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Abstract
Purpose  Perineal wound infection (PWI) rates are high after abdominoperineal resection (APR) and total pelvic exenteration 
(TPE). This study identified risk factors for PWI after surgery for anorectal tumors and examined the relationship between 
the surgical excision volume with the PWI degree.
Methods  A retrospective review involving 135 patients who underwent surgical excision of anorectal tumors was performed. 
Superficial PWI included cellulitis and superficial dehiscence; deep PWI included major dehiscence, perineal abscess, and 
presacral abscess. The adjacent organ resection type was classified according to the dead space size formed by surgical 
excision.
Results  Of the 135 patients, 119 underwent APR, and 16 underwent TPE. PWI occurred in 75 patients (superficial PWI, 
44; deep PWI, 31). Adjacent organ resection was an independent risk factor for PWI. The cases with adjacent organ resec-
tion were classified into small-defect APR, large-defect APR, and TPE. Large-defect APR and TPE cases had significantly 
higher rates of deep PWI than APR cases without adjacent organ resection.
Conclusions  Adjacent organ resection involving the removal of one or more organs and that involving wide-range muscle 
resection are strong risk factors for deep PWI.
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Introduction

Abdominoperineal resection (APR) is performed for patients 
with primary or recurrent low rectal and anal canal tumors. 
In advanced cases, extensive aggressive surgery, such as 
total pelvic exenteration (TPE), may be necessary for cura-
tive treatment. The perineal wound complication rates 
associated with APR and TPE may be as high as 60% [1, 
2]. These high complication rates are thought to be due to 
the large dead space in the pelvis following APR and TPE, 
closure under tension, and closure of a wound in an area 

with a high bacterial count [3–5]. If primary healing of the 
perineum does not occur, secondary wound healing may pro-
long the hospital stay and require surgical reintervention; 
this often requires intensive wound care for several months 
and carries a risk of persistent sinusitis development after 
1 year [6, 7].

Preoperative radiotherapy and extensive resection are risk 
factors for complications [8–10]. Extended APR includes 
extralevator APR, which is widely considered a risk fac-
tor for perineal wound complications [10–12], and adja-
cent organ resection, on which there have been relatively 
few studies [13]. We were unable to find information in the 
literature regarding the relationship between the surgical 
excision volume and the degree of perineal wound infec-
tion (PWI). Therefore, the primary aim of this study was to 
identify risk factors for PWI after surgical excision of the 
rectum and anal canal for tumor treatment. The secondary 
aim was to examine the relationship of the surgical excision 
volume with the degree of PWI.

 *	 Yuji Nishizawa 
	 yunishiz@east.ncc.go.jp

 *	 Masaaki Ito 
	 maito@east.ncc.go.jp

1	 Department of Colorectal Surgery, National Cancer 
Center Hospital East, 6‑5‑1 Kashiwanoha, Kashiwa, 
Chiba 277‑8577, Japan

http://crossmark.crossref.org/dialog/?doi=10.1007/s00595-018-1680-5&domain=pdf


979Surgery Today (2018) 48:978–985	

1 3

Methods

Patients

This study included 135 consecutive patients who underwent 
surgical excision of the rectum and anal canal for tumors 
at the National Cancer Center Hospital East between April 
2008 and June 2016. Patient data were collected retrospec-
tively from clinical records and operative reports. These 
included the age, sex, body mass index (BMI), smoking sta-
tus, the presence of diabetes mellitus, diagnosis, preopera-
tive chemotherapy or chemoradiotherapy (CRT), and length 
of postoperative hospital stay. Surgery information included 
surgical approach, surgical type, adjacent organ resection, 
flap reconstruction of the pelvic floor, operative time, and 
operative blood loss.

The study was approved by the local ethical committee of 
the National Cancer Center (no. 2016-386). The requirement 
for informed consent was waived by the ethics review board 
due to the retrospective nature of the study.

Definition of PWI

PWI was classified as superficial or deep. Superficial PWI 
included cellulitis and superficial dehiscence, while deep 
PWI included major dehiscence, perineal abscess, and pre-
sacral abscess.

