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Results: The average wound volume was calculated 41.9 + 8.01 cc in the controls and
42.35 + 10.81 in the treatment arm group. The mean of healing time was 8.7 + 1.18,
4.8 + 0.87 weeks for control and treatment arm, respectively. There was a significant and
strong negative association between healing time and wound volume (p<0.01). Moreover,
a significant negative association was found between pain duration and angiogenesis
(p<0.001), a strong positive significant association was found between healing time of the
treatment arms (p<0.01), and the rate of wound healing for participants treated with PRP
gel was 37.2 times more than that of controls.

Conclusion: Authors hope for these finding to help the future researches to more thoroughly
focus on the mentioned factors in order to find a suitable strategy for wound healing

using PRP.

At a glance of commentary
Scientific background on the subject

The main treatment for the pilonidal sinus disease is
surgery. In patients undergoing surgery with the sec-
ondary intention plane wound healing is an important
issue that strongly affects the patients' quality of life as
well as wound-related complications such as infection

What this study adds to the field

Previously, we have shown platelet-rich plasma (PRP) is
an effective method to accelerate the healing in the
mentioned patients. Herein, with more complex statis-
tical analyses on the results, we showed that PRP therapy
could increase the healing process 37.2 times. Also, the
results showed angiogenesis as the key mechanism of
treatment.

Pilonidal sinus disease (PSD), is a sinus or abscess locating in
the midline natal cleft of the sacrococcygeal area with a
5—8 cm distance from anus [1]. This disease mostly occurs in
an age range of 15—30 years with incidence of 26/100000. PSD
has caused an average hospitalization duration of 4.3 days in
2000 and 2001 (in England). It develops 4 times more in men
compared to women, however, people are rarely diagnosed
with this disease after the age of 40 years old [2]. PSD was
bolded in World War II since it caused hospitalization of about
78000 individuals for an average of five days in United State's
army [3]. Although the exact etiology of PSD is still unknown,
certain factors such as sedentary occupations, positive family
history of PSD, local trauma, excessive hair growth in the re-
gion and white race have been proposed as potential risk
factors [1]. The disease presentations could vary from
asymptomatic to acute, chronic and recurrent. PSD could
strongly affect patient's quality of life by causing discomfort,
pain, and discharge. After surgery, some conditions such as
pain and discomfort would hinder or trouble physical activity;
all lead to lessened work hours [4,5]. For the treatment of this

disease, surgery has been introduced and performed through
three main strategies as follow: 1) surgical excision 2) healing
of overlying skin 3) prevention of recurrence [3]. Although all
surgeons agree on these strategies, an issue will remain un-
solved to whether leave the wound open or to close it after the
surgery. According to the data, despite the faster healing time
in primary closure, the recurrence risk is increased up to 58%
in comparison to an open wound until complete healing
which is also known as secondary intention [6,7]. In a meta-
analysis, it was shown that wounds with primary closure
usually heal in week 2 whilst this period of time in secondary
intention method is about 2 months [3].

Platelet-rich plasma (PRP), as it is perceived, consists of
high amounts of platelets and also growth factors [8]. This
autologous product is used in different fields of medicine as a
common healing accelerator such as diabetic foot [9,10],
pilonidal sinus [11], maxillofacial surgeries [12], plastic sur-
geries [13], discogenic low back pain [14] and skin and soft
tissue lesions [15]. Wound healing using PRP usually starts
with a-granules degradation which leads to the production of
different types of growth factors [15]. PRP is mostly composed
of platelet-derived growth factor (PDGF) [16], vascular endo-
thelial growth factor (VEGF), transforming growth factor
(TGF-B) and insulin-like growth factor (IGF) [8,15]. Angiogen-
esis is the formation new micro-vessels from pre-existing
ones and bolded in pathological conditions [17,18], since
wound healing [19] and female reproductive cycle [17] are the
only processes in adulthood that depend on angiogenesis.
VEGF is considered as one of the most critical angiogenic
factors that is responsible for the production of other angio-
genic factors such as matrix metalloproteinases [20], highly
found in PRP [15].

The aim of this study was to evaluate the correlation be-
tween different factors in wound healing activity of PRP gel in
patients suffering from pilonidal sinus and have undergone

surgery.

