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Abstract

Background It is still unknown to what extent the

reported morbidity and recovery benefits of laparoscopic

total abdominal colectomy (TAC) for severe ulcerative

colitis (UC) are associated with patient selection bias. This

study aimed to evaluate whether laparoscopic TAC has any

advantages over open surgery after control for periopera-

tive confounding factors.

Methods Patients undergoing TAC for UC during

2006–2010 were identified. Demographics, disease char-

acteristics, and perioperative outcomes were compared

between laparoscopic and open TAC. Postoperative

recovery and 30-day complications were further assessed

by covariate-adjusted multivariate regression models. The

outcomes of different laparoscopic techniques were com-

pared. A subgroup analysis including surgeons who rou-

tinely used both laparoscopic and open techniques was also

performed.

Results Of the 412 eligible patients, the 197 patients

undergoing laparoscopic TAC were significantly younger

and had a decreased Charlson Comorbidity Index and ASA

score, increased hemoglobin and serum albumin levels, and

a smaller proportion of extensive colitis and urgent cases.

Unadjusted analyses showed that intraoperative morbidity,

postoperative mortality, and rates for readmission and

reoperation were similar. Laparoscopic TAC was associ-

ated with a longer operative time but a decrease in blood

loss, overall morbidity, ileus, and thromboembolism, as

well as a faster return to bowel function and a shorter

hospital stay. After covariate adjustments, laparoscopic

surgery remained associated with a reduction in the time to

stoma function, incidence of postoperative ileus, and hos-

pital stay compared with open TAC. The rates of postop-

erative morbidity, readmission, and reoperation did not

differ regardless whether the conventional multitrocar

technique, hand-assisted procedure, or single-incision

technique was used. Laparoscopic TAC among surgeons

using both open and laparoscopic techniques was associ-

ated with recovery benefits similar to those observed in the

overall study population.

Conclusion The data suggest that laparoscopic TAC

retains recovery advantages over open surgery even after

adjustments for confounders.

Keywords Ulcerative colitis � Laparoscopic

colectomy � Total abdominal colectomy � Subtotal

colectomy

Total proctocolectomy with ileal pouch-anal anastomosis

(IPAA) is the preferred standard of care in the surgical

treatment of ulcerative colitis (UC). However, when the

general condition of the patient is poor due to factors such

as malnutrition, anemia, and immunosuppression [1], an

immediate restorative proctocolectomy is not desirable,

and the recommended initial approach is instead total

abdominal colectomy with end ileostomy (TAC) [2]. In

addition, TAC more recently has been proposed as the
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initial surgical approach for patients who had treatment

with infliximab within the last 12 weeks before surgery

because of the increase in septic complication rates after

restorative proctocolectomy [3, 4].

During the past decade, a number of comparative

studies have indicated that laparoscopic TAC is a safe and

feasible alternative to open TAC for selected patients

[5–12]. However, considering the complexity of the

minimally invasive approach, a selection bias among

patients suitable for laparoscopic versus open surgery may

be possible, with open surgery preferentially offered to

patients who have anticipated technical difficulties or

higher surgical risks.

In the absence of a randomized controlled trial com-

paring outcomes, it is therefore still unclear to what extent

the reported morbidity and recovery benefits are genuine

advantages of laparoscopic TAC over its open counterpart

rather than the results of patient selection bias. For exam-

ple, an open TAC remains generally recommended for

treating the most severe presentations of UC, especially in

case of life-threatening complications including toxic

megacolon, free perforation, and massive hemorrhage [2].

Because it is expected that patients with more severe dis-

ease still may be offered open surgery, this study aimed to

evaluate whether laparoscopic TAC still has advantages

over open TAC for severe UC when control is used for

comorbidity, disease severity, and other such potential

confounders.

Methods

Patients and clinical variables

All adult patients who underwent TAC for UC or inde-

terminate colitis during 1998–2010 were identified by

International Classification of Disease, 9th edition (ICD-9)

diagnosis and Current Procedural Terminology (CPT)-4

procedure codes. Colitis complicated by toxic megacolon,

massive hemorrhage, or colonic perforation was excluded

from the study.

