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Background. Laparoscopic sleeve gastrectomy (LSG) has become a popular operation during the recent years. This procedure
requires resection of 80–90% of the stomach. Extraction of gastric specimen is known to be a challenging and costly stage of
the operation. In this paper, we report results of a simple and cost-effective specimen extraction technique which was applied to
137 consecutive LSG patients. Methods. Between October 2013 and October 2015, 137 laparoscopic sleeve gastrectomy surgeries
were performed at Dokuz Eylul University General Surgery Department, Upper Gastrointestinal Surgery Unit. All specimens were
extracted through a 15mm trocar site without using any special device. Results. We noticed one superficial incisional surgical site
infection and treated this patient with oral antibiotics. No cases of trocar site hernia were observed.Conclusion. Different techniques
have been described for specimen extraction. This simple technique allows extraction of specimen safely in a short time and does
not require any special device.

1. Introduction

Laparoscopic Sleeve Gastrectomy (LSG) has become an
increasingly popular bariatric procedure worldwide [1, 2].
This procedure is described as resection of 80–90% of the
stomach, leaving only a sleeve of stomach along the lesser
curvature. A minimum of 1,100mL of gastric volume is
suggested to be removed to achieve a long term weight loss
[3]. This means that there will be a large specimen to be
extracted when the resection is completed.

The extraction of the specimen may become a long and
challenging stage of laparoscopic surgery. Especially in obese
patients, the proportion of the opening for the specimen
extraction and the size of the specimen aswell as the thickness
of the fat tissue between the skin and the fascia are factors that
render the extraction more difficult [4].

Different techniques for the extraction of the resected
specimen have been described. Some authors suggest using
an endobag through a 15mm trocar or placement of a wound
protector [5]. Specimen morcellation or intraabdominal
specimen partitioning has also been reported [6]. In 2010,
Casella et al. reported a novel technique involving a simple

and cost-effective extraction which requires the enlargement
of the port site [7].

In the present study, we investigated the effects of a
specimen extraction technique we applied without using any
wound protector, retrieval bag, or fascial enlargement on
wound infection during the early postoperative period.

2. Material and Method

All the laparoscopic sleeve gastrectomy procedures per-
formed at the Dokuz Eylul University General Surgery
Department, Upper Gastrointestinal Surgery Unit, Izmir,
Turkey, between October 2013 and October 2015 were eval-
uated.

2.1. Technique. All procedures were performed under general
anesthesia in the modified Lloyd Davies position (thighs
parallel to the groundwith a 30-degree reverse Trendelenburg
position). A single dose of 2 g cefazolin was used for the
surgical prophylaxis. Following the placement of one 15mm,
one 10mm, and three 5mm trocars, the left lobe of the liver
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Figure 1: Intraoperative view of specimen grasping (a) and pulling into the 15mm trocar for extracting (b).

(a) (b)

Figure 2: Extraction of the entire specimen via the 15mm trocar site by gauze sponge.

was retracted using a Nathanson liver retractor. The greater
curvature was skeletonized using a Ligasure� vessel sealing
device (Covidien, Norwalk, CT, USA). The skeletonization
was started at 4–6 cm to the pylorus and continued until
the left crus is reached. Subsequently, a transoral 36 french
bougie was placed along the lesser curvature sleeve created
using linear staplers EndoGIA� (Medtronic Norwalk, CT,
USA). Two sequential 4.8/60mm green loads were fired
for the antrum, followed by 2–4 sequential 3.5/60mm blue
reloads for the remaining corpus and fundus, or Tri-Staple�
(Autosuture Norwalk, CT, USA) was applied using purple
and tan cartridges. The staple line was reinforced with
running suture by the V-Loc� 180 absorbable wound closure
device (Medtronic Norwalk, CT, USA).

Without any enlargement of the muscle wall at the 15mm
trocar site, the resected stomach was grasped at the caudal tip
by a laparoscopic grasper trough the 15mm trocar. The first
2-3 cm proportion of the resected stomach was pulled into
the 15mm trocar and then the grasper was extracted together
with the trocar and the tip of the specimen (Figures 1(a) and
1(b)).

