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Abstract

Background Incisional hernia (IH) is a frequent occurrence

following open surgery for Crohn’s disease (CD). This

study compares the IH rates of patients with CD under-

going open versus laparoscopic bowel resection.

Methods Seven hundred and fifty patients with CD oper-

ated by the authors at the Mount Sinai Medical Center,

New York, USA, were reviewed from a prospectively

maintained surgical database. Five hundred patients with

Crohn’s disease undergoing open surgery were compared

to 250 patients undergoing laparoscopic bowel resection.

Results The mean duration of follow-up in the study

population was 6.8 years. Patients undergoing open sur-

gery had a significantly higher age at onset of disease, age

at surgery, longer duration of disease, lower serum albu-

min, history of multiple previous resections, were more

likely to be on steroids, needed more blood transfusions,

and had an increased necessity for an ileostomy during

resection. Nevertheless, the incidence of IH at 36 months

was nearly identical in both groups (10.8 vs. 8.4% for open

vs laparoscopic). 16% of the patients in the laparoscopic

group (range: 7–20%) required conversion to open surgery.

Patients undergoing laparoscopic resection that required

conversion to open surgery had the highest IH rate at 18%.

There was a significant correlation between IH and the

length of the midline vertical extraction incision. Patients

undergoing laparoscopic resection with intracorporeal

anastomosis and small transverse or trocar site extraction

incisions had no IH.

Conclusions A marked decrease or complete elimination

of IH in patients with CD undergoing bowel resection may

be possible using advanced laparoscopic techniques that

require intra-abdominal anastomosis and use of the small-

est transverse extraction incisions.

Keywords Crohn’s disease � Bowel resection �
Laparoscopic surgery � Incisional hernia � Intracorporeal

anastomosis � Inflammatory bowel disease

The surgical treatment of patients with inflammatory bowel

disease (IBD) has undergone a dramatic revolution since

the advent of minimally invasive laparoscopic surgery.

Patients with Crohn’s disease (CD) with previous abdom-

inal surgery and complicated disease often still require

open surgery. Incisional hernia (IH) is a common occur-

rence following open surgery in CD and has been reported

in the literature to be as high as 20% on long-term post-

operative follow-up [1]. Laparoscopic bowel resection in

CD may be performed with intracorporeal or extracorpo-

real anastomoses. Both methods in most instances will

require an extraction incision. The smaller length of the

extraction incision combined with a lower rate of postop-

erative wound infection when compared to a laparotomy

incision would create the expectation of a potential lower

incidence of IH [2]. Incisional hernia following laparo-

scopic bowel resection for CD has not been well studied

and comparison with a large group undergoing open sur-

gery was not previously available [3, 4]. This study reviews

a large series of patients with CD undergoing bowel

resection using open and laparoscopic technique and

compares the incidence and factors correlating with the

development of IH.
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Materials and methods

Seven hundred and fifty patients with CD operated by the

authors at the Mount Sinai Medical Center were reviewed

from a prospectively maintained surgical database. Five

hundred patients who underwent open bowel resection

operated between January 1976 and December 2014 were

compared to 250 patients undergoing laparoscopic bowel

resection operated between February 2006 and December

2015. The duration of follow-up of the patients was cal-

culated from date of surgery to the date of last postop-

erative visit. IH was defined as presence of a hernia in the

midline incision, ileostomy closure, or laparoscopic

extraction site developing within 36 months of the index

surgery. IH was diagnosed by clinical examination, radi-

ologic findings, and/or operative report. There were no

trocar site hernias in this study. Parastomal hernias were

excluded from the analysis. Preoperative clinical vari-

ables including age at diagnosis of CD, age at surgery,

duration of disease, gender, smoking status, body mass

index (BMI), number of previous bowel resections,

hemoglobin, albumin, preoperative steroids and/or

immunosuppressive medications including biologicals

given within 6 weeks of surgery were included in the

statistical analysis. Indications for surgery, need for

ileostomy, postoperative length of hospital stay, compli-

cations, blood transfusion and wound infection were

studied. Indication for surgery was classified as perforat-

ing and non-perforating disease as described by Green-

stein et al. [5]. Postoperative complications were

classified into septic and non-septic. Septic complications

were defined as those related to infectious causes. Non-

septic complications comprised intestinal obstruction,

prolonged ileus, cardiac dysfunction, and other non-in-

fectious causes. Wound infection was defined as presence

of purulent drainage from the wound.