Patient characteristics, perioperative variables, and

short-term postoperative outcomes were retrospectively

collected by chart review. Preexisting medical comorbidity

rates were determined by calculating the age-adjusted

Charlson Comorbidity Index (CCI) score [13]. The defi-

nition of severe colitis was based on Truelove and Witts

[14] criteria and required more than six bowel movements

per day with bloody diarrhea plus any one of the following

items: temperature higher than 37.5 �C, heart rate faster

than 90 beats per minute, and hemoglobin level lower than

10.5 g/dl [15]. Severe acute colitis was defined as an acute

episode of severe colitis requiring hospitalization.

Extensive colitis was defined as disease extending proxi-

mally to the splenic flexure.

Steroid use was defined as corticosteroids administered

within 1 month before TAC. High-dose steroid exposure

was defined as intravenous methylprednisolone adminis-

tration or oral prednisone at a dose of 40 mg or more per

day [16]. Immunosuppressive use was defined as azathio-

prine (AZA) or 6-mercaptopurine (6-MP) administration

within 2 months before TAC. Antitumor necrosis factor

(TNF) monoclonal antibody use was defined as at least one

infusion of infliximab within 12 weeks after TAC [17] or

current treatment at the time of TAC surgery with either

adalimumab or certolizumab pegol, which were used off-

label for 12 and 2 patients, respectively.

Elective TAC was defined as an operation performed for

a patient on the day of admission. Urgent TAC was instead

defined as an operation performed for an otherwise already

hospitalized patient after failure of maximal medical

treatment. Conversion was defined as the need for lapa-

rotomy to accomplish anything other than specimen

extraction or extension of the incision used for placement

of the hand-assist device to complete the surgical proce-

dure [18].

Operative time was calculated from skin incision

to wound closure. Return of bowel function was defined as

the passage of flatus or stool into the ileostomy appliance.

Postoperative morbidity and mortality were defined as

those occurring within 30 days after TAC or during the

same hospital stay. Morbidity was calculated based on the

number of patients who experienced at least one compli-

cation. Hospital readmission was determined as previously

reported [19].

The definitions of specific complications after TAC used

at our institution have been previously described [20].

(Colo)rectal stump leak was defined as either radiologic

leakage or purulent or feculent discharge from the area in

which the stump was placed associated with visible mucosa

at physical examination. Early postoperative bowel

obstruction (EPSBO) was defined based on obstructive

symptoms associated with radiographic findings consistent

with mechanical intestinal obstruction occurring within the

first 30 days after surgery [21]. Ileus was defined as

absence of bowel function on postoperative day (POD) 5 or

the need for insertion of a nasogastric tube because of

abdominal distension, nausea, and emesis after the start of

a liquid diet in the absence of a mechanical bowel

obstruction detected by imaging studies or at the time of

reoperation. Wound infection was defined as purulent

drainage from a surgical wound in the absence of stump

leak or clinical signs of infection requiring deliberate

opening of the wound or antibiotic treatment, excluding

wounds that were opened but without microorganisms

identified by wound culture.
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Surgical technique and postoperative care

The laparoscopic and open surgical techniques used for the

patients in the current study have been described previ-

ously [22]. The decision for a particular operative tech-

nique (open or laparoscopic) was left to the discretion of

the individual operating surgeon. Cases treated with single-

incision laparoscopic surgery were managed through the

opening used to create the end ileostomy by an approach

similar to that described for single-incision total procto-

colectomy [23].

After mobilization of the colon, a decision was made

either to preserve the rectum as a Hartmann stump or to

leave a longer rectosigmoid stump whose stapled tip was to

be brought up into the subcutaneous tissue of the extraction

site. Enhanced-recovery protocols were used after both

laparoscopic and open procedures as previously described

[24, 25]. Alvimopan was not administered in either study

group.

Statistical analysis

Quantitative variables were summarized as mean ± stan-

dard deviation or as median and range. Categorical vari-

ables were summarized as frequency or ‘‘percentage. For

univariate analysis, Fisher’s exact probability test, the Chi

square test, or the Wilcoxon rank sum test were used as

appropriate, and P values lower than 0.05 were considered

statistically significant.

For age at surgery and body mass index (BMI), model

parameter and odds ratio estimates corresponded to a

5-year or 5-kg/m2 increase. For American Society of

Anesthesiology (ASA) level and age-adjusted CCI, model

parameter and odds ratio estimates corresponded to a 1-U

increase. For hemoglobin and albumin, estimates corre-

sponded to a 1 g/dl decrease.

