Material and methods
This retrospective study included patients who underwent TURP due to benign prostate hyperplasia (BPH)
and had complete postoperative follow-up data of at least 12 months. Univariate and multivariate logistic
regression analyses were performed to evaluate the relationship between urethral stricture and eight
parameters (age, body mass index [BMI], prostate volume, number of comorbidities, amount of tissue
removed, operative time, perioperative blood loss, and catheterization duration).

Results
Of the 3069 patients who underwent TURP in our clinic during the study period, 1740 patients with complete
clinical data were included in the study. Mean age was 67.83 ± 5.80 years and mean body mass index (BMI)

was 27.63 ± 4.31 kg/m2. Median preoperative prostate volume was 50.0 (range, 41.0-62.0) mm 3 and the
average amount of tissue removed during surgery was 20.0 (range, 12.0-30.0) g. Urethral stricture was
detected in 3.9% (67/1740) of the patients during a minimum of 12 months of follow-up period after TURP.
In multivariate analysis, prolonged operative time and high comorbidity burden were found to be risk factors
for urethral stricture (p<0.001 for both).

Conclusion
Early urethral stricture remains an important complication of TURP. Our results show that prolonged
operative time and high comorbidity burden are factors that increase the risk of urethral stricture.
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Introduction
Benign prostate hyperplasia (BPH) is a common benign disease, particularly in elderly men [1]. Despite the
increasing popularity of laser enucleation techniques in the treatment of BPH, transurethral resection of the
prostate (TURP) is a leading surgical technique [2]. TURP continues to attract the attention of urologists,
particularly due to its minimal invasiveness compared to open surgeries as well as its highly effective
outcomes and low complication rates [3].

In addition to the well-known complications of TURP such as prolonged postoperative bleeding, TURP
syndrome, urinary retention, and postoperative urinary infections, urethral stricture remains a leading long-
term complication of TURP. In the literature, a wide range of urethral stricture rates after transurethral
surgeries has been reported (1.7-9.8%) [4-6].

Although the etiology of urethral stricture after endoscopic urethral surgeries remains unclear, patient-
related factors, iatrogenic traumas developing during the surgery, and infections are the most frequently
implicated factors. In addition, there are limited data in the literature suggesting that prolongation of the
time spent in the urethra during surgery may impair urethral blood flow and cause ureteral epithelial
disorders [7-9].
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The aim of this study was to evaluate patients who underwent TURP and to investigate the demographic and
clinical factors affecting the development of urethral stricture.

Materials And Methods
Study design and patient selection
Of the 3069 patients with at least 12 months' follow-up who underwent TURP due to BPH in Erciyes
University Medical School Urology Clinic between January 2009 and November 2020, 1740 patients with
complete clinical data were included in this retrospective study.

Other inclusion criteria were as follows: (i) aged 45-75 years, no history of endoscopic urological
intervention, (ii) no known history of urethral catheterization, (iii) no history of urethral catheterization or
endoscopic urological intervention for any reason after TURP, and (iv) no history of stone removal or
urogenital trauma after TURP. Additionally, patients detected with urethral stricture during TURP surgery,
patients with intraoperative iatrogenic urethral injury, and patients with a known history of urethral
stricture were excluded from the study. In our clinic, TURP surgeries are routinely performed using a 26 Fr
resectoscope and a monopolar cautery system as standard. Moreover, at the end of the surgery, a 20 Fr
urethral catheter is applied to the patients. Patients who were considered ineligible for the surgical
treatment depending on these criteria were also excluded from the study.

Patients were divided into those who did not develop urethral stricture after TURP (Group I, n=1673) and
those who developed urethral stricture (Group II, n=67).

Data collection
The hospital database and patient follow-up files were retrospectively analyzed for demographic and clinical
characteristics of patients, including age, body mass index (BMI), comorbidities, perioperative blood loss,
prostate volume, operative time, amount of tissue removed during TURP, urethral catheterization time, and
time to the development of urethral stricture (if any).

Body mass index (BMI) was calculated using the kg/m 2 formula. Prostate volumes of the patients were
retrieved from preoperative imaging reports (ultrasound, computed tomography). Comorbidities included
coronary artery disease (CAD), diabetes mellitus (DM), chronic obstructive pulmonary disease (COPD),
hypertension, and asthma, which were scored from 0 to 5. Operative time was defined as the time (minutes)
from the insertion of the resectoscope into the urethra to the insertion of the catheter. The amount of tissue
removed during TURP was defined as the weight of the removed prostate specimen (grams) measured on a
precision scale after filtering the fluid of the specimen. Perioperative blood loss was defined as the change in
the patient’s pre and postoperative hemoglobin levels (gr/dL).

Patients who had a suspicious urethral stricture in uroflowmetry within the first 12 months after TURP and
whose diagnosis was confirmed by cystourethroscopy were accepted as having urethral stricture.