Using a gauze sponge (to prevent a wall defect) and
pulling up alternately the greater curvature and the staple line
(twice the greater curvature, once the staple line, repeatedly),
the stomach was removed entirely through the 15mm trocar
site defect taking care not to open the staple line (Figures
2(a) and 2(b)). After the extraction of the specimen, the
right upper quadrant was routinely irrigated with warm
0.9% saline solution. The silicone suction drain was placed

along the sleeve and fascial defect was closed after the
extraction was completed. The 10mm and 15mm trocar
sites were closed with number 0 polydioxanone sutures
using the 10mm and 15mm trocar pilot guides and suture
passer under laparoscopic direct visualization. Two infusion
catheters were inserted into the proximal and distal parts
of the specimen for filling with saline and to measure the
pressure. Specimen was filled with saline until an intragastric
pressure of 12mmHgwas reached.The volume of the resected
stomach was assessed at 12mmHg intragastric pressure. All
specimens are submitted to pathology for examination.

A prospectively recorded database of 137 patients who
underwent LSG procedures was reviewed. The parameters
evaluated in this paper included age, sex, body mass index
(BMI), diabetes, cardiac and pulmonary disease, resected gas-
tric volume, resected gastric weight, length of the greater cur-
vature, staple line of the specimen, any staple line dehiscence
during specimen extraction, types of the staple cartridges,
port site infection orwounddehiscence, and incidence of port
site hernia.

3. Results

The mean age of the patients was 39.49 (±10.02) years and
78.1% were female. The mean preoperative body mass index
was 45.9 (±5.96) kg/m2 (range: 36–67.2) and 60 patients had
at least one comorbidity (DM, pulmonary or cardiovascular
disease). Tri-Staples� were used for 59 (43.1%) patients;
EndoGIA blue and green cartridges were used for 66 (48.2%)
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Table 1: Patient characteristics and specimen measurements.

Age (mean) 39.49 (±10.02)
Sex

Male 30 (21.9%)
Female 107 (78.1%)

Body mass index (mean) 45.9 (±5.96)
Dm

+ 38 (27.7%)
− 99 (72.3%)

Pulmonary comorbidity
+ 15 (10.9%)
− 122 (89.1%)

Cardiovascular comorbidity
+ 36 (26.3%)
− 101 (73.7%)

Specimen volume (mL) 1107.1 (±281.29)
Specimen weight (g) 131.93 (±110)
Length of staple line (cm) 27.18 (±3.48)
Length of greater curvature (cm) 51.27 (±6.30)

patients. For 12 (8.7%) patients, Tri-Staples and EndoGIA
blue and green cartridges were used together. The mean
resected gastric volumewas 1107.1 (±281.29)mL and themean
weight of the specimen was 131.93 (±110) g for the last 98
patients.Theothermeasurements of the specimens are shown
in Table 1. We observed two malignant results (gastrointesti-
nal stromal tumor and neuroendocrine carcinoma) at the
pathological examination of specimens.

There were three minimal incidents of stapler line dehis-
cence (1–3.5 cm) during the extraction of the specimen.
Nevertheless, none of the patients had trocar site infections.
We observed a hematoma at the 10mm trocar site in one
patient (0.72%). There were no cases of trocar site hernia
among the 137 patients for a mean follow-up period of 12
months. Only one patient with a 45.5 BMI and DM had an
infection at the 15mm trocar site (0.72%). The infection was
treated using empiric antibiotic therapy without any invasive
procedure.

4. Discussion

The term “surgery-associated wound infections” were mod-
ified as surgical site infections (SSI) in 1992 and classified as
superficial incisional, deep incisional, and organ/space surgi-
cal site infections [8]. Obesity has been observed as the main
risk factor for the development of SSIs [9]. The incidence
of SSIs after bariatric surgical procedures performed for the
treatment of obesitywas reported as 10% for open surgery and
3–5% for laparoscopic procedures [10]. At the final stage of
the laparoscopic sleeve gastrectomy, which has been themost
popular bariatric procedure performed during the recent
years, the specimen has to be extracted without raising the
incidence of intraabdominal or incisional infection. Wound
protectors or retrieval bags are frequently used for this
purpose. In order to facilitate the extraction of a specimen

of this size using retrieval bags, Mahmood and Silbergleit
suggested tomorcellate the specimen [6]. In the literature, the
rate of incidental malignancies observed during pathological
assessment of the specimen after LSG was reported as 0.2%
[11, 12]. The method suggested by Mahmood and Silbergleit
may complicate pathological examination. In our cohort, we
observed one case of Grade 2 neuroendocrine carcinoma
(0.7%) and another one with a 5mm gastrointestinal stromal
tumor (0.7%) during the pathological examination of the
specimen.The preoperative gastroscopic evaluations of these
patients were normal. Based on these results, we do not
suggest morcellation.

