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Abstract

Background The obesity rate is projected to reach 50% by 2030. Obesity may be modifiable prior to elective colorectal sur-
gery, but there is no opportunity for weight loss when patients present for urgent/emergency operations. The impact of obesity
focused on urgent/emergent colorectal operations has not been fully characterized. The study aim was to determine outcomes
of obese patients who undergo urgent/emergency colorectal surgery and differences when compared with elective outcomes.
Methods This is a retrospective cohort study of 30-day outcomes for normal (BMI 18.5-25), obese (BMI 30-39.9), and
morbidly obese (BMI >40) patients in the Michigan Surgical Quality Collaborative between 1/1/2009 and 12/31/2018.
Propensity score weighting was used to derive adjusted rates for overall morbidity, mortality, and specific complications.
Primary outcome was postoperative complications (any morbidity).

Results The study included 5268 urgent/emergency and 10,414 elective colorectal surgery patients. Postoperative complica-
tions were significantly more common in morbidly obese and obese than the normal BMI group for both urgent/emergency
(morbidly obese 42.76% vs 33.75%, p=0.003; obese 36.46% vs 33.75%, p=0.043) and elective (morbidly obese 18.17%
vs 13.36%, p=0.004; obese 15.45% vs 13.36%, p=0.011) operations. Surgical site infections are were significantly more
common in morbidly obese and obese BMI groups as compared to normal BMI for both urgent/emergency and elective
cases. Mortality was significantly higher in the morbidly obese (14.93% vs 11.44%, p=0.013) but not obese BMI groups
as compared to the normal BMI group for urgent/emergency cases. Mortality for all groups undergoing elective operations
was < 1% and with no significant differences.

Conclusions Morbid obesity and obesity are associated with complications that are largely driven by surgical site infec-
tions after both urgent/emergency and elective colorectal surgery. Obesity is a risk factor difficult to modify prior to urgent/
emergency surgery. Managing complications related to obesity after colorectal surgery will be a continued challenge with
projected increasing obesity rates.
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This work was accepted as a podium presentation at the American The rate of obesity (BMI>30) in American adults increased
Society of Colon and Rectal Surgeons Annual Meeting, June 6-10, from 30 in 1999 to 43% in 2015, and is projected to reach
2020, Boston MA. 50% by 2030 [1-3]. For elective surgery, obesity is associ-
ated with longer operative times and higher risk of 30-day
complications, especially surgical site infections, cardiac
events, and thromboembolic events [4-7]. However, previ-
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large, nationwide study of urgent/emergency versus elective
general surgery procedures revealed that 30-day morbidity
(22.8% vs 14.2%) and mortality (6.5% vs 1.4%) were signifi-
cantly higher for urgent/emergency than for elective cases
[9]. Others have confirmed this finding [10]. However, it
is unclear if obese patients undergoing urgent/emergency
colorectal resection are at higher or lower risk for morbidity
and if they have the same lower mortality “obesity paradox”
seen with nonbariatric and intensive care unit operations.

The goal of this study was to evaluate the association of
morbid obesity and obesity compared to normal BMI on
morbidity and mortality for patients who undergo urgent/
emergency colorectal surgery. To provide context to the
findings, we also present contemporaneous outcomes for
morbidly obese, obese, and nonobese elective surgery
patients. Our hypothesis was that morbidity and mortality
would be even more apparent comparing morbid obesity and
obesity with normal BMI patients for urgent/emergency than
for elective colorectal resections.

Methods
Data source and study population

This study was approved by the Institutional Review Boards
at St Joseph Mercy Hospital Ann Arbor and the University
of Michigan and funded by the St Joseph Mercy Hospital
Academic Research Committee. This is a retrospective study
of data collected prospectively in the Michigan Surgical
Quality Collaborative (MSQC), a statewide collaborative for
quality improvement with a validated, prospective clinical
registry. This registry is available for quality improvement
and research and is financially supported by Blue Cross Blue
Shield of Michigan. Funding is provided for manual data
abstraction and database entry by clinical nurse reviewers.
MSQC hospitals represent 90% of eligible Michigan hospi-
tals that include small community hospitals and large aca-
demic centers in urban and rural locations [11].

