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Background: Surgical site-infection (SSI) is common in abdominal wall wounds at site of stoma take-down,
especially in obese patients. The aim of the study is to compare the proposed “Volcano” technique with the classical
primary closure in obese patients as regards the incidence of SSI and short-term cosmetic outcome after one

month.

Patients and method: 20 “"Obese” patients with diverting fecal stomas, whose stoma aperture was closed using
the “volcano” technique, were compared to the last 20 matched patients, whose stoma aperture was closed using
the primary closure technique, from the database as regards the incidence of SSI and the short-term cosmetic

outcome of the postoperative wound.

Results: One case of SSI was noticed in the study group in comparison to3 cases in the control group. The resulted
scar in the study group was smaller and more cosmetically appealing.

Conclusion: The “Volcano” technique is feasible with better outcome for cases of stoma reversal.
Key words: Diverting stoma, volcano technique, surgical site infection.

Introduction

Surgical site infections (SSIs) are infections of the
incision, organ or space that occur after surgery.!
It is very common after stoma reversal reaching
up to 41% in some studies.? Identified risk factors
include fascial dehiscence, SSI after primary
operation, smoking and thicker subcutaneous fat.??
Several strategies were proposed to decrease that
risk including closure over a drain and purse—string
closure.?

Obesity is a major risk factor for SSIs* via affecting
systemic host defenses.> Obesity is positively
correlated with the rate of SSIs. Therefore,
preoperative weight loss is recommended especially
in cases of colorectal surgery.”

In 1997, Banerjee proposed a purse-string skin-
closure technique during stoma reversal operations.
Lim et al., in 2010, introduced the gunsight suture
(GS).2 Both techniques aim to improve the cosmetic
outcome of the operation while allowing a central
defect for drainage to reduce the incidence of SSIs.
Admitting that fascial and skin closure following
stoma reversal are crucial, Krenzien et al. introduced
the “vulkan” or “volcano” technique in 2017, putting
consecutive circular subcutaneous sutures, the first
of which includes the fascial layer of underlying
abdominal wall muscle to decrease the dead space
where postoperative seroma builds up.’ In their
study, Krenzien et al. focused on the feasibility of
the proposed technique only when being applied to
a variety of patients. In an attempt to study that
technique deeper, limiting the inclusion criteria to
obese patients (With BMI more than 30 kg/m2
according to the definition of the WHO) would be
the protocol of the study.

Patients and method

Having the study protocol approved by the
ethical committee of surgical department, faculty
of medicine, Ain Shams University, 20 obese
patients (Having a BMI more than 30 kg/m2)
with fecal diverting stomata (Whether ileostomy
or colostomy) of any form (Whether end or loop)
were recruited for the study as long as they were
candidates for stoma reversal and fit for general
anesthesia (ASA I or II). Being performed in a
tertiary hospital for adults, all patients were more
than 18 years old. Patients with ASA score more
than II were excluded as those patients had many
co-morbidities requiring the least possible to be
done intraoperatively to decrease the anesthesia
time. Patients with co-morbidities affecting wound
healing (E.g., connective tissue disease) and those
with immunosuppression (Whether induced by
drugs or due to systemic pathology) were also,
excluded being more liable to SSIs (Whose incidence
of occurrence is the study aim) due to etiologies
other than the surgical technique and obesity. This
implied to exclude patients diverted for malignant
pathologies (Due to the role of radio/chemotherapy
in management of colorectal cancer). Finally,
patients with clinically detected parastomal hernias
were excluded (Extensive dissection would be
needed for hernia repair, whether a mesh would be
applied or not). The study group was compared to a
control group of correlated patients (Concerning the
demographic factors, co-morbidities and indication
of diversion) from the database who had undergone
linear incision closure of their stoma aperture after
reversal.