Covariate-adjusted associations between surgery type

and outcomes were performed using multivariable logistic

regression or multivariable linear regression models. We

applied a log2 transformation to the continuous outcomes

to achieve approximate normality. Associations were

measured by outcome ratios for open surgery relative to

laparoscopic surgery, which we defined as odds ratios for

yes/no morbidity outcomes and the multiplicative increase

in the median for continuous outcomes.

Multivariable linear regression models were built for the

following continuous outcomes: estimated blood loss,

operative time, return of stoma function, and hospital

length of stay. Multivariable logistic regression models

were also built for morbidity outcomes including overall

morbidity, ileus, wound infection, and thromboembolic

complications.

Covariates statistically significant at the 0.05 level were

selected based on the results of univariate analysis. Pre-

operative medical treatment using one or a combination of

high-dose steroids, immunosuppressives, or biologics

within 1 month before colectomy was also selected for its

clinical significance. Ileus, wound infection, and throm-

boembolic complications had too few events to support a

large set of covariates, so final covariates for their logistic

regression models were selected by a forward selection

with a cutoff of P lower than 0.20.

Results

The study identified 412 consecutive patients who under-

went TAC for UC/indeterminate colitis performed by 18

staff surgeons in this institution between 2006 and 2010.

For 197 of these patients (48 %), laparoscopic TAC was

performed. The patients undergoing open TAC were sig-

nificantly older and had a higher age-adjusted CCI, a

higher ASA classification, and a higher BMI than their

laparoscopic counterparts (Table 1).

The percentage of obese patients (BMI C30 kg/m2)

undergoing surgery via an open approach was significantly

higher than in the laparoscopic group (28 vs. 17 %;

P = 0.006). In addition, open TAC was significantly

associated with decreased hemoglobin levels, hypoalbu-

minemia, and extensive colitis. On the other hand, the two

groups did not differ significantly in terms of other pre-

operative parameters reflecting disease severity such as

stool frequency, body temperature, or pulse, nor in preop-

erative medical treatments (Table 1).

With respect to perioperative outcomes as shown in

Table 2, a significantly increased proportion of open

TACs were performed urgently. The majority (94 %) of

open TACs were associated with subcutaneous implan-

tation of the rectosigmoid stump, whereas nearly half of

the defunctionalized stumps were placed intraperitoneally

as a Hartmann pouch in the laparoscopic group. Lapa-

roscopic TAC required a longer operative time and was

associated with significantly less estimated blood loss

than open TAC. One patient in the laparoscopic group

died postoperatively due to acute myocardial infarction,

whereas two deaths occurred in the open group due to

multiple organ failure and acute pulmonary embolism,

respectively.

No significant differences in intraoperative morbidity,

reoperation, or readmission rates were found between the

two groups. However, both the median time to stoma

function and the median postoperative hospital length of

stay were significantly shorter after laparoscopic TAC

(2 vs. 3 days, P \ 0.001 and 4 vs. 7 days, P \ 0.001,

respectively). Unadjusted univariate analysis showed that
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overall postoperative morbidity, ileus, and thromboembolic

complications were significantly increased after open TAC.

An increased wound infection rate also was observed after

open TAC, but the P value did not reach statistical

significance.

Next, covariate-adjusted multivariate analyses to verify

the associations between surgery type and outcomes were

performed with significantly different outcome variables,

including age at colectomy, BMI, ASA level, age-adjusted

CCI, hemoglobin, serum albuminemia, extent of colitis,

urgency of the operation, and (colo)rectal stump manage-

ment (implantation of the rectosigmoid stump in the sub-

cutaneous tissue vs the Hartmann stump).

After multivariate analysis, the covariate-adjusted out-

come ratios confirmed significantly increased operative

times after laparoscopic TAC but also significantly reduced

time to ileostomy function, incidence of ileus, and hospital

stay. Blood loss and overall morbidity were similar. The

covariate-adjusted odds of ileus (with ASA level as a

covariate) still was significantly higher for the open TAC

patients, whereas the covariate-adjusted odds of thrombo-

embolic complications (with extent of colitis, hemoglobin,

and urgency of the operation as covariates) indicated a

marginally increased risk after open TAC, although sta-

tistical significance at the 0.05 level was not reached

(Table 3). Consideration of all 197 laparoscopic cases

Table 1 Demographics and preoperative data (n = 412)

Laparoscopic TAC

(n = 197, 48 %)