Patients in this study were > 18 years of age undergo-
ing urgent, emergency, and elective colorectal surgery for
colorectal neoplasia, diverticulitis, inflammatory bowel dis-
ease, and other diseases of the colon and rectum between
01-01-2009 and 12-31-2018. Cases with the Current Pro-
cedural Code (CPT) 44140, 44141, 44143, 44145, 44146,
44150, 44155, 44160 were designated open procedures
while 44204, 44205, 44207, 44208, 44210, 44212 were
minimally invasive. Colon cases were defined using CPT
codes 44140, 44141, 44,143, 44150, 44160, 44204, 44205,
44210, and rectal cases were 44145, 44146, 44155, 44207,
44208, and 44212.

The MSQC urgent variable is defined as nonlife threat-
ening acute medical condition for which the patient needs

intervention during admission and cannot be discharged
home prior to the intervention. Emergency surgery is per-
formed within 12 h of the decision to operate and at least
one of the following criteria: patient health, life, or limb in
serious jeopardy, serious impairment to bodily functions,
or serious dysfunction of any bodily organ or part. Elective
surgery is scheduled in advance with an outpatient interval
between the decision to operate and the actual operation.

Outcome and predictor variables

Patient characteristics listed in Tables 1 and 2 and included
for risk adjustment were patient age, gender, race, American
Society of Anesthesiologists (ASA) classification, comor-
bidities (hypertension, diabetes, coronary artery disease,
congestive heart failure (CHF), chronic obstructive pulmo-
nary disease (COPD), sleep apnea, alcohol use (ETOH),
smoking status, disseminated cancer, preoperative sepsis,
steroid/immunosuppressive medication use), functional
status (independent, partially dependent), laboratory values
(white blood cell count, blood glucose, albumin, lactate),
surgical priority (urgent, emergency), and surgical approach
(minimally invasive, open), weight loss, operative diagno-
sis (colorectal cancer, diverticulitis, gastrointestinal hem-
orrhage, IBD, ischemia, volvulus, other), colon vs rectal
resection, procedure side (left colectomy, rectal resection,
right colectomy, total abdominal colectomy), and presence
of ostomy.

The primary outcome was “Any Morbidity” (30-day
complication rate). Secondary outcomes were death (30-day
mortality), superficial, deep, and organ space surgical site
infections (SSI), sepsis, anastomotic leak, ileus, myocardial
infarction (MI), cardiac arrest, pneumonia, unplanned intu-
bation, acute renal failure, deep venous thrombosis (DVT),
pulmonary embolus (PE), stroke, symptomatic urinary tract
infection (UTI), catheter-associated UTI, readmission, reop-
eration, and discharge destination not home. “Any SSI” was
the sum total of superficial, deep, and organ space SSIs, and
“Any VTE” was the combination of DVT and PE.

Statistical analysis

Analyses are presented comparing the outcomes of patients
based on their BMI. Three treatment groups were defined as
normal (BMI 18.5-25), obese (BMI 30-39.9), and morbidly
obese (BMI 40+). All analyses were performed separately
for urgent/emergency procedures and elective procedures.
Some lab values had high rates of missingness; thus, single
imputation using predictive mean matching was used.

