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Abstract

Background While laparoscopic colorectal resection may

be underused in technically challenging circumstances, the

minimally invasive approach may in fact maximally benefit

patients at the greatest risk of complications. Obesity and

proctectomy pose particular technical challenges during

laparoscopic resection and are also associated with the

greatest risks of complications, especially surgical site

infections (SSIs). We evaluated the role of laparoscopy in

minimizing SSI in such patients.

Methods From the American College of Surgeons-Na-

tional Surgical Quality Improvement Program database,

outcomes for obese [body mass index (BMI) C 30 kg/m2]

and non-obese (BMI\ 30 kg/m2) patients undergoing

colectomy or proctectomy between 2006 and 2011 by the

laparoscopic (laparoscopic colectomy, laparoscopic proc-

tectomy) or open (open colectomy, open proctectomy)

approaches were compared. A univariate analysis was used

to determine the influence of laparoscopic surgery within

each group on SSI, and a multivariate analysis evaluated

the influence of laparoscopy on SSI for obese patients

undergoing proctectomy.

Results OC patients were more likely than OP, LC, and

LP, respectively, to undergo emergency operation and have

an American Society of Anesthesiologists (ASA) score of

3–5. Overall SSI rates after OC, OP, LC, and LP were 15.2,

17.6, 8.6, and 10.1 %, respectively (p\ 0.001), and for

obese patients, the rates were 18.7, 22.3, 10.7, and 13.3 %

(p\ 0.001). On univariate analysis, open surgery, obesity,

proctectomy, younger age, race, steroid use, diabetes,

chronic obstructive pulmonary disease, prior wound

infection, transfusion history, previous operation within

30 days, coronary artery or vascular disease, ASA class

3–5, tobacco use, resident involvement, male gender,

albumin\3.5 g/dL, and emergent operation were associ-

ated with a higher risk of SSI. Laparoscopy reduced the

risk of SSI by at least 35 % across all BMI classes and

procedures, an effect that persisted on multivariate analysis

even in obese patients undergoing proctectomy.

Conclusions In colorectal surgery, an already high-risk

outlier for SSI, obesity and proctectomy are associated with

the highest risk of SSI. Despite the particular technical

challenges of laparoscopy in these circumstances, the

minimally invasive approach attenuates the risk of SSI in

these high-risk patients and thus should be strongly con-

sidered during treatment planning.

Keywords Laparoscopic surgery � Proctectomy �
Colectomy � Obesity � Complications � Surgical site
infection

Introduction

In colorectal surgery, a minimally invasive approach has

been shown to be safe and associated with reduced surgical

site infection (SSI), length of hospital stay, urinary tract

infections (UTI), and ileus [1, 2]. However, the benefits of

laparoscopy in obese patients are not as clear [1]. In the past,

obesity was even considered a relative contraindication to

laparoscopic surgery [3]. Obese patients carry a higher risk

of wound and cardiopulmonary complications and are hence
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predisposed to adverse outcomes after surgical procedures

[1, 4]. Although conversion rates and operative times have

consistently been shown to be increased in obese patients

when compared to the non-obese, several studies show that

there can still be a decrease in SSIs, length of stay, and ileus

in the obese undergoing laparoscopy when compared to

open colorectal surgery [1, 5, 6].

In colorectal surgery which is traditionally associated

with a higher SSI risk than other operations, procedures

that specifically include rectal resection are associated with

an even greater risk of SSI [7, 8]. Thus, it is conceivable

that the minimally invasive approach may be maximally

beneficial in reducing SSI in obese patients undergoing

proctectomy, patients expected to be at the greatest risk of

SSI. The beneficial influence of laparoscopic surgery in

reducing morbidity after proctectomy in obese patients has,

however, not been specifically examined. The aim of this

study is to evaluate whether even in obese patients

undergoing proctectomy the laparoscopic approach is

associated with a reduced SSI and the effect of this

approach on other postoperative outcomes.

Materials and methods

Patients who underwent colon or rectal operations from

2006 to 2011 were identified from the American College of

Surgeons-National Surgical Quality Improvement Program

(ACS-NSQIP) database after approval by the Institutional

Review Board at Columbia University Medical Center.

Characteristics of the database have been previously

described [6]. Patients were stratified into four groups based

on Current Procedural Terminology (CPT) codes: open

colectomy, open proctectomy, laparoscopic colectomy, and

laparoscopic proctectomy. Calculated body mass index

(BMI), with a cutoff of 30 kg/m2, was used to classify

patients as non-obese or obese. Patients who had no infor-

mation about either height or weight were excluded from

the analysis. Characteristics and outcomes were evaluated

for patients undergoing colectomy or proctectomy by the

laparoscopic or open approaches. Data for the subgroup of

patients who were obese undergoing surgery were also

evaluated and compared. Outcomes evaluated included SSI

and other complications including perioperative bleeding,

wound dehiscence, pneumonia, and UTI. A multivariable

analysis of factors associated with SSI for obese patients

undergoing proctectomy was performed to assess the

influence of laparoscopy on outcomes for these patients.