Patients undergoing open surgery had a vertical midline

incision and closure of the wound was performed using

absorbable running polydioxanone (PDS) or non-ab-

sorbable polypropylene sutures. Ileostomy sites were usu-

ally closed with absorbable sutures using transverse

incisions in the right lower quadrant. In the laparoscopic

group, the extraction site was most often through a midline

vertical incision. In some instances, a transverse Pfannen-

stiel or peri-umbilical incision was used. A wound pro-

tector was used in all laparoscopic cases and closure of

these incisions was similar to that of open cases. The length

of the extraction site was recorded in centimeters.

Laparoscopic surgery was analyzed as intention to treat.

Patients undergoing laparoscopic surgery that required

conversion to open surgery were defined as indicated in the

operative report that the incision was extended beyond that

required for laparoscopic surgery and the procedure was

completed using standard open techniques. Patients

requiring conversion to open surgery were analyzed under

the laparoscopic group.

Descriptive statistics were performed using the IBM

SPSS software [6]. Categorical variables were analysed

using v2 and Fischer’s exact test. Unpaired Student t test

was employed to compare continuous variables, and vari-

ables with a p value of less than 0.1 were used as inde-

pendent variables in a Cox proportional hazard regression

model. Independent factors were reported with hazard ratio

(HR) and 95% confidence intervals (CI). Statistical sig-

nificance was assumed when the obtained p-value

was\0.05. Kaplan–Meier curves were used to study the

time to development of IH and were stratified by the sur-

gical approach. The data analysis was performed collec-

tively for the entire population and separately for the two

groups.

Results

Seven hundred and fifty patients with Crohn’s disease

undergoing bowel resection were studied. Five hundred of

these underwent open bowel resection and 250 had

laparoscopic bowel resection. The mean duration of fol-

low-up in the study population was 6.8 years. Patients

undergoing open surgery had a significantly higher age at

onset of disease, age at surgery, and longer duration of

disease (See Table 1). The mean preoperative serum

albumin was significantly higher in patients undergoing

laparoscopic versus open surgery (3.8 vs. 3.6, p\ 0.01).

Patients undergoing open surgery were more likely to be on

steroids, while those undergoing laparoscopic surgery were

more likely to be on biologic and other immunosuppressive

agents. These differences were significant (See Table 2).

There was no significant difference in gender, indication

for surgery, BMI, smoking status, and preoperative anemia.

Patients undergoing open resection were significantly

more likely to have had multiple previous resections than

laparoscopic patients (p\ 0.01). The intraoperative need

for an ileostomy was also higher in the open group (23 vs.

4%, p\ 0.01). The necessity for perioperative blood

transfusion was significantly higher in the patients under-

going open surgery (12 vs. 3%, p\ 0.01). Mean length of

stay was significantly shorter in the laparoscopic group (9

vs. 5 days, p\ 0.01). The overall postoperative compli-

cation rates, including septic and non-septic complications,

were similar in both groups (21 vs. 20%). The rate of

wound infection was twice as high in the open group, but

this difference did not reach statistical significance (8 vs.

