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Abstract

Purpose: To evaluate the effact of hyaluronic acid (HA) and carboxymethylcellulose (CMC) instillation after
transurethral resection of the prostate (TURP) on preventing urethral stricture.

Patients and Methods: A total of 180 patients underwent TURP for benign prostatic hyperplasia. Recruited
patients were randomly divided into two groups: Groups A and B. Patients in group A (90 patients, experi-
mental group) received HA /CMC instillation, and patients in the group B (90 patients, control group) received
lubricant instillation after TURP. Each patient was evaluated at 4 weeks (V1), 12 weeks (V2), and 24 weeks
(V3) after the surgery. The effectiveness of HA/CMC instillaion was evaluated based on the International
Prostate Symptom Score/Quality of Life, peak urine flow rate, voided volume, and postvoid residual
volume. The visual analogue scale (VAS) pain score and degree of satisfaction were also determined for each
participant.

Results: Among 180 initial participants, 80 patients in group A and 81 patients in group B had completed the
experiment. VAS pain scores were 0.75+0.75 and 1.75+1.37 (P<0.001), and degrees of satisfaction were
0.63+0.66 and 0.91+0.51 in group A and group B at 1 month after surgery (P=0.002). By retrograde urethro-
graphy, urethral stricture after TURP was seen in 1 of 80 subjects in group A and 7 of 81 subjects in group B.
Conclusions: HA/CMC instillation after TURP decreased the incidence of urethral stricture. In addition, HA/
CMC was effective at reducing pain during the early postoperative period, with no adverse effects.

Introduction

ENIGN PROSTATIC HYPERPLASIA (BPH) causcs lower uri-

nary tract symptoms (LUTS) and is one of the most
common diseases of aging male.! BPH is histologically ob-
served in almost half of men in their 60s and in most men in
their 80s. BPH leading to LUTS reduces quality of life by
disturbing normal activities and sleeping, and causing com-
plications such as urinary tract infection or acute urinary re-
tention. Currently, several types of medications are available
to treat patients with LUTS accompanying BFH (LUTS/BPH)

such as alpha adrenergic blockers, 5-alpha-reductase inhibi-
tors, and others. In addition, surgical treatment methods have
been introduced induding resection or enucleation.
Currently the most popular and effective treatment for
patients with LUTS/BPH is transurethral resection of the
prostate (ITURP).*>* TURP, however, is associated with post-
operative complications such as bleeding, a prolonged inpa-
tient period, pain, and infection as well as late complications
including urethral stricture, incontinence, erectile dysfunc-
tion, retrograde ejaculation, and bladder neck contraction’
Other methods have been studied to reduce occurrence of
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post-TURP urethral stricture by performing TURP with small
diameter resectoscopes or with warm saline."”

Recently, synthetic physical barriers have been developed
to supplement cases in which the natural barrier has been
damaged. Of these, representative substances are hyaluronic
acid (HA) and carboxymethylcellulose (CMC).

HA is an anionic polysaccharide demonstrating high levels
of polymerization, hydrophilicity, and nonimmunity as well as
viscoelastic properties. As the active ingredient of the extra-
cellular mafrix, it coats the mucosal surface and provides
lubricating action. From such actions of coating mucosal sur-
face, the possibility of trauma reduction on the surgery site is
being recommended.? CMC is also an anionic polysaccharide,
which is an inducer of more hydrophilically modified cellulose
with the glucosidic hydroxyl group having been carbox-
ymethylationized, and has been used as an exdpient, viscosi-
fier, lubricans, and stabilizer for pharmaceutical products,
cosmetics, and food.? HA and CMC (HA /CMC) has been used
in surgical procedures for preventing postoperative adhesion.*’

No study, however, has examined the preventive effects of
using HA/CMC for prevention of urethral sfricture after
TURP. To this end, this study aimed to identify the effec-
tiveness of HA/CMC in preventing urethral stricture forma-
tion after TURP for treatment of spatients with LUTS/BPH.

Patients and Methods
Patients and study design

For this study, 180 patients with LUTS/BPH who under-
went TURP from June 2010 to May 2011 were recruited. This
was a randomized, single blinded, multicenter, prospective
study undertaken by 10 surgeons at seven participating
medical institutions. Each surgeon performed an equal
number of TURP (experiment: 9, control: 9). The study was
implemented after obtaining the approval of the Institutional
Review Board.

Included subjects (1) underwent TURP after clinical diag-
nosis with BPH, and (2) were willing and able to participate.
Excluded from the study were patients with diagnoses of (1)
prostatic hypertrophy treated with endoscopic or invasive
procedures of prostatectomy, (2) urethral stricture, which was
diagnosed by cystoscopy, (3) neurogenic bladder, or (4) a
urinary tract infection.

