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Abstract: Introduction: Urethral stricture is a common urological disease characterized by a nar-
rowing of the urethra leading to functional changes that reduce or completely block urine flow
from the kidney to the bladder. This condition significantly affects the patient’s quality of life and
can lead to serious complications, such as urethral dilatation and hydronephrosis, which may re-
sult in irreversible kidney failure if left untreated.

Methods: This was an observational cross-sectional study conducted on 35 patients, treated for
urethral stricture at the Department of Uro-nephrology Surgery, Ninh Thuan Province General
Hospital, from January to October 2023.
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Results: All enrolled patients underwent urethral stricture endoscopic incision using holmium las-
er, and were followed up at 1 and 3 months postoperatively. The difference in the degree of hy-
dronephrosis on CT scans before and after surgery at 3 months was statistically significant (p <
DoI- 0.01).
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Discussion: To report the safety and efficacy outcomes of holmium laser urethrotomy for the treat-
ment of urethral stricture, patients underwent internal urethrotomy with holmium laser energy,
with an average age of 47.7 + 15.8 years (range: 15-72 years). Thirty patients (85.7%) underwent
urological surgery, 3 (8.6%) underwent obstetric and gynecological surgery, and 2 (5.7%) had un-
known etiologic causes.
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Conclusion: The use of the holmium laser for the management of urethral strictures has been
found to be safe and effective, ensuring shorter operating times, a lower recurrence rate, and fewer
serious postoperative complications.

Keywords: Holmium:YAG, internal urethrotomy, laser, urinary tract infection (UTI), urethral stent (JJ stent), HPV.

1. INTRODUCTION

Urethral stricture is a condition characterized by narrow-
ing of the urethra that leads to functional changes, resulting
in a reduction or complete obstruction of urinary flow from
the kidneys to the bladder. It is a common urological disor-
der that has a significant impact on the quality of life of pa-
tients [1]. If left untreated, urethral stricture can cause urine
retention at the narrow site, leading to hydronephrosis, kid-
ney infection, and various complications, such as renal colic,

stone formation, continuous urinary tract (UTI) infections,
and eventually irreversible kidney damage [1, 2]. Cases of
non-functional nephrectomy and abscess formation due to
urethral stricture have also been recorded with a relatively
high incidence rate (35.5%) compared to other causes [3].

Early diagnosis and treatment are of paramount impor-
tance. The development of modern imaging diagnostic meth-
ods, such as ultrasound, computed tomography scanning
(CT scan), magnetic resonance imaging (MRI), and renal
scintigraphy, has enabled an earlier and accurate diagnosis
of the cause and severity of urethral stricture [4].
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Therefore, the main goal of urethral stricture treatment is
to relieve obstruction and preserve renal function. There are
various procedures to treat urethral stricture, and reconstruc-
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tive surgery is considered the gold standard, but it is a high-
ly invasive procedure that can lead to numerous complica-
tions, prolonged hospital stays, and higher treatment costs
[4, 5]. Surgery could be even life-threatening, particularly in
patients with a history of multiple urinary surgeries, elderly
patients, and multiple comorbidities. In recent years, the de-
velopment of endoscopic techniques in the field of urology
has led to effective and minimally invasive treatments for
urethral strictures, achieving promising results [6]. Endos-
copic urethral incision procedure is performed using a laser
beam (low-power holmium laser - HO:YAG). This proce-
dure is used to incise the urethral stricture, break the scar tis-
sue, dilate the urethral lumen, and reduce hydronephrosis.
This procedure has shown various advantages, including
high success rates, ease of performance, low cost, and short
hospital stays [7-9].

At Ninh Thuan General Hospital, endoscopic treatment
of urethral stricture using the laser incision technique began
to be implemented in early 2021, but it has not been stan-
dardized or made uniform. Evaluating treatment outcomes
and documenting complications during surgery are crucial
and surely improve the quality of treatment for patients. We
performed holmium laser surgery using a 60-100-watt laser
to create incisions and enucleate tissue, with a penetration
depth of 0.4-0.5 mm, a key feature that allowed precise cutt-
ing with minimal damage to surrounding tissues. The inci-
sion range depends on the specific procedure and can vary;
typically, the laser beam is used to make incisions for enu-
cleation or resection of tissues. Based on this practical need,
we conducted the current study to provide the necessary data
to enable doctors to offer more treatment options for urethral
stricture.

MATERIAL AND METHODS

2.1. Study Subjects

The patients with urethral strictures were diagnosed and
treated at the Department of Urology and Nephrology, Ninh
Thuan Provincial General Hospital, from January 2023 to
October 2023.