4%, p = 0.068).
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The overall incidence of IH in the study population is

6% at 12 months, 8% at 24 months, and 10% at the end of

36 months (See Fig. 1). There was no significant difference

in the incidence of IH between patients undergoing open

versus laparoscopic surgery at the end of 12, 24, and

36 months (See Fig. 2). Univariate analysis of the entire

study population showed that the following factors corre-

late significantly with the development of IH: age at onset

of CD, duration of disease, age at surgery, male gender,

BMI, smoking, number of previous bowel resections,

postoperative stay, complications (septic and non-septic)

and wound infection (See Tables 3 and 4). Multivariate

Table 1 Comparison of continuous variables versus surgical approach in patients with CD undergoing bowel resection

Variable Open (n = 500) mean ± SD Laparoscopy (n = 250) mean ± SD P

Age at onset (years) 24.82 ± 11.91 22.66 ± 10.35 0.015

Duration of disease (years) 14.52 ± 10.54 12.58 ± 10.38 0.017

Age at surgery (years) 39.3 ± 14.18 35.2 ± 14.27 \0.001

Body mass index (kg/sq.meter) 23.06 ± 4.76 23.03 ± 4.98 0.927

Albumin (g/dL) 3.56 ± 0.76 3.76 ± 0.65 \0.001

Number of previous resections 0.77 ± 1.23 0.34 ± 0.80 \0.001

Postoperative hospital stay (days) 8.9 ± 5.15 4.9 ± 2.21 \0.001

Table 2 Comparison of categorical variables versus surgical approach in patients with CD undergoing bowel resection

Variable Subgroup Open (n = 500) Laparoscopic (250 cases) P

Gender Male 276 (55.2%) 137 (54.8%) 0.938

Female 224 (44.8%) 113 (45.2%)

Smoking status Non-smokers 414 (82.8%) 207 (82.8%) 0.992

Former smokers 35 (7%) 17 (6.8%)

Current smokers 51 (10.2%) 26 (10.4%)

Preoperative treatment with steroids Yes 142(28.4%) 37 (14.8%) \0.001

No 358 (71.6%) 213 (85.2%)

Preoperative immunosuppressive therapy None 404 (80.8%) 117 (46.8%) \0.001

Non-biologic 38 (7.6%) 51 (20.4%)

Biologic 58 (11.6%) 82 (32.8%)

Anemia* Yes 309 (61.8%) 164 (65.6%) 0.336

No 191 (38.2%) 86 (34.4%)

Indication for resection Perforating disease 187 (37.4%) 99 (39.6%) 0.577

Non-perforating disease 313 (62.6%) 151 (60.4%)

Creation of ileostomy at the time of resection Yes 117 (23.4%) 9 (3.6%) \0.001

No 382 (76.6%) 241 (96.4%)

Transfusion during hospital stay Yes 59 (11.8%) 7 (2.8%) \0.001

No 441 (88.2%) 243 (97.2%)

Complications Yes 107 (21.4%) 51 (20.4%) 0.776

No 393 (78.6%) 199 (79.6%)

Septic Yes 78 (15.6%) 33 (13.2%) 0.445

No 422 (84.4%) 217 (86.8%)

Non-septic Yes 38 (7.6%) 24 (9.6%) 0.339

No 462 (92.4%) 226 (80.4%)

Wound infection Yes 40 (8%) 11 (4.4%) 0.067

No 460 (92%) 239 (95.6%)

* Anemia defined based on WHO definition as hemoglobin less than 13 g% in men and less than 12 g% in women
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analysis shows that smoking and BMI are independent

variables correlating with the development of IH in this

study population (See Table 5).

Subset analysis of patients undergoing laparoscopic

surgery reveals that 41 patients (16%) required conversion

to open surgery. Patients requiring conversion were sig-

nificantly older at the time of surgery (39 vs. 34 years,

p\ 0.05), were more likely to have multiple previous

resections (p\ 0.01), had a higher rate of postoperative

complications (37 vs. 17%, p\ 0.05) and a longer post-

operative length of stay (5.6 vs. 4.7 days, p\ 0.05, See

Table 6). When indications for surgery were reviewed,

patients requiring conversion were more likely to be

operated for perforating disease (fistula and abscess) than

patients that were completed laparoscopically (54 vs. 37%,

p = 0.055). The incidence of IH at 36 months for patients

requiring conversion was 17% compared to 7% in patients

having laparoscopic surgery without conversion

(p = 0.057). The conversion rate ranged from 7 to 20%

when stratified by the surgeon (p\ 0.05).