Materials and methods
Ethical issues

All the methods of this trial were approved by Medical Ethics
Committees of Hospital and University. Authors declare their
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adherence to 1975 Declaration of Helsinki and its next re-
visions. At the beginning of the trial, all the patients were
asked to sign a written informed consent form containing all
the aim and plan of study freely after being explained the aims
of this trial. This trial was registered in Iranian Registry of
Clinical Trials (under the supervision of Ministry of Health and
Medical Education) with the license number of
IRCT2016020418842N11.

Study design and patient selection

This randomized, controlled, parallel group clinical trial
(Phase IV) was conducted between June 2012 and September
2015 in Shariati Hospital (Tehran, Iran). For inclusion criteria,
diagnosed patients with PSD (patients with a history of ab-
scess or discharge in the presacral area) were enrolled at the
first step. Then, the following exclusion criteria were met:
serum Hb < 10 mg/dL, platelet count<10%mL, history of radi-
ation or anti-proliferative medication for past 3 months, any
contra-indication for peripheral venous access, history of
growth factor therapy within last 2 weeks, and history of
diabetes. More details on trial profile were shown in [Fig. 1].
Among 116 potential patients selected and enrolled, 110 par-
ticipants met the study's inclusion and exclusion criteria. The
participants were then randomly (by randomly permuted
blocks approach) divided into the two parallel groups of con-
trol and treatment arm, each including 55 patients. Partici-
pants were followed up until the healing was complete.
However, the endpoint to our study was 9 weeks after begin-
ning of the treatment.

Surgery

Before surgery, the patients were explained the surgery and all
the procedures. Then, they were asked to sign the consent
form. Any individual with possible risk factor was referred to a
cardiologist and/or anesthesiologist for pre-operation
consultation. Before the surgery, a single dose of cefazolin
was prescribed as prophylaxis and after prep and drape prone
position was applied before general anesthesia. Using an
elliptical incision (involving the sinus orifice) the sinus was
resected until the presacral fascia borderline was achieved. All
the surgeries in this trial were performed by an experienced
surgeon (10 years of professional experience). After the sur-
gery, the wounds were gently filled by normal saline using a
500 cc syringe and then wounds' volume was calculated with
the scale of cc by redrainage.

Platelet-rich plasma gel

PRP preparation was performed using Rooyagen™ PRP-Gel kit
(Arya Mabna Tashkhis Co, Iran). First, with a peripheral
venous access, 27 mLblood was drawn by a syringe containing
3 mL sodium citrate as an anticoagulant agent. Then, the
harvested blood was shaken gently 4 times. After that, the
blood was transferred into three 10 mL tubes using the
transfusion Kit adapter connected to the syringe. Each tube
centrifuged at 2000xg for 10 min at 24 °C. After first centrifu-
gation, the 2-fold rich platelet in the supernatant plasma was
achieved. This PRP was then transferred to a second tube
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Fig. 1 The trial profile.

containing 2 mL 25 mM CaCl, leading to gel formation after
20 min. In this method, the average count of platelets in PRP
was 107/ml.

Wound dressing

Using an absorbent sterile cotton gauze, classic wound dres-
sing was performed for the control group. In the treatment
group, right after surgery, 0.1 cc/cm? PRP was injected into the
wound and repeated each week. In the next step, derived PRP
was mixed with 0.9% CaCl, in a ratio of 4/1 in order to make a
gel before the dressing was carried out. Then using sterile
non-allergenic latex, the surface was covered to prevent any
leakage. After 24 h, the latex cover was removed and the
classic dressing was performed. This process was repeated
weekly at each visit.

Pain and antibiotic therapy duration

Regarding the patients' files, the duration of antibiotic con-
sumption was recorded in the time intervals of 3 days, 6 days,
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1 week and 2 weeks. Also, the patients were asked to declare
the time of their ability to go back to daily routine activity.
Moreover, the pain duration was inquired from participants as
well.

Wound biopsy

In order to evaluate angiogenesis in both groups, wound bi-
opsy was performed a few days (3—5 days) before complete
healing by an incision. Angiogenesis was evaluated by
immunohistochemistry assay of CD34" (BD Pharmingen™,
purified rat anti-CD34). All the steps performed by a well-
experienced pathologist in a sterile situation.

