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ABSTRACT

Purpose: To determine the incidence of incisional hernia (IH) in mini-laparotomy wounds
and analyze the risk factors of IH following laparoscopic distal gastrectomy in patients with
gastric cancer.

Materials and Methods: A total of 565 patients who underwent laparoscopic distal
gastrectomy for gastric cancer at Dong-A University Hospital, Busan, South Korea,

between June 2010 and December 2015, were enrolled. IH was diagnosed through physical
examination or computed tomography imaging. Incidence rate and risk factors of IH were
evaluated through a long-term follow-up.

Results: Of those enrolled, 16 patients (2.8%) developed IH. The median duration of
follow-up was 58 months (range, 25-90 months). Of the 16 patients with IH, 15 (93.7%) were
diagnosed within 12 months postoperatively. Multivariate analysis showed that female sex
(odds ratio [OR], 3.869; 95% confidence interval [CI], 1.325-11.296), higher body mass index
(BMI; OR, 1.229; 95% CI, 1.048-1.422), and presence of comorbidity (OR, 3.806; 95% CI,
1.212-11.948) were significant risk factors of IH. The vast majority of IH cases (15/16 patients,
93.7%) developed in the totally laparoscopic distal gastrectomy (TLDG) group. However, the
type of surgery (i.e., TLDG or laparoscopy-assisted distal gastrectomy) did not significantly
affect the development of IH (P=0.060).

Conclusions: A median follow-up of 58 months showed that the overall incidence of IH in
mini-laparotomy wounds was 2.8%. Multivariate analysis showed that female sex, higher
BMI, and presence of comorbidity were significant risk factors of IH. Thus, surgeons

should monitor the closure of mini-laparotomy wounds in patients with risk factors of ITH
undergoing laparoscopic distal gastrectomy.

Keywords: Stomach neoplasms; Laparoscopy; Hernia

INTRODUCTION

Incisional hernia (IH) — a failure of the abdominal wall fascia to heal — is a common
postoperative complication in abdominal surgery. Its incidence rate is 5%-50% after open
abdominal surgery [1-4], 20% after laparoscopic colorectal surgery [5], and 2.7% after
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laparoscopic sleeve gastrectomy [6]. However, long-term follow-up data regarding the incidence
of IH after laparoscopic distal gastrectomy in patients with gastric cancer are unavailable.

Recently, laparoscopic gastrectomy has been recognized as a curative treatment for gastric
cancer in East Asian countries. Several multicenter randomized controlled, short-term
follow-up trials (Korean Laparoscopic Gastrointestinal Surgery Study trial [KLASS-01] [7],
Chinese Laparoscopic Gastrointestinal Surgical trial [CLASS 01] [8], and Japan Clinical
Oncology Group trial [JCOGO0703] [9]) of laparoscopic distal gastrectomy in patients with
gastric cancer have shown favorable results compared with open gastrectomy. Furthermore,
laparoscopy-assisted distal gastrectomy (LADG) has been evolving into totally laparoscopic
distal gastrectomy (TLDG). Thus, the location of the mini-laparotomy wound is moved from
the right upper quadrant (RUQ) or upper midline for specimen extraction and reconstruction
to the umbilical port site for specimen extraction alone [10,11]. Recently, the authors of the
present study encountered several cases of IH developing into mini-laparotomy wounds.
The objective of this study was to determine the incidence and analyze the risk factors of IH
following laparoscopic distal gastrectomy in patients with gastric cancer.

MATERIALS AND METHODS

This was a retrospective study using prospectively collected data. A total of 565 patients

who underwent laparoscopic distal gastrectomy for gastric cancer (performed by Kim MC)
at Dong-A University Hospital between June 2010 and December 2015 were enrolled. The
inclusion criteria were as follows: 1) histologically confirmed gastric adenocarcinoma,

2) distal subtotal gastrectomy with more than D1+ lymphadenectomy, and 3) absence of
combined resection except cholecystectomy. Patients with a history of gastric surgery or
chemotherapy and/or radiotherapy were excluded. Our indication for laparoscopic distal
gastrectomy in patients with gastric cancer involved clinical tumor staging below T3N1MO,
without a bulky tumor or conglomerated metastatic lymph nodes. IH was diagnosed through
physical examination or computed tomography (CT) imaging.