The mean length of the extraction incision in laparo-

scopic patients is 3.3 cm. Analysis of the type of extraction

incision showed that 37 patients had a transverse or Pfan-

nenstiel incisions while 213 had vertical midline incisions.

There were no IH in patients that had a Pfannenstiel or

other transverse extraction incisions, while those with

vertical extraction incisions had an IH rate of 10% at

36 months (p = 0.051). Patients with a midline vertical

extraction incision of 4 cm or longer had a significantly

higher IH rate (18 vs. 5%, p\ 0.05). Thirty-eight patients

(15%) in this series had an intracorporeal anastomosis, and

the specimen was brought out through a slightly enlarged

trocar site or Pfannenstiel incision. None of these patients

developed an IH during the duration of the study (See

Table 7). Multivariate analysis of the laparoscopic patients

shows that the age at surgery, BMI, length of the midline

vertical extraction incision, and conversion to open corre-

late significantly with development of IH (See Table 8).

Discussion

In the present study, follow-up of patients with CD

undergoing open and laparoscopic bowel resection shows a

nearly identical incidence of IH at 36 months (10.8 vs.

8.4%). Patients undergoing open surgery are more likely to

be older at onset of disease and at surgery. The duration of

disease is also significantly longer. They have a lower

serum albumin, are more likely to be on steroids, and

require more blood transfusions. They are also more likely

to have had previous surgery, have a higher need for

ileostomy and a significantly higher rate of wound infec-

tion, yet the incidence of IH remain similar between the

two groups. Several studies comparing open to laparo-

scopic bowel resection have also reported no significant

difference in rates of IH between the two groups [7, 8]. The

resections in these studies were predominantly done for

treatment of colon cancer. Randomized controlled trials of

laparoscopic versus open surgery in patients with CD

undergoing bowel resection and in patients with Ulcerative

colitis (UC) undergoing ileoanal pouch procedures showed

no significant difference in the rate of IH [3, 9]. In a study

by Eshuis et al. [4], the incidence of IH for open bowel

resection in CD was significantly higher than the previ-

ously listed studies; however, the results for laparoscopic

IH remain essentially similar as in the present study at 7%.

We have previously reported that the incidence of IH after

open resection continues to increase with time after surgery

and at 15 years of follow-up reaches 20% [1]. The present

Fig. 1 Shows the incidence of IH at 12, 24, and 36 months of follow-

up after bowel resection in patients with CD

Fig. 2 Compares the incidence of IH at 12, 24, and 36 months

between patients with CD undergoing open bowel resection and

laparoscopic bowel resection. There is no statistical difference

between the two groups
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study is limited to a follow-up of 36 months which

accounts for the overall IH rate of 10%.

Multivariate analysis of our patients reveals that smok-

ing and BMI are independent factors that correlate with the

development of IH. In addition, postoperative wound

infection, male gender, and age at surgery approach sta-

tistical significance. Multivariate analysis of the laparo-

scopic subset shows that the age at surgery, BMI, length of

Table 3 Univariate analysis of categorical variables correlating with the development of IH in patients with CD undergoing bowel resection

Variable Subgroup Number (%) with hernia Number (%) without hernia P

Gender Male 52 (12.6%) 361 (87.4%) 0.010

Female 23 (6.8%) 314 (93.2%)

History of smoking Yes 20 (15.5%) 109 (84.5%) 0.034

No 55 (8.9%) 566 (91.1%)

