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Abstract

Background: Perineal wound complications are a long-lasting issue for abdominoperineal resection (APR) patients.
Complication rates as high as 60% have been reported, with the most common complication being delayed
perineal wound healing. The aim of this study was to identify risk factors for delayed perineal wound healing and
its impact on prolonged hospital stay.

Methods: We included low rectal tumor patients who underwent APR at a referral medical center from April 2002
to December 2017; a total of 229 patients were included. The basic characteristics and surgical outcomes of the
patients were analyzed to identify risk factors for delayed perineal wound healing (> 30 days after APR) and
prolonged hospital stay (post-APR hospital stay > 14 days).

Results: All patients received primary closure for their perineal wound. The majority of patients were
diagnosed with adenocarcinoma (N = 213, 93.1%). In the univariate analysis, patients with hypoalbuminemia
(albumin < 3.5 g/dL) had an increased risk of delayed wound healing (39.5% vs. 60.5%, P = 0.001), which was
an independent risk factor in the multivariable analysis (OR 2.962, 95% CI 1.437–6.102, P = 0.003). Patients
with delayed wound healing also had a significantly increased risk of prolonged hospital stay (OR 6.404, 95%
CI 3.508–11.694, P < 0.001).

Conclusions: Hypoalbuminemia was an independent risk factor for delayed wound healing, which
consequently led to a prolonged hospital stay. Further clinical trials are needed to reduce the incidence of
delayed perineal wound healing by correcting albumin levels or nutritional status before APR.
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Background
Since Miles’ first description of abdominoperineal resec-
tion (APR) surgery in 1908 [1], APR has become the
standard surgical treatment for low rectal and anal can-
cer, especially when sphincter-sparing surgery is not an
option. Although the removal of the rectum, anal canal,
perineum skin, and sometimes nearby organs decreases

the incidence of circumferential margin involvement, re-
moval is also associated with a 29–64% perineal wound
complication rate after massive removal of a pelvic organ
[2–5]. Large amounts of empty space in the pelvic cavity
following large-scale destruction of the pelvic floor, high
bacterial counts in the perineal area, and the closure of
the perineal wounds with tension were considered fac-
tors contributing to complications [6, 7]. Risk factors as-
sociated with increased perineal wound complications
include patient-related factors such as diabetes [8], high
body mass index (BMI) [8], hypoalbuminemia [4], and
surgery-related factors such as extralevator APR [3],

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: ytlan@vghtpe.gov.tw
1Division of Colon & Rectal Surgery, Department of Surgery, Taipei Veterans
General Hospital, No. 201, Section 2, Shih-Pai Road, Beitou District, Taipei
11217, Taiwan
2Department of Surgery, National Yang-Ming University, Taipei, Taiwan
Full list of author information is available at the end of the article

Chang et al. World Journal of Surgical Oncology          (2019) 17:226 
https://doi.org/10.1186/s12957-019-1768-4

http://crossmark.crossref.org/dialog/?doi=10.1186/s12957-019-1768-4&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:ytlan@vghtpe.gov.tw


intraoperative perforation [3], and supine position during
the perineal phase [9]. For locally advanced anorectal can-
cer, a large tumor size and the application of preoperative
radiotherapy also increase the risk of a perineal wound
complication [2, 4, 8]. To reduce the perineal wound
complication rate, flap reconstruction was introduced as
an alternative procedure for closure of the perineal wound
[10, 11], but it is generally only utilized in patients receiv-
ing an extended perineal excision or neoadjuvant radio-
therapy. In general practice, primary closure is used in the
majority of perineal wound cases [12, 13].
Perineal wound complications include superficial or

deep infection, abscess formation, wound disruption,
hematoma formation, or persistent sinus discharge. Once
a complication occurs, it can result in additional costs and
a prolonged hospital stay, especially when delayed wound
healing follows these complications. Delayed perineal
wound healing is the most common perineal wound com-
plication [2, 4], and various risk factors have been demon-
strated to be related to delayed perineal wound healing.
Patient-related factors such as hypoalbuminemia [4], a his-
tory of smoking [4] and alcohol consumption [14] were
found to increase the risk of delayed perineal wound heal-
ing. Treatment-related factors such as a longer operation
time [15], intraoperative hypothermia [15], and preopera-
tive radiotherapy [2, 4, 12, 14] have also been regarded as
contributing factors. The incidence of delayed perineal
wound healing is as high as 24–51% [2, 4, 12, 15]; how-
ever, the time period to define delayed wound healing dif-
fers among previous studies, ranging from 6weeks to 3
months after primary surgery [2, 4, 12, 14, 15]. Thus, a
direct comparison among these studies is difficult.
The aim of this study is to review the outcomes of pa-

tients receiving APR with primary closure of the perineal
wound at a single institution and identify risk factors for
delayed perineal wound healing and its association with
prolonged hospital stay.