Mini-laparotomy wounds in LADG and TLDG

A mini-laparotomy wound (approximately 4-5 cm) in LADG was transversely or
longitudinally located at the RUQ or upper midline. After intracorporeal stomach
mobilization and lymph node dissection, gastric resection, specimen extraction, and
reconstruction were sequentially performed through the mini-laparotomy wound. Stomach
mobilization, lymph node dissection, and gastric resection were completed intracorporeally
in TLDG. The specimen was extracted through the mini-laparotomy periumbilical wound.
Subsequently, intracorporeal reconstruction was performed under the pneumoperitoneum
(Figs. 1and 2).

Closure of mini-laparotomy wound

Closure of the abdominal wall muscle and fascia in transverse incision was performed using
layered closure with 5-6 No. 1 interrupted Vicryl® sutures (Ethicon, Somerville, NJ, USA).
Non-layered closure was performed for the fascia in the midline incision using 5-6 No. 1
interrupted Vicryl® sutures. Skin closure was performed using Nylon suture or a skin stapler.
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Fig. 1. Locations of ports and mini-laparotomy wounds (right upper quadrant or upper midline) of laparoscopy-
assisted distal gastrectomy.

Fig. 2. Locations of ports and mini-laparotomy wound (peri-umbilical) of totally laparoscopic distal gastrectomy.

Follow-up

All patients were monitored postoperatively through a routine check, including physical
examination, blood test, tumor marker test (alpha-fetoprotein, carcinoembryonic antigen,
and carbohydrate antigen 19-9), chest radiography, endoscopy, and CT. For patients with
pathologic stage I and II gastric cancer, follow-up examinations were performed every 6
months for the first 2 years and annually for the following 3 years. For those with pathologic
stage Il and IV gastric cancer, examinations were performed every 3 months for the first 2
years (only endoscopy every 6 months) and every 6 months for the following 3 years (only
endoscopy every 12 months).

https://jgc-online.org https://doi.org/10.5230/jgc.2018.18.e39 394


https://jgc-online.org

°
Journal

, ‘ of
Gastric

Cancer

Incisional Hernia of Mini-Laparotomy Wound after Laparoscopic Gastrectomy

https://jgc-online.org

Statistics

Results are expressed as mean+standard deviation. Continuous variables were evaluated
using the unpaired Student's t-test or Mann-Whitney U test. Categorical data were compared
using the y? test or Fisher's exact test, as appropriate. Multivariate analysis for risk factors of
IH was performed through logistic regression using SPSS Statistics 23.0 (SPSS Inc., Chicago,
IL, USA). A P-value <0.05 denoted statistical significance.

Ethical statement

The study was approved by the Institutional Review Board (IRB) of Dong-A University
Hospital (IRB No. DAUHIRB-18-114). The requirement for informed consent from patients
was waived due to the retrospective nature of the study. This study was conducted according
to the principles of the Declaration of Helsinki.

RESULTS

Of the 565 patients who underwent laparoscopic distal gastrectomy for gastric cancer, 16
developed IH in mini-laparotomy wounds (2.8%). The median duration of follow-up was 58
months (range, 25-90 months). IHs were diagnosed at a mean of 6.5 months (range, 3-15
months) postoperatively. Seven of these 16 patients (43%) underwent surgical repair.

Differences in clinicopathologic characteristics between the IH and non-IH
groups

There was a significantly higher number of female patients and those with comorbidity in
the IH group (P=0.013 and P=0.028, respectively) than that in the non-IH group. In addition,
the body mass index (BMI) in the IH group was significantly higher than that observed in the
non-IH group. Moreover, the follow-up duration was significantly different between the two
groups (42 months vs. 60 months, P=0.031). The vast majority of IH cases developed in the
TLDG group (15/16 patients, 93.7%). TLDG was performed since November 2012 (Table 1).