Statistical analysis

Descriptive statistics such as frequencies were computed

for all categorical variables. Differences in groups were

assessed using the Chi-squared or Fisher’s exact tests. A

univariate analysis of the influence of a minimally invasive

approach on SSI for obese patients undergoing colectomy

and proctectomy was performed. Factors that were signif-

icantly associated with the outcome were included in the

multivariate analysis. A nominal significance level of 0.05

was used for all hypothesis testing. The software utilized

was SAS 9.4.

Results

From the NSQIP database, a total of 170,529 patients were

identified; 166,704 patients had complete information

related to BMI. Patient characteristics are delineated in

Table 1. In all, 103,864 (62.3 %) patients underwent open

surgery, while 62,840 (37.7 %) underwent laparoscopic

surgery. For patients who underwent colectomy, LC was

performed in 41,728 (36.4 %) and OC in 72,957 (63.6 %).

In those undergoing proctectomy, 21,112 (40.6 %) patients

underwent LP and 30,907 (59.4 %) OP. Colorectal cancer

(26.4 %) and diverticular disease (20 %) were the most

common diagnoses. When comparing the four groups, OC

patients were oldest, while LP patients were the youngest

and had the lowest mean BMI. Patients with comorbidities

most commonly underwent open surgery. Emergency sur-

gery was highest among OC patients (29.5 %) compared to

OP (5.0 %), LC (3.8 %), and LP (1.6 %), as was prior

wound infection (4.7 %), transfusion (3.8 %), and prior

operation in the last 30 days (3.5 %), while LP patients had

the lowest rates. Proctectomy cases more commonly had

surgical resident involvement than colectomy cases, and

operative time was longest in LP patients followed by OP,

LC, and lastly OC patients. Mean length of stay was longer

(11.3 vs. 6.3 days, respectively), for patients undergoing

open surgery than laparoscopic surgery (p\ 0.001).

Surgical site infections

Proctectomy was associated with a higher overall SSI rate

than colectomy [14.6 vs. 12.8 %, respectively; odds ratio

(OR) 1.16, 95 % confidence interval (CI) 1.13–1.20]

(p\ 0.001). SSIs (superficial, deep, and organ space) were

also more common in obese (16.7 %) than in non-obese

(11.8 %) patients (p\ 0.001). Overall SSI rates were

highest for OP (17.6 %) and lowest for LC (8.6 %), while

rates in OC and LP patients were 15.2 and 10.1 %,

respectively.

Deep SSI occurred at a higher rate after open surgery

and proctectomy (p\ 0.001 for both comparisons). OP and

OC patients most commonly (when compared to LP and

LC) had organ space SSI (p\ 0.001). Superficial SSI was

also highest in OP patients (10.7 %), followed by OC
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patients (8.6 %). The open procedures had significantly

higher superficial SSI than the laparoscopic procedures

(p\ 0.001). Table 1 also compares other complications

between the groups.

Factors associated with the presence of SSI are listed in

Table 2. On univariate analysis, factors associated with an

increased risk of SSI were BMI C 30 kg/m2, proctectomy,

younger age, race, steroid use, diabetes mellitus (DM),

chronic obstructive pulmonary disease (COPD), prior

wound infection, transfusion history, operation in the last

30 days, previous percutaneous coronary intervention,

peripheral vascular disease, American Society of Anes-

thesiologists (ASA) class tobacco use, resident involve-

ment, and emergent operation (Table 2). Laparoscopy,

female gender, and albumin C3.5 g/dL were conversely

associated with a reduced risk.

Obese patients

Table 3 shows the proportion of obese patients undergoing

OC, OP, LC, and LP and their characteristics. Overall SSI

rates for obese patients were 18.7, 22.3, 10.7, and 13.3 %

after OC, OP, LC, and LP, respectively (p\ 0.001),

highest for OP and lowest for LC. Proctectomy was asso-

ciated with a higher overall SSI rate (18.9 vs. 15.7 %,

respectively) than colectomy (p\ 0.001). Deep SSI

occurred more commonly after OC (2.9 %) and OP (3.0 %)

than LP (1.6 %) and LC (1.0 %) (p\ 0.001 for both

comparisons). For the obese patients, superficial SSI was

highest after OP (14.8 %), followed by OC (10.9 %), and

the open procedures had significantly higher superficial SSI

than the laparoscopic procedures (p\ 0.001). The odds for

the development of SSI for obese patients undergoing

laparoscopic proctectomy were similar to those after

laparoscopic colectomy.

The univariate analysis for factors associated with SSI

among obese proctectomy patients is shown in Table 4.