Statistical methods

All data were summarized and demonstrated as frequ-
ency distribution (N (%)) for categorical variables or
mean =+ standard deviation (SD) for the continuous variables.
The healing time of participants undergone sinus surgery was
considered as the main outcome. We applied Extended and
Stratify Cox regression since there was little censored data.
The Logrank test was used for comparing wound healing time
in two treatment groups. Data were analyzed using R software
version 3.2.3 and STATA software versions 11.2 and with serial
number of 71606281563. For deriving robust and accurate es-
timates of coefficients in the model, simple bootstrap resam-
pling approach (suppress weighted regression) with 1000
Bootstrap samples was used. In all statistical analyses, power
is more than 0.85 and any p-values less than 0.05 were
considered statistically significant.

Results

As previously described, the participants included 106 (96%)
men with a mean (SD) age of 28.7 (6.14) years, ranging from 18
to 47 years. Participants were followed up until complete
healing was achieved. No participant of either group left the
trial during the study. The average age of the participants in

Cumulative Probability of Healing

4 6 8 10 12
Time to Heal (Weeks)

I —s——Control arm —=—— PRP Gel arm |

Fig. 2 Kaplan—Meier plot comparing wounds healing time
between the control and treatment arms.

the treatment arm group was calculated 29.8 + 7.04 years,
while this quantity for the control group was 27.5 + 4.81 years.
In the control group, 94.5% (N = 52) and 5.5% (N = 3) were male
and female, respectively. Among the PRP gel treated group,
these percentages were 98.2% (N = 54) and 2% (N = 1),
respectively. The mean (SD) body mass index (BMI) was 24.9
(2.17) and 24.6 (2.19) for control and treatment group, respec-
tively. The average volume of wounds was calculated
41.9 + 8.01 cc in the control and 42.3 + 10.81 in the treatment
arm group. The mean (SD) of healing time was 8.7 (1.18), 4.8
(0.87) weeks for control and treatment arm, respectively
[Fig. 2]. From 110 participants, 14 (12.7%) patient's healing
times were right censored, since these subjects had a healing
time of more than 9 weeks (9 weeks after the beginning of
follow-ups which was considered the endpoint to healing
time analysis). The mean (SD) of pain duration was 3.4 (0.59)
and 1.3 (0.57) weeks for control and treatment arm, respec-
tively. The mean (SD) of antibiotic consumption duration was
1.74 (0.44) and 0.57 (0.47) weeks for control and treatment arm,
respectively. The mean (SD) of micro-vessels formation
(angiogenesis) was 53 (12.35) and 68.3 (15.47) numbers for the
control and treatment arm, respectively (more details are
shown in [Table 1]) [21].

Survival distributions (time passed to achieve healing) be-
tween the control and treatment arm were significantly
different until the end of the 9th week after beginning the
follow ups (Log rank test = 113.53, p < 0.001). So, treatment by
PRP gel exerted better effects on time of wound healing
compared to control group [Fig. 3]. The Log rank test for
comparing survival distributions between the women and
men participants showed a significant difference until the end
of the 9th week after beginning of follow ups (LR
statistic = 77.5, p<0.001). According to [Fig. 4] male partici-
pants in each point of study were more prone to healing
compared to female participants. The correlations between
age and BMI with wound healing time were not statistically
significant (p = —0.16, p = 0.09 for age) (p = 0.08, p = 0.38 for
BMI) [Fig. 5].

The proportional hazard assumption, as a critical
assumption for Cox regression model, was checked for each
covariate on the model by graphical approaches and time-
dependent variable. Finally, this assumption for pain dura-
tion, duration of antibiotic consumption, angiogenesis and
sex cannot be met. So, pain duration, duration of antibiotic
consumption, and angiogenesis included in the model as
time-dependent variables and sex were adjusted [Fig. 6].

According to the results of extended and stratify cox
model, estimates of regression coefficients (B), SEs of the es-
timates and 95% confidence intervals were obtained and
shown in the [Tables 2 and 3]. According to these tables, the
sign and magnitude of regression coefficients, there was a
significant and strong negative association between
healing time and wound volume when comparing partici-
pants with wound volumes>42 cc to participants with
wound volume<42 cc as the risk of wound healing
(HR=10.423.p = 0.015 [was decreased in the former group
(Moreover, a significant negative association was found be-
tween pain duration and angiogenesis (p < 0.001)]. Although
the association of healing time and pain duration was strongly
negative, it wasn't significant. Furthermore, a strong positive
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Table 1 Descriptive statistics and comparison of general characteristics of study participants (Mean + SD for continues

variables and Number (%) for the categorical variable).