Open TAC

(n = 215, 52 %)

P value

Age at surgery: years (range) 36 (18–75) 42 (18–84) 0.001

Gender (male/female) 102/95 125/90 0.19

Body mass index: kg/m2 (range) 24.6 (16.3–47.5) 25.6 (15.4–52.5) 0.016

ASA classification (C3): n (%) 45 (22.8) 79 (36.7) 0.002

Previous abdominal surgery: n (%) 38 (19.3) 41 (19.1) 0.95

Previous midline incision for major procedures: n (%)a 3 (1.5) 8 (4.2) 0.225

Active or former smoker: n (%) 44 (22.3) 59 (27.6) 0.23

Mean age-adjusted CCI 1.7 ± 1.1 2.0 ± 1.4 0.012

Diagnosis (ulcerative colitis/indeterminate colitis) 190/7 203/12 0.33

Duration of disease: years (range) 4 (0.1– 40) 4 (0.1–34) 0.82

Stool frequency: times/day (range) 10 (2–30) 10 (1–35) 0.63

Temperature: �C (range) 36.6 (35.1–38.3) 36.5 (35.2–38.1) 0.58

Pulse rate: beats/min (range) 82 (51–151) 85 (52–139) 0.23

Hemoglobin: g/dl (range) 12.1 (6.8–18.3) 11.4 (3.9–17) 0.023

White blood count: 9103/ll (range) 9.3 (3.7–27.1) 9.2 (2.8–35.3) 0.8

Platelet count: 9103/ll (range) 349 (88–867) 341 (49– 974) 0.45

Albumin: g/dl (range)b 3.8 (1.4– 5.4) 3.4 (1.0– 6.4) \0.001

Extensive colitis: n (%) 98 (49.7) 132 (61.4) 0.018

Preoperative steroid use: n (%) 153 (77.7) 159 (74.0) 0.38

High-dose steroid exposure: n (%)c 74 (37.6) 99 (44.0) 0.08

Preoperative AZA/6-MP use: n (%) 44 (22.3) 64 (29.8) 0.08

Preoperative anti-TNF use: n (%) 74 (37.6) 69 (32.1) 0.24

Any immunosuppressive agents used

within 1 month before colectomy: n (%)d
38 (19.3) 48 (22.3) 0.45

Preoperative TPN: n (%) 12 (6.1) 20 (9.3) 0.23

Preoperative transfusion: n (%) 22 (11.2) 36 (16.7) 0.11

Preoperative antibiotic therapy: n (%) 27 (13.7) 43 (20.0) 0.09

Preoperative narcotic use: n (%) 31 (15.7) 41 (19.1) 0.37

TAC total abdominal colectomy, ASA American Society of Anesthesiologists, CCI Charlson Comorbidity Index, AZA azathioprine, 6-MP

mercaptopurine, TNF tumor necrosis factor, TPN total parental nutrition
a Excludes cholecystectomy, hysterectomy, and cesarean section
b 143 in the laparoscopic TAC group; 190 in the open TAC group
c Intravenous steroids or oral prednisone C40 mg daily
d Including anti-TNF agents, AZA, or 6-MP
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showed no differences in the rates of postoperative mor-

bidity, readmission, or reoperation regardless whether

conventional multi-trocar, hand-assisted, or single-incision

technique was used (Table 4).

We performed further analyses to address the possible

effect of the selection bias on outcomes of the laparoscopic

versus the open approach. In particular, 6 of the 18 staff

surgeons performed only open TAC for a total of 117

patients. On the other hand, 4 surgeons performed only

laparoscopic TAC for a total of 6 patients. The remaining 8

surgeons operated on the remainder of the patients using

various proportions of either laparoscopic or open

techniques.

The surgeons who used both laparoscopic and open

approaches (with experience of at least 5 cases of each) and

had managed more than 25 cases altogether were discre-

tionally included in a subgroup analysis. Of all 412

patients, 38.8 % (160 cases including 93 laparoscopic and

67 open cases) were managed by three surgeons, with

surgeon 1 managing 56 laparoscopic and 48 open cases,

surgeon 2 managing 21 laparoscopic and 9 open cases, and

surgeon 3 managing 16 laparoscopic and 10 open cases. Of

those 93 laparoscopic cases, 72 (77 %) were managed with

a multiport laparoscopic approach and 21 (23 %) with a

hand-assisted approach. The conversion rate was 9.7 %.