The multivariate analysis for the same group of patients is

shown in Table 5. Multivariate analysis of factors associ-

ated with SSI for obese patients undergoing proctectomy

revealed that laparoscopy significantly decreased the odds

of SSI when compared to the open approach [OR 0.59

Table 1 Characteristics and outcomes after open colectomy, open proctectomy, laparoscopic colectomy, and laparoscopic proctectomy

Characteristic Open

colectomy

n = 72,957 (43.8 %)

Open

proctectomy

n = 30,907 (18.5 %)

Laparoscopic

colectomy

n = 41,728 (25.0 %)

Laparoscopic

proctectomy

n = 21,112 (12.7 %)

p value

Age[ 65 years 37,370 (51.2 %) 12,301 (39.8 %) 19,666 (47.1 %) 6764 (32.0 %) \0.001

Gender (male) [n (%)] 34,081 (46.7 %) 15,765 (51.0 %) 19,708 (47.2 %) 10,040 (47.6 %) \0.001

Race (white) 56,101 (76.9 %) 24,609 (79.6 %) 33,165 (79.5 %) 17,638 (83.5 %) \0.001

BMI (mean ? SD)* 28.0 ± 7.5 28.1 ± 6.6 28.3 ± 6.4 27.6 ± 6.1 \0.001

ASA class (3–5) 46,819 (64.2 %) 15,456 (50.0 %) 17,479 (41.9 %) 7508 (35.6 %) \0.001

Steroid use 6572 (9.0 %) 2230 (7.2 %) 1995 (4.8 %) 2058 (9.7 %) \0.001

Emergency operation 21,544 (29.5 %) 1557 (5.0 %) 1583 (3.8 %) 338 (1.6 %) \0.001

Prior wound infection 3453 (4.7 %) 746 (2.4 %) 447 (1.1 %) 197 (0.9 %) \0.001

Transfusion history 2805 (3.8 %) 386 (1.2 %) 559 (1.3 %) 175 (0.8 %) \0.001

Resident involved 35,173 (66.2 %) 17,099 (74.5 %) 17,149 (62.8 %) 10,058 (72.5 %) \0.001

Operation in the past 30 days 2565 (3.5 %) 351 (1.1 %) 265 (0.6 %) 107 (0.5 %) \0.001

Operative time (min)

(mean ± SD)*

149.0 ± 87.0 213 ± 111.8 152.5 ± 68.9 216.7 ± 101.6 \0.001

Superficial SSI 6274 (8.60 %) 3302 (10.7 %) 2341 (5.6 %) 1079 (5.1 %) \0.001

Deep SSI 1493 (2.0 %) 696 (2.3 %) 332 (0.8 %) 230 (1.1 %) \0.001

Organ space SSI 3813 (5.2 %) 1740 (5.6 %) 1024 (2.5 %) 889 (4.2 %) \0.001

Overall SSI 11,115 (15.2 %) 5448 (17.6 %) 3587 (8.6 %) 2137 (10.1 %) \0.001

Length of stay (days)

(mean ± SD)*

12.2 ± 16.6 9.3 ± 9.5 6.2 ± 9.2 6.5 ± 8.0 \0.001

Urinary tract infection 3154 (4.3 %) 1583 (5.1 %) 890 (2.1 %) 676 (3.2 %) \0.001

Pneumonia 4151 (5.7 %) 793 (2.6 %) 642 (1.5 %) 230 (1.1 %) \0.001

Dehiscence 1799 (2.5 %) 633 (2.0 %) 297 (0.7 %) 187 (0.9 %) \0.001

Bleeding 7987 (10.9 %) 2635 (8.5 %) 1473 (3.5 %) 816 (3.9 %) \0.001

OC open colectomy, LC laparoscopic colectomy, OP open proctectomy, LP laparoscopic proctectomy, BMI body mass index, ASA American

Society of Anesthesiologists, SD standard deviation, SSI surgical site infection

* ANOVA was used for analysis
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Table 2 Factors associated with surgical site infection

Characteristic Presence of surgical

site infection

n (%)

Absence of surgical

site infection

n (%)

Crude OR (95 % CI) p value

Total (n) 22,287 (13.4 %) 144,417 (86.6 %)

Surgical technique \0.0001

Open 16,563 (74.3) 87,301 (60.5) Reference

Laparoscopic 5724 (25.7) 57,116 (39.5) 0.53 (0.51, 0.545)

BMI \0.0001

Non-obese,\30 kg/m2 13,505 (60.6) 100,520 (69.6) Reference

Obese, C30 kg/m2 8782 (39.4) 43,897 (30.4) 1.49 (1.45, 1.53)

Surgical site \0.0001

Colon 14,702 (66.0) 99,983 (69.2) Reference

Rectum 7585 (34.0) 44,434 (30.8) 1.16 (1.13, 1.20)

