Can proliferative hypertrophic scars of the median
sternotomy incision predict the occurrence and
characteristics of urethral stricture?
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Objectives: To investigate the correlation between
the characteristics of urethral stricture and incision
scars in patients with urethral stricture and median
sternotomy incision.

Methods: We identified 368 patients who had
undergone internal urethrotomy between January
2014 and December 2017. A total of 49 male patients
with a median sternotomy scar and diagnosed with
urethral stricture were retrospectively evaluated. The
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median sternotomy incision scars were assessed using
the Vancouver Scar Scale (VSS) and the patients were
divided into 2 groups. Group I consisted of patients
with a VSS score of <4 points, and those with >4 points
constituted group II. The groups were compared
in terms of age, smoking habit, body mass index,
diabetes mellitus, hypertension, urethral stricture
etiology, length and localization, and stricture relapse
after intervention.

Results: The mean total VSS score was 2.0 points
in group I and 7.46 points in group II. There was a
significant correlation between the VSS total score
and the urethral stricture length among the whole
study population (correlation coeficient value=0.481;
<0.001). The urethral stricture was longer as the VSS
score increased.

Conclusion: A poorly healed median sternotomy
incision scar can predict a poor wound healing in
the urethra tissue. Further large scale, multi-center
and prospective studies are needed to clarify this

relationship.
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Il urethral strictures develop after an injury to

the urethral epithelium, except for congenital
strictures.' Fibrosis occurs as a result of the poor healing
of this injured urethral tissue. Iatrogenic causes are the
most frequent etiological factors in urethral stricture.?
These include transurethral insertion of Foley catheters
and endoscopic interventions. Factors such as advanced
age, obesity, diabetes mellitus (DM), smoking, and
ischemia negatively affect the wurethral health.®*
However, not every patient having these risk factors
develops a urethral stricture. This subject also brings up
the question whether the urethrae of some individuals
are more prone to stricture or not. It is known that
urethral stricture is a wound healing problem.

Urethral strictures and surgical incision scarring
are 2 independent examples of poor wound healing.
Developments of urethral stricture and incisional skin
scar proliferation have common pathophysiological
features. Injury is the triggering factor in both the
initiation of urethral stricture development and
incisional scarring, and then a chronic inflammatory
process plays role, in which many cells and molecules,
particularly fibroblasts, are involved.>® For example,
transforming growth factor beta 1 (TGF-f1) has been
shown to play a role in the pathophysiology of fibrotic
diseases.”® Furthermore, the increase of TGF-1 levels
has been demonstrated in the development urethral
fibrosis.”

The prevalence of hypertrophic scars is 1.5-4.5% in
all populations.'® In addition to individual genetic and
systemic factors, some local factors induce pathological
scar formation. Special anatomical regions such as
the anterior chest wall and posterior ear are more
prone to hypertrophic scar formation.'"'* Possessing
a higher skin tightness in these regions facilitates scar
formation.”” The development of hypertrophic scar
after median sternotomy incision is frequently seen in
patients undergoing cardiac surgery and the incidence is
higher than 50% in the Asian population.'

Determination of the negative predictive factors
in patients with urethral stricture may be a guide for
planning optimal surgical interventions such as internal
urethrotomy or urethroplasty. These factors may warn
the surgeon to avoid urethral stricture prior to urethral
manipulations. For instance, low-diameter transurethral
catheters or instruments may be particularly preferred
in these patients to avoid a possible urethral injury.
Hypertrophic scars may be an independent factor in
predicting the characteristics of urethral stricture. In
this study, we evaluated patients with urethral stricture
who had undergone median sternotomy incision in the
past. We aimed to investigate the correlation between
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the characteristics of urethral stricture and incision
scars in patients with urethral stricture and median
sternotomy incision.