In all patients, the bowel continuity was initially
restored, either in a handsewn or stapled manner
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(According to the surgeon " s preference), via midline
or local peristomal incision. Then, approximation of
the external oblique aponeurosis (Or the anterior
rectus sheath in case of transrectus stomata) was
done using PDS loop 0. The wound was irrigated
with normal saline, then povidone iodine with
hydrogen peroxide 20% that would be dried using
gauze. Following that step, each of the study and
control group was distinguished:

For the study group, the “Volcano” technique was
done in the same manner described by Krenzien et
al. 9 i.e., purse-string sutures in the subcutaneous
fat were taken in three consecutive layers using
vicryl 0 sutures for the lower two layers and prolene
2/0 for the skin, forming a triple crown. No drain
was inserted depending on the “small secondary
defect” in the center of the wound that was around
25 mm. The defect was filled with saline-soaked
gauze, providing a moist environment for wound
healing. The gauze was removed on the second
postoperative day and dressing was done using
povidone iodine leaving a saline-soaked gauze
with its tip inside the wound until serous exudate
stopped (About 2 to 4 days).

Going to the control group, primary repair
technique with drain insertion was adopted after
fascial closure i.e., two-layer closure using vicryl 0
simple interrupted sutures was adopted to close the
subcutaneous tissue in a linear pattern and prolene
2/0 sutures were used for simple interrupted
closure of the skin after inserting a Redevac drain
sizel8. Subcuticular closure of the wound was not
applied as the wound was of clean contaminated
type (According to the WHO classification).

During the postoperative period, all patients were
put on the enhanced recovery after surgery (ERAS)
program; oral fluids were started gradually after full
recovery from anesthesia guided by the tolerability
of the patient to oral intake. Prophylactic third
generation cephalosporins were prescribed for two
days postoperatively. Wounds were not exposed for
2 days as long as there was no soakness of the
wound dressing. For the control group, the efflux of
the drain was recorded every day, paying attention
to the amount and color of the effluent. The drain
was removed when the amount of the efflux was
less than 30 cc in 24h period.

Patients were often discharged on postoperative day
5-7, on regular diet, with no signs of vital instability
(As regards pulse, blood pressure and temperature)
nor signs of peritonitis (Rigid abdomen, nausea,
vomiting) that could point to intestinal anastomotic
complications. They were seen regularly on a
weekly basis at the outpatient clinic by the surgical
team for one month.

The primary endpoint of the study was the
incidence of SSIs in both groups as well as the

cosmesis of the scar of the colostomy site after one
month (Measured in terms of patient satisfaction,
the size of the wound). For all patients, the degree
of satisfaction about the wound at the previous site
of colostomy at the fourth postoperative week, was
determined on a scale of 1 to 5. The dimensions and
shape of the colostomy site wound were recorded
and compared between correlated patients in each
of the study and control group. Concerning the
recruited control group patients, they were phoned,
and the required data were collected.

Results

The study included 20 patients defined as being
obese according to the WHO definition i.e., having a
BMI more than 30, presenting to our hospital from
September 2019 till March 2021. Those patients
were compared to correlated patients retrieved
from the database during the last five-year interval.
The demographic data of the patients are shown
in (Table 1). The average BMI of the patients
was 36.5 kg/m2. More details about the form of
stoma are shown in (Table 2). The indications
for diversion are shown in (Table 3). During the
postoperative follow-up, 4 patients developed SSIs:
1 in the study group (A case with end colostomy for
ruptured diverticular disease) and 3 in the control
group (A case with loop ileostomy for multiple
traumatic small bowel injury due to penetrating
stab wounds and 2 cases of end colostomies due
to ruptured diverticular disease). Hyperemic edges
of the wound were noticed between the third and
fifth postoperative day with tenderness on wound
palpation. Frequent dressing (Twice daily) was done
to those patients with wound expression to avoid
infected seroma collection within the wound. One
of those patients in the control group (A case with
end colostomy for ruptured diverticular disease)
began to show frank pus on wound expression
within 48 hours despite having the drain nearly
draining nothing. For that patient, two sutures were
removed for better expression of the pus out of the
wound and extended course of antibiotics (Third
generation cephalosporins with metronidazole) was
started for five days. Eventually, the wound infection
was controlled, and the patient was discharged on
the tenth postoperative day.

