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Introduction: Urethral stricture caused by fibrosis is a common medical condition, but top- 
line therapy for this pathology has a high recurrence rate. This study aimed to determine the 
efficacy of hyaluronic acid (HA) treatment in preventing the development of fibrosis in 
a rabbit model of urethral anastomosis.
Materials and Methods: This experimental study involved 20 rabbits. HA (0.5 mL, 25 μg/ 
mL) was applied in the experimental group (n = 10) during an experimental urethral 
anastomosis, and sterile saline (0.9%) solution was applied in the control group (n = 10). 
Animals underwent reoperation 12 weeks later for urethral resection. Fibrosis, inflammation, 
and urethral diameter were measured by two blinded pathologists at the site of the 
anastomosis.
Results: The amount of inflammatory infiltrate was similar in both groups. The thick-
nesses of the collagen fiber band were 275.9 ± 62.3 and 373.4 ± 44.3 μm in the study 
and control groups (p = 0.001), respectively, and the urethral lumen diameters at 
the anastomosis site at follow-up were 2575 ± 167 and 2382 ± 214 μm, respectively 
(p = 0.04).
Conclusion: HA treatment reduced fibrosis at the anastomosis site during this experiment; 
we suggest further research to corroborate its efficacy in the treatment of urethral stricture.
Keywords: hyaluronic acid, submucosal application, urethral anastomosis, urethral stricture, 
fibrosis

Introduction
Urethral stricture is defined as narrowing of the lumen caused by fibrosis or scarring 
of the urethral epithelium, and it can develop at any site.1 Patients might present 
with recurrent urinary tract infections and dysuria, which could eventually lead to 
obstructive renal failure.2,3 It has also been associated with a significant prevalence 
(82.2%) of erectile dysfunction.4 The etiology of urethral stricture ranges from 
direct injuries to the lower urinary tree, such as the prolonged use of urinary 
catheters, transurethral resection of the prostate, and radical prostatectomy, to 
injuries from external trauma and infections.2,3,5

Currently, urethral dilation and internal urethrotomy are recommended as the 
first line of treatment in single strictures, with similar clinical efficacy. Although the 
success rate is high, studies report only 9% of success after 1 to 3 years of follow- 
up.6–8 Current treatments show a high percentage of failure due to the new 
epithelial lesion that is generated and the concentric fibrotic scarring that obliterates 
the lumen. Up to 16.7% of internal urethrotomies have a recurrence a year after 
treatment, and 25% of urethroplasties after 6 months.9,10
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There is evidence of adjuvant urethrotomy treatments 
showing higher success rates compared with the success 
rate of isolated urethrotomy; for example, the application 
of mitomycin C, triamcinolone, or captopril. However, this 
evidence comes from studies with little follow-up.11–14

The high incidence of recurrence after treatment for 
urethral strictures denotes the importance of further 
investigation.

The study of wound healing during the fetal stage has 
provided information that could lead to novel therapeutic 
strategies. There is evidence that wounds caused during 
the fetal stage go through a healing process lacking fibrotic 
tissue when compared with adults.15 This is believed to be 
mainly because of the presence of an extracellular matrix 
with different macromolecular structural components; in 
particular, the appearance of an environment rich in hya-
luronic acid (HA) that facilitates cell motility, prolifera-
tion, and regeneration.16 It is thought that HA organizes 
the disposition of collagen and favors early cell prolifera-
tion in such a way that it does not cause tissue 
retraction.17,18

Based on these previous studies, we hypothesized that 
the application of HA would reduce the development of 
fibrosis and stricture in a rabbit model of urethral 
anastomosis.

Materials and Methods
Twenty male New Zealand White rabbits weighing 
2.5–3.0 kg were used in this experiment. The rabbits 
were monitored by trained personnel who provided proper 
management in accordance with local standards on care 
and use of laboratory animals. They were accommodated 
in separate boxes, with 12/12 h light/dark cycles and 
heaters.

The rabbits were deprived of food 12 h prior to surgery 
and were allocated to two groups to yield 10 animals per 
group. They were anesthetized with 2% xylazine (5 mg/ 
kg), intramuscularly (i.m.), and after 10 min, 10% keta-
mine (35 mg/kg i.m.) was administered. Enrofloxacin 
(5 mg/kg i.m.) was applied post-surgery. During surgery, 
an intravenous (i.v.) line was maintained with 0.9% saline 
(10 mL/h i.v.) through the marginal ear vein.19 Both the 
first and second surgeries used the same anesthetic 
procedure.

Surgical Technique
We used standard urethrotomy under direct vision with an 
operating microscope at 3× magnification. The genitalia 

were prepared for incision by swabbing with iodopovidone. 
The penis was released by incising the perianal skin mem-
brane between the ventral portion of the penis and the anus. 
The preputial glands were separated from the midline to 
expose the urethra.