Patients and methods
The study protocol was reviewed and approved by the
Institute of Research Board of Taipei Veterans General
Hospital (Institutional Review Board (IRB) no. 2018-09-
003BC). All clinical data of the patients who underwent
APR between April 1, 2002, and December 31, 2017, at
Taipei Veteran General Hospital were collected retro-
spectively. We included patients receiving conventional
APR with primary closure of the perineal wound. No
extralevator APR cases were included. All APR proce-
dures were performed by colorectal surgeons with more
than 5 years of clinical experiences in their field of
specialization.
Data were collected from inpatient medical records

and outpatient clinical records. The following patient
characteristics were analyzed: age at diagnosis, gender,

BMI (defined > 25 kg/m2 as overweight and < 18.5 kg/m2

as underweight according to World Health Organization
(WHO) classification), smoking history (current smokers
and previous smokers), and comorbidities (such as
hypertension, congestive heart failure, uremia, liver cir-
rhosis, and chronic obstructive pulmonary disease). The
preoperative albumin (< 3.5 g/dL considered hypoalbu-
minemia) and carcinoembryonic antigen (CEA) (> 5 ng/
ml considered elevated) levels of patients were recorded.
The following intraoperative parameters were also re-
corded: operation time, estimated blood loss, method of
operation (laparoscopic surgery or traditional laparot-
omy), and concomitant resection of other pelvic organs.
Histopathology of the tumor and application of neoadju-
vant radiotherapy were also retrieved from medical re-
cords. Neoadjuvant radiotherapy was administered using
a long-course radiotherapy in patients with adenocarcin-
oma with a total dose of 4500 cGy over 4 weeks [16]. De-
finitive surgical resection was performed at 6 to 8 weeks
after the completion of the neoadjuvant radiotherapy.
During APR, the abdominal and perineal phases were

both performed with the patient in the supine lithotomy
position. Abdominal phase was performed first following
the principle of total mesorectal excision. Then, the op-
eration moved to the perineal phase. After removal of
the specimen through the perineum, a drainage tube was
routinely inserted into the presacral space through the
perineum. Primary closure of the perineal wound was
performed in layers, and the abdomen was closed with
the stoma matured. For laparoscopic APR, the abdom-
inal phase was performed using laparoscopy, but the
perineal phase was performed with the same procedure
as the traditional open APR.
The primary end point was failure of the perineal

wound to heal 30 days after the operation. The second-
ary end point was prolonged postoperative hospital stay
(more than 14 days after the operation). All perineal
wound-related complications, including infection, dehis-
cence, deep and pelvic abscess, bleeding, and persistent
sinus drainage, during follow-up were also recorded.
Patients were followed-up with at the outpatient de-

partment at 2-week intervals until complete healing of
the perineal wound. Then, follow-ups were scheduled
for 3-month intervals for the first 2 years, followed by 6-
month intervals until 5 years after the operation.

Statistical analyses
Univariate analysis of perineal wound complications and
categorical variables was performed using the chi-
squared test or Fisher’s exact test. The continuous vari-
ables were analyzed with Student’s t test. The median
value of blood loss and operation time was defined as
the cutoff value in the analysis and compared using a
nonparametric test. All predictors identified in the
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univariate analysis with a p value less than 0.10 were
candidate variables for inclusion in the multivariable
model to identify independent predictors of delayed
perineal wound healing and prolonged hospital stay. A p
value of less than 0.05 was considered statistically signifi-
cant. All analyses were performed with IBM SPSS Statis-
tics, version 24 (IBM Corp., Armonk. NY, USA).

Results
A total of 229 patients were enrolled; Table 1 lists the
clinicopathological characteristics of the patients. The
median age of all enrolled patients was 69.5 ± 13.0
(range 19–95) years, and 146 (63.8%) were male. The

most common indication for APR was adenocarcinoma
of the anorectum, which was identified in 213 (93.1%)
patients. Approximately one third of our patient group
received neoadjuvant radiotherapy before surgery.
Among the 86 overweight patients, six were obese with
a BMI > 30 kg/m2. Sixty-one patients (26.6%) had a his-
tory of smoking, including 38 (16.6%) active smokers
and 23 (10%) previous smokers. The most common co-
morbidity was hypertension, which was present in 99
(43.2%) patients, followed by diabetes in 39 (17.0%) pa-
tients and congestive heart failure in 37 (16.2%) patients.
As shown in Table 2, the median operation time was