2.2. Selection Criteria

Patients diagnosed with acquired urethral strictures, with
a stricture length <2 cm, and a history of treatment for ure-
thral conditions (surgery, internal medicine treatment for uri-
nary stones), were included in the study.

2.3. Exclusion Criteria

Congenital urethral strictures, urethral cancer, invasive
urethral cancers, and medical records lacking necessary in-
formation were excluded from the study.

2.4. Study Design

The study involved a cross-sectional case series design.
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2.5. Sample Size and Sampling Method

The study involved 35 patients (29 males and 6 fe-
males), with a mean age of 47.7 + 15.8 years (range 15-72
years).

2.6. Processing and Analyzing Data

The data were encoded and analyzed using SPSS soft-
ware, employing the chi-square test and Fisher's exact test,
with statistical significance considered at p<0.05.

2.7. Ethical Standards

The study ensured ethical standards through the follow-
ing principles: no intervention was performed on study sub-
jects, and all personal information and patient illustrations
were kept confidential, processed, and published to ensure
confidentiality.

The study was conducted after obtaining approval from
the Scientific and Technical Council of Ninh Thuan Provin-
cial Hospital. Informed consent was obtained from all the pa-
tients included in the study. The research procedures fol-
lowed were in line with the ethical standards of the commit-
tee responsible for human experimentation (institutional and
national), and with the Helsinki Declaration of 1975, as re-
vised in 2013 (http://ethics.iit.edu/ecodes/node/3931; deci-
sion no. 735/QD-UBND, dated June 5, 2023, of the People's
Committee of Ninh Thuan province; pursuant to decree no.
96/2023/ND-CP, dated December 30, 2023, with the govern-
ment detailing a number of articles of the Law on Medical
Examination and Treatment; pursuant to circular no.
43/2024/TT-BYT, dated December 12, 2024, of the Min-
istry of Health on the establishment, organization, and opera-
tion of the ethics council in biomedical research).

3. RESULTS

During the period from January 2023 to October 2023,
there were 35 patients who met the criteria for inclusion in
the study at the Department of Urology and Nephrology,
Ninh Thuan Provincial Hospital. All 35 selected patients un-
derwent urethral stricture endoscopic incision using holmi-
um laser, and were followed up and evaluated for outcomes
for at least 3 months postoperatively.

4. DISCUSSION

A urethral stricture involves damage that narrows the ure-
thra, a condition commonly called stricture, limiting the exit
of urine from the bladder [10-12]. This can cause problems,
such as infections, inflammation, and damage to the entire
genitourinary system, including the kidneys [11, 12]. The eti-
ology of urethral strictures is generally linked to 4 main con-
ditions: idiopathic, iatrogenic, inflammatory, and traumatic
[13-15]. In our study, apart from idiopathic, traumatic, and
iatrogenic causes, which are considered the most common,
infection accounted for up to 26% of all treated patients.
Strictures associated with infection tended to be relatively
long, typically exceeding 4 cm [14-18].

Inflammatory strictures may result from post-infectious
inflammation leading to weakening of the epithelium,


http://ethics.iit.edu/ecodes/node/3931

Low-Power Holmium Laser Therapy for Urethral Strictures

known as recurrent gonococcal urethritis. These causes re-
main prevalent in countries with more limited resources
[19-21]. Post-infectious urethritis is associated with recur-
rent UTI, with the most common organism being
Escherichia coli. Although there is a possible genetic predis-
position and an autoimmune factor, these types of urethral
strictures only involve the anterior urethra and rarely in-
volve the posterior urethra [20]. The main feature of these
strictures is that they are much longer than those caused by
other aetiologies and are more likely to require urethroplas-
ty. Nevertheless, in cases of acute urinary retention or com-
plications from urethral strictures or pathogens, urgent treat-
ment may include various options, ranging from longer
antibiotic treatment and urethral dilation to urethromy, cys-
toscopy, and even direct internal urethrotomy [23]. These de-
cisions, or rather, the decision itself, must always be coordi-
nated and made to avoid further urethral trauma and discom-
fort for the patient. Our approach was to provide a period of
urethral rehabilitation and healing rest before a more defini-
tive procedure, such as urethroplasty [23-25].