A simple block randomization method was used to assign
patients to either (1) an experimental group (90 patients;

S00°d 38Lp# 00

CHUNG ET AL.

group A), whose patients received HA/CMC instillation after
TURP, or (2) a control group (90 patients; group B), whose
patients received lubricant instillation after TURP.

The primary end point was the occurrence rates of urethral
stricture; secondary end points of voiding symptoms, satis-
faction, and degree of pain were evaluated.

Before enrollment (V0), information regarding illness
duration and medical history was collected. Routine hema-
tologic tests and urinalysis were performed. Patients were
assessed during visits at postoperative week 4 (VI), week 12
{(V2), and week 24 (V3).

Surgical technique

TURP was performed in the following sequence of direc-
Hons: 6 0'clock, 3 o'clock, 12 o'clock, and 9 o'clock. We used a
26F resectoscopic sheath, 30-degree telescope, and bipolar
resector. A three-way, 30-cc balloon, 22F urethral Foley ca-
theter was inserted, and the catheter was pulled back to block
the bladder neck. Thereafter, 5mg of HA/CMC (Guardix-
sol,” Hanmi Medicare, Seoul, Korea) or 5mg of lubricant
(chlorhexidine gel) was instilled using an 18-gauge catheter
inserted between the urethral lumen and the Foley catheter
(Fig. 1). Postinstillation traction was retained for 1 day before
removal. While keeping the fraction of the Foley catheter, the
patients were kept on bed rest.

Assessment of efficacy and safety

Efficacy of HA/CMC was assessed to prevent urethral
stricture at each postoperative visit by determining the In-
ternational Prostate Symptom Score (IPSS) and by measuring
the peak urine flow rate (Qmax), and the postvoid residual
(PVR) urine volume, The quality of life (QoL) score was also
determined. During the postoperative inpatient period, as-
sessments were made of the indwelling time of the Foley
catheter, degree of pain, and level of satisfaction. Constrictive
uroflow curves or a maximum flow rate <10mL/s by uro-
flowmetry was considered to indicate the occurrence of a
urethral stricture.

To distinguish urethral stricture from bladder neck con-
tracture, urethral stricture was confirmed by urethroscopy
and urethrography. Assessment of pain and satisfaction level
were conducted with the 0 to 10 point Likert scale visual an-
alogue scale (VAS) pain score and a () point (very satisfied) to 3
point (very unsatisfied) Likert scale. The safety of HA/CMC

FIG.1. Instillation of HA/CMC on urethra using an 18-gauge catheter. (A) HA /CMC (5 mg) was instilled after TURP via an
18-gauge tube catheter. (B) After ballooning (to a volume of 30 cc), the urethral Foley catheter was pulled back to block the
bladder neck. HA/CMC was then instilled between the urethral lumen and the Foley catheter. (C) A gauze was used to
maintain traction for 1 day after surgery to retain the HA/CMC within the urethra.
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treatment was assessed at V1, V2, and V3 by taking patient
history, performing a physical examination, and recording
adverse effects.

Statistical analysis

The occurrence of the urethral stricture rate was evaluated
by per protocol analysis based on the number of patients who
completed the study. Preoperative characteristics, including
prostate volume, and perioperative outcomes were evaluated
by intent-to-treat analysis. Voiding symptoms, Qmax, and
PVR were compared by using the Student paired ¢ test. The
patients who had no occurrence of urethral stricture were
compared with those who had occurrence in terms of
voiding symptoms, pain scale, and degree of satisfaction.
SPSS software v.18.0 was used for statistical analysis, and a
P value <0.05 was considered to be statistically significant.

Results

Of 180 total patients, 10 in group A and 9 in group B were
lost to follow-up and were excluded. Analyses were per-
formed using data collected from the records of 80 patients in
group A and 81 patients in group B, who fulfilled the follow-
up period (Fig. 2). There was no statistically significant
difference in the baseline characteristics and perioperative
outcomes between the patients lost to follow-up and those
completing the study.

One patient in group A experienced intraoperative cap-
sule perforation, and one patient in group B needed an in-
traoperative transfusion (P =0.316). Three patients in group A
and two patients in group B experienced postoperative clot
retention (P=0.642), while two patients in group A needed a
postoperative transfusion (P=0.154). One patient in group B
experienced the anset of epididymo-orchitis (P=0.322). Nine
(11.25%) patients in group A and 19 (2346%) in group B
experienced a urethral siricture according to uroflowmetry

465

(P=0.041). According to retrograde urethrography, one patient
in group A and seven patients in group B had a confirmed
urethral stricture (P=0.031) (Table 1). The stricture site occurred
in the bulbous urethra in one patient in group A, and in the
bulbous urethra in three patients, the pendulous urethra in one
patient, and the fossa navicularis in three patients in group B,

Preoperative characteristics were well balanced between
the groups. Resected prostate volumes, indwelling days of the
Foley catheter, and length of stay had no significant difference
between both groups (Table 2),

At each visit after surgery, the patients showed no signifi-
cant difference of voiding symptoms between groups.
At postoperative week 4 (V1), the satisfaction levels were
0.63*0.66 for group A and (.91 +0.51 for group B (P=0.002),
while VAS pain scales were 0.75+0.75 for group A and
1.75%1.37 for group B (P <0.001) (Fig. 3).

