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Abstract

Purpose In previous studies, a lack of antibiotic pro-

phylaxis, smoking and obesity were described as factors

that contribute to the development of a surgical site

infection (SSI) after pilonidal disease (PD) surgery. In this

study, we evaluated whether the volume of the excised

specimen (VS) was a risk factor for SSI.

Methods The patients who underwent surgical treatment

for PD from January 2010 through December 2011 were

retrospectively evaluated in terms of SSI, time off work

and healing time. The single and multiple explanatory

variable(s) logistic regression analyses were performed.

Results One-hundred and sixty patients were included in

the study. SSI occurred in 19 (11.9 %) patients. In the

multiple explanatory variable logistic regression analysis,

VS was emerged as a risk factor for SSI (OR 18.78, 95 %

CI 2.38–148.10; P \ 0.005). The healing time and time off

work were longer when a SSI occurred (P \ 0.001).

Conclusions This study suggests that the rate of SSI after

the surgical treatment of PD is higher in patients with a

high VS. A SSI significantly prolongs the healing time.

Surgeons can use this data for assessing the SSI risk. As a

preventive measure, prolonged use of an empiric broad-

spectrum antibiotic may be beneficial in patients with a

high VS.

Keywords Pilonidal sinus � Wound infection � Body

mass index � Risk factors � Regression analysis

Introduction

Pilonidal disease (PD) predominantly affects younger

patients and it usually occurs in the sacrococcygeal region.

Acquired and environmental factors have been considered

to contribute more to the etiology than congenital factors.

The incidence of the disease is reported to be 26 per 100,000

population [1]. It occurs more frequently in young males,

and rarely occurs before puberty or after the age of 40 years

[1, 2]. Several treatment modalities have been advocated for

PD, ranging from conservative non-surgical treatments to

extensive resections and flap procedures. The ideal surgery

should be simple, should not need a prolonged hospital stay,

should have a low recurrence rate, should be associated with

minimal wound care and should also reduce the patients’

time off work as far as possible [3].

In surgical practice, the most commonly used techniques

are primary closure and various kinds of excision plus flap

procedures. The primary aim of excision and primary

closure is rapid healing. However, the SSI rates have been

reported to be 6 to 14 % after primary closure [4]. The

Limberg flap repair is currently preferred for PD treatment

due to the low recurrence rate [5, 6]. Nevertheless, the risk

of SSI and PD recurrence has not been completely elimi-

nated after Limberg flap repair [7–10].

SSI leads to wound dehiscence and prolonged healing

times. It is clear that improved outcomes of PD manage-

ment could be achieved by SSI prevention. The identifi-

cation of risk factors for SSI may increase the prevention.

In the current literature, two studies have been performed

and reported a multiple explanatory variable risk factor
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analysis for SSI after primary closure for PD. Al-Khayat

et al. [11] showed that smoking and obesity were signifi-

cant predictors of an SSI. In another study with a multiple

explanatory variable risk factor analysis for SSI, Popeskou

et al. [12] showed that smoking and a lack of antibiotic

prophylaxis were significant predictors for a SSI.

The eradication of the sinus tract and complete healing

of the overlying skin are essential principles of surgical

treatment. The first step in the surgical treatment is wide

radical excision of the affected tissue. In patients with

extensive disease, the volume of tissue to be excised will

be greater, because it is necessary to remove all branches of

the sinus tract. The relationship between SSI and the size of

PD has not been studied so far. We think that the VS may

be used to reflect the size of PD.

In the present study, we investigated the relationship

between SSI and VS, in addition to the previously descri-

bed risk factors after PD surgery, by performing a risk

factor analysis.

Patients and methods

This study was approved by the local ethics committee. We

retrospectively reviewed our prospectively maintained

database of all consecutive patients surgically treated for

PD from January 2010 through December 2011. The pri-

mary patient list was generated electronically based on

diagnostic and surgical intervention codes. Patients at our

institution with PD are generally managed with excision

and primary closure or Limberg flap repair. The surgeons

decided on the type of surgery on the basis of personal

experience and subjective estimation. Patients with an

acute pilonidal abscess were treated with a simple incision

and with antibiotics before the surgical procedure. We

included only the patients with a documented follow-up

who underwent excision and primary closure or Limberg

flap repair for PD. The patients whose wounds were left

open for secondary healing were excluded.

All procedures were performed under spinal anesthesia

in the prone position. Dissection was performed using

electrocautery. All patients received cefazolin sodium (1 g

intravenously) for prophylaxis immediately before the

operation. The extent of the sinus tract was delineated by

infusing each sinus opening with diluted methylene blue

dye.