In the present study, we confirmed the previously known
risk factors for urethral stricture and the use of double-J
stent, such as prolonged indwelling time, infection, inflam-
matory processes, and recurrent urolithiasis [26-28]. UPR
procedure during surgery showed stricture mainly in the up-
per 1/3 part with 22 cases (56.8%), lower 1/3 with 11 cases
(32.4%), and middle 1/3 with only 4 cases. (10.8%). The av-
erage urethral stricture length was 1.1+ 0.6cm (0.4-3cm).
Most narrow sections had a length of < 2cm (accounting for
89.2%). No complications occurred during surgery in this
study, accounting for 0%. The postoperative monitoring
phase confirmed stable condition in 32 patients (91.4%), 2
cases of mild fever (38 °C) on postoperative day 1 (5.7%),
and 1 case of hematoma under the renal capsule and in the
retroperitoneal area (2.9%). The results highlighted the im-
portance of the Ho:YAG procedure not only from a clinical
point of view, but also in identifying the most suitable pa-
tients to prevent complications, especially in subjects most
at risk, such as those with diabetes and the elderly [29-31].
Ho:YAG lasers, like CO2 lasers, tend to provide a very

Table 1. Preoperative clinical symptoms.
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clean cut, offering greater precision than CO2 without dam-
aging surrounding tissue and the possibility of delivery via
fiber optics (ideal for endoscopic use), allowing treatment of
tissue in a fluid-filled environment, such as blood and saline
[30, 31].

To our knowledge, this study is among the first in Viet-
nam to have thoroughly studied and clinically applied this
laser technology and its potential implications.

4.1. Monitoring the Surgical Outcomes

The predominant clinical symptoms of the 35 patients
with urethral lesions were mainly back pain (94.3%), chills
(5.7%), and hematuria (2.9%). Among them, 1 patient expe-
rienced bilateral back pain, and 1 patient had both back pain
and chills (Table 1). Complete blood count (CBC) profile re-
vealed that the majority of patients had white blood cell
count within the normal range. Among 35 patients, 5
(14.3%) had white blood cell count above 10,000 cells/m-
m3, of whom 2 patients had symptoms of urinary tract infec-
tion, and they were appropriately treated with antibiotics.
The white blood cell count returned to normal at the end of
the antibiotic treatment when the infection subsided (Table
2). Urea and creatinine analysis revealed an initial normal re-
nal function for the majority of patients; 4 out of 35 patients
showed elevated creatinine levels, 2 had a pre-existing condi-
tion of long-standing hypertension under continuous treat-
ment, 1 was newly diagnosed with hypertension, and 1 had
bilateral urethral stricture. Among these, 3 patients showed
stage 3 chronic kidney disease (CKD), while 1 patient has
been diagnosed with stage 4 CKD (Table 3). Urinalysis
showed that out of the total number, 18 patients had abnor-
mal urine composition (53%), 6 showed asymptomatic
white blood cells (1+), and 12 revealed elevated white blood
cells (+++) (35%), of whom 5 were positive for nitrites. All
patients with white blood cells in urine were subjected to
urine culture, and the results revealed bacterial growth in 8
cases (E. coli) (24%) (Table 4). Preoperative ultrasound and
CT scan performed on all patients confirmed interesting re-
sults; the majority of the patients presented with hy-
dronephrosis of grades 2 and 3 (89.2%) versus grade 1
(10.8%) (Tables S and 6).

Symptoms Back Pain Chills Hematuria
Number of patients/urethra (35/37) 33 2 1
Percentage (%) 94.3 5.7 2.9

Note: The predominant clinical symptoms among 35 patients with urethral lesions were mainly back pain (94.3%), chills (5.7%), and hematuria (2.9%). Among them, 1 patient expe-

rienced bilateral back pain, and 1 patient had both back pain and chills.

Table 2. Preoperative white blood cell test results.

White Blood Cell Count/mm3 <4000 4000-10000 >10000 Téng sb
Number of patients 0 30 5 35
Percentage (%) 0 85.7 14.3 100

Note: The majority of patients had white blood cell count within the normal range. Among 35 patients, 5 (14.3%) had white blood cell count above 10,000 cells/mm3, of whom 2 pa-
tients had symptoms of urinary tract infection, and they were appropriately treated with antibiotics. The white blood cell count returned to normal when the infection subsided.
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Table 3. Preoperative biochemical test results.
Test Normal Increased Total
Number of patients 33 2 35
Urea
Percentage (%) 94.3 5.7 100
o Number of patients 31 4 35
Creatinine
Percentage (%) 88.6 11.4 100
Note: Urinary urea and creatinine tests were conducted to assess initial renal function, with the majority falling within the normal range (urea: 21-47 mg%, creatinine: 1-1.2 mg%).

Table 4. Preoperative urinalysis results.