Descriptive statistics were provided for all study vari-
ables. Presented are means and standard deviations for
continuous variables, and frequencies and proportions for
categorical variables.
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Table 1 Patient characteristics and predictor variables before propensity score weighting

Variable Label Urgent/emergent Elective
Normal Obese Morbidly p value Normal Obese Morbidly p value
(N=2500) (N=2203) obese (N=4073) (N=5306) obese
(N=565) (N=1035)
Age 65.43 (16.86) 62.97 (14.47) 60.45 (13.57) <0.001 63.69 (14.94) 61.42(12.62) 58.97 (11.85) <0.001
Female 1395 (55.8%) 1231 (55.88%) 384 (67.96%) <0.001 2344 (57.55%) 2854 (53.79%) 694 (67.05%) <0.001
White 2020 (80.8%) 1808 (82.07%) 467 (82.65%) 0.409 3488 (85.64%) 4501 (84.83%) 833 (80.48%) <0.001
ASA <0.001 <0.001
ASA1 41 (1.64%) 18 (0.82%) 4 (0.71%) 87 (2.14%) 43 (0.81%)  0(0%)
ASA2 606 (24.24%) 484 (21.97%) 67 (11.86%) 1947 (47.8%) 2230 (42.03%) 211 (20.39%)
ASA 3 1260 (50.4%) 1160 (52.66%) 318 (56.28%) 1874 (46.01%) 2851 (53.73%) 760 (73.43%)
ASA 4 593 (23.72%) 541 (24.56%) 176 (31.15%) 165 (4.05%) 182 (3.43%) 64 (6.18%)
Hypertension 1314 (52.56%) 1454 (66%) 402 (71.15%) <0.001 1753 (43.04%) 3311 (62.4%) 742 (71.69%) <0.001
Diabetes 310 (12.4%) 562 (25.51%) 183 (32.39%) <0.001 319 (7.83%) 1289 (24.29%) 352 (34.01%) <0.001
Coronary 457 (18.28%) 499 (22.65%) 115 (20.35%) 0.001 502 (12.33%) 790 (14.89%) 151 (14.59%) 0.001
artery
CHF 58 (2.32%) 90 (4.09%) 30 (5.31%) <0.001 11 (0.27%) 27 (0.51%) 14 (1.35%) <0.001
COPD 358 (14.32%) 344 (15.62%) 99 (17.52%)  0.125 386 (9.48%) 461 (8.69%) 117 (11.3%) 0.024
Sleep apnea 173 (6.92%) 498 (22.61%) 227 (40.18%) <0.001 364 (8.94%) 1520 (28.65%) 503 (48.6%)  <0.001
ETOH 153 (6.12%) 95 (4.31%) 13 (2.3%) <0.001 170 (4.17%) 135(2.54%) 18 (1.74%) <0.001
Smoker 740 (29.6%) 494 (22.42%) 113 (20%) <0.001 1097 (26.93%) 954 (17.98%) 169 (16.33%) <0.001
Disseminated 164 (6.56%) 89 (4.04%) 20 (3.54%) <0.001 181 (4.44%) 156 (2.94%) 28 (2.71%) <0.001
cancer
Preop sepsis 817 (32.68%) 862 (39.13%) 250 (44.25%) <0.001 16 (0.39%) 22(0.41%)  9(0.87%) 0.133
Functional 0.002 0.029
status
Independent 2054 (82.86%) 1883 (86.3%) 458 (81.93%) 3959 (97.25%) 5202 (98.08%) 1008 (97.67%)
Partially 425 (17.14%) 299 (13.7%) 101 (18.07%) 112 2.75%) 102 (1.92%) 24 (2.33%)
dependent