Table 1. Clinicopathologic characteristics between the IH and non-IH groups

Characteristics IH group (n=16) Non-IH group (n=549) P-value
Age 61.9+11.1 60.3+11.4 0.591
Sex 0.013
Male 5(31.2) 350 (64.7)
Female 11 (68.8) 191 (35.3)
BMI (kg/m?) 95.5+4.3 93.6+2.9 0.098
ASA 0.230
I 1(6.9) 99 (18.0)
I 8 (50.0) 303 (55.2)
n 7 (43.8) 147 (26.8)
Comorbidity (%) 12 (75.0) 249 (44.1) 0.028
DM or COPD 3(18.8) 75 (13.7) 0.831
Pathologic TNM stage 0.621
I 15 (93.8) 471 (85.8)
I 1(6.2) 60 (10.9)
Il 0 (0.0) 18 (3.3)
Follow-up duration (median, mon) 45 (25-61) 60 (25-90) 0.031

Values are presented as meanzstandard deviation, number (%) or number (range).
IH = incisional hernia; BMI = body mass index; ASA = American Society of Anesthesiologists; DM = diabetes
mellitus; COPD = chronic obstructive pulmonary disease.
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Differences in surgical outcome between the IH and non-IH groups

Most surgical outcomes were not significantly different between the two groups. There
was no significant difference in the incidence of postoperative complications (e.g., wound
infection) between both groups. However, TLDG was more frequently performed in the IH
group (P=0.001). Of note, 15/16 patients with IH had periumbilical wound hernia (Table 2).

Identification of risk factors for the development of IH in mini-laparotomy
wounds using univariate and multivariate logistic regression analyses

A total of 16 independent clinical variables (6 preoperative and 10 surgical factors) were
analyzed as potential risk factors of IH. Of these, the following seven were shown to

be significant (P<0.2): female sex, higher BMI, presence of comorbidity, method of
reconstruction, type of surgery, longer duration of postoperative hospitalization, and
development of postoperative complications (Tables 1and 2). Multivariate analysis using a
logistic regression model showed that female sex (odds ratio [OR], 3.869; 95% confidence
interval [CI], 1.325-11.296), higher BMI (OR, 1.229; 95% CI, 1.048-1.422), and presence of
comorbidity (OR, 3.8006; 95% CI, 1.212-11.948) were significant risk factors of IH (Table 3).
However, the type of surgery (i.e., TLDG or LADG) did not significantly affect the
development of IH (P=0.060) (Table 3).

Table 2. Surgical outcome between the IH and non-IH groups

Characteristics IH group (n=16) Non-IH group (n=549) P-value
Operation time (min) 158.5+36.8 162.4+55.8 0.781
Blood loss (mL) 115.8+107.6 159.2+159.2 0.281
Combined surgery (%) 1(6.2) 34 (6.2) 1.000
Extent of lymphadenectomy (%) 0.851
>D2 15 (93.8) 529 (96.4)
<D2 1(6.9) 21 (3.6)
Reconstruction (%) 0.063
B-I 0 (0.0) 130 (23.7)
B-II 16 (100.0) 407 (74.1)
Roux-en-Y 0 (0.0) 12 (2.2)
Intra- or postoperative transfusion (%) 0 (0.0) 10 (1.8) 0.961
Type of surgery (%) 0.001
TLDG (peri-umbilical wound) 15 (93.8) 268 (48.8)
LADG (upper midline or RUQ transverse wound) 1(6.2) 281 (51.2)
First flatus time (day) 3.3+0.9 3.4+0.9 0.850
Postoperative hospital stay (day) 12.6+10.8 7.7+3.5 0.091
Postoperative complication 0.106
None 12 (75.0) 492 (89.6)
Wound complication 0(0.0) 6 (1.1)
Other complications 4 (25.0) 51(9.3)

Values are presented as mean+standard deviation or number (%).
IH = incisional hernia; TLDG = totally laparoscopic distal gastrectomy; LADG = laparoscopy-assisted distal
gastrectomy; RUQ = right upper quadrant.