Use of steroids preoperatively Yes 20 (11.2%) 159 (88.8%) 0.570

No 55 (9.7%) 514 (90.3%)

Immunosuppresion Yes 22 (9.6%) 207 (90.4%) 0.895

No 53 (10.2%) 468 (89.8%)

Anemia Yes 52 (11%) 421 (89%) 0.258

No 23 (8.3%) 254 (91.7%)

Hypoalbuminemia Yes 13 (10.8%) 107 (89.2%) 0.740

No 62 (9.8%) 568 (90.2%)

Indication for surgery Perforating 32 (11.2%) 254 (88.8%) 0.452

Non-perforating 43 (9.3%) 421 (90.7%)

Approach to resection Open 54 (10.8%) 446 (89.2%) 0.366

Laparoscopic 21 (8.4%) 229 (91.6%)

Presence of ileostomy at the time of repair Yes 16 (12.7%) 110 (87.3%) 0.259

No 59 (9.5%) 564 (90.5%)

Blood transfusion during hospital stay Yes 7 (10.6%) 59 (89.4%) 0.830

No 68 (9.9%) 616 (90.1%)

Postoperative complications Yes 29 (18.4%) 129 (81.6%) \0.001

No 46 (7.8%) 546 (92.2%)

Septic complications Yes 24 (21.6%) 87 (78.4%) \0.001

No 51 (8%) 588 (92%)

Non-septic complications Yes 11 (17.7%) 51 (82.3%) 0.045

No 64 (9.3%) 624 (90.7%)

Postoperative wound infection Yes 16 (31.4%) 35 (68.6%) \0.001

No 59 (8.4%) 640 (91.6%)

Table 4 Univariate analysis of continuous variables with the development of IH in patients with CD undergoing bowel resection

Variable Patients with IH (mean ± SD)

(n = 75)

Patients without IH (mean ± SD)

(n = 675)

P

BMI (kg/sq.meter) 25.09 ± 5.5 22.8 ± 4.7 \0.001

Age at onset of disease (years) 29.1 ± 14.5 23.5 ± 10.9 \0.001

Duration of disease (years) 16.7 ± 12.1 13.6 ± 10.3 0.016

Age at surgery (years) 45.9 ± 14.5 37 ± 14.04 \0.001

Number of previous resections 0.91 ± 1.33 0.59 ± 1.10 0.022

Postoperative stay (days) 8.9 ± 4.8 7.4 ± 4.8 0.011

Number of packed red blood cells transfused 0.25 ± 1.05 0.21 ± 0.78 0.633
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the extraction incision, and conversion to open surgery are

independent factors that correlate with the development of

IH. Postoperative wound infection is not statistically sig-

nificant in this subset. These findings are similar to those

reported by Llaguna et al., Sadava et al., and Julliard et al.

[10–12].

Laparoscopic bowel resection in most instances requires

an extraction incision of variable length, and location. The

smallest extraction site can be a 10 mm periumbilical

trocar site which is enlarged to allow removal of the

Table 5 Cox proportional hazards regression of variables associated

with the development of IH

Variable Hazard ratio (95% CI) P

History of surgical wound infection 1.78 (0.86–3.67) 0.119

History of smoking* 1.56 (1.01–2.41) 0.046

Male gender 1.38 (0.94–2.01) 0.099

Age at surgery 1.07 (0.99–1.16) 0.094

Body mass index* 1.06 (1.01–1.10) 0.004

* Statistically significant

Table 6 Comparison of variables in the laparoscopic subset stratified by conversion to open surgery

Variable Subgroup Conversion (41 cases) No conversion (209 cases) P

Gender Male 27 (65.9%) 110 (52.6%) 0.127

Female 14 (34.1%) 99 (47.4%)

Mean age at onset (years) 24.83 ± 9.56 22.24 ± 10.48 0.143

Mean duration of disease (years) 14.61 ± 11.47 12.18 ± 10.14 0.171

Mean age at surgery (years)* 39.44 ± 13.01 34.42 ± 14.40 0.039

History of smoking Yes 9 (22%) 24 (16.3%) 0.371

No 32 (78%) 175 (83.7%)