Steroids 306 (12.24%) 234 (10.62%) 53 (9.38%) 0.071 316 (7.76%) 245 (4.62%) 45 (4.35%) <0.001
WBC 11.51 (8.1) 12.03 (6.93) 13.5(10.1) <0.001 7.4 (3.87) 7.65(3.14) 8.13 (4.67) <0.001
Blood glucose 118.92 (41.54) 127.53 (45.96) 134.74 (53.94) <0.001 103.14 (27.16) 115.5 (37.74) 120.9 (42.38) <0.001
Albumin 3.15(0.8) 3.21(0.78) 3.08 (0.77) <0.001 3.85(0.6) 3.92 (0.51) 3.87 (0.49) <0.001
Lactate 1.72 (1.49) 1.73 (1.42) 1.88 (1.75) 0.073 1.32(0.73) 1.35(0.9) 1.41 (1.16) 0.011
Surgical <0.001
priority
Emergency 1125 (45%) 1111 (50.43%) 298 (52.74%)
Urgent 1375 (55%) 1092 (49.57%) 267 (47.26%)
Surgical 0.09 <0.001
approach
MIS 452 (18.08%) 452 (20.52%) 103 (18.23%) 2669 (65.53%) 3698 (69.69%) 654 (63.19%)
Open 2048 (81.92%) 1751 (79.48%) 462 (81.77%) 1404 (34.47%) 1608 (30.31%) 381 (36.81%)
Weight loss 260 (10.4%) 87 (3.95%) 11 (1.95%) <0.001 295(7.24%) 84 (1.58%)  7(0.68%) <0.001
Diagnosis <0.001 <0.001
Colorectal 537 (29.72%) 364 (22.2%) 81 (19.52%) 1653 (59.96%) 1992 (55.58%) 417 (60.52%)
cancer
Diverticulitis 433 (23.96%) 644 (39.27%) 169 (40.72%) 815 (29.56%) 1395 (38.92%) 239 (34.69%)
GI hemor- 12 (0.66%) 13 (0.79%) 3(0.72%) 2 (0.07%) 3 (0.08%) 1 (0.15%)
rhage
IBD 35 (1.94%) 18 (1.1%) 2(0.48%) 126 (4.57%) 67 (1.87%) 7 (1.02%)
Ischemia 113 (6.25%) 118 (7.2%) 33 (7.95%) 6 (0.22%) 8 (0.22%) 1(0.15%)
Volvulus 150 (8.3%) 47 (2.87%) 9(2.17%) 29 (1.05%) 10 (0.28%) 4 (0.58%)
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Table 1 (continued)
Variable Label Urgent/emergent Elective
Normal Obese Morbidly p value Normal Obese Morbidly p value
(N=2500) (N=2203) obese (N=4073) (N=5306) obese
(N=565) (N=1035)
Other 527 (29.16%) 436 (26.59%) 118 (28.43%) 126 (4.57%) 109 (3.04%) 20 (2.9%)
Colon/rectum 0.705 0.347
Colon 2265 (90.6%) 2011 (91.28%) 515 (91.15%) 2935 (72.06%) 3768 (71.01%) 754 (72.85%)
Rectum 235 (9.4%) 192 (8.72%) 50 (8.85%) 1138 (27.94%) 1538 (28.99%) 281 (27.15%)
Procedure 0.058 <0.001
side
Left colec- 1681 (67.24%) 1542 (710%) 416 (73.63%) 1990 (48.86%) 2713 (51.13%) 543 (52.46%)
tomy
Rectal resec- 235 (9.4%) 192 (8.72%) 50 (8.85%) 1138 (27.94%) 1538 (28.99%) 281 (27.15%)
tion
Right colec- 446 (17.84%) 349 (15.84%) 76 (13.45%) 847 (20.8%) 967 (18.22%) 203 (19.61%)
tomy
Total 138 (5.52%) 120 (5.45%) 23 (4.07%) 98 (2.41%) 88 (1.66%) 8 (0.77%)
abdominal
colectomy
Ostomy 322 (13.63%) 264 (12.67%) 87 (16.05%) 0.118 253 (6.36%) 256 (4.91%) 52 (5.06%) 0.008