For primary closure, the sinus was resected en bloc

through a longitudinal incision. The incision was elliptical,

with its lateral margins equidistant from the midline at a

level that would allow for apposition of the wound edges.

The incision was carried vertically down to presacral fas-

cia. The fat was closed with interrupted 3-0 absorbable

sutures in three layers to minimize tissue traction. At the

first layer, the fat mass sections were sutured to each other

and to the underlying presacral fascia. The skin edges were

closed with interrupted polypropylene sutures.

For Limberg flap repair, the sinus was resected en bloc

with a rhomboid excision. The rhomboid incision, includ-

ing the sinus and its extensions, was made down to the

presacral fascia. The constructed flap, incorporating the

gluteal fascia, was mobilized on its inferior edge and

transposed medially to fill the Limberg defect. The sub-

cutaneous layer was approximated with 3-0 absorbable

interrupted sutures. The skin was closed with polypropyl-

ene sutures.

PD was classified according to Tezel et al. [13] during

the preoperative examination. The extent of the sinus tract

involvement was delineated by infusing each sinus opening

with diluted methylene blue dye. Prophylactic cavity

drainage was performed in all patients. The drains were

removed after the drainage decreased to less than 10 ml/

day. The patient was followed up in our outpatient clinic,

and the sutures were typically removed within 2 weeks.

The patient age, gender, body mass index (BMI), VS,

duration of surgery, smoking, preoperative hemoglobin

(Hb) concentration, American Society of Anesthesiologists

(ASA) score, history of diabetes mellitus (DM), hospital

stay, postoperative complications, time off work and

healing time were recorded for each patient. In the case of

wound infection, the wound was drained by the removal of

a few sutures, covered with new dressings daily, and oral

cefuroxime was given for 7 days, otherwise, oral antibi-

otics were not used after discharge. The healing time was

defined as the number of days from the start of treatment to

the last day of dressing or treatment. Time off from work

was subjectively defined by each patient. To define the

postoperative time off work, the patients were asked when

they felt that it was convenient to start their daily activities.

A graduated cylinder was used to measure the VS. First,

we poured a known amount of water into the cylinder and

then placed the specimen into the water and ensured that it

was completely submerged. We noted the increase in the

height of the water. The increase in volume from the ori-

ginal volume of water was accepted as the volume of the

VS.

Dependent variables

During the investigation of risk factors, SSI was considered

the primary end point of this study. SSI was defined

according to the Center for Disease Control (CDC)

guidelines [14]. The definition of SSI requires that signs

and symptoms of wound infection occur within 30 days

after the operation. The secondary end point was to

investigate the effects of SSI on the time to return to work

and the time for complete healing.
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Independent variables

Age, a continuous variable, was converted to a categorical

variable with two categories (B25 years,[25 years) based

on the median value. The BMI was derived as a ratio of the

height and weight (kg/m2), and patients were categorized

as non-obese (BMI \ 30) and obese (BMI C 30). The VS,

a continuous variable, was converted to a categorical var-

iable with two categories (\28 cm3, C28 cm3) based on

the median value. The length of the operation was evalu-

ated as a continuous variable. Smoking, gender, and the

type of operation were already dichotomized.

Statistical analysis

Bivariate comparisons were conducted using Chi-square

tests, odds ratio tests and Mann–Whitney U tests. The single

and multiple explanatory variable(s) logistic regression

analysis methods were employed. In the single explanatory

variable logistic regression analysis, we estimated the odds

ratios with 95 % confidence intervals of SSI for each study

variable, and the significance level of each factor/covariate

was determined. The Pearson correlation analyses were

used to determine the correlation coefficient. In the multiple

explanatory variable logistic regression analysis, the initial

model was fit including all significant independent vari-

ables. Then, a backward-elimination approach in a multiple

explanatory variable logistic regression model was con-

ducted to evaluate the model for potential confounding

effects. In this model, the factors/covariates were removed

one at a time, starting with the factor/covariate that had the

largest P value, until all remaining factors had a two-sided

P value \0.05. The goodness of fit was tested using the

Hosmer–Lemeshow test.

Results

During the study period, 178 patients were surgically

treated for PD. Eighteen patients whose wounds were left

open for secondary healing were excluded from the study.

The remaining 160 patients who underwent primary clo-

sure or classic Limberg flap repair were enrolled in the

study. The patient characteristics are given in Table 1.