240 min (range 115–590 min), and the median estimated
blood loss was 250 ml (range 30–2300 ml). A laparo-
scopic operation was performed on 28 (12.2%) patients.
Thirty-two patients (14.0%) underwent resection of adja-
cent pelvic organs during APR. Among these patients,
21 were female who underwent a partial vaginectomy,
and 11 were male who underwent a partial prostatec-
tomy or resection of the seminal vesicle. Perineal
wound-related complications occurred in 91 (39.7%) pa-
tients, with 149 events. Delayed wound healing (> 30
days) was the most common perineal wound-related
complication, occurring in 86 patients (37.6%). Other
perineal wound-related complications included 27
(11.8%) superficial wound infections, 22 (9.6%) wound
dehiscence events, 7 (3.1%) deep or pelvic abscesses, 3
(1.3%) persistent discharging sinuses, 3 (1.3%) wound
bleeding events, and 1 (0.4%) pressure sore. Nine (3.9%)
patients received a secondary operation due to wound
complications, including debridement in 5 patients,
check bleeding in 2 patients, and flap reconstruction for
pressure sore in one patient. The overall median hospital

Table 1 Clinicopathological characteristics of 229 patients
receiving abdominoperineal resection

No. (%)

Age (years old)

Median ± S.D. 69.6 ± 13.0

Range 19–95

Gender

Male 146 (63.8)

Female 83 (36.2)

Smoking

Current smoker 38 (16.6)

Previous smoker 23 (10.0)

BMI (kg/m2)

Median ± S.D. 23.9 ± 3.84

Range 15–41

Underweight (< 18.5) 9 (3.9)

Overweight (> 25) 86 (37.6)

Comorbidities

Hypertension 99 (43.2)

Diabetics 39 (17.0)

Congestive heart failure 37 (16.2)

COPD 10 (4.4)

Uremia 9 (3.9)

Liver cirrhosis 3 (1.3)

Hypoalbuminemia (< 3.5 g/dL) 38 (16.6)

Elevated CEA level (> 5 ng/mL) 79 (34.5)

Neoadjuvant radiotherapy 76 (33.2)

Pathology of anorectum

Adenocarcinoma 213 (93.1)

SCC 6 (2.6)

Melanoma 6 (2.6)

GIST 3 (1.3)

Neuroendocrine carcinoma 1 (0.4)

BMI body mass index, COPD chronic obstructive pulmonary disease, CEA
carcinoembryonic antigen, SCC squamous cell carcinoma, GIST gastrointestinal
stromal tumor, CCRT concurrent chemoradiotherapy

Table 2 Operative outcome

No. (%) Range (SD)

Median operation time (mins) 240 115–590 (83.1)

Median blood loss (mL) 250 30–2300 (349.9)

Laparoscopic operation 28 (12.2)

Resection of adjacent pelvic organs 32 (14.0)

Perineal wound-related complication 91 (39.7)

Delayed wound healing (>30 days) 86 (37.6)

Superficial infection 27 (11.8)

Dehiscence 22 (9.6)

Deep or pelvic abscess 7 (3.1)

Persistent discharging sinus 3 (1.3)

Bleeding 3 (1.3)

Pressure sore 1 (0.4)

Re-operation for perineal wounds 9 (3.9)

Median perineal wound healing time (days) 23 9–578 (65.1)

Median hospital stay (days) 13 8–57 (7.9)
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stay was 13 days (range 8–57 days), and the median
wound healing time was 23 days (range 9–578 days). The
median perineal wound healing time in the delayed heal-
ing group was 63.5 days (range 30–578 days).
We further analyzed risk factors for delayed perineal

wound healing. Univariate analysis showed that patients
with hypoalbuminemia had a statistically significant in-
creased risk for delayed wound healing (10.5% vs. 26.7%,
P = 0.001, Table 3). Preoperative neoadjuvant radiother-
apy had a trend of increased risk for delayed perineal
wound healing, although this difference was not statisti-
cally significant (28.7% vs. 40.7%, P = 0.061). Multivari-
able analysis showed that hypoalbuminemia (OR =
2.962, 95% CI = 1.437–6.102, p = 0.003) was an inde-
pendent risk factor for delayed perineal wound healing.
Risk factors for prolonged hospital stay were also ana-

lyzed, and patients with delayed wound healing had a
significantly higher risk of prolonged hospital stay than
those with normal wound healing (21.3% vs. 63.6%, p <
0.001, Table 4). The other risk factor for prolonged hos-
pital stay included patients with more than one

comorbidity (50.4% vs. 63.6%, p = 0.049). In the multi-
variable analysis, delayed wound healing (OR = 6.404,
95% CI = 3.508–11.694, p < 0.001) was an independent
risk factor for prolonged hospital stay.