Table 3. Risk factors for the development of IH in mini-laparotomy wounds using univariate and multivariate logistic regression analyses

Variables Univariate logistic regression analysis Multivariate logistic regression analysis

OR 95% ClI P-value OR 95% Cl P-value
Female sex 3.869 1.325-11.296 0.013 4.550 1.442-14.354 0.010
BMI 1.229 1.048-1.442 0.01M 1.200 1.028-1.400 0.021
Comorbidity 3.806 1.212-11.948 0.022 3.512 1.011-12.204 0.048
Type of surgery 15.728 2.063-119.889 0.008 9.141 0.912-91.656 0.060
Hospital stay 1.093 1.035-1.153 0.001 1.070 0.986-1.160 0.104
Complication 3.216 1.153-10.338 0.050 0.969 0.146-6.423 0.974

IH = incisional hernia; OR = odds ratio; Cl = confidence interval; BMI = body mass index.
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DISCUSSION

The development of IH requires elective or emergency surgical treatment due to poor
appearance and possible incarceration after abdominal surgery [2]. IH after laparoscopic
surgery is linked to greater disappointment compared with that reported after open surgery
in terms of postoperative patient satisfaction.

In the present study with a median follow-up of 58 months, the incidence of IH in mini-
laparotomy wounds after laparoscopic gastrectomy in patients with gastric cancer was 2.8%
(16/565 patients). This incidence was similar to that previously reported after laparoscopic
sleeve gastrectomy [6] or laparoscopic staging surgery for endometrial cancer [12]. However,
it was lower than that reported after laparoscopic colorectal surgery [5]. In laparoscopic
colorectal surgery, specimen resection and anastomosis are performed simultaneously
through a mini-laparotomy wound. The size of the mini-laparotomy wound in laparoscopic
colorectal surgery is larger than that employed in laparoscopic gastrectomy.

According to a multivariate analysis of a large-scale study investigating the incidence of IH
after open abdominal surgery [2], the following risk factors are independently associated
with IH: wound classification IIT and IV, BMI 225 kg/m? midline incision, incisional surgical
site infection, preoperative chemotherapy, blood transfusion, increasing age by 10-year
interval, female sex, and thickness of the subcutaneous tissue for every 1-cm increase. In
other studies [13,14], emergency surgery, malignant tumor, diabetes, collagen metabolic
disorder, and chronic obstructive pulmonary disease were identified as independent risk
factors of IH. In our study, female sex (OR, 4.55), high BMI (OR, 1.200), and presence of
preoperative comorbidity (OR, 3.512) were independent risk factors of IH after laparoscopic
gastrectomy. Due to the relatively small sample size of the present study, it was not possible
to determine the roles of incisional surgical site infection, wound classification, and
comorbidity classification as risk factors of IH. Unfortunately, the multivariate logistic
regression analysis did not identify the type of surgery as an independent risk factor of TH.
However, IH in mini-laparotomy wounds developed more frequently after TLDG than LADG.

In studies comparing LADG with TLDG [10,11], identifying clinical advantages of TLDG over
LADG is challenging. This is due to the lack of well-designed, randomized, controlled trials.
However, clinical practice is evolving from LADG to TLDG because of the development of
anastomotic skill and patient satisfaction with postoperative scarring and pain [15]. In the
present study, almost all IH cases developed in the TLDG group, and the location of the IH in
this group was the periumbilical site. Of note, the fascia of the periumbilical site is thinner
and weaker than that of the upper abdominal wound.

Among the 16 patients with IH, 15 (93.7%) were diagnosed within 12 months postoperatively.
Surgical treatment was performed in seven patients with IH (43.7%). Mesh repairs have been
shown to be superior to primary repairs, with a recurrence rate of 11%-21% compared with
25%—-52% reported for simple closure [16]. However, in our study, simple primary closure
was performed in all seven patients because of the relatively small size of their IH. In this
study, there was no recurrence.

A recent systematic review [17] assessed the closure methods for laparotomy incisions to

prevent the development of IH and other wound complications. According to this review,
monofilament sutures may be considered as the first choice for the closure of the abdominal
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wall. Absorbable suture materials may reduce the risk of chronic drainage from the wound.
At Dong-A University Hospital, we traditionally used absorbable multifilament sutures for
closure of mini-laparotomy wounds. The use of absorbable monofilament sutures for closure
of mini-laparotomy wounds may be considered during TLDG for gastric cancer to reduce the
risk of TH or chronic wound.

The limitations of this study are inherent to its retrospective design, including
documentation error and bias in data review. However, this study involved sufficient follow-
up duration to examine the incidence of TH.