p values come from y° and  tests

ASA American Society of Anesthesiologists Classification, CHF congestive heart failure, COPD chronic obstructive pulmonary disease, ETOH
alcohol use, WBC white blood cell count (K/UL), MIS minimally invasive surgery; Blood glucose (mg/dL); albumin (g/dL), lactate (mMol/dL),

IBD inflammatory bowel disease

To adjust for imbalances in the observational groups, pro-
pensity score weighting was used to make the treatment groups
more comparable. All demographics and preprocedure comor-
bidities were included in the propensity score model. The
weighted groups were then tested for balance using weighted
versions of the 7 test and 47 test.

Urgent and Emergency operations were combined in one
group and compared with elective operations. Urgent and
Emergency operations were included separately in the statisti-
cal model to control for any differences between these groups.

Outcomes were then compared between the normal, obese,
and morbidly obese groups. In urgent/emergency procedures,
sex, diabetes, sleep apnea, ETOH, and smoker status were
still significantly different after weighting, thus p values were
calculated using weighted regressions with these variables as
additional controls. For elective cases, sex, age, ASA class,
diabetes, sleep apnea, smoker status, disseminated cancer,
and steroid/immunosuppressive medication use were included
as controls. P values <0.05 were considered statistically
significant.

Results
Characteristics of the cohort

The study population included 5268 urgent/emergency
colorectal surgery cases—2500 patients with normal
BMI (18.5-25), 2203 obese BMI (30-40), and 565 were
morbidly obese BMI (40+). There were 10,414 elective
colorectal surgery cases—4073 patients with normal BMI,
5306 obese, and 1035 who were morbidly obese.

Table 1 presents patient characteristics and predictors
for urgent/emergency and elective cases prior to propensity
score weighting. Almost half of the urgent/emergency group
cases were urgent. Almost 20% of the urgent/emergency
group and 63-70% of the elective cases were done by a mini-
mally invasive approach. There were many significant dif-
ferences between BMI groups in both surgical time frames.

Table 2 reveals the balance of patient characteristics
and predictors for urgent/emergency and elective cases
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Table 2 Patient characteristics and predictors after propensity score weighting

Variable Label Urgent/emergent Elective
Normal Obese Morbidly p value Normal Obese Morbidly p value
(N=2500) (N=2203) obese (N=4073) (N=5306) obese
(N=565) (N=1035)
Age 64.61 (15.97) 63.42 (15.37) 63.28 (14.91) 0.042 63.03 (13.67) 61.81(13.33) 60.95(12.74) <0.001
Female 54.83% 57.77% 67.39% <0.001 54.26% 56.67% 68.1% <0.001
White 80.38% 81.89% 84.53% 0.113 84.9% 84.74% 84.28% 0.925
ASA 0.111 0.135
ASA 1 1.42% 0.84% 1.53% 1.53% 0.99% 0%
ASA 2 23.48% 22.55% 16.8% 43.96% 42.53% 43.48%
ASA 3 50.31% 51.86% 55.97% 50.63% 52.73% 52.89%
ASA 4 24.8% 24.75% 25.69% 3.89% 3.75% 3.63%
Hypertension 57.98% 61.46% 63.32% 0.058 53.74% 56.92% 53.05% 0.177
Diabetes 17.04% 21.56% 22.52% <0.001 15.71% 19.44% 18.48% 0.007
Coronary 20.46% 21.34% 20.3% 0.807 14.06% 14.06% 11.65% 0.287
artery
CHF 2.77% 3.84% 3.51% 0.154 0.26% 0.58% 0.65% 0.043
COPD 15.37% 15.41% 14.66% 0.924 9.19% 8.97% 8.99% 0.959
Sleep apnea 13.01% 18.01% 18.56% <0.001 18.99% 23.57% 23.16% 0.001
ETOH 5.83% 4.66% 2.52% 0.012 3.71% 2.75% 1.85% 0.024
Smoker 28.12% 24.12% 20.75% 0.003 23.17% 20.17% 17.39% 0.009
Disseminated 6% 4.45% 4.01% 0.12 3.92% 3.37% 2.37% 0.09
cancer
Preop sepsis 35.72% 37.49% 38.69% 04 028% 0.47% 0.72% 0.121
Functional 0.349 0.084
status
Independent  82.86% 84.69% 84.29% 97.47% 97.79% 98.68%
Partially 17.14% 15.31% 15.71% 2.53% 2.21% 1.32%
dependent
Steroids/ 11.56% 10.93% 7.29% 0.026 6.26% 5.36% 3.46% 0.011
immunosup-
pressive
WBC (K/UL) 11.99(9.03) 11.85(6.97) 12.72(10.26) 0.284 7.55 (3.83) 758(3.21) 764 0.902
Glucose (mg/ 122.91 124.92 (45.6) 127.72 0.11 109.51 111.82 111.19 0.114
dL) (44.85) (47.88) (34.09) (35.72) (33.99)
Albumin (g/ 3.16 (0.81) 3.18 (0.79) 3.13 (0.77) 0.539 3.89 (0.56) 3.89 (0.54) 3.9(0.5) 0.9
dL)
Lactate 1.75 (1.52) 1.73 (1.45) 1.81 (1.61) 0.624 1.34 (0.77) 1.35(0.9) 1.35(0.9) 0.895
(mMol/dL)
Surgical 0.286
priority
Emergent 47.48% 48.48% 51.99%
Urgent 52.52% 51.52% 48.01%
Surgical 0.368 0.104
approach
MIS 17.99% 19.81% 18.1% 67.11% 68.12% 61.6%
Open 82.01% 80.19% 81.9% 32.89% 31.88% 38.4%