Preoperative steroid treatment Yes 5 (12.2%) 32 (15.3%) 0.810

No 36 (87.8%) 177 (84.7%)

Preoperative non-steroidal Immunosuppression Yes 23 (56.1%) 110 (52.6%) 0.734

No 18 (43.9%) 99 (47.4%)

Mean Body Mass Index (kg/sq.meter) 24.26 ± 6.21 22.78 ± 4.67 0.081

Anemia** Yes 27 (65.9%) 137 (65.6%) 1.000

No 14 (34.1%) 72 (34.4%)

Indication for resection Perforating disease 22 (53.7%) 77 (36.8%) 0.055

Non-perforating disease 19 (46.3%) 132 (63.2%)

Mean albumin (in g/dL) 3.68 ± 0.63 3.77 ± 0.65 0.400

Creation of ileostomy at the time of resection Yes 1 (2.4%) 8 (3.8%) 1.000

No 40 (97.6%) 201 (96.2%)

Mean number of previous resections* 0.88 ± 1.27 0.25 ± 0.68 \0.001

Transfusion during hospital stay Yes 1 (2.4%) 6 (2.9%) 1.000

No 40 (97.6%) 203 (97.1%)

Postoperative complications* Yes 15 (36.6%) 36 (17.2%) 0.010

No 26 (63.4%) 173 (82.8%)

Septic Yes 9 (22%) 24 (11.5%) 0.080

No 32 (78%) 185 (88.5%)

Non-septic* Yes 8 (19.5%) 16 (7.7%) 0.036

No 33 (80.5%) 193 (92.3%)

Wound infection Yes 4 (9.8%) 7 (3.3%) 0.086

No 37 (90.2%) 202 (96.7%)

Mean length of postoperative stay (days)* 5.61 ± 0.44 4.72 ± 2.04 0.018

Incisional hernia at 36 months Yes 7 (17.1%) 14 (6.7%) 0.057

No 34 (82.9%) 195 (93.3%)

* Statistically significant variables, p\ 0.05

** Anemia defined based on WHO definition as hemoglobin less than 13 g% in men and less than 12 g% in women

5206 Surg Endosc (2017) 31:5201–5208

123



specimen. Erdas et al. [13] reported that the incidence of IH

in 10 mm umbilical trocar extraction sites for laparoscopic

cholecystectomy can be as high as 4%. In most cases in this

series, the extraction incision was a vertical incision loca-

ted in the midline, often in a periumbilical location and the

incidence of IH was 10%. This number is identical to the

IH rate of the larger incisions in the open cases. Surgical

bowel resection for Crohn’s disease can be complicated

especially in patients who have had multiple previous

surgeries. Forty-one patients of our laparoscopic group

(16%) required conversion to open surgery. This rate is

similar to that reported by Mino et al. [14] of 14.4% in a

large series of patients with CD undergoing laparoscopic

resection. We found in the present series that the conver-

sion rate also varied significantly when stratified by sur-

geon. Univariate analysis comparing patients requiring

conversion to those who did not revealed that conversion

was associated with a higher postoperative complication

rate than both laparoscopic and open surgery. The inci-

dence of IH at 36 months in the converted group rose to

17% which is higher than the rate of IH following open

surgery (10.8%).