In this study with median follow-up of 58 months, we found that the overall incidence of IH
in mini-laparotomy wounds was 2.8%. The identified risk factors of IH after laparoscopic
distal gastrectomy were female sex, high BMI, and presence of comorbidity. Surgical site
infection, preoperative lung disease, or diabetes were not identified as independent risk
factors because of the low surgical site infection rate (6/565 patients, 1%) and low IH rate.
In conclusion, surgeons should monitor the closure of mini-laparotomy wounds in patients
with risk factors of IH undergoing laparoscopic distal gastrectomy.

REFERENCES

1. Mullassery D, Pedersen A, Robb A, Smith N. Incisional hernia in pediatric surgery - experience at a single
UK tertiary centre. J Pediatr Surg 2016;51:17911794.
PUBMED | CROSSREF

2. Itatsu K, Yokoyama Y, Sugawara G, Kubota H, Tojima Y, Kurumiya Y, et al. Incidence of and risk factors
for incisional hernia after abdominal surgery. Br J Surg 2014;101:1439-1447.
PUBMED | CROSSREF

3. PayaK, Wurm J, Fakhari M, Felder-Puig R, Puig S. Trocar-site hernia as a typical postoperative
complication of minimally invasive surgery among preschool children. Surg Endosc 2008;22:2724-2727.
PUBMED | CROSSREF

4. Cost NG, Lee ], Snodgrass WT, Harrison CB, Wilcox DT, Baker LA. Hernia after pediatric urological
laparoscopy. ] Urol 2010;183:1163-1167.
PUBMED | CROSSREF

5. LeeL, Mata], Droeser RA, Kaneva P, Liberman S, Charlebois P, et al. Incisional hernia after midline
versus transverse specimen extraction incision: a randomized trial in patients undergoing laparoscopic
colectomy. Ann Surg 2018;268:41-47.
PUBMED | CROSSREF

6. Dakour Aridi H, Alami R, Tamim H, Shamseddine G, Fouani T, Safadi B. Long-term outcomes of
laparoscopic sleeve gastrectomy: a Lebanese center experience. Surg Obes Relat Dis 2016;12:1689-1696.
PUBMED | CROSSREF

7. Kim W, Kim HH, Han SU, Kim MC, Hyung WJ, Ryu SW, et al. Decreased morbidity of laparoscopic distal
gastrectomy compared with open distal gastrectomy for stage I gastric cancer: short-term outcomes from
a multicenter randomized controlled trial (KLASS-01). Ann Surg 2016;263:28-35.
PUBMED | CROSSREF

8. HuY, Huang C, SunY, Su X, Cao H, HuJ, et al. Morbidity and mortality of laparoscopic versus open D2
distal gastrectomy for advanced gastric cancer: a randomized controlled trial. J Clin Oncol 2016;34:1350-1357.
PUBMED | CROSSREF

9. Hiki N, Katai H, Mizusawa J, Nakamura K, Nakamori M, Yoshikawa T, et al. Long-term outcomes of
laparoscopy-assisted distal gastrectomy with suprapancreatic nodal dissection for clinical stage I gastric
cancer: a multicenter phase II trial (JCOGO0703). Gastric Cancer 2018;21:155-161.
PUBMED | CROSSREF

10. Chen K, Mou YP, Xu XW, Pan Y, Zhou YC, Cai JQ, et al. Comparison of short-term surgical outcomes

between totally laparoscopic and laparoscopic-assisted distal gastrectomy for gastric cancer: a 10-y
single-center experience with meta-analysis. ] Surg Res 2015;194:367-374.
PUBMED | CROSSREF

https://jgc-online.org https://doi.org/10.5230/jgc.2018.18.e39 398


http://www.ncbi.nlm.nih.gov/pubmed/27421823
https://doi.org/10.1016/j.jpedsurg.2016.06.013
http://www.ncbi.nlm.nih.gov/pubmed/25123379
https://doi.org/10.1002/bjs.9600
http://www.ncbi.nlm.nih.gov/pubmed/18270766
https://doi.org/10.1007/s00464-008-9768-4
http://www.ncbi.nlm.nih.gov/pubmed/20096869
https://doi.org/10.1016/j.juro.2009.11.053
http://www.ncbi.nlm.nih.gov/pubmed/29166359
https://doi.org/10.1097/SLA.0000000000002615
http://www.ncbi.nlm.nih.gov/pubmed/26948944
https://doi.org/10.1016/j.soard.2015.11.025
http://www.ncbi.nlm.nih.gov/pubmed/26352529
https://doi.org/10.1097/SLA.0000000000001346
http://www.ncbi.nlm.nih.gov/pubmed/26903580
https://doi.org/10.1200/JCO.2015.63.7215
http://www.ncbi.nlm.nih.gov/pubmed/28093654
https://doi.org/10.1007/s10120-016-0687-0
http://www.ncbi.nlm.nih.gov/pubmed/25488721
https://doi.org/10.1016/j.jss.2014.10.020
https://jgc-online.org