Classification of adjacent organ resection

The type of adjacent organ resection was classified (Fig. 1) 
according to the size of the dead space after surgical exci-
sion. Small-defect APR included abdominoperineal ampu-
tation of the rectum with partial resection of seminal vesi-
cles, prostate, vagina, and coccygectomy or sacrectomy. 
Large-defect APR included abdominoperineal amputation 
with total prostatectomy, total hysterectomy, and extensive 
muscle resection (e.g., obturator and gluteus muscles). TPE 
included abdominoperineal amputation with cystectomy.

Flap reconstruction procedure

A vertical rectus abdominis myocutaneous (VRAM) flap 
and an ileal flap were used for APR patients combined with 
total prostatectomy. The VRAM flap was placed behind the 
cystourethral anastomosis. An ileal flap was created using 
5 cm of mucoresected ileum and placed alongside the tissue 
surrounding the cystourethral anastomosis. A posterior thigh 
flap was used in cases with a large perineal skin defect for 
tension-free wound closure.

Statistical analyses

Univariate comparisons of categorical variables were 
performed using Fisher’s exact test. A multivariate logis-
tic regression analysis was performed using a stepwise 

Fig. 1   Classification of adjacent organ resection. a Small-defect 
APR: abdominoperineal amputation with partial resection of seminal 
vesicles, prostate, vagina, and coccygectomy or sacrectomy. b Large-
defect APR: abdominoperineal amputation with total prostatectomy, 

total hysterectomy, and extensive muscle resection (e.g., obtura-
tor muscle and gluteus muscle). c Total pelvic exenteration (TPE): 
abdominoperineal amputation with cystectomy
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procedure to identify risk factors for PWI involving vari-
ables with p < 0.1 as covariates in the univariate analysis. 
Comparisons of categorical variables among three groups 
were performed using the chi-squared test. Variables that 
were not normally distributed were assessed using the non-
parametric Mann–Whitney U test; p < 0.05 was considered 
statistically significant. All analyses were performed using 
EZR (Saitama Medical Center, Jichi Medical University, 
Saitama, Japan), which is a modified version of R com-
mander, designed to add statistical functions frequently used 
in biostatistics [14] and has a graphical user interface (The 
R Foundation for Statistical Computing, Vienna, Austria).

Results

The patient characteristics are shown in Table 1. Of the total 
cohort, 119 patients (88%) underwent APR and 16 (12%) 
underwent TPE. The median age was 63  years (range, 
31–82); 95 patients (70%) were male and 40 (30%) were 
female. The median operative time was 418 min (range 
190–733). The median operative blood loss was 690 mL 
(range 12–10,657). Adjacent organ resection, including TPE, 
was performed in 54 patients (40%). Flap reconstruction was 
performed in 10 APR patients (7.5%). PWI occurred in 75 
(56%) patients, including superficial PWI in 44 (33%) and 
deep PWI in 31 (23%).

A univariate analysis showed that male sex (p = 0.059), 
preoperative CRT (p = 0.055), adjacent organ resection 
(p = 0.014), flap reconstruction (p = 0.042), and operative 
time > 420 min (p = 0.057) were potential risk factors for 
PWI. These factors were included in the multivariate analy-
sis, in which adjacent organ resection was identified as an 
independent significant risk factor for PWI [odds ratio (OR), 
2.620; 95% confidence interval (CI), 1.150–5.940; p = 0.022] 
(Table 2).

Adjacent organ resection was classified as small-defect 
APR in 22 (16%) patients, large-defect APR in 16 patients, 
and TPE in 16 (12%) patients. Details of the excised organs 
are shown in Table 3. Simple APR (without adjacent organ 
resection) was performed in 81 (60%) patients. There were 
no marked differences in demographics between simple APR 
and small-defect APR cases (p = 0.878), or between large-
defect APR and TPE cases (p = 0.662). However, the rate 
of PWI, particularly deep PWI, was significantly higher in 
patients with large-defect APR and TPE than in patients with 
simple APR (p = 0.002, p = 0.028) and in patients with large-
defect APR than in those with small-defect APR (p = 0.018). 
There was no significant difference in the rate of PWI 
between small-defect APR and TPE (p = 0.094) (Fig. 2).