Age \0.0001

B49 years 5215 (23.4) 29,453 (20.4) Reference

50–59 years 5144 (23.1) 30,894 (21.4) 0.94 (0.90, 0.98)

60–69 years 5423 (24.3) 34,273 (23.7) 0.89 (0.86, 0.93)

70–79 years 4165 (18.7) 29,219 (20.2) 0.80 (0.77, 0.84)

C80 years 2340 (10.5) 20,578 (14.3) 0.64 (0.61, 0.68)

Gender \0.0001

Male 11,310 (50.7) 68,284 (47.3) Reference

Female 10,945 (49.1) 75,867 (52.5) 0.87 (0.85, 0.90)

Race 0.0003

White 17,303 (77.6) 114,210 (79.1) Reference

Black 2171 (9.7) 12,980 (9.0) 1.10 (1.05, 1.16)

Others 778 (3.5) 5197 (3.6) 0.99 (0.92, 1.07)

Ethnicity 0.0544

Non-Hispanic 19,856 (89.1) 129,419 (89.6) Reference

Hispanic 962 (4.3) 5855 (4.1) 1.07 (1.00, 1.15)

Steroid use \0.0001

No 20,078 (90.1) 133,771 (92.6) Reference

Yes 2209 (9.9) 10,646 (7.4) 1.38 (1.32, 1.45)

Diabetes mellitus \0.0001

No 18,529 (83.1) 123,537 (85.5) Reference

Yes 3758 (16.9) 20,844 (14.4) 1.2 (1.16, 1.25)

Chronic obstructive pulmonary disease \0.0001

No 20,603 (92.4) 135,695 (94.0) Reference

Yes 1684 (7.6) 8722 (6.0) 1.27 (1.21, 1.34)

Prior wound infection \0.0001

No 21,397 (96.0) 140,464 (97.3) Reference

Yes 890 (4.0) 3953 (2.7) 1.48 (1.37, 1.59)

Transfusion history \0.0001

No 21,651 (97.1) 141,127 (97.7) Reference

Yes 636 (2.9) 3289 (2.3) 1.26 (1.16, 1.37)

Operation in the past 30 days \0.0001

No 15,105 (67.8) 98,808 (68.4) Reference

Yes 569 (2.6) 2719 (1.9) 1.37 (1.25, 1.50)

Preoperative albumin \0.0001

Albumin\ 3.5 6081 (27.3) 32,435 (22.5) Reference

Albumin C 3.5 9955 (44.7) 67,324 (46.6) 0.79 (0.76, 0.82)
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(0.52–0.66); p value \0.0001] when adjusted for age,

smoking status, DM, ASA class, prior wound infection, and

resident involvement (Table 5).

Other complications

For the obese patients in theNSQIP database who underwent

colectomy and proctectomy (both open and laparoscopic),

perioperative bleeding, wound dehiscence, pneumonia, and

UTI occurred in 8.3, 2.3, 3.3, and 4.0 % of the patients,

respectively (Table 3). Bleeding occurred most commonly

after OC and less after LC. LP patients likewise had a lower

rate of bleeding than OP patients. Wound dehiscence was

highest for OC, followed by OP. Laparoscopy decreased this

rate, with LC and LP patients experiencing this complication

at less than half the rate of their open counterparts

(p\ 0.001). Obesity was associated with an increased risk

of dehiscence, with it occurring in 3.2, 2.7, 0.9, and 1.3 % of

OC, OP, LC, and LP patients, respectively (p\ 0.001).

Pneumonia was less common in LP and LC than in OP and

OC (p\ 0.001), while UTI was most common in OP

patients (5.5 %) and least common in LC patients (2.2 %).

Table 2 continued

Characteristic Presence of surgical

site infection

n (%)

Absence of surgical

site infection

n (%)

Crude OR (95 % CI) p value

History of myocardial infarction 0.0862

No 16,489 (74.0) 105,920 (73.3) Reference

Yes 168 (7.5) 934 (0.6) 1.15 (0.98, 1.36)

Previous percutaneous coronary intervention 0.0358

No 15,639 (70.2) 100,759 (69.8) Reference

Yes 1018 (4.6) 6095 (4.2) 1.08 (1.01, 1.15)

Peripheral vascular disease 0.0066

No 16,349 (73.4) 105,179 (72.83) Reference

Yes 308 (1.4) 1672 (11.6) 1.19 (1.05, 1.34)

Rest pain or gangrene 0.1511

No 16,637 (74.6) 106,671 (73.9) Reference

Yes 20 (0.1) 180 (0.1) 0.71 (0.45, 1.13)

Acute renal failure 0.8717

No 22,085 (99.1) 143,092 (99.1) Reference

Yes 202 (0.9) 1325 (0.9) 0.99 (0.85, 1.15)