As shown in Table 5, most of the preoperative differ-

ences between the laparoscopic and open groups in this

subset of patients could still be observed except for

hemoglobin levels, extent of colitis, and proportion of

patients receiving high-dose preoperative steroids. Periop-

erative outcomes including blood loss, operative time,

return of stoma function, and postoperative hospital stay

were still significantly different after univariate analysis.

Table 2 Perioperative outcomes (n = 412)

Laparoscopic

TAC

(n = 197)

n (%)

Open TAC

(n = 215)

n (%)

P value

Urgent surgery

for severe acute UC

50 (25.4) 88 (40.9) 0.001

Surgical approach

(LAP/HAL/SILS)

151/26/20 – –

Conversion 10 (5.1) – –

Management of rectal

stump (intraperitoneal/

subcutaneous)

95/102 13/202 \0.001

Operative time: min (range) 181(67–351) 120

(57–263)

\0.001

Estimated blood loss:

ml (range)

100

(10–1500)

200

(50–1000)

0.001

Intraoperative complications 10 (5.1) 9 (4.2) 0.67

Bleeding 5 (2.5) 2 (0.9)

Splenic injury 2 (1.0) 5 (2.3)

Colonic injury 1 (0.5) 2 (0.9)

Ureteric injury 1 (0.5) 0

Bladder injury 1 (0.5) 0

Return of stoma function:

days (range)

2 (1–17) 3 (0–9) \0.001

Postoperative LOS:

days (range)

4 (2–32) 7 (3–42) \0.001

Readmission 34 (17.3) 44 (20.5) 0.41

Reoperation 14 (7.1) 13 (6.0) 0.84

Postoperative mortality 1(0.5) 2 (0.9 %) 1

Postoperative morbidity 78 (39.6) 126 (58.6) \0.001

Ileus 9 (4.6) 42 (19.5) \0.001

Wound infection 17 (8.6) 32 (14.9) 0.053

Thromboembolic

complications

7 (3.6) 22 (10.2) 0.011

Abdominal/pelvic

abscess

6 (3.0) 9 (4.2) 0.54

EPSBO 10 (5.1) 8 (3.7) 0.5

Bleeding 5 (2.5) 7 (3.3) 0.67

Colorectal or rectal

stump leak

15 (7.6) 25 (11.6) 0.17

Stoma complications 6 (3.0) 4 (1.9) 0.53

Stoma outlet obstruction 5 0

Peristomal abscess 1 3

Ischemic ileostomy 0 1

Urinary retention/UTI 11 (5.6) 13 (6.0) 0.84

Dehydration 5 (2.5) 7 (3.3) 0.67

Atelectasis/pneumonia 7 (3.6) 5 (2.3) 0.46

Others 4 (2.0) 5 (2.3) 0.84

TAC total abdominal colectomy, UC ulcerative colitis, LAP conven-

tional laparoscopic surgery, HAL hand-assisted laparoscopic surgery,

SILS single-incision laparoscopic surgery, LOS length of hospital

stay, EPSBO early postoperative small bowel obstruction, UTI urinary

tract infection

Table 3 Covariate-adjusted outcomes of open versus laparoscopic

total abdominal colectomy

Adjusted outcome ratio

(95 % CI)a n (range)

Adjusted

P value

Estimated blood loss (ml) 1.05 (0.71–1.54) 0.8

Operative time (min) 0.51 (0.45–0.57) \0.001

Return of stoma

function (days)

1.59 (1.32–1.89) \0.001

Postoperative length of

hospital stay (days)

1.37 (1.13–1.67) 0.002

Overall postoperative

morbidity

1.49 (0.85–2.63) 0.16

Ileus 4.78 (2.25–10.2) \0.001

Wound infection 1.32 (0.53–3.23) 0.55

Thromboembolic complications 2.39 (0.97–5.86) 0.06

a Outcome ratio indicates ratio of median value for continuous out-

comes and odds ratio for morbidity
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However, the differences in wound infection rates did not

quite reach statistical significance, and the overall mor-

bidity rate, ileus, and thromboembolic complications also

were similar between the two groups.