Complete Urinalysis Red Blood Cells White Blood Cells Nitrites
Number of patients 19 18 5
Percentage (%) 54.3 51.4 14.3

Note: The results of the complete urinalysis showed that out of 18 patients, 6 had a few white blood cells (1+) in their urine without symptoms of urinary tract infection. There were
12 patients with a high number of white blood cells in their urine, among whom 5 tested positive for nitrites. All patients with white blood cells in their urine underwent urine cul-

ture, and the results revealed bacterial growth in 8 cases.

Table 5. Preoperative ultrasound results.

Hydronephrosis
Impact on the Kidney Normal Total
Grade 1 Grade 2 Grade 3
Number of kidneys - urethra 0 4 24 9 37
Percentage (%) 0 10.8 64.9 243 100

Note: Preoperative ultrasound was performed on all patients. The results showed that hydronephrosis of grades 2 and 3 accounted for a high proportion of 89.2%. Grade 1 hy-

dronephrosis accounted for 10.8%, and there were no cases without hydronephrosis.

Table 6. Preoperative CT scans of the urinary system.

Hydronephrosis
Impact on the kidney Normal Total
Grade 1 Grade 2 Grade 3 Grade 4
Number of kidneys - urethra 0 3 18 16 0 37
Percentage (%) 0 8.1 48.6 433 0 100

Note: All 35 patients underwent CT scans of the urinary system to diagnose urethral stricture, and the results were consistent with the ultrasound findings regarding hydronephrosis.
Hydronephrosis of grade 2 and grade 3 predominated, accounting for 91.9%. Grade 1 hydronephrosis was present in only 3 cases, constituting 8.1%, with no cases showing no hy-

dronephrosis.

Four patients showed elevated creatinine levels, among
whom two had a pre-existing condition of long-standing hy-
pertension under continuous treatment, one was newly diag-
nosed with hypertension, and one had bilateral urethral stric-
ture. Three patients were evaluated as having stage 3 chron-
ic kidney disease, and one patient was classified as stage 4
chronic kidney disease.

There were 2 patients diagnosed with bilateral urethral
stricture who underwent simultaneous endoscopic incision
of the urethra (Table 7). During intraoperative UPR imag-
ing, urethral strictures were predominantly located in the up-
per third of the urethra in 22 cases (56.8%), followed by 11
cases (32.4%) in the lower third, and only 4 cases (10.8%)
in the middle third. The average length of urethral stricture
was 1.1 £ 0.6 cm (ranging from 0.4 to 3 cm). The majority
of strictures had a length of less than 2 cm (accounting for
89.2%). The average surgical time was 48.7 + 20.9 minutes
(20-100 minutes). The majority of patients underwent
surgery within < 60 minutes (65.7%) (Tables 8-10). The dif-
ference in the degree of hydronephrosis on ultrasound and

CT scan before and after surgery at 3 months was statistical-
ly significant (p<0.05 and p < 0.01) (Tables 11-13).

At the one-month postoperative mark, all 34 patients un-
derwent follow-up assessments to evaluate their clinical sta-
tus, and the JJ stent was removed via cystoscopy. One pa-
tient was readmitted urgently due to significant hematuria
events and high fever one month post-surgery. Despite inter-
nal medical treatment, the patient required removal of the JJ
stent and underwent surgical reanastomosis of the urethra.

At 3 months after surgery, patients with renal pelvic dila-
tion detected by ultrasound represented 65.6%; only 1 case
presented an increase in dilation from grade 2 to grade 3.
The remaining 34.4% did not present substantial changes.
Therefore, the results of the clinical evaluation at three
months after surgery were 31 in total, all of which showed
positive results, while one urethra showed unfavorable re-
sults. This patient was confirmed to have a severe UTI asso-
ciated with a reduction in renal function compared to the pre-
operative period (Table 14).
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Table 7. Urethral side.
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Surgical methods Number of urethra Percentage (%)
Bilateral surgery 4 10.8
Unilateral surgery (right or left) 33 89.2
Total 37 100
Note: There were 2 patients diagnosed with bilateral urethral stricture who underwent simultaneous endoscopic incision of the urethra.
Table 8. Location of urethral stricture.
Location of Stricture 1/3 upper 1/3 middle 1/3 lower Total
Number of urethral strictures 21 4 12 37
Percentage (%) 56.8 10.8 324 100

Note: During intraoperative UPR imaging, urethral strictures were predominantly
lower third, and only 4 cases (10.8%) in the middle third.

ocated in the upper third of the urethra in 22 cases (56.8%), followed by 11 cases (32.4%) in the

Table 9. The length of the urethral stricture was measured intraoperatively.