°
Journal
, ‘ of
Gastric

Cancer

Incisional Hernia of Mini-Laparotomy Wound after Laparoscopic Gastrectomy

https://jgc-online.org

11. Han G, Park]JY, Kim YJ. Comparison of short-term postoperative outcomes in totally laparoscopic distal
gastrectomy versus laparoscopy-assisted distal gastrectomy. J Gastric Cancer 2014;14:105-110.
PUBMED | CROSSREF

12. Cybulska P, Schiavone MB, Sawyer B, Gardner GJ, Zivanovic O, Brown CL, et al. Trocar site hernia
development in patients undergoing robotically assisted or standard laparoscopic staging surgery for
endometrial cancer. Gynecol Oncol 2017;147:371-374.
PUBMED | CROSSREF

13.  Yahchouchy-Chouillard E, Aura T, Picone O, Etienne JC, Fingerhut A. Incisional hernias. I. Related risk
factors. Dig Surg 2003;20:3-9.
PUBMED | CROSSREF

14. Mingoli A, Puggioni A, Sgarzini G, Luciani G, Corzani F, Ciccarone F, et al. Incidence of incisional hernia
following emergency abdominal surgery. Ital ] Gastroenterol Hepatol 1999;31:449-453.
PUBMED

15. Tang T, Peng W, Zhang L, Zuo Z, Cao D, Huang]J, et al. Effectiveness and safety of total laparoscopic distal
gastrectomy versus laparoscopy-assisted distal gastrectomy for gastric cancer: a retrospective cohort
study. Am J Surg 2018;216:528-533.
PUBMED | CROSSREF

16. Caglia P, Tracia A, Borzi L, Amodeo L, Tracia L, Veroux M, et al. Incisional hernia in the elderly: risk
factors and clinical considerations. Int J Surg 2014;12 Suppl 2:5164-S169.
PUBMED | CROSSREF

17.  DPatel SV, Paskar DD, Nelson RL, Vedula SS, Steele SR. Closure methods for laparotomy incisions
for preventing incisional hernias and other wound complications. Cochrane Database Syst Rev
2017;11:CD005661.
PUBMED

https://doi.org/10.5230/jgc.2018.18.e39 399


http://www.ncbi.nlm.nih.gov/pubmed/25061537
https://doi.org/10.5230/jgc.2014.14.2.105
http://www.ncbi.nlm.nih.gov/pubmed/28947174
https://doi.org/10.1016/j.ygyno.2017.09.005
http://www.ncbi.nlm.nih.gov/pubmed/12637797
https://doi.org/10.1159/000068850
http://www.ncbi.nlm.nih.gov/pubmed/10575560
http://www.ncbi.nlm.nih.gov/pubmed/29776645
https://doi.org/10.1016/j.amjsurg.2018.05.005
http://www.ncbi.nlm.nih.gov/pubmed/25157994
https://doi.org/10.1016/j.ijsu.2014.08.357
http://www.ncbi.nlm.nih.gov/pubmed/29099149
https://jgc-online.org

	Risk Factors for the Development of Incisional Hernia in Mini-laparotomy Wounds Following Laparoscopic Distal Gastrectomy in Patients with Gastric Cancer
	INTRODUCTION
	MATERIALS AND METHODS
	Mini-laparotomy wounds in LADG and TLDG
	Closure of mini-laparotomy wound
	Follow-up
	Statistics
	Ethical statement

	RESULTS
	Differences in clinicopathologic characteristics between the IH and non-IH groups
	Differences in surgical outcome between the IH and non-IH groups
	Identification of risk factors for the development of IH in mini-laparotomy wounds using univariate and multivariate logistic regression analyses

	DISCUSSION
	REFERENCES