The urethra was dissected in its ventral portion and dorsal 
plate, followed by a transverse cut covering all the walls. End- 
to-end anastomosis of the sectioned portions was performed 
with six 6–0 caliber polyglactin separate simple stitches. 
Before the end, a 7-Fr silastic urinary catheter (2.3 mm in 
diameter), corresponding to the smallest diameter identified 
during measurement of the urethral lumen, was placed for 
urinary diversion. The catheter was fixed using 5–0 polyglac-
tin sutures 5 mm away from the meatus; 0.5 mL of hyaluronic 
acid sodium salt from Streptococcus equi (25 μg/mL, Sigma- 
Aldrich, St. Louis, Missouri) or 0.9% sterile saline (in control 
rabbits) was infiltrated at 12, 3, 6, and 9 o’clock corresponding 
to the anterior, posterior, left lateral, and right lateral quad-
rants, respectively. HA or sterile saline was only infiltrated 
once, right at the end of the surgery. The skin was closed with 
simple 4–0 nylon sutures. Finally, chloramphenicol ointment 
(10 mgrs./gr) was applied to the surgical wound.

During the postoperative period, ketoprofen (3 mg/kg i. 
m.) was administered immediately after surgery, 12 h later, 
and every 24 h thereafter with the rabbit immobilized. 
Enrofloxacin (5 mg/kg i.m.) was injected 12, 24, 36, and 
48 h after surgery. A liquid diet was maintained on the day 
of surgery, and normal feeding with chow formula for 
rabbits was started the following day. The urinary catheter 
was removed 5 days after surgery, with the rabbit under 
xylazine sedation (3 mg/kg, i.m.).

Surgical reintervention was carried out 12 weeks after 
the first surgery. The genitals were sterilized with iodopo-
vidone. The skin between the ventral portion of the penis 
and the anus was again incised until reaching the anasto-
mosis site to resect the penis completely. The removed 
tissue was fixed in 10% buffered formalin solution for 
further processing and histopathological analysis. After 
surgical intervention, samples were randomly allocated 
by drawing lots for pathologists evaluation.

Data Collection and Processing
Penile tissues were fixed in 10% neutral buffered formalin 
solution and embedded in paraffin. After routine tissue pro-
cessing, 5-μm-thick sections were obtained. They were 
stained with hematoxylin and eosin and Masson’s trichrome. 
The evaluation was carried out by two blinded pathologists 
to the surgical intervention of each sample. The concordance 
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between the two observers was evaluated through the kappa 
coefficient of agreement test with a value of 0.9. Analysis 
was both macroscopic and microscopic (10, 20 and 40x). 
For histological comparison purposes, four rabbit urethral 
tissue samples were used without any surgical intervention. 
Qualitative variables were defined as the appearance and 
integrity of the epithelial intraluminal circumference at the 
anastomosis site compared with control samples. The epithe-
lium was classified as regular, irregular, or very irregular. At 
40× magnification, the infiltration of three different cell 
types was evaluated—polymorphonuclear cells, macro-
phages, and lymphocytes in the inflammatory infiltrate— 
with scores given according to the percentage seen: 0 for 
no infiltration, + for 1–25%, ++ for 26–50%, and +++ for 
equal or higher than 51%. Foreign body reaction was classed 
as absent or present depending on the presence of giant cell 
infiltrates. The thickness of fibrosis in the anastomosis was 
measured in microns (μm) using 40× magnification in all 
samples and the urethral diameters were measured using the 
software ImageJ 1.45 s.

Statistical Analysis
Descriptive variables were recorded using raw numbers, 
proportions, means, and standard deviations. Qualitative 
variables were compared using Fisher’s exact test. For 
ordinal qualitative variables, the Kruskal–Wallis test was 
used. Quantitative variables were analyzed using 
Student’s t-test for independent samples after 

determining the equality of variances with the Levene’s 
test; p < 0.05 was considered statistically significant. 
Excel for Windows (version 2007; Microsoft, Redmond, 
WA, USA) and IBM SPSS Statistics for Windows (ver-
sion 20; IBM Corp., Armonk, NY, USA) were used in the 
analysis.

Results
The arrangement of collagen fibers was analyzed micro-
scopically. All animals in the control group showed fibro-
sis throughout the perimeter of the anastomosis compared 
with the experimental group, in which fibrosis was classi-
fied as mild or mild focal. The difference was statistically 
significant (p = 0.000). Epithelialization was classified as 
regular when it covered most of the circumference of the 
anastomosis and as normal when it did so completely. 
Most (80%) of the specimens in both groups had regular 
epithelium.

The results are presented in Table 1. Immune cell 
invasions were similar in both groups with a low presence 
of macrophages and lymphocytes (p = 0.32). A foreign 
body reaction was found in 80% of the treated group and 
70% of the control one (p = 0.60). The thickness of the 
collagen fiber layer was significantly less in the treated 
than in the control group (p = 0.001). Urethral lumen 
diameters at the anastomosis site were significantly greater 
(p = 0.04) in the treated than in the control group, as 
shown in Figures 1 and 2.