Methods. The medical records of 368 patients
who had undergone internal urethrotomy between
January 2014 and December 2017 in Sakarya
University Medical School, Sakarya, Turkey. The
Ethical Board has approved the study (App No:
71522473/050.01.04/67) and the study was conducted
in accordance with the Declaration of Helsinki. A
total of 49 patients with primary urethral stricture and
median sternotomy incision scar, who had undergone
internal urethrotomy, were evaluated retrospectively.
The patients whose current data were deficient or
patients who had undergone median sternotomy
incision within the previous year were excluded from
the study. Furthermore, those with urethral stricture
history prior to thoracic surgery were not included
in the study. All patients with symptoms of urethral
stricture had undergone urine culture, uroflowmetry
and retrograde urethrography (RUG). Direct vision
internal urethrotomy was performed using a 21 Fr
urethrotome (Karl Storz, Tuttlingen, Germanry). The
urethral stricture length was measured intraoperatively
during internal urethrotomy. The proximal and distal
points of the stricture were determined at the border
of the healthy mucosa with the diseased mucosa. The
length was measured by the urethrotome. Intraoperative
measurement of the stricture length was checked and
verified with RUG. Urine culture, uroflowmetry and
when necessary, RUG were followed-up on the routine
control visit. The median sternotomy incision scars were
graded using the Vancouver Scar Scale (VSS), in which
pigmentation, flexibility, height, and vascularity items
were considered (Table 1). Age, smoking status, DM,
hypertension (HT), body mass index (BMI), previous
urological interventions, etiology of urethral stricture,
stricture length, and the localization and recurrence
were evaluated. The median sternotomy scars and
urethrography images of the same patients have been
displayed in Figure 1 and Figure 2. The patients were
divided into 2 groups according to the VSS. Group I

Table 1 - The Vancouver scar scale for the assessment of the skin scars.

Vascularity Pigmentation Pliability Height

Normal (0) Normal (0) Normal (0) Flat (0)

Pink (1) Hypopigmentation (1) Supple (1) <2 mm (1)

Red (2) Hyperpigmentation (2) Yielding (2)  2-5 mm (2)

Purple (3) Firm (3) 5> (3)
Ropes (4)

Contracture (5)

Total score - min=0, max=13.
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Figure 1 - The sternotomy incision scar (Vancouver scar scale=9) and
urethrograph of the same patient (yellow arrow).

consisted of patients with a VSS score of <4 points, and
those with >4 points constituted group II.

Statistical analysis. 'The normal distribution of
continuous numerical variables in the groups was tested
with the Shapiro-Wilk normality test. The numerical
variables were presented as meantstandard deviation
(SD) and the categorical variables as number (%). The
independent samples t-test was used for the comparison
of continuous variables. The Pearson’s Chi-Square
test and Fisher exact test were used to compare the
categorical variables between the groups. The Spearman’s
Rank Correlation Coeflicient was calculated to show
the direction and power of the relationship between
the VSS score and the stricture length. The probability
of Type I error was accepted as a<0.05 for all tests.
Statistical analysis of the study was conducted with the
Statistical Package for the Social Science version 22.0
(IBM Corp., Armonk, NY, USA).

Results. The mean age of the patients was 72 (40-82)
years in group I and 69 (40-78) years in group IL
All patients had undergone coronary artery by-pass
operation (CABG) due to coronary artery disease
(CAD). In all patients, urethral strictures occurred
after urological instrumentation. Therefore, they
were all considered iatrogenic strictures. Twenty-four
(48.97%) of the 49 patients had undergone urethral
catheterization due to various indications, and 25
(51.02%) had undergone urological surgery. There was
no significant difference between the groups in terms of
previous urological interventions. The mean VSS total
score of group I was 2.0 points and that of group II was
7.46 points. There was no significant difference between
the groups with regard to DM, HT and smoking habit.

Figure 2 - The sternotomy incision scar (Vancouver scar scale=2) and
urethrograph of the same patient (yellow arrow).

There was a weak correlation between BMI and the VSS
scores (rs=0.309; p=0.042).

There was a moderate positive correlation between
the VSS total score and the stricture length in all
patients and this relationship was statistically significant
(rs=0.481; p<0.001). As the VSS score increased, the
stricture length also increased (Figure 3). The mean
stricture length was 4.45+1.76 mm in group I and
9.96+4.85 mm in group II (»<0.001).