Multivariable linear regression models were built for

estimated blood loss, operative time, return of stoma

function, and hospital length of stay. Eight covariates

including age at surgery, BMI, ASA level, smoking status,

age-adjusted CCI, urgency of the operation, management

of the rectal stump, and preoperative medical treatment

were selected based on univariate analyses and clinical

significance as described previously. Similar results were

found, as shown in Table 6.

Discussion

After adjustment for the degree of patient comorbidity and

other inherent differences between the groups, our data

confirmed the recovery benefits of laparoscopic TAC for

UC. The recovery benefits are corroborated by the subset

analysis of patients whose operations were performed by

surgeons using both laparoscopic and open techniques.

However, the advantage in reduced postoperative compli-

cations was obviously influenced by the healthier condition

of the patients treated laparoscopically.

To our knowledge, this is the first and largest study to

date that objectively evaluated the benefits of laparoscopic

TAC for severe UC after controlling for confounding fac-

tors. The overall morbidity rates of the current study are

similar to the aggregate morbidity rates from a recent

metaanalysis, which reported rates of almost 40 % for

laparoscopic and 68 % for and open TAC [26].

As suggested earlier, the current study, unlike other

studies, did not show any advantages in overall morbidity

associated with laparoscopic TAC after confounder

adjustment [10, 11]. We believe that this primarily

Table 4 Outcomes of different laparoscopic techniques

LAP

(n = 151)

n (%)

HALS

(n = 26)

n (%)

(n = 20)

n (%)

P value

Readmission 27 (17.9) 4 (15.4) 3 (15.0) 1

Reoperation 10 (6.6) 3 (11.5) 1 (5.0) 0.62

Overall postoperative

morbidity

61 (40.4) 10 (38.5) 7 (35.0) 0.89

Ileus 8 (5.3) 0 1 (5.0) 0.7

Wound infection 13 (8.6) 2 (7.7) 2 (10.0) 0.91

Thromboembolic

complications

6 (4.0) 1 (3.8) 0 1

Abdominal/pelvic

abscess

6 (4.0) 0 0 0.79

EPSBO 9 (6.0) 1 (3.8) 0 0.85

Bleeding 5 (3.3) 0 0 1

Colorectal or rectal

stump leak

13 (8.6) 1 (3.8) 1 (5.0) 0.89

Stoma complications 6 (4.0) 0 0 0.79

LAP multiport laparoscopic surgery, HAL hand-assisted laparoscopic

surgery, SILS single-incision laparoscopic surgery, EPSBO early

postoperative small bowel obstruction

Table 5 Laparoscopic versus open total abdominal colectomy

among surgeons using both laparoscopic and open techniques

Laparoscopic

(n = 93,

58 %)

Open

(n = 67,

42 %)

P value

Age at surgery: years

(range)

33 (18–65) 43 (21–75) \0.001

BMI: kg/m2 (range) 24.5

(16.3–44.4)

27.7

(15.4–44.9)

0.008

ASA classification (C3):

n (%)

18 (19.4) 25 (37.3) 0.013

Active or former smoker:

n (%)

16 (17.2) 24 (35.8) 0.008

Mean age-adjusted CCI 1.4 ± 0.7 1.9 ± 1.3 0.016

Albumin: g/dl (range) 4 (1.4–5.1) 3.5 (1.3–4.6) 0.001

Urgent surgery for severe

acute UC: n (%)

13 (14.0) 27 (40.3) \0.001

Management of rectal

stump (intraperitoneal/

subcutaneous)

23/70 5/62 0.007

EBL: ml (range) 150

(10–1000)

200

(50–1000)

0.016

Operative time: min

(range)

201 (82–351) 132

(72–240)

\0.001

Return of stoma function:

days (range)

2 (1–17) 3 (0–7) \0.001

Postoperative LOS: days

(range)

5 (2–32) 7 (3–26) 0.001

Wound infection: n (%) 7 (7.5) 12 (17.9) 0.051

BMI body mass index, ASA American Society of Anesthesiologist,

CCI Charlson comorbidity Index, UC ulcerative colitis, EBL esti-

mated blood loss, LOS length of stay

Table 6 Covariate-adjusted outcomes of open versus laparoscopic

total abdominal colectomy among surgeons using both laparoscopic

and open techniques

Adjusted outcome ratio

(95 % CI)a n (range)

Adjusted

P value

Estimated blood loss (ml) 1.28 (0.79–2.05) 0.32

Operative time (min) 0.58 (0.51–0.67) \0.001

Return of stoma function

(days)

1.43 (1.09–1.87) 0.010

Postoperative length of stay

(days)

1.36 (1.02–1.81) 0.041

a Outcome ratio indicates ratio of median value for continuous out-

comes and odds ratio for morbidity
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depended on the covariate-adjusted analyses that consti-

tuted the core of this study, specifically aimed at correcting

the effect of comorbidity in comparing the two surgical

approaches. However, it also might have depended par-

tially on this study’s exclusion of patients with the most

severe complications of UC (toxic megacolon, massive

hemorrhage, and perforation), which still are treated with

the open technique.