Discussion
Perineal wound complications are a long-lasting issue
for APR patients. Removal of the rectum, anus, and
sometimes nearby organs results in a large empty space,
which is conducive to fluid accumulation and bacteria
growth [7]. Moreover, the addition of preoperative
radiotherapy may also cause tissue damage and reduce
the blood supply [2, 17]. All of these reasons may inter-
fere with wound healing and lead to delayed wound
healing. Our study showed that the incidence of delayed
perineal wound healing was 37.6%, and hypoalbumin-
emia was an independent risk factor for delayed perineal
wound healing after APR. The consequence of delayed
perineal wound healing was an increased risk of pro-
longed hospital stay. In other words, if we can reduce
the risk of delayed perineal wound healing, the incidence

Table 3 Univariate and multivariate analysis of risk factors for delayed healing of perineal wound

Variables No delayed
healing
n = 143 (%)

Delayed
healing
n = 86 (%)

P Multivariate

OR (95% CI) P

Age > 65 (years old) 82 (57.3) 58 (67.4) 0.129

Gender 0.170

Male 96 (67.1) 50 (58.1)

Female 47 (32.9) 36 (41.9)

Hypertension 59 (41.3) 40 (46.5) 0.437

Diabetic mellitus 21 (14.7) 18 (20.9) 0.223

Congestive heart failure 24 (16.8) 14 (16.3) 0.921

COPD 8 (5.6) 2 (2.3) 0.241

Uremia 6 (4.2) 3 (3.5) 0.790

Liver cirrhosis 3 (2.1) 0 (0.0) 0.176

Smoking

Previous 38 (26.6) 23 (26.7) 0.977

Current 25 (17.5) 13 (15.1) 0.641

BMI (kg/m2)

Underweight (< 18.5) 5 (3.5) 4 (4.7) 0.595

Overweight (> 25) 53 (37.1) 33 (38.4) 0.517

Neoadjuvant radiotherapy 41 (28.7) 35 (40.7) 0.061 1.582 (0.889–2.816) 0.119

Hypoalbuminemia (< 3.5 g/dL) 15 (10.5) 23 (26.7) 0.001* 2.962 (1.437–6.102) 0.003*

Pre-op CEA > 5 ng/mL 47 (34.3) 32 (37.6) 0.613

Resection of other pelvic organ 19 (13.3) 13 (15.1) 0.699

Laparoscopic operation 14 (9.8) 14 (16.3) 0.147

Operation time > 240min 70 (49.0) 45 (52.3) 0.621

Blood loss > 250ml 62 (43.4) 41 (47.7) 0.525

COPD chronic obstructive pulmonary disease, BMI body mass index, CEA carcinoembryonic antigen
*Statistically significant, P < 0.05
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of prolonged hospital stays will also decrease, and total
medical costs will decrease after such an intervention.
Delayed perineal wound healing is thought to be asso-

ciated with decreased quality of life, increased health
care costs, and poor survival [18]. The median perineal
wound healing time of all patients in our study was 23
days, which was shorter than that reported by Chessin
et al. (39.5 days) [19]. The mean perineal wound healing
time of all patients in our study was 46.38 days, which
was comparable to that reported by Bullard et al. (3.8
weeks) [2] and Althumairi et al. (6.85 weeks) [4]. How-
ever, a marked diversity of healing times, which ranged
from 9 to 578 days, was observed in our group. The me-
dian healing time in the delayed healing group was 63.5
days. Such a long healing time will not only prolong the
hospital stay and increase medical costs but also delay
any scheduled adjuvant treatment. Although flap recon-
struction can be performed to minimize perineal wound
complications and facilitate perineal wound healing, the
additional procedure also increases the operation time
and risk of complications at both the surgical and donor
sites. In our study, hypoalbuminemia was an independ-
ent risk factor for delayed perineal wound healing (p =
0.003) based on multivariate analysis. The serum albu-
min level could represent a patient’s general nutritional

status. Protein deficiency reflected by hypoalbuminemia
contributes to reduced collagen formation and wound
dehiscence and results in poor wound healing rate [20].
Low albumin has also been shown to contribute to poor
wound healing in diabetic foot ulcers [21, 22]. An animal
study demonstrated that the early administration of al-
bumin could enhance wound healing in rats with burn
injuries [23]. It is unknown whether the early adminis-
tration of albumin will improve perineal wound healing
after APR, but improving the patient’s nutritional status
before operation will certainly benefit wound healing.
Further clinical trials are needed to evaluate the efficacy
of reducing the incidence of delayed perineal wound
healing by correcting albumin levels before APR.
Previous studies suggested that radiotherapy was a

major risk factor for delayed wound healing [2, 4, 12]. In
our study, radiotherapy had a nonsignificant tendency
for delayed wound healing. This may be related to the
low percentage of patients receiving preoperative radio-
therapy (33.2%) in our study. Patient factors were also
crucial for wound healing [24]. Malnutrition, smoking,
COPD, and obesity makes patients vulnerable to poor
wound healing [18, 25]. Uremia is a common risk factor
for poor wound healing [26], which might be related to
impaired calcium-phosphorus metabolism and uremic