Specimen extraction techniques without using retrieval
bags or wound protectors have also been described to reduce
the operating costs. Gorecki et al. described intraabdominal
gastric specimen partitioning and extraction of the resected
stomach slices through a 15mm trocar [13]. This technique
changes the procedure from a clean-contaminated operation
into a contaminated operation. The incidence of surgical site
infections is higher for contaminated operations compared
to clean-contaminated operations (2.1% versus 3.3%) [14].
Moreover, intraabdominal infection development has been
described as an independent risk factor for development of
incisional surgical site infections [15]. Based on these data,
we do not suggest this technique.

Casella et al. reported a new extraction technique that
does not require any special devices [7]. In this technique,
the fascia is enlarged by finger dilatation at the 15mm trocar
site. The caudal tip of the resected stomach is grasped and
pulled into the 15mm trocar. The specimen is removed
entirely through the enlarged 15mm trocar site with the
help of the Kocher clamps. They reported the incidence of
wound infection as 1.2%. Our experience confirms the results
reported by this author.

In our technique, we avoided trocar site enlargement,
since the tissue trauma increases postoperative pain and
the incidence of trocar site hernia [16]. Furthermore, we
did not use Kocher clamps to avoid specimen laceration
or microperforation. We observed only one case of wound
infection (0.72%) through our technique. The patient with
wound infection was 61 years old and she had DM and
hypertension with a 45.5 kg/m2 BMI. The infection was
treated using empiric antibiotic therapy without any invasive
procedure. We did not observe any trocar site hernias among
the 137 patients for a mean follow-up period of 12 months.

In our method, we use a 15mm trocar with a sharp
blade and place this trocar at the lateral aspect of the rectus
and maintain a full muscle relaxation before and during
the extraction. We thus can extract the specimen using a
gauze sponge without the need for a fascial enlargement (if
a 12mm trocar is used facial enlargement may be required).
Reducing the trauma at the trocar site by avoiding any
fascial enlargement and refraining from the use of the Kocher
clamp, we avoid any microperforations that may occur in the
specimen. The extraction is always followed by an irrigation
of the intraabdominal right upper quadrant using saline. We
believe that the low incidence of wound infection in our series
is a result of these modifications (0.72%).
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Extractions using wound protectors or specimen bags
have no significant superiority to the techniquewe performed
in terms of infection or hernia development [4, 17, 18].
Through the extraction performed without using a wound
protector or specimen bag, 180€ is saved per patient without
an increase in the ratio of the surgical site infections [7]. We
are of the opinion that reduced costs may be of significance
for the facilities where a large number of operations are
performed.

5. Conclusion

This simple and cost-effective technique that does not require
any special devices and has a very low incidence of wound
infection can be safely applied.

Disclosure

The paper was not presented as part at a meeting or organi-
sation.

Competing Interests

The authors declare that they have no conflict of interests.

References

[1] M. Gagner, “5th international consensus summit for sleeve
gastrectomy: is there a consensus?” Bariatric Times, vol. 12, no.
4, supplement, p. 22, 2015.

[2] A. Damms-Machado, S. Mitra, A. E. Schollenberger et al.,
“Effects of surgical and dietary weight loss therapy for obe-
sity on gut microbiota composition and nutrient absorption,”
BioMed Research International, vol. 2015, Article ID 806248, 12
pages, 2015.

[3] P. Noel, M. Nedelcu, D. Nocca et al., “Revised sleeve gas-
trectomy: another option for weight loss failure after sleeve
gastrectomy,” Surgical Endoscopy, vol. 28, no. 4, pp. 1096–1102,
2014.