The postoperative visits of the whole 40 patients
(20 patients in each of the control and study group)
were uneventful. For the control group, sutures were
removed on postoperative day 21 except for the
patient who developed purulent wound infection,
where suture removal was postponed for one week
i.e., sutures were removed one month after the
sound operation.

The scar of the colostomy site in the study group
was noticed to have shrunken to a circular one of
a diameter ranging from 15 to 35 mm “Figl” , in
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contrast to the control group, where a linear scar
ranging from 60 to 115 mm (And average width 5
to 20 mm) developed. On a “5-Point Likert” Scale,
the degree of patients” satisfaction was better for

the study group than the control group. In the study
group, the average degree of satisfaction was 4.
This was found to be between 2 and 3 in the other
arm of the research. (Table 4).

Fig 1: Closure wound immediately postoperative.

Table 1: Demographic data

Study group (N=20)

Control group (N=20)

Age
Gender
BMI

35-50 (~43)

Males=16 (40%)
33-39 (~36.5)

33-56 (~44)
Females=24 (60%)
32-39 (~36.7)

Table 2: Forms of stoma

Ileostomies (n=22)

Colostomies (n=18)

Form
Site of stoma exit Transrectus=16

Loop=22

Pararectus=6

End=18

Transrectus=6 Pararectus=12

Table 3: Indication of diversion

Indication of diversion (n)

Number of cases (n=40)

Iatrogenic large bowel injury (14)
Ruptured diverticular disease (6)

Multiple traumatic small bowel injuries (8)
Bleeding colonic polyposis (2)
Gangrenous sigmoid volvulus (6)
Gangrenous cecum due to appendicitis (4)

6 (covering loop)
2 (covering loop)
8 (covering loop)
2 (covering loop)
4 (covering loop)

8 (end colostomies)
4 (end colostomies)

2 (end colostomies)
4 (end colostomies)

Table 4: Study results

The study group (n=20)

The control group (n=20)

SSIs incidence
Size of the scar
Patient satisfaction

1/20 (5%)

15-35 mm (~24)

3-5 (~v4)

3/20 (15%)
60-115 mm (~80)
2-3 (~2.5)
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Discussion

Obesity has become a pandemic in modern era
10 associated with detrimental effect on wounds
and wound healing leaving the obese patient
more susceptible to wound infection and delayed
wound healing.!! Heading to a common procedure
in surgery like temporary fecal diversion and
delayed reversal of that stoma, with an already
estimated high rate of wound infection (Up to 40%
in some studies),!? obesity can worsen the case.
The technique of stoma-site defect closure, as an
important factor contributing to wound infection
occurrence, was extensively studied in literature and
several strategies have been suggested. Of those
strategies, purse-string closure and primary closure
are the most commonly performed and reported in
the literature.® Many authors advocate purse-string
closure, reporting a nearly zero % infection rate
with that technique.®® In our study, we decided to
analyze the results of this technique when applied
to obese patients scheduled for stoma reversal.
Primary closure of the stoma site defect with drain
application after washing the wound with betadine
and hydrogen peroxide is the standard procedure
in our institute, and so, we recruited the last 20
patients (Correlated to the 20 patients recruited
for the volcano technique closure study arm as
regards the demographic factors, co-morbidities
and indication of diversion) from our database as
our control arm. It was obvious that the incidence of
SSIs was higher in the control group having 3 cases
out of 20 (i.e., 15%) with only 1 case in the study
group (i.e., 5%). Postoperative wound care is an
important factor for this event. However, because
the same protocol was adopted for all patients as
regards wound dressing protocol and postoperative
prophylactic antibiotics regimen, this factor is
nearly pacified making wound closure technique
the main contributor. The incidence of SSIs after
primary closure of stoma wound recorded in our
control group goes with the findings recorded in
the literature when the same technique was tested
(24-38%).1*1¢ This relatively high incidence rate can
be attributed to two main reasons (Other than the
perioperative causes): obesity (Referred to as the
thick subcutaneous fat in literature) and the degree
of fascial dehiscence.3'” Having the wound closed,
also, in a continuous pattern leads to accumulating
subcutaneous exudate that could not be well drained
completely despite the presence of a wound drain
18. In the study group, one case developed SSI
in the form of edge hyperemia i.e., the incidence
was 5%, which is again in concordance with the
internationally reported rates (0-5%).13!® Having the
underlying dead space nearly obliterated except for
the mid-wound opening of the purse-string (I.e., the
aperture of the volcano); subsequently, preventing
the accumulation of subcutaneous seroma, is the
most probable cause.!®