When the relationship between the VSS score and
stricture recurrence was evaluated, we observed that the
recurrence rate in group II was 1.7 times higher than
that in group I. There was a weak relationship between
the VSS score and stricture recurrence, but this risk was
not statistically significant (rs=0.209; p=0.154). The
comparative data of the patients have been presented in
Table 2 and Table 3.

Discussion. Urethral stricture is a consequence
of unfavorable wound healing, regardless of the
etiology. Proliferative incisional scarring is another
example of poor wound healing. It is difficult to
show a direct relationship between incision scars and
urethral stricture. Both pathologies represent wound
healing disorder, but urethral strictures have functional
consequences such as weak urine flow, while skin scars
cause cosmetic problems. Scar-rating scales objectively
evaluate the scar properties. The VSS is often used to
examine skin scars. Skin scars are scored according to
their physical properties with this scale.”® The 0 point
in the scale represents a healthy skin, and 13 points
represents the worst scar appearance. A cut-off value for
the VSS score has not been identified in the literature
for the description of hypertrophic scars. Different
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Figure 3 - The relationship between total Vancouver scar scale score and
stricture length.

values were accepted in previous studies.’®” Li-Tsang

et al,'” accepted a total score of 4 or more for the
definition of hypertrophic scars, with at least one point
for each item in the scale. With reference to this study,
we also divided patients into 2 groups; those with a VSS
score of <4 points (group I) and those with a score of >4
points (group II).

Wound healing is quite a complex sequence of
pathophysiological events. In this process, the stages
of inflammation, proliferation and maturation follow
each other.'® Regardless of the etiology, total wound
healing is restoration of tissue integrity after injury. This
restoration process may be defective in both urethral
strictures and incisional scars. Factors such as the
anatomy of the incision site, type of surgical operation,
wound site inflammation, infection, tension and depth
of the wound, and repair techniques affect the wound
healing in surgical incision scars. The patient’s age,
genetic, and hormonal factors are other important
factors in wound healing. Chest wall injuries are more
susceptible to healing with scar formation compared to
other body regions.'”*® Proliferative scar development
has a higher incidence in black people.”’ Similarly, the
urethral stricture rate has been reported to be higher in
the black population.?

One of the most important predictive factors in the
recurrence of urethral stricture is the stricture length.”
In our study, we observed that the urethral stricture was
significantly longer in patients with marked incision
scarring. Other negative predictive factors for urethral
stricture development include CAD, smoking, DM
and other ischemic conditions. All patients included
in the study had CAD. Moreover, most patients had
unfavorable factors in wound healing such as smoking,
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DM, HT and ischemia, which suggests that the urethral
tissue of these individuals may have had a tendency
towards poor wound healing. In our study, we observed
that participants who had marked scarring experienced
stricture recurrences more frequently, but this difference
was not statistically significant. In our study, we
observed that urethral stricture recurrences tended to
be more frequent in those with marked incision scars,
but there was no statistically significant difference. We
think that this was due to the small number of patients
enrolled in our study.

All patients had undergone CABG. There are no
exclusion criteria in this regard. The patients included in
the study did not have a history of heart valve operation
or any other thoracic surgery. The development
of urethral stricture in some patients after CABG
operation has attracted the attention of urologists and
many studies have been carried out in the past. Previous
studies have investigated the effects of lubricant gels,
chemical irritation due to Foley catheter, thickness of
the Foley catheter used, trademarks, silicone or latex
structure of the catheter, duration of catheterization,
urethral ischemia and tissue perfusion changes during
surgery on stricture development.?** Furthermore, it
was demonstrated that providing urinary drainage with
a suprapubic catheter during and after the operation
reduced the urethral stricture development rates in this
group of patients.”