Table 1 Results of the Macroscopic and Microscopic Evaluations of the Rabbit Penile Urethra in HA-Treated and Control Groups

Variables Control (n=10) Experimental (n=10) p value 95% CI

Epithelium Regular 8 8 *0.70 0.33–3
Normal 2 2

Inflammation No 3 4 *0.32 NC
Focal 5 6

Regular 2 0

Presence of macrophages in inflammatory infiltrate Absent 9 8 **0.52 0.27–1.8
Focal 1 2

Presence of lymphocytes in inflammatory infiltrate Absent 7 5 **0.36 0.56–4.29
Focal 3 5

Foreign body reaction Absent 8 7 **0.60 0.31–1.9
Focal 2 3

Urethral diameter 12 weeks after anastomosis (μm) 2382 ± 214 2575 ± 167 ***0.04 65–298.7

Thickness of the collagen layer at the anastomosis site (µm) 373.4 ± 44 275.9 ± 62 ***0.001 55–113.5

Notes: *Kruskal–Wallis test. **Fisher’s exact test, *** Student’s t-test. 
Abbreviation: NC, no calculable.
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Discussion/Conclusions
The group treated with hyaluronic acid showed significant 
reduction in the thickness of the fibrosis band, as well as 
an increase in the ureteral diameter where the first surgery 
was performed, demonstrating positive results in the adju-
vant use of this macromolecule.

Kilinc et al20 demonstrated through a similar methodol-
ogy on urethral injury in a rat model, the effect of intraure-
thral erythropoietin with results improving wound healing 
and preventing spongiofibrosis. Modifying the extracellular 
matrix by creating a more fetal-like environment could 
change the healing process in adults.21 Adan-Pimentel et al22 

demonstrated in a canine model that the application of HA in 
a posterior urethral anastomosis produced less than 25% of 
stenosis compared with 45–65% in the control group. 

Italiano et al23 demonstrated preservation of the urethral 
lumen with adequate compliance by resecting the urethra 
and replacing a segment with biodegradable hyaluronate- 
based grafts. Yıldızhan et al24 evaluated the effect of HA 
on traumatic wounds to the urethra of 40 male Wistar rats. 
The results were not statistically significant, probably 
because of the short evaluation time, but a significant 
increase in tissue thickness was observed in the control 
group treated with saline. In a clinical setting, Chung et al25 

reported the results of a controlled clinical trial involving 
101 patients who underwent treatment of urethral stricture 
with internal urethrotomy with instillation of a combination 
of HA and carboxymethyl cellulose. The recurrence rate was 
9% in the study group versus 23% in the untreated group 
(p < 0.05).

In our literature review, we found no evidence regarding 
the intralesional application of HA in humans with urethral 
stricture; however, some evidence in experimental models 
suggests a beneficial therapeutic effect.22,26 Multiple techni-
ques, such as tissue replacement with grafts and protein 
therapy, have been found to be effective in animal trials.27–30

Urethral stricture occurs because of excessive fibrosis in 
response to inflammation, tissue injury, and necrosis. In our 
study design, surgical trauma and inflammation played an 
important role in stenosis, because they precede collagen 
deposition, which will lead to stricture without effective 
healing.3,6,7 Based on this study, HA was associated with 
decreased inflammation and fibrosis during urethral trauma 
when compared to saline, reducing post-traumatic stenosis.

This study had several limitations. First, this was not 
a model of human urethral stricture, so future studies should 
address this issue in clinical settings. Second, data collection 
was limited to morphological and histochemical analysis, 
and collagen content and types were not evaluated. The 
intention of our protocol was not to recreate stricture, but 
rather to evaluate the healing process in an HA-rich environ-
ment. Therefore, it will be necessary further research to test 
the utility of this macromolecule in human clinical settings.

Statement of Ethics
The protocol was approved by the Local Research and 
Ethics Committee of the Biomedical Research Center of 
the West, Mexican Institute of Social Security with the 
register R-2007-1305-14. All animals were managed in 
accordance with the Official Mexican Standard Norm 
NOM-062-ZOO-1999 regarding the care and use of 
laboratory animals.31 The rabbits were monitored by 
trained personnel who provided proper management. 

Figure 1 Representative control cross section (20×). The maximum diameter of 
the lumen was 2350 μm and the collagen fiber layer was 351 μm thick. Mild to 
moderate inflammatory infiltration and poor neovascular formation is seen.

Figure 2 Representative study group cross section (20×). The maximum diameter 
of the lumen was 2670 μm and the thickness of the collagen fiber band was 290 μm. 
Mild inflammatory infiltrates and moderate neovascular formation are evident.
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They were accommodated in separate boxes, with 12/12 
h light/dark cycles and heaters.
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