The cosmetic sequela of the operation is an important
factor affecting the whole impact of the operation on
the patient life, at least, the rehabilitation program
and patient” s compliance to it. It is well established
that the smaller the scar size, the better its cosmetic
aspect is. In this aspect, the proposed “volcano”
technique has an upper hand, reducing the scar
from 8 cm to about 2.5 cm.

The “Volcano” technique has additional advantage
over the classic purse-string closure technique. The
additional purse-string sutures placed within the
subcutaneous tissue allows for better drainage of
the postoperative seroma; having the subcutaneous
layer, also, drained via the middle aperture. Having
the subcutaneous tissue closed in a fashion similar to
the skin allows for better cosmetic results especially
at the wound edges.

It is relevant to state that depending on healing by
secondary intention in the study group would cause
a delay in wound healing time. This was obvious in
our study, at least, in the time needed for wound
epithelialization (About 3-5 days in the control group
in comparison to the study group needing about
20-25 days). However, wound dressing in a simple
method as using a gauze with the tip just inside the
wound, was accepted by the patients for having a
smaller wound with better cosmetic end result.

Finally, despite being not one of our primary
endpoints, it is worth to state that the operative
time needed for applying any of the two techniques
didn’t show a significant difference (15 minutes for
the study group in comparison for 10 minutes for
the control group).

Conclusion

The “volcano” technique is a feasible method for
closure of abdominal wall defects left after stoma
reversal in obese patients as long as the cosmetic
results and the SSIs are concerned.

Limitations

Intending to study a technique that still not
popular, at least within our institute, the study
had to be on a limited number of patients (only
20 patients). Projection of the study results upon
the general population mandates to apply such
a technique on a larger sample size. To compare
our results to correlated patients retrieved from
the database, arises the concerns about selection
bias, although the surgical team was unified. SSIs
depend on many factors other than the technique
and the perioperative status of the patient, the
socioeconomic status and compliance of the patient
to the given postoperative instructions are some of
those factors. Studying the technique on a wider
sample size would, at least statistically, decrease
the contribution of such factors. Finally, the use of
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phone questionnaire in retrieving the data of the
control group might be of concern. However, that
method was the most applicable method to obtain
the data from patients having done their operation
up to five years before; keeping in mind that our
endpoint was the overall patient satisfaction about
the cosmesis of the wound.

Reference

1.

194

Berrios-Torres SI, Umscheid CA, Bratzler DW,
Leas B, Stone EC, Kelz RR, Reinke CE, et al:
Centers for disease control and prevention
guideline for the prevention of surgical site
infection. JAMA Surg. 2017; 152(8): 784-791.

Kamada T, Ito E, Ohdaira H, Takahashi J,
Takeuchi H, Kitagawa K, Akiba T, Suzuki Y: New
scoring system for predicting the risk of surgical
site infections following stoma reversal. J Surg
Res. 2021; 267: 350-357.

Sherman KL, Wexner SD: Considerations in
Stoma Reversal. Clin Colon Rectal Surg. 2017;
30(3): 172-177.

Gurunathan U, Ramsay S, Mitric G, Way M,
Wockner L, Myles P: Association between
obesity and wound infection following colorectal
surgery: Systematic review and meta-analysis.
J Gastrointest Surg. 2017; 21(10): 1700-1712.