Notably, the absolute incidences of wound infection and

thromboembolic events after laparoscopic TAC were

reduced by half and two-thirds compared with open TAC,

indicating specific benefits deriving from the laparoscopic

approach, as reported from previous studies [27–29].

However, multivariate analysis failed to confirm such

advantages of laparoscopic TAC, thus implying that peri-

operative confounders did contribute to the morbidity

benefits of laparoscopic TAC.

Our study confirmed recovery advantages after laparo-

scopic TAC, as reported in previous studies without

covariate adjustments [10, 11] but with a larger sample and

maximal control of confounding factors. Notably, unlike

some of the previous reports, postoperative length of stay

rather than total length of hospital stay was used in this

study, [6, 10], which we believe more specifically reflected

surgical outcomes than the preoperative disease course. In

particular, the risk for the development of ileus after open

TAC was nearly five times higher than after laparoscopic

TAC even with confounder adjustment.

Although a reduction in ileus and general bowel dys-

function has been reported after laparoscopic colectomy

compared with open technique [30], the difference for this

particular indication when control was used for other fac-

tors, seems to be even more remarkable. Future studies are

needed to confirm the magnitude of the reduction in the

rate of postoperative ileus specifically associated with

laparoscopic TAC.

Our series was purposefully focused on patients whose

operation was performed after laparoscopic TAC had

gained acceptance and was widely practiced in our unit. It

is therefore notable that more than half of our consecutive

patients still underwent open surgery. A variety of reasons

can explain this finding. First, a number of unfavorable

factors such as older age, comorbidities, extensive colitis,

and urgent surgery, often regarded as contraindications for

laparoscopic surgery [1, 31], restrained surgeons from

more liberally using minimally invasive techniques. This

practice is, however, facing increasing challenges from

developments in technology, advancements in surgical

techniques, and accumulation of experience [32, 33], which

could further increase our proportion of laparoscopic TACs

performed in the future.

An additional factor explaining the prevalence of open

surgery in our series is the specific surgeon mix of our unit,T
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which is composed of individuals who use both laparo-

scopic and open approaches to treat their patients as well as

surgeons who exclusively perform open TAC. It is there-

fore possible that the obvious selection bias for a particular

surgical approach emerging from the analysis of our entire

cohort might have been even more pronounced if all the

surgeons had practiced both laparoscopic and open surgery.

In any case, the subgroup analysis restricted to those sur-

geons who routinely performed both laparoscopic and open

TAC confirmed the results based on the entire patient

population.

Another significant difference between the current study

and earlier reports (Table 7) is that our patient population

included a significant number of elective procedures, which

reflects a clinical practice shift in the indications for TAC,

probably attributable to a widespread use of anti-TNF therapy.

To decrease the influence of heterogeneity, both the timing of

colectomy (urgent vs. elective) and the characteristics of the

medical treatment preceding the decision for TAC also were

used as cofactors in our multivariable analysis.

Although we carefully considered its design, this study

has inevitable limitations due to its retrospective nature and

inherent selection bias, which was minimized but may not

have been eliminated by adjustment for potential con-

founders, even when all univariably different variables

were included. Hence, the results should be delineated

carefully. Although our data confirm the safety and feasi-

bility of laparoscopic surgery on a larger scale, future

studies are needed to assess the extent to which laparo-

scopic TAC can replace open TAC as the initial surgical

management of severe UC and maintain its recovery ben-

efits. However, in the absence of a randomized controlled

trial comparing outcomes after laparoscopic and open

TAC, considering the careful control of confounding fac-

tors that might be responsible for any differences, the

current study provides the best currently available evidence

indicating the advantages of the minimally invasive

approach even for patients with severe UC.

Disclosure Jinyu Gu, Luca Stocchi, Feza H. Remzi, and Ravi P.
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