Characteristics Control Group (N = 55) Treatment Group (N = 55) p-Value
Age® 27.5+4.81 29.8 +7.04 0.051, t-test
0.453, K-S test
Gender (male)* 94.5% (N = 52) 98.2% (N = 54) 0.313
BMI* 249+ 217 246 +2.19 0.511
Wound Volume® 41.9 + 8.01 42.3 +10.81 0.841
Healing time (week)® 8.7 +1.18 4.8 +0.87 <0.001
Pain duration(week)® 3.4 +0.59 1.3 +£0.57 <0.001
Antibiotic consumption Duration (week)* 1.74 + 0.44 0.57 + 0.45 <0.001
Angiogenesis (Count)® 53 +12.35 68.3 + 15.47 <0.001
# Indicated as Mean + SD, + indicated as N (%).
consumption, angiogenesis and age were positive but not
| significant. More details are shown in [Table 2].
0 According to [Table 3], sign and magnitude of regression
E: coefficients, over time of the study, weak negative associa-
£ &h tions were found between healing time and duration of anti-
g biotic consumption. Furthermore, there was a positive
a - association found between healing time and pain duration
3 and angiogenesis.
§ i Ultimately, Goodness-of-Fit (GOF) Statistic for this model
1 was 119.64 (Log likelihood = —221.84, DF = 9, p<0.001). So, the
model has enough goodness of fit. Also, Graphical approach
o© supports the goodness of fit of the model for each treatment
4 6 8 10 12 arms [Fig. 4].

Time to Heal (Weeks)

Fig. 3 Kaplan—Meier plot comparing wounds healing time
between the women and men participants.
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significant association was found between wound healing
time and treatment groups (PRP gel vs. control) (HR =
37.02.p<0.001). In addition, the associations between
wound healing time and the duration of antibiotic

Discussion

PSD associates with pain and discomfort which may even last
after the surgery for a noticeable period of time. As mentioned
before, the age interval of 15—30 years is most associated with
the occurrence of PSD [2]. Considering this range and also the
clinical features, this condition causes the waste of working
days in active young population as well as being a burden to
health care system's resources. In a study conducted between
2000 and 2001 in United Kingdome, 11000 patients were
evaluated to find out that they have been hospitalized for the
average of 3—4 days with a mean cost of 2400 £ [6].

In this trial, it was showed that PRP gel therapy was more
successful in acceleration of wound healing in comparison to
classic dressing [Fig. 5]. As presented in results, the associa-
tions between healing time and the duration of antibiotic
consumption and age were positive. Also, a strong positive
relation was found between the healing time and angiogen-
esis (by total vessels count [Fig 6 and Table 2]). Blood vessels
are essential for supporting the oxygen and nutritional needs
and also for removal of waste materials [22—24]. When a tissue
is in a proliferating state (wound healing), nutritional needs
will be increased [25], thus the tissue induces angiogenesis of
new blood vessels to meet its required needs [26]. [t seems that
as time passes, total vessel counts (angiogenesis) are
increased in order to support the wound healing process (as
our data supported). As mentioned before, VEGF level is fairly
high in PRP and this growth factor is suggested to be a main
triggering and leading factor in angiogenesis [20] and wound
healing [27]. Considering the already discussed positive
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Fig. 5 The process of wound healing in each group (time to heal). T is the patient in treatment arm and C is for the patient in
control group. Each number indicates as the week(s) passed after the surgery and 0 is for post-surgery.

Fig. 6 The results of CD 34 evaluation in biopsy samples in each group. T is the patient in treatment arm and C is for the patient
in control group. The lumens were considered as vessels/micro-vessels.

Table 2 Results of participants' characteristics on wound healing time based on 11-week follow up using Extended and

Stratify Cox model for fixed time Characteristics.

Fixed time Characteristics Category Coefficient (B) p-value SE [95%CI] Hazard Ratio
Pain duration (week) = —1.04 0.42 1.29 [-3.58; 1.50] 0.353
Duration of antibiotic consumption (week) = 7.39 0.097 4.45 [-1.33; 16.11] >100
Angiogenesis - 0.078 0.094 0.04 [-0.14; 0.17] 1.081
Treatment Control Reference

PRP Gel 3.611 <0.001 0.81 [2.01; 5.20] 37.02
Age <29 Reference

>29 0.059 0.83 0.27 [-0.48; 0.59] 1.06
Wound Volume <42 cc Reference

>42 cc —0.86 0.017 0.36 [-1.55; —0.15] 0.423

Table 3 Results of participants' characteristics on wound healing time based on 11-week follow up using Extended and

Stratify (on Gender) Cox model for Time Dependent Characteristics.