Ninety-eight patients were treated with excision and pri-

mary closure and 62 patients were treated with excision

and classic Limberg flap repair. During the 30-day post-

operative follow-up period, an SSI was identified in 19

(11.9 %) patients. These infections required drainage of the

wound and regular dressing changes. In the single

explanatory variable analysis, smoking, obesity, a longer

operation and a high VS were significantly associated with

a higher risk of SSI (Table 2). A positive correlation was

found between the VS and the duration of surgery

(r = 0.552, P \ 0.001). In the multiple explanatory vari-

able logistic regression analysis, apart from VS, all factors/

covariates were dropped from the model. Finally, only a

high VS emerged as a risk factor for SSI (P = 0.005)

(Table 3). The model-fitting procedure for the final logistic

regression analysis was validated using the Hosmer–Lem-

eshow goodness of fit test (P = 0.556).

The median (Q1–Q3) for the healing time was 15 days

(14–15) in patients without SSI and 33 days (28–43) in

patients with SSI (P \ 0.001). The median (Q1–Q3) time off

work was 7 days (7–10) in patients without SSI and 10 days

(7–12) in patients with SSI (P \ 0.001). The overall medi-

ans (Q1–Q3) for the healing time and time off work were

15 days (14–19) and 7 days (7–10), respectively.

Discussion

In this study, a risk factor analysis was performed for SSI

on 160 patients with PD who were treated with primary

closure or Limberg flap repair. We found a SSI rate of

11.9 %, which compares well with published series [15].

The principal finding of this study is that a high VS is the

main independent predictor of SSI. To the best of our

knowledge, the relationship between SSI and the volume of

the excised tissue has never been studied so far.

Especially after major breast surgery, the amount of the

excised tissue was investigated as risk factor for SSI,

however, a relationship between the amount of tissue

removed with the risk of SSI was not demonstrated

[16, 17]. The most commonly performed procedures for

pilonidal disease involve a wide excision of the affected

Table 1 Patient characteristics (n = 160)

Without SSI

(n = 141)

With SSI

(n = 19)

P value

Age (years)d 24 (21–28.5) 25 (22–31) 0.168a

Male/female ratio, n 123/18 18/1 0.180b

Duration of surgery

(minutes)d
40 (29.5–53) 49 (36–57) 0.017c

BMI (kg/m2)d 25.4(23.8–27.5) 25 (23–30) 0.647c

VS (cm3)d 26 (20–32) 36.1 (34.5–50) 0.001c

Smoking, n (%) 59 (42 %) 13 (68 %) 0.052a

Hospital stay (days)d 2 (1–2) 2 (1–2) 0.989c

Healing time (days)d 15 (14–15) 33 (28–43) 0.001c

Time off from work

(days)d
7 (7–10) 10 (7–12) 0.001c

a,b,c P values from Chi-square, odds ratio, Mann–Whitney U tests,

respectively
d Median (first quartile–third quartile)
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area of skin and underlying fatty tissue. The skin incision

must involve all sinus openings. After passing the skin and

subcutaneous tissue, the surgeons adjust the width of the

excision to include all branches of the sinus tract. In

another words, a high VS reflects extensive disease in the

underlying fatty tissue. The volume of the sinus cavity and

the weight and length of the excised specimen have been

evaluated as risk factors for recurrence, but not for SSI

[18–20]. This is the first study to investigate the relation-

ship between SSI and the VS by a multiple explanatory

variable logistic regression analysis. The logistic regression

analysis revealed that, apart from the VS, all factors/

covariates can be dropped from the model. The odds of

developing a SSI were 19-folds higher in patients with a

high VS (OR 18.78, 95 % CI 2.38–148.10; P \ 0.005).

There have been only two studies that performed a

multiple explanatory variable risk factor analysis for SSI,

which found that obesity, smoking and a lack of preoper-

ative antibiotic prophylaxis were risk factors for wound

infection after PD surgery [11, 12]. All wounds lose their

local vascular supply as a result of surgery. Therefore,

postoperatively, there is often relative hypoperfusion or

hypoxia. This provides an environment that supports the

proliferation of bacteria in the wound. The risk of infection

is related to the tissue oxygen partial pressure [21].

Smoking is a known factor that causes peripheral tissue

hypoxia, reduced collagen synthesis and deteriorated oxi-

dative killing mechanisms of neutrophils [22, 23]. Several

mechanisms have been proposed to explain how obesity

increases the risk of SSI. For example, it was suggested

that the interactions of adipocytes with the immune system

may result in impairment of the immune response [24, 25].

The technical difficulty during surgery, relative hypoper-

fusion and tissue trauma and tension on the healing of

wound have also been reported to underlie this relationship

[21, 26]. Like other studies [11, 12], obesity and smoking

were risk factors for a SSI in the single explanatory vari-

able analysis, but in our study, this was not confirmed after

fitting the multiple explanatory variable logistic regression

analysis.