Table 4 Univariate and multivariate analysis of risk factors for prolonged hospital stay

Variables Hospital stay
≤ 14 days
n = 141 (%)

Hospital stay
> 14 days
n = 88 (%)

P Multivariate

OR (95% CI) P

Age > 65 (years old) 82 (58.2) 58 (65.9) 0.242

Gender 0.976

Male 90 (63.8) 56 (63.6)

Female 51 (36.2) 32 (36.4)

Comorbidity ≥ 1 71 (50.4) 56 (63.6) 0.049 1.720 (0.937–3.158) 0.080

Comorbidity ≥ 2 32 (22.7) 26 (29.5) 0.246

Smoking

Previous 35 (24.8) 26 (29.5) 0.432

Current 23 (16.3) 15 (17.0) 0.885

BMI (kg/m2)

Underweight (< 18.5) 6 (4.3) 3 (3.4) 0.820

Overweight (> 25) 51 (36.2) 35 (39.8) 0.464

Neoadjuvant CCRT 52 (36.9) 24 (27.3) 0.133

Hypoalbuminemia 19 (13.5) 19 (21.6) 0.108

Pre-op CEA > 5 ng/mL 45 (33.3) 34 (39.1) 0.383

Resection of other pelvic organ 18 (12.8) 14 (15.9) 0.505

Laparoscopic operation 19 (13.5) 9 (10.2) 0.466

Operation time > 240min 70 (49.6) 45 (51.1) 0.826

Blood loss > 250ml 57 (40.4) 46 (52.3) 0.080 1.718 (0.942–3.134) 0.078

Delayed perineal wound healing 30 (21.3) 56 (63.6) < 0.001* 6.404 (3.508–11.694) < 0.001*

CCRT concurrent chemoradiotherapy, BMI body mass index, CEA carcinoembryonic antigen
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toxins. Our results did not show relationships between
comorbidities, BMI, and smoking and delayed perineal
wound healing. The mean BMI was 24.03 kg/m2 in our
patient group, which was lower than that (27.9 kg/m2) in
a study by Hawkins et al. [18]. Only 6 (2.6%) patients
had a BMI over 30 kg/m2. The case number in each sub-
group in our study was limited, and more patients might
be required to reach statistical significance.
The median hospital stay in our group was 13 days,

which is also comparable to previous studies [4, 17, 27].
The risk factors of prolonged hospital stay in our study
included the presence of comorbidities and the occur-
rence of delayed perineal wound healing. Delayed peri-
neal wound healing was a strong predictive factor for
prolonged hospital stay (p < 0.001). Thus, our efforts
should be focused on reducing the incidence of delayed
perineal wound healing. Vacuum-assisted closure was
introduced for complex perineal wounds [28, 29]. When
wound healing time is decreased, granulation tissue de-
position is increased, which allows earlier wound clos-
ure, an earlier hospital discharge, and an earlier return
to functional status. However, vacuum-assisted closure
is not routinely used in our institute due to the lack of
National Health Insurance support in Taiwan.
There are several limitations to our study. First, this

was a single-institute analysis with some limited pa-
tient subgroup numbers, which may have resulted in
nonsignificant differences in the risk factor analysis.
Second, as this was a retrospective review, we were
unable to accurately determine the true condition of
the patients with perineal wound complications. The
differences between the definitions of wound infec-
tion, wound dehiscence, and superficial or deep ab-
scess formation are difficult to quantify. We chose
the 30-day criterion because this was the time that
the patient’s condition was checked by the attending
surgeon prior to initiating postoperative adjuvant
therapy. We believe that healing time is more object-
ive for perineal wound complications in a retrospect-
ive analysis because it is difficult to diagnose
infection, dehiscence, or sinus discharge simply from
a chart review.
In conclusion, our data suggest that hypoalbuminemia

(albumin < 3.5 g/dL) is an independent risk factor for de-
layed perineal wound healing. Moreover, delayed peri-
neal wound healing is strongly related to prolonged
hospital stay. Further studies for improving wound care
are needed.
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