Time Dependent Characteristics Coefficient (B) SE p-value [95%CI] Hazard Ratio
Pain duration (week) 0.22 0.23 0.34 [-0.24; 0.68] 1.246
Duration of antibiotic consumption (week) -1.11 0.71 0.12 [-2.51; 0.29] 0.329

Angiogenesis 0.015 0.009 0.097 [-0.003; 0.033] 1.015
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correlation and also the significant difference of angiogenesis
observed between control and treatment arm groups [Table 1],
angiogenesis could be considered as one of the pathways of
wound healing by PRP therapy. Also as declared, age and
healing time have a positive correlation which means upon
increasing the age, the wound healing time interval increases.
This means a negative correlation exists between acceleration
of wound healing and age. Although most data declare that in
the age of more than 65 years [28] wound healing is impaired.
The present study with the cutoff point of years, showed that
getting older could negatively affect wound healing.

As it was mentioned, the correlation between different
variables with wound volume was evaluated. In our calcula-
tions, the cutoff of 42 cc was considered as the mean volume
of both control and treatment groups for further assessments.
It was showed that there was a significant correlation between
healing time and wound volume. According to the results, due
to the <1 of calculated HR (0.423) and negative coefficient (B) of
—0.86 in the group of >42 cc of wound volume it was showed
that wounds with higher volume of 42 cc have a slower time of
healing in comparison to the <42 cc wound volume. It is
important to keep in mind that hazard ratio in this study
means as the healing. According to the data, it was shown that
wound healing was faster in patients with less pain duration.
It could also be concluded that patients with faster wound
healing suffered less due to the accelerated healing process. It
has been proved that skin damage, blood vessel injury,
infection, and ischemia are mainly responsible for pain in the
wound site. All these factors also negatively influence wound
healing [29]. Interestingly, ischemia which is a cause of pain
could be decreased in a good perfusion state as a result of
proper vascular culture caused by angiogenesis [30]. Consid-
ering the negative correlation between pain duration and
angiogenesis it could be hypothesized that by inducing
angiogenesis (that leads to an improved tissue perfusion) the
ischemic state could be suppressed and eventually the pain
would vanish. Also, as it is shown in [Table 1], duration of pain
is significantly lower in treatment arm compared to the con-
trol group, affirming the capability of PRP gel therapy to also
decrease the pain duration. In these cases, antibiotics are
mostly prescribed as prophylaxis and when the wound rea-
ches an acceptable ratio of healing, antibiotics are dis-
continued. As it was expected, antibiotic had a positive
correlation with wound healing time and in some cases,
antibiotic consumption duration was shortened as healing
was accelerated. Also, as mentioned in the results, compared
to controls the treatment arm had a significantly shorter
antibiotic consumption period in comparison to controls,
probably due to the accelerated healing time.

So far, several trials have been conducted on the effect of
PRP therapy on PSD among which none has performed such
statistical analysis carried out in this study [11,31-33]. More-
over, among these studies, only the present trial evaluated the
angiogenesis in PRP treated patients for the first time.
Although other correlations such as age, pain and antibiotic
consumption duration (which their data was presented
herein) with time of healing were not evaluated in their
studies. Therefore, it seems that the current study is the most
inclusive among the mentioned studies since we evaluated all
the preceding factors through different statistical analysis

methods to investigate all the possible affecting/influencing
factors. However, further complementary studies on the mo-
lecular aspects may provide us with more information on how
to improve treatment method.

Conclusion

In this study, except for evaluating the efficacy of PRP on ac-
celeration of wound healing, correlation of other factors with
this issue was assessed. According to the results, it was shown
that patients underwent PRP therapy experienced faster
healing process as well as less pain and antibiotic consump-
tion period. Moreover, it was hypothesized that angiogenesis
is an important role player in both healing process and pain
duration. Taken to gather, it seems that for those patients
underwent pilonidal sinus surgery with secondary intention
healing, PRP therapy seems to be a proper treatment option for
reducing healing time, antibiotic consumption, and pain
duration. However, complementary studies are necessary.
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