Statistical analysis
Data were analyzed using SPSS for Windows version 20.0 (IBM Corp. Released 2011. IBM SPSS Statistics for
Windows, Version 20.0. Armonk, NY: IBM Corp.). The normal distribution of data was determined using the
Shapiro-Wilk test and histogram plots. Continuous variables with normal distribution were expressed as
mean ± standard deviation (SD) and continuous variables with nonnormal distribution were expressed as

median (1st-3rd quartile). Categorical variables were presented as frequencies (%). Qualitative data with
normal distribution were compared using paired samples t-test. Variables with nonnormal distribution were
compared using the Mann-Whitney U test and categorical variables were compared using the chi-square test
(Fisher’s exact test and Pearson’s chi-square test). Initially, univariate logistic regression analysis was
performed to evaluate the relationship between the eight parameters and urethral stricture. Subsequently,
multivariate regression analysis was performed for the parameters associated with urethral stricture in
univariate analysis. A p-value of <0.05 was considered significant.

Ethical concern
The study was approved by Erciyes University Medical School Clinical Research Ethics Committee (Approval
No: 2021/975). Written and verbal consent were obtained from each participant.

Results
The mean age was 67.83 ± 5.80 years and the mean BMI was 27.63 ± 4.31 kg/m 2. Median preoperative prostate

volume was 50.0 (range, 41.0-62.0) mm3 and the average amount of tissue removed during surgery was 20.0
(range, 12.0-30.0) g. In the study population, urethral stricture was detected in 3.9% (67/1740) patients
during a minimum 12-month follow-up period after TURP.
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A significant difference was found between the two groups with regard to total prostate volume (p=0.025),
the number of comorbidities (p<0.001), and the amount of tissue removed during surgery (p<0.001) (Table 1).

Variable Group 1 (n=1673) Group 2 (n=67) p Overall (n=1740)

Age (years) 67.88 ± 5.75 66.64 ± 6.75 0.144 67.83 ± 5.80

BMI (kg/m2) 27.65 ± 4.31 27.06 ± 4.36 0.704 27.63 ± 4.31

Median follow-up period (months) 56.0 (33.0-92.0) 54.0 (36.0-88.0) 0.889 56.0 (34.0-92.0)

Comorbidities (n) 1.0 (0-1.0) 3.0 (2.0-4.0) <0.001 1.0 (0-2.0)

Prostate volume (mm3) 50.0 (41.0-61.0) 55.0 (42.0-75.0) 0.025 50.0 (41.0-62.0)

Operative time (min) 35.0 (25.0-50.0) 60.0 (35.0-65.0) <0.001 35.0 (25.0-50.0)

Tissue removed (gr) 20.0 (12.0-30.0) 25.0 (12.0-40.0) 0.109 20.0 (12.0-30.0)

Perioperative blood loss (g/dL) 1.0 (0.4-1.4) 1.0 (0.5-2.1) 0.089 1.0 (0.4-1.5)

Postoperative catheterization period (days) 2.83 ± 1.14 3.00 ± 1.05 0.231 2.84 ± 1.14

TABLE 1: Demographic and clinical characteristics of the patients
BMI: body mass index, COPD: chronic obstructive pulmonary disease

Continuous variables with normal distribution were expressed as mean ± standard deviation (SD) and continuous variables with nonnormal distribution
were expressed as median (1st-3rd quartile).

In univariate and multivariate binary logistic regression analyses, the number of comorbidities (p<0.001) and
the length of time spent in the urethra (p<0.001) were found to be effective factors in the development of
urethral stricture after TURP, whereas age, BMI, prostate volume, the amount of tissue removed,
perioperative blood loss, and postoperative urethral catheterization times did not have a significant effect
on the development of urethral stricture (Table 2).

 
Univariate Multivariate

p OR 95% Cl OR p OR 95% CI OR

Age 0.088 0.96 [0.929, 1.005] - - -

BMI 0.267 0.97 [0.913, 1.026] - - -

Prostate volume 0.029 1.01 [1.001, 1.021] 0.337 1.01 [0.990, 1.028]

Number of comorbidities <0.001 2.03 [1.743, 2.362] <0.001 2.00 [1.705-2.355]

Amount of tissue removed 0.008 1.02 [1.005, 1.031] 0.065 0.97 [0.942, 1.002]

Operative time <0.001 1.04 [1.029, 1.054] <0.001 1.05 [1.032-1.067]

Perioperative blood loss 0.012 1.29 [1.058, 1.579] 0.127 1.19 [0.952, 1.485]

Catheterization period 0.230 1.13 [0.924, 1.387] - - -

TABLE 2: Binary logistic regression analysis results and relationship between the clinical factors
and urethral stricture
BMI: body mass index, OR: odds ratio, CI: confidence interval