Weight loss 8.07% 5.39% 3.28% 0.005 4.48% 2.54% 0.94% <0.001
Diagnosis 0.001 0.438
Colorectal 26.48% 24.53% 24.77% 57.89% 56.75% 62.18%

cancer
Diverticulitis  28.25% 34.72% 36.72% 33.93% 36.26% 31.35%
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Table 2 (continued)
Variable Label Urgent/emergent Elective
Normal Obese Morbidly p value Normal Obese Morbidly p value
(N=2500) (N=2203) obese (N=4073) (N=53006) obese
(N=565) (N=1035)
GI hemor- 0.68% 0.85% 0.55% 0.06% 0.07% 0.05%
rhage
IBD 1.58% 1.6% 0.39% 3.06% 2.78% 2.04%
Ischemia 7.23% 7.02% 6.42% 0.22% 0.26% 0.05%
Other 28.93% 27.59% 28.81% 4.01% 3.46% 3.28%
Volvulus 6.85% 3.7% 2.35% 0.82% 0.43% 1.05%
Colon/rectum 0.501 0.774
Colon 90.35% 91.36% 91.65% 71.6% 71.77% 73.34%
Rectum 9.65% 8.64% 8.35% 28.4% 28.23% 26.66%
Procedure 0.517 0.43
type
Left colec- 68.26% 69.43% 73.05% 50.32% 50.61% 49.98%
tomy
Rectal resec-  9.65% 8.64% 8.35% 28.4% 28.23% 26.66%
tion
Right colec-  16.82% 16.47% 14.96% 19.3% 19.29% 22.79%
tomy
Total 5.27% 5.45% 3.64% 1.97% 1.87% 0.57%
abdominal
colectomy
Ostomy 13.84% 13.75% 12.45% 0.741 5.56% 5.36% 8.59% 0.381

p values come from weighted versions of 4% and ¢ tests

ASA American Society of Anesthesiologists Classification, CHF congestive heart failure; COPD chronic obstructive pulmonary disease, ETOH
alcohol use, WBC white blood cell count (K/UL), MIS minimally invasive surgery; Blood glucose (mg/dL); albumin (g/dL), lactate (mMol/dL),

IBD inflammatory bowel disease

after propensity score weighting. Obese and morbidly
obese patients were more likely to be female and have
diabetes and sleep apnea, and less likely to be smokers and
ETOH users for both urgent/emergency and elective opera-
tions. Normal BMI patients were more likely to be older,
and on steroids/immunosuppressive medications, and have
weight loss for urgent/emergency and elective operations.