Bolton L: Surgical Site Infection in Cancer
Patients. Wounds. 2021; 33(10): 260-262.

Xu Z, Qu H, Gong Z, Kanani G, Zhang F, Ren Y,
Shao S, Chen X, Chen X: Risk factors for surgical
site infection in patients undergoing colorectal
surgery: A meta-analysis of observational
studies. PLoS One. 2021; 16(10): €0259107.

Abd El Aziz MA, Calini G, Grass F, Behm KT, D’
Angelo AL, Shawki S, Mathis KL, Larson DW:
Minimally invasive ileal pouch-anal anastomosis
for patients with obesity: A propensity score-
matched analysis. Langenbecks Arch Surg.
2021; 406(7): 2419-2424.

Li CK, Liang WW, Wang HM, Guo WT, Qin XS,
Zhao ], Zhou WB, Li Y, Wang H, Huang RK:
Gunsight sutures significantly reduce surgical-
site infection after ileostomy reversal compared
with linear sutures. Gastroenterol Rep (Oxf).
2020; 9(4): 357-362.

Krenzien F, Benzing C, Harders F, Junghans
T, Rasim G, Bothe C, Pratschke J, Zorron R:
the vulkan technique; a novel ostomy-closure
technique that reduces complications and

10.

11.

12.

13.

14.

15.

16.

17.

18.

operative times. Arq Bras Cir Dig. 2017; 30(2):
139-142.

Gammone MA, D'Orazio N: COVID-19 and
Obesity: Overlapping of two pandemics. Obes
Facts. 2021; 14: 579-585.

Pierpont YN, Dinh TP, Salas RE, Johnson EL,
Wright TG, Robson MC, Payne WG: Obesity and
surgical wound healing: A current review. ISRN
Obes. 2014; 2014: 638936.

Yane Y, Hida JI, Makutani Y, Ushijima H,
Yoshioka Y, Iwamoto M, Wada T, Daito K, Tokoro
T, Ueda K & Kawamura J: The technique for less
infectious and earlier healing of stoma closure
wound: negative pressure wound therapy with
instillation and dwelling followed by primary
closure. BMC Surg. 2021; 21: 157.

Amano K, Ishida H, Kumamoto K, Okada
N, Hatano S, Chika N, Tajima Y, Ohsawa T,
Yokoyama M, Ishibashi K, Mochiki E: Purse-
string approximation vs. primary closure with
a drain for stoma reversal surgery: Results of
a randomized clinical trial. Surg Today. 2019;
49(3): 231-237.

Reid K, Pockney P, Pollitt T, Draganic B,
Smith SR: Randomized clinical trial of short-
term outcomes following purse-string versus
conventional closure of ileostomy wounds. Br J
Surg. 2010; 97: 1511-1517.

Dusch N, Goranova D, Herrle F, Niedergethmann
M, Kienle P: Randomized controlled trial:
comparison of two surgical techniques for
closing the wound following ileostomy closure:
purse string vs direct suture. Colorectal Dis.
2013; 15: 1033-1040.

L i LT, Brahmbhatt R, Hicks SC, Davila JA,
Berger DH, Liang MK: Prevalence of surgical
site infection at the stoma site following four
skin closure techniques: A retrospective cohort
study. Dig Surg. 2014; 31: 73-78.

Liang MK, Li LT, Avellaneda A, Moffett IM,
Hicks SC, Awad SS: Outcomes and predictors
of incisional surgical site infection in stoma
reversal. JAMA Surg. 2013; 148(2): 183-189.

Hsieh MC, Kuo LT, Chi CC, Huang WS, Chin CC:
Pursestring Closure versus Conventional Primary
Closure following stoma reversal to reduce
surgical site infection rate: A meta-analysis of
randomized controlled trials. Dis Colon Rectum.
2015; 58(8): 808-815.

Ain-Shams J Surg 2023; 16 (3):190-194