[4] J. Gabrielsen, A. Petrick, A. Ibele, G. C. Wood, and P. Benotti,
“A novel technique for wound protector deployment and
efficient specimen extraction following laparoscopic sleeve
gastrectomy,” Journal of Gastrointestinal Surgery, vol. 18, no. 9,
pp. 1678–1682, 2014.

[5] J. P. Edwards, A. L. Ho, M. C. Tee, E. Dixon, and C. G. Ball,
“Wound protectors reduce surgical site infection,” Annals of
Surgery, vol. 256, no. 1, pp. 53–59, 2012.

[6] A. Mahmood and A. Silbergleit, “The utilization of a morcel-
lator during laparoscopic sleeve gastrectomy,” Technology and
Health Care, vol. 14, no. 6, pp. 537–539, 2006.

[7] G. Casella, E. Soricelli, A. Fantini, and N. Basso, “A time-saving
technique for specimen extraction in sleeve gastrectomy,”World
Journal of Surgery, vol. 34, no. 4, pp. 765–767, 2010.

[8] T. C. Horan, R. P. Gaynes, W. J. Martone, W. R. Jarvis, and
T. Grace Emori, “CDC definitions of nosocomial surgical site
infections, 1992: a modification of CDC definitions of surgical
wound infections,” American Journal of Infection Control, vol.
20, no. 5, pp. 271–274, 1992.

[9] S.Thelwall, P. Harrington, E. Sheridan, andT. Lamagni, “Impact
of obesity on the risk of wound infection following surgery:

results from a nationwide prospective multicentre cohort study
in England,” Clinical Microbiology and Infection, vol. 21, no. 11,
pp. 1008.e1–1008.e8, 2015.

[10] T. Chopra, J. J. Zhao, G. Alangaden, M. H. Wood, and K. S.
Kaye, “Preventing surgical site infections after bariatric surgery:
value of perioperative antibiotic regimens,” Expert Review of
Pharmacoeconomics&Outcomes Research, vol. 10, no. 3, pp. 317–
328, 2010.

[11] O. Al-Harbi, M. Shakir, and N. Al-Brahim, “Gastric carcinoid
andobesity: association or coincidence?Report of two cases and
literature review,”Case Reports in GastrointestinalMedicine, vol.
2013, Article ID 848075, 4 pages, 2013.

[12] S. Almazeedi, S. Al-Sabah, A. Al-Mulla et al., “Gastric
histopathologies in patients undergoing laparoscopic sleeve
gastrectomies,” Obesity Surgery, vol. 23, no. 3, pp. 314–319, 2013.

[13] P. Gorecki, J. Chery, J. Lee, A. Tortolani, and W. Gorecki,
“Intraabdominal partitioning of the laparoscopic sleeve gastrec-
tomy remnant optimizes the specimen extraction ergonomics
and postoperative pain and is an attractive technique in teenage
patients,” Journal of Laparoendoscopic & Advanced Surgical
Techniques, vol. 24, no. 10, pp. 735–737, 2014.

[14] D. H. Culver, T. C. Horan, R. P. Gaynes et al., “Surgical
wound infection rates by wound class, operative procedure, and
patient risk index. National Nosocomial Infections Surveillance
System,” The American Journal of Medicine, vol. 91, no. 3, pp.
S152–S157, 1991.

[15] J. T. Poon, W.-L. Law, I. W. Wong et al., “Impact of laparo-
scopic colorectal resection on surgical site infection,” Annals of
Surgery, vol. 249, no. 1, pp. 77–81, 2009.

[16] R. Daher, E. Chouillard, and Y. Panis, “New trends in colorectal
surgery: single port and natural orifice techniques,” World
Journal of Gastroenterology, vol. 20, no. 48, Article ID 18104,
2014.

[17] N. Bhardwaj, S. T. Mees, and C. Hensman, “Endoloop-assisted
alignment—a simple, effective, cheap, and safe technique to
aid specimen extraction following sleeve gastrectomy,” Obesity
Surgery, vol. 24, no. 11, p. 2011, 2014.

[18] J. B. Alley, S. J. Fenton, and R. M. Peterson, “The ‘tip-Stitch’:
a time-saving technique for specimen extraction in sleeve
gastrectomy,” Obesity Surgery, vol. 19, no. 7, pp. 926–927, 2009.