Patients with midline vertical extraction incisions of

4 cm or greater in this series were found to have a sig-

nificantly higher incidence of IH (18 vs. 5%, p\ 0.05). In

a study by Benlice et al. [15], the length of incision was

found to correlate with IH and the risk increased for each

centimeter increment of the extraction incision. Further

analysis of the extraction site in our study reveals that none

of the 37 patients with a small transverse extraction inci-

sion (Pfannenstiel or periumbilical trocar site) developed

IH. This finding was corroborated by DeSouza, Benlice,

Lee and Singh [2, 15–17]. Very small extraction incisions

located in a remote location from the site of the anasto-

mosis will often require performance of an intracoporeal

anastomosis. We found that none of the 38 patients in this

series who had an intracorporeal anastomosis developed

IH. All these patients had either a very small Pfannenstiel

incision or periumbilical trocar extraction site. Shapiro

et al. [18] in a study of 191 patients with colon cancer

undergoing laparoscopic right hemicolectomy comparing

intracorporeal versus extracorporeal anastomosis showed

that intracorporeal anastomosis with a Pfannenstiel

extraction incision had an IH rate of 2.2% while patients

having laparoscopic resection with extracorporeal anasto-

mosis via a periumbilical incision had a significantly higher

IH rate of 17%. In a large meta-analysis of 14 studies

involving 1717 patients, Ricci et al. [19] also compared

intracorporeal vs extracorporeal anastomosis in laparo-

scopic right hemicolectomy. The rate of IH was signifi-

cantly lower in patients undergoing an intracorporeal

anastomosis (2.3 vs. 13.7%, p\ 0.05) [19]. In our series,

laparoscopic bowel resection for Crohn’s disease was most

often performed using extracorporeal anastomosis which

usually requires a larger extraction incision closer to the

resection site. Also, intracoporeal anastomosis is performed

under direct vision and is less likely to result in a twisted

anastomosis [20–22]. However, the degree of difficulty in

performing an intracorporeal anastomosis is significantly

increased over extracorporeal anastomosis [23].

In conclusion, in order to minimize IH rates, laparo-

scopic bowel resection in patients with CD requires elim-

ination or reduction in length of the extraction incision and

use of small, transverse, possibly Pfannenstiel incisions. In

some cases such as total proctocolectomy and

abdominoperineal resection, the bowel may be extracted

perineally without an abdominal incision. In a few

Table 7 Subset analysis of patients with CD undergoing laparoscopic bowel resection and the development of IH

Variable Subgroup Variable % with hernia Variable % without hernia P

Conversion to open Yes 7 (17.1%) 34 (82.9%) 0.057

No 14 (6.7%) 209 (93.3%)

Extraction site Midline vertical 21 (9.9%) 192 (90.1%) 0.051

Transverse 0 (0%) 37 (100%)

Length of midline vertical extraction incision (cm)* \4 7 (5.3%) 124 (94.7%) 0.043

4 or greater 7 (17.5%) 33 (82.5%)

Bowel anastomosis* Intracorporeal 0 (0%) 38 (100%) 0.054

Extracorporeal 14 (8.2%) 157 (91.8%)

* Analysed for patients in the laparoscopic group without conversion to open

Table 8 Cox proportional hazards regression of variables in the

patients undergoing laparoscopic surgery associated with the devel-

opment of IH

Variable Hazard ratio (95% CI) P

Conversion to open surgery 2.57 (1.037–6.371) 0.041

Length of midline vertical incision 1.54 (1.117–2.116) 0.008

Body mass index at surgery 1.11 (1.006–1.227) 0.038

Age at surgery 1.05 (1.001–1.096) 0.047
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instances, surgeons have also used natural orifice extraction

sites such as trans-rectal or trans-vaginal, but these cases

are few and require further study [24, 25]. Robotic surgery

has also been used to facilitate intracorporeal anastomosis,

and in a study by Morpugo et al. [26] comparing robotic

intracorporeal to laparoscopic extracorporeal anastomosis,

none of the patients in the robotic group developed IH

while in the laparoscopic group the incidence was 8%. A

marked decrease or complete elimination of IH in patients

with CD undergoing bowel resection may be possible using

advanced laparoscopic techniques requiring intra-abdomi-

nal anastomosis and the smallest transverse extraction

incisions performed by experienced colorectal surgeons.
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