Flap reconstruction was performed in two cases using a 
VRAM flap, in four cases using a posterior thigh flap, and 
in four cases using an ileal flap (Table 1). The characteristics 

of APR patients with and without flap reconstruction are 
presented in Table 4. All patients who underwent flap recon-
struction were male, and almost all had large-defect APR. 
Patients with APR and flap reconstruction had a significantly 
longer operative time (median, 382 vs. 609 min; p < 0.001) 
and greater operative blood loss (median, 450 vs. 1540 ml; 
p = 0.004) than those treated without flap reconstruction. 
Nine (90%) patients who underwent flap reconstruction had 
PWI, and 5 (50%) had deep PWI.

Patients with PWI had longer postoperative hospital stays 
than those without PWI. The median postoperative stay was 
15 (range 9–44), 18 (range 9–193), and 23 (range 12–128) 
days in patients with no PWI, superficial PWI, and deep 

Table 1   Patient characteristics and operative data

TPE total pelvic exenteration
a Median (range)

Characteristics (n = 135)

Age (years)a 63 (31–87)
Sex
 Male 95 (70%)
 Female 40 (30%)

Body mass index (kg/m2)a 21.7 (15.8–37.2)
Smoking 81 (60%)
Diabetes mellitus 15 (11%)
Diagnosis
 Rectal and anal canal cancer 113 (84%)
 Recurrence 18 (13%)
 Gastrointestinal stromal tumor 2 (1.5%)
 Melanoma 2 (1.5%)

Preoperative chemotherapy 35 (26%)
Bevacizumab 11 (8%)
Preoperative chemoradiotherapy 21 (16%)
Operative data
 Surgical approach
  Open 57 (42%)
  Laparoscopic 78 (58%)

Surgical type
 Abdominoperineal resection 119 (88%)
 TPE 16 (12%)

Adjacent organ resection (including TPE) 54 (40%)
Flap reconstruction
 Vertical rectus abdominis myocutaneous flap 2 (1.5%)
 Anterolateral thigh flap 4 (3%)
 Ileal flap 4 (3%)

Operative time (min)a 418 (190–733)
Operative blood loss (ml)a 690 (12–10657)
Perineal wound infection
 No 60 (44%)
 Superficial 44 (33%)
 Deep 31 (23%)
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PWI, respectively (Fig. 3). Significantly longer postoperative 
hospital stays were required for patients with PWI than for 
those without PWI, as well as for patients with superficial 
PWI than for those without PWI (p = 0.035), and for patients 
with deep PWI than for those without PWI (p < 0.001). How-
ever, there was no significant difference in the length of stay 
between patients with superficial and deep PWI (p = 0.096).

Discussion

Perineal wounds are associated with a high risk of surgical 
site infection (SSI). The large amount of dead space left 
in the pelvis after resection of the rectum and anal canal 
with adjacent organ resection increases the chances of fluid 
accumulation in an area that has a high bacterial count, 

Table 2   Risk factors for PWI

CI confidence interval, OR odds ratio, PWI perineal wound infection

Risk factors No PWI PWI Fisher’s exact test Multivariable logistic 
regression analysis

n = 60 n = 75 P P OR (95% CI)

Age ≥ 70 years
 Yes 21 (45%) 26 (55%) 1.000 –
 No 39 (44%) 49 (56%)

Sex
 Male 37 (39%) 58 (61%) 0.059 0.388 –
 Female 23 (58%) 17 (43%)

Body mass index ≥ 25 kg/m2

 Yes 12 (50%) 12 (50%) 0.652 –
 No 48 (43%) 63 (57%)

Smoking
 Yes 33 (41%) 48 (59%) 0.584 –
 No 27 (50%) 27 (50%)

Diabetes mellitus
 Yes 9 (60%) 6 (40%) 0.271 –
 No 51 (43%) 69 (58%)