The Length of the Urethral Stricture (cm) <1 1.1-1.9 >2 Total
Number of urethra 21 12 4 37
Percentage (%) 56.8 324 10.8 100

Note: The average length of urethral stricture was 1.1 + 0.6 cm (ranging from 0.4 to 3 cm). The majority of strictures had a length of less than 2 cm (accounting for 89.2%).

Table 10. Surgery duration.

The Duration (in minutes) Number of Patients Percentage (%)
<60 23 65.7
60-90 11 314
>90 1 2.9
Total 35 100

Note: The average surgical time was 48.7 + 20.9 minutes (20-100 minutes). The majority of patients underwent surgery within < 60 minutes (65.7%).

Table 11. Results of postoperative ultrasound at 3 months.

Renal Hydronephrosis Grading Postoperative Ultrasound Preoperative Ultrasound P
Number of Cases Percentage (%) Number of Cases Percentage (%)
No hydronephrosis 4 12.5 0 0 0.042
Grade 1 16 50 4 10.8 0.000
Grade 2 8 25 24 64.9 0.001
Grade 3 4 12.5 9 243 0.21
Total 32 100 37 100
Note: The difference in the degree of hydronephrosis on ultrasound before and after surgery at 3 months was statistically significant (p<0.03).
Table 12. The rate of reduction in the degree of hydronephrosis on ultrasound after surgery at 3 months.
Degree Conversion Number of Cases Percentage (%)
Yes 21 65.6
No 11 344
Total 32 100

Note: After 3 months post-operation, the percentage of renal pelvis dilatation changes on ultrasound accounted for 65.6%, with 1 case showing an increase in renal pelvis dilation
(from grade 2 to grade 3). The remaining 34.4% of cases showed no change in renal pelvis dilation.
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Table 13. Postoperative CT scan results at 3 months.
Degree of hydronephrosis on CT scans Postoperatively Preoperatively P
No hydronephrosis 3 9.3 0 0 0.095
Grade 1 14 43.8 3 8.1 0.001
Grade 2 11 344 18 48.6 0.231
Grade 3 4 12.5 16 433 0.005
Total 32 100 37 100

Note: The difference in the degree of hydronephrosis on CT scans before and after surgery at 3 months was statistically significant (p < 0.01).

Table 14. The summary of factors used to evaluate surgical outcomes.

Factor Quantity Good Average Bad Failed to Follow-up
Clinical 32 31 0 1 5
CTscan 32 20 11 1

Furthermore, we observed several factors related to the
diagnosis of urethral stricture, with back hip pain being the
most common clinical symptom (94.3%), and hydronephro-
sis detected by CT scan, accounting for the highest propor-
tion (grade I: 8.1%; grade II: 48.6%; grade III: 43.3%). En-
doscopic incision urethral stricture surgery demonstrated a
successful treatment outcome, accounting for 78.3%, unaf-
fected by the causes of stricture, degree of hydronephrosis,
and stricture location; it exhibited a high safety profile with
no recorded intraoperative complications and only 2 cases of
mild postoperative complications (urinary tract infection ac-
counted for 5.7% and subcapsular hematoma after nephrosto-
my accounted for 2.9%).

There was a correlation between the length of the ure-
thral stricture and surgical outcomes, with statistically signif-
icant differences (p <0.05). Eventually, the endoscopic inci-
sion using holmium laser in urethral stricture treatment was
safe and effective, with many advantages, such as short surg-
ical time, short postoperative recovery time, and very few se-
rious complications during and after surgery. However, ran-
domized clinical studies with larger sample sizes and longer
durations are needed to provide more detailed and accurate
recommendations.

CONCLUSION

The limitations of this study mainly included the small
sample size, which may lead to risk of bias, limited general-
izability, risk of random variability, lack of precision and re-
liability, and limited exploration of heterogeneity. However,
with respect to possible adverse effects, this procedure has
shown lower risks of general complications compared to
other more conventional procedures. This methodology
should be performed by taking into account individual condi-
tions and patient preferences. Of course, future research
with larger cohorts and extended follow-up periods is need-
ed to refine further therapeutic recommendations.

AUTHORS’ CONTRIBUTIONS

The authors confirm their contribution to the paper as fol-
lows: conceptualization: T.L.Q.; data curation: T.D.X.,
C.G.I; formal analysis: T.L.H., T.B.D., L.T.T.M,,
K.C.D.N.; investigation: T.B.D., L.T.T.M.; methodology:

T.L.H., T.T.X.; resource allocation: T.L.Q., F.I., K.C.D.N,
C.G.L; supervision: C.G.L.; validation: T.L.H., P.D.Q., L.S;
writing, review, and editing: C.G.L.

LIST OF ABBREVIATIONS
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