Dialysis 0.8715

No 21,972 (98.6) 142,576 (98.7) Reference

Yes 315 (1.4) 1839 (1.3) 0.89 (0.85, 1.15)

Congestive heart failure 0.3019

No 21,990 (98.7) 142,363 (98.6) Reference

Yes 297 (1.3) 2054 (1.4) 0.94 (0.32, 1.06)

Resident involvement

No 4330 (19.4) 33,479 (23.2) Reference \0.0001

Yes 11,608 (52.1) 67,871 (47.0) 1.32 (1.27, 1.37)

Emergency operation \0.0001

No 18,368 (82.4) 123,310 (85.4) Reference

Yes 3919 (17.6) 21,103 (14.6) 1.25 (1.20, 1.29)

ASA class

1–2 9052 (40.6) 70,232 (48.6) Reference \0.0001

3–5 13,212 (59.3) 74,050 (51.3) 1.38 (1.345, 1.425)

Tobacco

No 17,333 (77.8) 118,636 (82.1) Reference \0.0001

Yes 4953 (22.2) 25,780 (17.9) 1.315 (1.27, 1.36)

OR odds ratio, CI confidence interval, BMI body mass index, ASA American Society of Anesthesiologists
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Discussion

Laparoscopy has been very effective in reducing many

previously common surgical complications, in particular

SSI. SSIs can be problematic and pose great medical,

financial, and recovery challenges in the obese [9, 10]. The

cost of an SSI is believed to be significant as patients with

SSIs frequently have longer hospital stays and require

outpatient wound care supplies and home nursing assis-

tance [11, 12]. Laparoscopic surgery may reduce SSI after

colorectal surgery, but obesity and pelvic dissection during

proctectomy pose particular technical challenges [1]. The

potential role of laparoscopy in improving outcomes in

obese colorectal surgery patients is important because

obesity generally increases technical demand, decreases

good exposure, and results in difficulty in maneuvering

instruments intra-abdominally [5, 13, 14]. This leads to

increased operative time and conversion to open surgery in

this patient population [15–17]. Despite this, the procedure

has been proven to be safe and can be advantageous in

terms of short-term outcomes for obese patients. Our data

show that laparoscopy significantly reduces the incidence

of complications including SSI after proctectomy, even in

obese patients.

Patients undergoing open surgery generally had more

preoperative comorbidities than patients undergoing

laparoscopy. This is not surprising since, considering the

longer operative time with laparoscopy, it is likely that

patients with greater medical problems would have been

selected for open surgery by surgeons, thus being particu-

larly the case earlier in the learning curve associated with

laparoscopic surgery. However, with growing experience

with the procedure and recognition of the benefits of the

procedure in most patients, the procedure has been

increasingly employed even in the most challenging of

patients and procedures. Proctectomy increased the risk of

SSI for both BMI classes, with an OR of 1.16 overall.

Obese patients undergoing OP had by far the highest rate of

SSI, but this was reduced by more than 1/3 by laparoscopy.

Even though 29.5 % of OC patients underwent emergent

operation and 4.7 % had prior wound infection while 5.0

and 2.4 % of OP patients, respectively, did, OP patients

Table 3 Characteristics and outcomes after open colectomy, open proctectomy, laparoscopic colectomy; and laparoscopic proctectomy for

obese patients

Characteristic Open

colectomy

n = 23,023 (43.7 %)

Open

proctectomy

n = 9974 (18.9 %)

Laparoscopic

colectomy

n = 13,492 (25.6 %)

Laparoscopic

proctectomy

n = 6190 (11.8 %)

p value

Age[ 65 years 10,312 (44.8 %) 3482 (34.9 %) 5474 (40.6 %) 1685 (27.2 %) \0.001

Gender (male) [n (%)] 10,488 (45.6 %) 4904 (49.2 %) 6428 (47.8 %) 3042 (49.2 %) \0.001

Race (white) 17,691 (83.5 %) 8054 (88.0 %) 10,611 (84.7 %) 5214 (91.2 %) \0.001

BMI (mean ? SD)* 36.2 ± 7.1 35.5 ± 5.6 35.3 ± 5.6 34.9 ± 5.1 \0.001

ASA class (3–5) 15,826 (68.8 %) 5559 (55.8 %) 6675 (49.5 %) 2611 (42.2 %) \0.001

Steroid use 1793 (7.8 %) 623 (6.2 %) 472 (3.5 %) 411 (6.6 %) \0.001

Emergency operation 6631 (28.8 %) 469 (4.7 %) 445 (3.3 %) 91 (1.5 %) \0.001

Prior wound infection 1252 (5.4 %) 229 (2.3 %) 148 (1.1 %) 49 (0.8 %) \0.001

Transfusion history 867 (3.8 %) 122 (1.2 %) 175 (1.3 %) 39 (0.6 %) \0.001

Resident involved 10,989 (65.6 %) 5486 (74.4 %) 5394 (62.0 %) 2861 (70.7 %) \0.001