There are few studies in the literature regarding
the relationship between wound healing and coronary
artery disease. Ziyrek et al,”” showed a close association
between proliferative scarring and atherosclerosis in
patients who had undergone CABG and reported that
atherosclerosis was a wound healing problem. Dustan
et al,”® reported that keloid formation may be associated
with vascular diseases. Similarly, it has been shown that
ischemia negatively affects the urethral tissue healing.”
In our study, there was no significant difference between
the groups regarding the factors that could negatively
affect wound healing, such as smoking, HT and DM.
However, the smoking and DM rates were 2 times
higher in patients with proliferative scarring than in
others. It was also noted that the urethral stricture was
longer in this patient group. Another factor that has a
negative effect on wound healing is obesity. A positive
correlation between obesity and hypertrophic scar
formation has previously been reported.”” In our study,
we found a statistically significant but weak correlation
between the BMI and the VSS score.

Study limitations. The fact that all patients included
in the study had CAD and undergone CABG was
a limiting factor for our study. Median sternotomy


http://www.smj.org.sa/index.php/smj/index

Incision scar and urethral stricture ... Aydemir et al

Table 2 - Comparison of patient’s characteristics across group I and group II.

Characteristics Group I (n=20) Group II (n=29) P-value
Age (years), median (min-max) 72 (40-82) 69 (40-78) 0.213*
Hypertension, n (%) 14 (70) 20 (69) 0.938°
Diabetes mellitus, n (%) 5 (25) 11 (37.90) 0.343"
Body mass index, kg/m?, mean+SD 27.60£2.46 26.02£2.67 0.142¢
Smoking, n (%) 5(25) 10 (34.50) 0.479°
Creatinine (mg/dL), mean+SD 0.97+0.14 1.02+0.32 0.313¢
Cholesterol (mg/dL), mean+SD 173.12422.41 178+39.65 0.247¢

Values are presented as numbers and percentage (%).*Mann-Whitney U Test, "Pearson’s Chi-square Test, “Student’s
t Test, Group I -patients with a total Vancouver scar scale score score of <4 points, Group II - patients with a total
Vancouver scar scale score score of 24 points. SD - standard diviation

Table 3 - Comparison of the urethral stricture characteristics across group I and group II.

Characteristics Group I (n=20)  Group II (n=29) P-value

Total stricture length (mm), median (min-max) 4.45+1.76 9.96+4.85 <0.001*
Stricture localization

Posterior 9 (45) 7 (24.10) 0.373"

Anterior 2 (10) 5 (17.20)

Anteroposterior 9 (45) 17 (58.60)
Previous urological interventions

Only urethral catheterization history 8 (40) 16 (55.20) 0.296¢

Urologic surgery history 12 (60) 13 (44.80)
Q max prior to internal urethrotomy, (ml/s); mean+SD 8.7+2.30 9.1+2.50 0.2194
Postvoid residual prior to internal urethrotomy (ml); mean+SD 98.3+20.40 102.8+18.30 0.3174

Values are presented as numbers and percentage (%). ‘Mann-Whitney U eest, *Fisher-Free-man-Halton exam, ‘Pearson’s Chi-
squared test, “Student’s t test, Group I - patients with a total Vancouver scar scale score of <4 points,
Group II - patients with a total Vancouver scar scale score of 24 points

incisions tend to heal with hypertrophic scar more
frequently than other regions. Therefore, it is an area in
which itis easy to make scar assessment. However, studies
with scars on other body regions may provide further
information on this subject. Another limitation was that
we could not gather sufficient information regarding
previous urologic surgical procedures, infections or
traumas in our patients. There were no patients with
urethroplasty operation among the patients included
in the study. However, studies involving a sufficient
number of patients with urethroplasty in this regard
will be more helpful. Further studies conducted with
a more homogenous patient population are needed to
clarify this issue.

In conclusion, the present study has demonstrated
that urethral strictures are longer in length in patients
who have recovered with proliferative hypertrophic
scarring after median sternotomy incision. If urethral
stricture develops in the presence of hypertrophic scar in
median sternotomy healing, the stricture is longer and
tends to recur. In these patients, urethral interventions
should be treated more gently. A poorly recovered
median sternotomy incision scar may be a negative
predictive factor for urethral stricture. Further large

scale, multicenter and prospective studies are needed to
clarify this relationship.
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