Preoperative chemotherapy
 Yes 15 (43%) 20 (57%) 0.846 –
 No 45 (45%) 55 (55%)

Bevacizumab
 Yes 4 (36%) 7 (64%) 0.754 –
 No 56 (45%) 68 (55%)

Preoperative chemoradiotherapy
 Yes 5 (24%) 16 (76%) 0.055 0.655 –
 No 55 (48%) 59 (52%)

Laparoscopic surgery
 Yes 26 (46%) 31 (54%) 0.862 –
 No 34 (44%) 44 (56%)

Adjacent organs resection
 Yes 17 (32%) 37 (69%) 0.014 0.022 2.620 (1.150–5.940)
 No 43 (53%) 38 (47%)

Flap reconstruction
 Yes 1 (10%) 9 (90%) 0.042 0.179 –
 No 59 (47%) 66 (53%)

Operative time ≥ 420 min
 Yes 24 (36%) 43 (64%) 0.057 0.488 –
 No 36 (53%) 32 (47%)

Operative blood loss ≥ 700 ml
 Yes 24 (37%) 41 (63%) 0.119 –
 No 36 (51%) 34 (49%)
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which creates an ideal environment for wound infections 
[15]. A systematic review indicated that preoperative radio-
therapy increases the rate of perineal wound complications 
after APR [9]. Several reports have shown that the use of 
extended APR to obtain a clear circumferential resection 
margin resulted in a large defect and primary closure under 
tension [10, 12, 16]. However, there has been only one report 
on adjacent organ resection during anorectal surgery [13]. 
There have been no detailed reports on the relationship 
between the degree of pelvic dead space and PWI.

In the current study, adjacent organ resection was found 
to be a significant risk factor for PWI. In particular, large-
defect APR and TPE were found to present greater risks 
for deep PWI than simple APR, whereas small-defect APR 
and simple APR carried equivalent risks. This indicates 
that partial resection of other organs does not increase 

the risk of PWI, and the removal of one or more organs 
and wide-range muscle resection can carry a risk for deep 
PWI. The dead space becomes larger as the volume of 
surgical resection increases, and there is a corresponding 
increase in the deep PWI rate. This suggests that preven-
tive measures are required in such high-risk cases.

Various methods of pelvic reconstruction after extended 
APR have been suggested. Reconstruction involving autol-
ogous tissue as an omental pedicle flap (omentoplasty) 
or myocutaneous flap can be performed for the closure 
of perineal wounds, resulting in a lower rate of perineal 
wound complications than with primary closure used 
for standard APR [17–20]. However, the effectiveness 
of omentoplasty was not shown in a recent large cohort 
study [21]. In some cases, this procedure may not reach 
the pelvic floor. The usefulness of a myocutaneous flap 
was indicated in a randomized controlled study [22], but 
this flap has the disadvantages of a longer operative time 
and substantial blood loss [22]. Therefore, this procedure 
should not be performed for all cases. We used this flap 
procedure to protect the anastomotic site in cases of APR 
and intersphincteric resection involving organ reconstruc-
tion [23]. The present findings suggest there is still room 
for improvement in the prevention of PWI. Therefore, in 
APR with a large amount of dead space as well as in TPE, 
both of which were found to be risk factors for deep PWI 
in the current study, pelvic reconstruction should be con-
sidered. Furthermore, negative pressure wound therapy 
improves the blood supply and decreases the perineal SSI 
rate after APR [16, 24, 25]. These findings were based on 
small retrospective studies, but we believe that this therapy 
may be effective for closing the perineal wound after APR 
and TPE when there is a high risk of PWI.