Operation in the past 30 days 939 (5.6 %) 112 (1.5 %) 92 (1.0 %) 34 (0.8 %) \0.001

Operative time (min)

(mean ± SD)*

162.0 ± 90.3 227.4 ± 117.1 163.7 ± 72.1 225.2 ± 106.3 \0.001

Superficial SSI 2516 (10.9 %) 1476 (14.8 %) 1005 (7.4 %) 469 (7.6 %) \0.001

Deep SSI 669 (2.9 %) 302 (3.0 %) 136 (1.0 %) 97 (1.6 %) \0.001

Organ space SSI 1297 (5.6 %) 562 (5.6 %) 342 (2.5 %) 280 (4.5 %) \0.001

Overall SSI 4296 (18.7 %) 2225 (22.3 %) 1439 (10.7 %) 822 (13.3 %) \0.001

Length of stay, days

(mean ± SD)*

12.5 ± 15.8 9.5 ± 10.4 6.1 ± 7.8 6.3 ± 6.0 \0.001

Urinary tract infection 1061 (4.6 %) 548 (5.5 %) 300 (2.2 %) 207 (3.3 %) \0.001

Pneumonia 1274 (5.5 %) 221 (2.2 %) 182 (1.3 %) 54 (0.9 %) \0.001

Dehiscence 731 (3.2 %) 268 (2.7 %) 125 (0.9 %) 78 (1.3 %) \0.001

Bleeding 2461 (10.7 %) 873 (8.7 %) 415 (3.1 %) 196 (3.2 %) \0.001

BMI body mass index, SD standard deviation, ASA American Society of Anesthesiologists; SSI surgical site infection

* ANOVA was used for analysis
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Table 4 Univariate analysis among obese proctectomy patients

Characteristic Presence of surgical

site infection

n (%)

Absence of surgical

site infection

n (%)

Crude OR (95 % CI) p value

Total (n) 3047 (18.9 %) 13,117 (81.1 %)

Surgical technique \0.0001

Open 2225 (73.0) 7749 (59.1) Reference

Laparoscopic 822 (27.0) 5368 (40.9) 0.53 (0.49, 0.58)

Age 0.1740

B49 818 (26.9) 3370 (25.7) Reference

50–59 839 (27.5) 3685 (28.1) 0.94 (0.84, 1.04)

60–69 813 (26.7) 3538 (27.0) 0.95 (0.85, 1.05)

70–79 466 (15.3) 1933 (14.7) 0.99 (0.88, 1.13)

C80 111 (3.6) 591 (4.5) 0.77 (0.62, 0.96)

Gender 0.0665

Male 1544 (50.7) 6402 (48.9) Reference

Female 1499 (49.3) 6692 (51.1) 0.93 (0.86, 1.00)

Race 0.2340

White 2448 (89.0) 10,820 (89.3) Reference

Black 234 (8.5) 1034 (8.5) 1.00 (0.86, 1.16)

Others 69 (2.5) 259 (2.2) 1.18 (0.90, 1.54)

Ethnicity 0.2380

Non-Hispanic 505 (97.9) 2029 (98.6) Reference

Hispanic 11 (2.1) 29 (1.4) 1.53 (0.76, 3.07)

Steroid use 0.0002

No 2806 (92.1) 12,324 (94.0) Reference

Yes 241 (7.9) 793 (6.0) 1.34 (1.15, 1.55)

Diabetes mellitus \0.0001

No 2298 (75.4) 10,537 (80.3) Reference

Yes 749 (24.6) 2580 (19.7) 1.33 (1.21, 1.46)

Chronic obstructive pulmonary disease \0.0001

No 2853 (93.6) 12,591 (96.0) Reference

Yes 194 (6.4) 526 (4.0) 1.63 (1.37, 1.93)

Prior wound infection \0.0001

No 2966 (97.3) 12,920 (98.5) Reference

Yes 81 (2.7) 197 (1.5) 1.79 (1.38, 2.327)

Transfusion history 0.7330

No 3015 (98.9) 12,988 (99.0) Reference

Yes 32 (1.1) 129 (1.0) 1.07 (0.73, 1.58)

Operation in the past 30 days 0.7260

No 2134 (98.8) 9126 (98.7) Reference

Yes 26 (1.2) 120 (1.3) 0.93 (0.61, 1.42)

Preoperative albumin \0.0001

Albumin\ 3.5 474 (22.6) 1528 (18.0) Reference

Albumin C 3.5 1623 (77.4) 6969 (82.0) 0.75 (0.67, 0.84)

History of myocardial infarction 0.8260

No 2296 (99.5) 9653 (99.6) Reference

Yes 11 (0.5) 43 (0.4) 1.08 (0.56, 2.09)

Previous percutaneous coronary intervention \0.0001

No 2139 (92.7) 9199 (94.9) Reference

Yes 168 (7.3) 497 (5.1) 1.45 (1.21, 1.74)
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still had a higher incidence of SSI than OC patients

(p\ 0.001). While this may be related to the increased

bacterial content in the large bowel when progressing from

the cecum to the rectum [8], the technical challenges

involved in proctectomy (i.e., pelvic exposure) make for an

increased risk of spillage and other complications [6].