Discussion

This study aimed to assess the effects of HA/CMC instil-
lation into the urethra after TURP at the onset of urethral
stricture. We found that HA/CMC was effective for preven-
tion of urethral stricture with no spedific side effects. Tn ad-
dition, it improved the postsurgical outcomes by helping to
reduce pain during the early postoperative period, thereby
increasing patient satisfaction levels.

BPH occurs by histologic proliferation of smooth muscle
and epithelial cells in the prostatic transitional zone.** The
objective in LUTS/BPH treatment is to improve the QoL and
to treat and prevent complications including urinary tract
obstruction, urinacy retention, and infection. Therapeutic
methods are largely divided into watchful waiting, medical
management, and surgical management.'? Of these, watchful
waiting is applicable to patients with mild symptoms or with
moderate-to-severe symptoms but no complications. This
treafment necessitates annual measurement of prostate vol-
ume as well as assessment of flow rate.’®
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TasLe 1. COMPLICATIONS
Group A Group B P
(n=280) (n=81)  walue
Transfusion 0 1(0.12%) 0.316
Capsule perforation 1 (1.25%) 0 0.322
Perioperative and postoperative
Clot retention 3(375%) 2 (247%) 0642
Transfusion 2 (2.50%) 0 0.154
Epididymo-orchitis ] 1(0.12%) 0322
Urethral stricture 9 (11.25%) 19 (23.46%) 0.041
(by uroflowmetry)
Bladder neck contracture 0 0
Urethral strichure 1(1.25%) 7 (8.64%) 0.031
(by urethrography)

For medical management, representative drugs are alpha-
adrenergic blockers and 5 alpha-reductase inhibitors (SARI).
5ARI lowers serum dihydrotestosterone and reduces prostate
volume to relieve symptoms.'* Alpha-adrenergic blockers do
not affect prostate volume or prostate-specific antigen values
but improve symptoms through the relaxation of smooth
muscle cells in the prosrate.ls When patients show moderate-
to-severe symptoms accompanied by complications such as
infection, hematuria, or upper urinary tract obstructon, or
when they do not improve with medical management, how-
ever, indications suggest surgical management. Moreover,
surgical management is incrcasin$ly being offered for control
of lower urinary tract symptoms.'®

Surgical management technique includes open prostatec-
tomy, transurethral vaporization, TURP, transurethral hol-
mium Jaser ablation/enucleation, holmium Jaser resection,
photoselective vaporization, and fransurcthral indsion, but
TURP js still the gold standard for surgical treatment of
LUTS/BPH.”™ In TURP, the prostate is resected using radio-
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frequency energy. Despite advancements in surgical tech-
niques and instruments, TURF faces many challenges such as
morbidity, a long inpatient time, and long indwelling time of
the Foley catheter in addition to infection, bleeding, inconti-
nence, reterograde ejaculation, and urethral stricture.’”
Urcthral stricture after TURP is a considerable complica-
tion with an incidence rate of 1.2% to 29%.%'%'" Large varia-
ton in the prevalence of urethral stricture is seen because of
the absence of clear descriptive criteria for urethral stricture.
According to Desmond and associates,?? peak urine flow re-
duced to £10mL/s is the diagnosis for urethral stricture. In
present study, urethral stricture was defined as constrictive
uroflow curves or a maximum flow rate <10mL/s by uro-
flowmetry and when the stricture site was observable by ure-
throscopy or urethrography. Occurrence rate of urethral
stricture was 8.64% in present study; this relatively high
number of occurrences may related to the fact that we used
only a 26F resectuscopic sheath, which is a relatively larger size,
even though therc was no resistance of resectoscope passage.
The location of the urethral stricture site, however, was not
analyzed statistically in the present study because of the small
number of patients affected, Moreover, no randomized studies
have been performed to analyze the association between the
urethral stricture site and the size of the resectoscope.
Urethral stricture often occurs after TURF, and the trig-
gering factors reported include infection, mechanical injury,
and indwelling of the Foley catheter.” During TURP, the in-
strument moves into the urethra a mean of 800 times, causing
mechanical injury. In addition, indwelling of the Foley cath-
cter causes ischemia of the urethra, or the catheter itself might
cause mechanical injury.? During tissue development, re-
modeling, and wound healing of the mechanical injury site,
urcthral stricture is caused by scar formation and fibrosis. In
these cases, extracellular matrix regulation plays a prominent
role in this process, which sodium hyaluronate may inhibit to
reduce unwanted scar tissue by 50% or more” In addition,
animal studies by Hong and colleagues, ' reported that fewer