A prolonged operation has been identified as an inde-

pendent risk factor for SSI in a variety of surgical proce-

dures, including gynecological surgery, orthopedic surgery,

and general oncological surgery. In a multivariate analysis,

Haley et al. [27] showed that an operation lasting more

than 2 h is an independent predictor of SSI. In this study,

the duration of surgery also seemed to be a risk factor for

SSI in the single explanatory variable analysis, but it was

Table 2 Results of the single

explanatory variable analysis

for SSI

Significant differences are

indicated by italic values

Variable Without SSI

(n = 141)

With SSI

(n = 19)

Odds

ratio

95 % CI P value

Gender (male/female), n 123/18 18/1 0.38 0.05–3.02 0.360

Smoking (yes/no), n 59/82 13/6 3.01 1.12–8.99 0.035

Type of surgical procedure (PR/LF), n 86/55 12/7 0.90 0.33–2.43 0.838

Age C 24, n 57 11 2.03 0.77–5.35 0.154

Type of PD

I 8 2 0.88 0.49–1.45 0.528

III 99 13

IV 18 2

V 16 2

ASA score

I 85 13 0.81 0.39–1.68 0.572

II 39 4

III 17 2

Baseline Hb (g/dL), mean SD 13.4 ± 0.6 13.2 ± 0.9 0.88 0.38–2.03 0.775

DM history, n 15 2 0.98 0.21–4.7 0.988

BMI C 30, n 12 6 5.24 1.54–17.82 0.008

VS C 28, n 59 18 25.02 3.25–192.64 0.002

Duration of surgery (min) mean SD 40.4 ± 12.2 47.7 ± 12.3 1.05 1.01–1.10 0.020

Table 3 Results of the multiple explanatory variable analysis for SSI

Variable Odds ratio (95 % CI) P value

Smoking 2.17 (0.72–9.09) 0.16

BMI C 30 2.51 (0.72–6.48) 0.17

VS C 28 18.78 (2.38–148.10) 0.005

Duration of surgery 1.01 (0.96–1.06) 0.74

Significant difference is indicated by italic value
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not confirmed after fitting the multiple explanatory variable

logistic regression analysis. Nevertheless, we found a

positive correlation between the duration of surgery and the

VS. This should be kept in mind when interpreting this

result.

There is no definitive consensus on prophylactic anti-

biotic use prior to PD surgery. However, PD is accepted to

produce ‘‘contaminated’’ surgical wounds, and prophy-

lactic antibiotic use is recommended [28]. Sondenaa et al.

[29] found no difference in the wound complication rates

with respect to antibiotic prophylaxis. However, Popeskou

et al. [12] demonstrated that a lack of preoperative anti-

biotic prophylaxis was significantly associated with a

higher risk of SSI. Chaudhuri et al. [30] showed that an

empiric broad-spectrum 5-day antibiotic regimen was

superior to a single-dose antibiotic prophylaxis in pre-

venting infection-related wound complications following

PD surgery. We routinely use single-dose antibiotic pro-

phylaxis prior to PD surgery in our institute; therefore, this

factor could not be analyzed.

Most of the published studies about the issue have

shown that primary closure is associated with higher SSI

rates [8–10]. A recently published meta-analysis showed

that wound infection was less-frequently encountered after

rhomboid flap excision than the primary closure [31]. In

our study, the patients treated with primary closure seemed

to suffer SSI more often, but the difference was not sig-

nificant, which might have been due to the relatively small

sample size of our study.

Infection was associated with a prolonged healing time.

Based on the results of our study, we concluded that the

healing time was approximately two times longer when a

SSI occurred. Similarly, the time off work was found to be

longer in patients with a SSI. A randomized controlled trial

previously showed that the development of a SSI after PD

surgery predicts a higher risk of recurrence [32], and that

the total costs may have been increased due to prolonged

healing time. However, the assessment of the total costs and

recurrence rates were not within the scope of this study.

There are several limitations to this study that should be

kept in mind when interpreting the results. First, we eval-

uated some of the potential risk factors for SSI. Due to the

retrospective nature of the study, it was difficult to evaluate

all possible risk factors for SSI, such as skin color, occu-

pation, hair characteristics or the location of sinus orifices.

In conclusion, our results suggest that a high VS is a

significant risk factor for SSI after pilonidal sinus surgery.

The risk of SSI increased with increasing VS. The results

obtained from this study may be useful for surgeons in

assessing SSI risk. In addition, our results suggest that there

might be a benefit of using an empiric broad-spectrum

antibiotic (extended post-discharge) for patients with a high

VS, when clinically appropriate, as a preventive measure.
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