Technical and microbial issues with proctectomy are all

compounded by obesity. It is postulated that decreased

wound oxygen tension, impaired tissue antibiotic penetra-

tion, and altered immune function contribute to the

increased risk of SSI in these patients [18]. In the entire

cohort, LC patients had the lowest overall rate of SSI, at

8.6 %. LP patients had an SSI rate of 10.1 % which was

less than the OP rate (17.6 %). Thus, laparoscopy may

counteract some of the potential biologic and technical

variables that increase the risk of SSI in OP; this reduces

the risk of SSI to almost that of patients undergoing

colectomy. This holds true even for patients who were

obese. In our multivariate analysis, laparoscopy was asso-

ciated with a reduction in the odds of an SSI for obese

patients undergoing proctectomy by 41 % (0.59, 95 % CI

0.52–0.66).

Other complications were increased in the obese and

those undergoing open surgery. Wound dehiscence and

bleeding were greater after open surgery. Obesity further

increased the rate of dehiscence, even in laparoscopy

patients. In LC patients, dehiscence increased from 0.7 to

0.9 % when only obese patients were considered. This

trend continued for patients who underwent proctectomy

when comparing the obese and non-obese. The increased

risk in obese patients may be due to the increased

abdominal girth, larger incision, and trauma from tissue

handling. Such factors are also expected to contribute to

the increased bleeding seen in open surgery, which is

Table 4 continued

Characteristic Presence of surgical

site infection

n (%)

Absence of surgical

site infection

n (%)

Crude OR (95 % CI) p value

Peripheral vascular disease 0.5116

No 2290 (99.3) 9611 (99.1) Reference

Yes 17 (0.7) 85 (0.9) 0.84 (0.50, 1.42)

Rest pain or gangrene 0.7264

No 2305 (99.9) 9685 (99.9) Reference

Yes 2 (0.1) 11 (0.1) 0.76 (0.17, 3.45)

Acute renal failure 0.8520

No 3037 (99.7) 13,071 (99.6) Reference

Yes 10 (0.3) 46 (0.4) 0.94 (0.47, 1.86)

Dialysis 0.5119

No 3027 (99.3) 13,044 (99.4) Reference

Yes 20 (0.7) 73 (0.6) 1.18 (0.72, 1.94)

Congestive heart failure 0.1352

No 3021 (99.1) 13,037 (99.4) Reference

Yes 26 (0.9) 80 (0.6) 1.40 (0.90, 2.19)

Resident involvement

No 499 (22.6) 2572 (27.9) Reference \0.0001

Yes 1704 (77.4) 6643 (72.1) 1.32 (1.19, 1.48)

Emergency operation 0.1720

No 2929 (96.1) 12,674 (96.6) Reference

Yes 118 (3.9) 442 (3.4) 1.16 (0.94, 1.42)

ASA class

1–2 1237 (40.6) 6742 (51.4) Reference \0.0001

3–5 1806 (59.4) 6364 (48.6) 1.55 (1.43, 1.68)

Tobacco

No 2463 (80.9) 11,156 (85.0) Reference \0.0001

Yes 583 (19.1) 1961 (15.0) 1.35 (1.22, 1.49)

OR odds ratio, CI confidence interval, ASA American Society of Anesthesiologists
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compounded by obesity. Previous data suggest that hem-

orrhage is the most common complication in obese patients

undergoing colorectal surgery requiring reoperation [19].

Laparoscopy also reduced this rate of bleeding in obese

patients by more than half. Pneumonia, UTI, and length of

stay were also lower after laparoscopic surgery. Previous

studies have similarly shown that laparoscopy reduces the

rate of pneumonia in colorectal surgery, even in obese

patients [2, 6]. UTI may have been higher because of the

increased length of stay of OC and OP patients [20].

Numerous additional factors, besides proctectomy and

open surgery, were found to be associated with an

increased risk of SSI on univariate analysis. Ricciardi et al.