TABLE 2. COMPARISON OF PREOPERATIVE AND PERIOPERATIVE VaRIABLES BETWEEN GROUPS

Group A (n=90) Group B (n=90) P value
Preoperative
Age, years 69.71+6.50 70.05£7.13 0.754
BMI, kg/m? 25.26+2.57 24.7513.63 0.306
PSA 2.66+2.75 292252 0.523
TRUS Total volume, cm® 49.77 *22.57 52.78+22.35 0.396
Transitional zone volume, cm? 31.88+23.28 33.64+22.04 0.623
1Pss 20.24£6.10 2142+4.58 0.166
Irritative subscore 8.63+3.57 953+2.31 0.058
Obstructive subscore 11.61+£3.48 11.89+3.07 0.594
QoL 4.35*1.13 412+0.86 0.153
Qmax, mL/s 9.77+5.83 10.85£1.53 0.108
PVR, mL 99.31+28.49 71.91%39.81 0.076
Perioperative ;
Resected prostate volume, con’ 2328+1429 25.78+14.62 0.273
Catheter time, d 433+£1.30 458+1.40 0.232
3.39+2.62 3.17+0.83 0.484

Hospital stay, d

Student ¢ test
Group A: HA/CMC instillation, Group B: lubricant instillation.

BMI =body mass index: PSA =prostate-specific antigen; TRUS = transrectal Ultrasonography; IPSS = International Prostate Symptom Score,
Qol..— quality of life; Qmax=peak urinc flow rate; FVR=postvoid residual volhume.
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FIG.3. Surgical outcomes of the experimental group and the control group after fransurethral resection of the prostate at each
follow-up time point. [PSS=International Prostate Symptom Score; Qmax =peak urine flow rate; VAS=visual analogue scale.
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fibrous tissues were observed by histologic test on a group
postoperatively coated with HA/CMC.

Several natural barrers including the peritoneum,
omentum, and amnion prevent adhesion between tissues.”*
When this barrier is damaged after surgery, however, syn-
thetic physical barriers are needed to separate the injured
tissue surface from the surrounding organs.® These include
film barriers, solution barriers, and recently developed sol-
gel transition barriers.*® Among these, solution barriers
and sol-gel transition barriers can be used for post-TURP
instillation between the urethra, bladder neck, and Foley
catheter. HA /CMC is a liquid type synthetic 1ghysica.l sol-gel
barrier with viscosity from 2500 to 3500 cP.™ In this study,
HA /CMC was used to reduce the incurrence of post-TURP
urethral stricture based on the results of previous studies
about the usefulness and scar formation inhibition proper-
ties of HA/CMC as a solution synthetic physical barrier for
internal urethrotomy.>”

No differences were seen in the test group treated with
HA/CMC and the control group for IPSS, QoL, or uro-
flowmetry among patients in whom no urethral stricture had
occurred. Thus, HA/CMC did not appear to affect postop-
erative voiding symptoms. Significant differences were secn,
however, in the postoperative pain scale and occurrence rate
of urethral stricture. HA /CMC is a solution synthetic physical
barrier with high viscosity that is expected to be effective,
because it maintains a long contact time when coated onto a
tissue surface. HA/CMC instillation during TURP might re-
duce the postoperative occurrence of urethral siricture be-
cause of its efficacy to prevent fibrosis and scar formation
during the healing of the stricture resected sitc and mechan-
ical injury inside the urethra. Moreover, reducing the pain of
the experimental group may come from longer sustaining of
lubrication between the prostatectomy site, urethra injury site,
and Foley catheter than the control group.

Limitations of this study were the relatively short follow-
up and absence of an animal study. We did not perform a
power calculation. Moreaver, the use of a relatively large re-
sectoscopic sheath may limit the generalizability of the find-
ings reported in the present study. This is the first prospective,
randomized controlled study to identify the usefulness of
HA/CQMC for reducing the incidence of post-TURP urethral
stricture formation, however. Whether the efficacy of HA/
CMC can be maintained persistently through long-term
follow-up observations must be determined, and identifica-
tion of the histologic actions of the past-TURP use of HA/
CMC necessitates animal studies,

Concluslon

The results of our study indicate that use of HA/CMC in
the urethra during TURP decreases the incidence of urethral
stricture. Tt showed effectiveness in reducing postoperative
pain with no side effects and improved patient satisfaction.
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