In the analysis of time to the development of urethral stricture in patients with urethral stricture, it was
revealed that stricture most commonly occurred in the third (20.9%) and fifth months (17.9%)
postoperatively and that only one patient developed urethral stricture after 12 months postoperatively
(Figure 1).
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FIGURE 1: Time to the development of urethral stricture

Discussion
Despite a century-long period after the first TURP surgery, urethral stricture remains an important
complication of TURP surgery [10]. The present study examined the long-term outcomes of cases of urethral
stricture that developed after TURP surgery in a single center. The results indicated that urethral stricture is
likely to develop in approximately 4% of patients after TURP at the end of a minimum of a 12-month follow-
up period. In addition, logistic regression analysis showed that prolonged operative time and the number of
comorbidities were effective factors in the development of urethral stricture after TURP.

Literature indicates that prolonged operation time has a significant role in the etiopathogenesis of urethral
stricture after TURP [10]. Mundy et al. suggested that the use of prolonged resectoscope results in
subepithelial fibrosis by causing urethral inflammation and ischemia in the urethral mucosa, thereby leading
to mucosal damage and increasing the risk of urethral stricture after TURP [11]. Komura et al. evaluated 136
patients and reported that prolonged operative time increases the risk of developing urethral stricture [12].
A 2015 study evaluated 110 patients and reported that the risk of urethral stricture increased significantly
after TURP surgeries that lasted more than 60 minutes [8]. Similarly, Tao et al. reported that a slow resection
rate (i.e. prolonged operative time) increased the risk of developing urethral stricture [13]. In our study,
operative time was longer in patients with urethral stricture than in patients without urethral stricture, and
prolonged resectoscope time was an effective factor in the development of urethral stricture.

Diabetes mellitus (DM) is the most well-known comorbidity associated with urethral stricture occurring after
TURP [8-9]. Similarly, Grechenkov et al. noted that the presence of DM is an important risk factor for
urethral stricture [8] and Kumsar et al. reported that poor glycemic control increases the risk of developing
urethral stricture in the early postoperative period [9]. In contrast, our study included patients with other
common comorbidities (asthma, COPD, CAD, hypertension) that could cause tissue ischemia and blood
supply disorders and indicated that the risk of early urethral stricture after TURP increased as the
comorbidity burden of the patient increased.

There are studies reporting that prostate volume is a factor associated with urethral stricture [8,12].
Similarly, in our study, prostate volume, the amount of tissue removed during surgery, and perioperative
blood loss were associated with urethral stricture in univariate analysis conducted at the first stage of the
study, though no such relationship was found in multivariate regression analysis. These results indicate that
although prostate volume, the amount of tissue removed during surgery, and perioperative blood loss are
not directly effective factors in the development of urethral stricture; these factors are natural risk factors
arising from prolonged operative time.

Larger resectoscope diameter has been reported to be among the factors increasing the risk of urethral
stricture after TURP [14-15]. Since the standard 26 Fr resectoscope sheath is routinely used in our clinic, the
relationship between resectoscope diameter and stricture could not be evaluated.

In our study, urethral stricture developed in 3.9% of the patients after a minimum of 12 months of follow-
up. The reported incidence of urethral stricture after TURP varies between 1.7% and 9.8% [4,15-16].
Similarly, Michielsen et al. reported that urethral stricture developed in 17 (2.9%) out of 594 patients who
underwent TURP surgery with the mono-polar system [17]. In a similar way to our findings, Seçkiner et al.
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and Tefekli et al. reported the incidence of urethral stricture after monopolar TURP as 4.2% and 2.1%,
respectively [16,18]. Erturhan et al. reported that urethral stricture developed in 1.7% of 120 patients at the
end of the 12-month follow-up period [15]. Although these findings are consistent with those of our study, it
should be noted that these studies included relatively small numbers of patients. In contrast, a 2016 study
by Tao et al. evaluated a total of 373 patients and reported the rate of urethral stricture as 7.8%. This high
rate could be explained by the fact that that study, unlike ours, included patients with intraoperative urethral
mucosal injury as well [13].

Our study was limited in several ways. First and foremost, the study had a retrospective design. Although
there are studies in the literature reporting on other factors contributing to the development of urethral
stricture after TURP, such as electric current leakage, infections, and the temperature of the solution used
[7,12,17,19], data on such factors could not be accessed and these potential risk factors could not be analyzed
due to the retrospective nature of the study. Second, due to the low number of patients with urethral
stricture, comorbidities could not be analyzed separately and a cut-off value could not be determined for
operative time. Finally, surgeries were not performed by a single surgeon.

Conclusions
Urethral stricture is a potential complication that may develop in the early period after TURP surgery in BPH
patients. Prolonged operative time and high comorbidity burden are factors that increase the risk of urethral
stricture.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Ethics Committee of the
Medical Faculty of Erciyes University issued approval 2021/978. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.
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