[21] found that obesity and tobacco use were independent

risk factors for SSI in colorectal surgery, findings that were

similar to ours. Patients who have more comorbidities

preoperatively are prone to surgical complications and

extended hospital stays, both of which can independently

increase the risk of nosocomial infections. DM and steroid

use are also well known to be associated with SSI, espe-

cially in patients undergoing proctectomy [22, 23]. Other

notable risk factors were resident involvement, emergent

operation, gender, and COPD. Kiran et al. [24] found that

resident involvement increased superficial SSI rates, but

30-day mortality was unchanged. Resident involvement

likely indicates surgical complexity, but the presence of the

trainee may contribute to minor complications. Emergency

procedures are also shown to be associated with increased

SSI because of the usually unstable nature of the patients

and lack of colon preparation, as seen in cases of colon

perforation [25]. Male gender has been shown to increase

the incidence of wound complications, possibly due to a

narrow pelvis and an increased incidence of metabolic

syndrome [26]. Finally, COPD was associated with an

increased risk of SSI as has been demonstrated previously

[27]. This can be explained by its potential association with

hypoxia, and tobacco use.

The findings of the current study suggest that the use of

laparoscopy for colorectal surgery in general should be

primarily advocated over open surgery because of the

reductions in length of stay and perioperative complica-

tions, particularly SSI. Our results are supported by some

randomized control trials (RCTs). Braga et al. [28] con-

ducted an RCT to assess the cost-benefit analysis of

laparoscopy in colorectal surgery and concluded that

laparoscopy reduced SSI, one of the most expensive post-

operative complications. The COLOR II study showed that

laparoscopic proctectomy was associated with a signifi-

cantly shorter hospital stay than open proctectomy [29].

Although the study found that there was no difference

between the two groups in terms of wound infection, the

other short-term outcomes like length of hospital stay,

intraoperative bleeding, and time to return of bowel func-

tion were significantly lower in the laparoscopy group

compared to open group [29]. Our findings that laparo-

scopy, despite its technical complexity, reduced compli-

cations even for proctectomy are particularly important. In

obese patients and those undergoing proctectomy, where

the complications are highest after colorectal surgery, these

benefits of laparoscopy support its use despite the antici-

pated difficulties of performing surgery by the minimally

invasive approach in these circumstances. The use of the

NSQIP database, which has standard definitions for each of

the complications included, assured consistency among the

huge amount of patient data that were analyzed. Further, in

order to increase the applicability of the study, we chose to

divide the patients into those who had colectomy and

proctectomy given the differences in the outcomes of those

Table 5 Multivariate analysis

of factors associated with

surgical site infection for obese

patients undergoing

proctectomy

Proctectomy (AIC = 9176.559, p value\0.0001)

Crude OR (95 % CI) p value

Surgical technique (laparoscopy vs. open) 0.59 (0.52–0.66) \0.0001

Agea 0.0024

50–59 years 0.84 (0.73–0.97) 0.0191

60–69 years 0.81 (0.70–0.94) 0.0062

70–79 years 0.80 (0.67–0.95) 0.0131

C80 years 0.59 (0.44–0.79) 0.0005

Smoking (yes vs. no) 1.24 (1.08–1.42) 0.0020

Diabetes mellitus (yes vs. no) 1.22 (1.07–1.39) 0.0021

ASA class (3–5 vs. 1–2) 1.42 (1.27–1.58) \0.0001

Prior wound infection (yes vs. no) 1.53 (1.09–2.15) 0.0137

Resident involvement (yes vs. no) 1.30 (1.15–1.47) \0.0001

AIC Aikake information criterion, OR odds ratio, CI confidence interval, ASA American Society of

Anesthesiologists
a Comparison group is patients of age B49 years
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two procedures. Another major strength of this study is that

the results are generalizable to the obese patients under-

going proctectomy throughout the USA as the NSQIP

database has data from the hospitals all over the USA.

Despite these strengths of this study, the limitations are the

unselected population and inherent bias of retrospective

data. Thus, the patients expectedly had more comorbidities

and more frequently underwent emergency surgery than

laparoscopy patients. Further, such factors as diversion,

preoperative radiation, type of incision and bowel prepa-

ration, which are known to be associated with SSI, could

not be assessed due to the limitation of the NSQIP data.

Another limitation of the study is that there is no infor-

mation regarding the conversion of laparoscopic proce-

dures to open. This makes it unclear whether the patients

who had conversion were included in the laparoscopic

group or the open group or were not included at all. If the

status of the conversion were available, our plan would

have been to not include them in the laparoscopy group and

consider them separately.

This study quantifies the differential effects of laparo-

scopy in patients undergoing colectomy and proctectomy

and subdivides them by obesity status. Such a detailed

analysis of surgical subgroups is also important in this era

of increased government scrutiny of health care cost and

utilization.

Conclusions

The findings of the study indicate that laparoscopic

colectomy and proctectomy have significantly lower SSI

rates than their open counterparts. Laparoscopic surgery

was associated with a reduced incidence of SSI in obese

patients and should be considered the preferred approach in

this patient population.
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