Table 3   Details of excised adjacent organs and structures

APR abdominoperineal resection
a There is some duplication

Type of adjacent organ resection (n = 135) n (%)

Simple APR 81 (60%)
Small-defect APRa 22 (16%)
 Partial resection of prostate (and seminal vesicle) 7 (5%)
 Partial resection of vagina 10 (7%)
 Coccygectomy/sacrectomy 8 (6%)

Large-defect APRa 16 (12%)
 Total prostatectomy 9 (7%)
 Vulvectomy and total hysterectomy 6 (4%)
 Extensive resection of muscle 4 (3%)

Total pelvic exenteration 16 (12%)

Fig. 2   Relationship between 
adjacent organ resection and 
perineal wound infection. 
*p ≥ 0.1, **p ≥ 0.05 to p < 0.1, 
and ***p < 0.05 according to 
Chi-square test
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The deep PWI rate of approximately 30% after large-
defect APR and TPE was higher than that after simple APR. 
Furthermore, PWI prolonged the postoperative hospital stay. 
According to a study on wound dehiscence in APR patients, 
the mean healing time was 117 days, with a range of up to 
1,096 days [26]. Delayed wound healing of up to one year is 
common, and some patients have to live with chronic per-
ineal wounds [27]. Selective pelvic reconstruction for high-
risk cases is likely to reduce medical costs and improve the 
quality of life. Therefore, prospective studies on the effects 
of flap reconstruction and negative pressure wound therapy 
are required in future.

Several limitations associated with the present study 
warrant mention. First, this was a retrospective review and 
single-center study. Second, although we used a definition 
of PWI similar to that used in other studies [9], there is 
no standard definition of PWI. This has resulted in a wide 
variation in the reported rate of PWI among different stud-
ies. Third, the number of preoperative CRT cases was small 
in this study. Therefore, preoperative CRT was not a sig-
nificant risk factor for PWI. However, many reports have 

Table 4   A comparison of 
APR patients treated with and 
without flap reconstruction

APR abdominoperineal resection, FR flap reconstruction, GIST gastrointestinal stromal tumor
a Median (range)

Characteristics (n = 135) APR without FR (n = 109) APR with FR (n = 10) P

Age (years)a 63 (31–87) 66.5 (38–84) 0.856
Sex
 Male/female 69/40 10/0 0.016

Body mass index (kg/m2)a 21.7 (15.8–37.2) 21.9 (18.8–25.2) 0.912
Smoking 62 (57%) 6 (60%) 1.000
Diabetes mellitus 13 (12%) 1 (10%) 1.000
Diagnosis
 Rectal and anal canal cancer 94 (84%) 10 (100%) 0.884
 Recurrence 11 (13%) 0 (0%)
 GIST/melanoma 4 (3%) 0 (0%)

Preoperative chemotherapy 28 (26%) 3 (30%) 0.719
Bevacizumab 5 (5%) 2 (20%) 0.107
Preoperative chemoradiotherapy 11 (10%) 3 (30%) 0.095
Surgical approach
 Open 59 (54%) 5 (50%) 1.000
 Laparoscopic 50 (46%) 5 (50%)

Adjacent organs resection
 No 80 (73%) 1 (10%) < 0.001
 Small defect 21 (19%) 1 (10%)
 Large defect 8 (7%) 8 (80%)

Operative time (min)a 382 (190–733) 609 (493–728) < 0.001
Operative blood loss (ml)a 450 (12–10657) 1540 (272–9249) 0.004
Perineal wound infection
 No 55 (51%) 1 (10%) 0.013
 Superficial 35 (32%) 4 (40%)
 Deep 19 (17%) 5 (50%)

Fig. 3   Relationship between the perineal wound infection degree 
and the length of the postoperative hospital stay. *p < 0.05 by Mann–
Whitney U test
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shown an increased rate of perineal wound complications 
in APR after CRT [9, 28]. Therefore, such complications 
in patients treated with preoperative CRT, especially when 
surgery results in a large amount of dead space, should be 
considered. Fourth, there was no significant difference in the 
length of the postoperative hospital stay between patients 
with superficial PWI and those with deep PWI. However, the 
number of cases was small, so this result requires validation 
in a future prospective study.

Conclusion

PWI is a frequent and severe complication after amputa-
tion of the rectum and anal canal because of tumors and has 
major negative effects on medical costs and the patients’ 
quality of life. Our results showed that adjacent organ resec-
tion involving the removal of one or more organs and wide-
range muscle resection are strong risk factors for deep PWI.
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