Propensity score weighted morbidity and mortality
(Fig. 1)

Figure 1 shows propensity score weighted morbidity and
mortality for urgent/emergency and elective cases. Post-
operative complications are significantly more common in
the morbidly obese than the normal BMI group for both
urgent/emergency (42.76% vs 33.75%, p=0.003) and elec-
tive (18.17% vs 13.36%, p=0.004) operations. Postoperative
complications are also significantly more common in the
obese than the normal BMI group for both urgent/emergency
(36.46% vs 33.75%, p=0.043) and elective (15.45% vs
13.36%, p=0.011) operations. Deaths are significantly more
common in the morbidly obese than the normal BMI group

(14.93% vs 11.44%, p=0.013) for urgent/emergency opera-
tions. There was no significant difference between obese and
normal BMI groups for urgent/emergency operations (9.5%
vs 11.44%, p=0.482). Mortality for all groups with elective
operations was < 1% and there were no significant differ-
ences between groups (normal BMI 0.96% vs obese BMI
0.76%, p=0.937; normal BMI 0.96% vs morbidly obese
BMI 0.70%, p=0.732).

Propensity score weighted individual complications
(Table 3)

Any SSI was significantly higher for morbidly obese and
obese compared to normal BMI groups for both urgent/
emergency and elective operations. Superficial SSI was
also significant higher for morbidly obese and obese com-
pared to normal BMI groups for both urgent/emergency
and elective operations. Deep SSI was significantly higher
for obese groups compared to the normal BMI group for
urgent/emergency operations, and for morbidly obese com-
pared to the normal BMI group for elective operations.
Anastomotic leaks were significantly higher for obese but
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Urgent/Emergency (%)

=0.003

33.75

Elective (%)

p=0.004

PROPENSITY-ADJUSTED PROPENSITY-ADJUSTED
MORBIDITY MORTALITY

m Normal Obese

Fig. 1 Propensity score weighted morbidity and mortality

not morbidly obese BMI groups compared to the normal
BMI group for urgent/emergency operations. There were
no significant differences between groups for sepsis, ileus,
MI, cardiac arrest, pneumonia, unplanned intubation, and
catheter-associated UTIs.

Acute renal failure was significantly more common in
the morbidly obese group compared to the normal BMI
group for urgent/emergency operations. Acute renal failure
and DVT were significantly more common in morbidly
obese and obese groups compared to the normal BMI
group for elective operations. The total VTE events were
significantly more common in the morbidly obese and
obese BMI groups than the normal BMI group for elec-
tive, but not urgent/emergency operations. Stroke was sig-
nificantly more common in the normal compared to mor-
bidly obese groups for elective but not urgent/emergency
operations. Symptomatic UTI was significantly higher for
the normal group compared to the obese BMI group for
urgent/emergency operations. Reoperation and readmis-
sion were significantly more common in the obese group
as compared to the normal BMI group for urgent/emer-
gency operations. Discharge destination not home was
significantly more common for morbidly obese patients
as compared to normal BMI patients for elective but not
urgent/emergency operations.
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m Morbidly Obese

Discussion

The results of this study show that morbid obesity
(BMI > 40) and obesity (BMI 30-39.9) are associated
with complications after urgent-emergency colorectal
resection, with significantly higher risk-adjusted rates of
SSIs. Some complications (anastomotic leak, reoperations,
readmissions) are significantly higher in the obese but not
the morbidly obese group compared to normal BMI after
urgent/emergency operations. Overall, the significant dif-
ferences in total complications (Any Morbidity) and SSIs
are similar for urgent/emergency and elective operations.
There are differences in individual complication patterns.
For example, though venous thromboembolic events are
more common after urgent/emergency than after elective
operations, these complications are not significantly differ-
ent between BMI groups for the urgent/emergency cases as
they are for the elective cases. Reoperations and readmis-
sion are significantly more common in obese vs normal
BMI for urgent/emergency operation but not for elective
operations. Mortality is higher for urgent/emergency oper-
ations than for elective operations and significantly higher
for morbidly obese compared to the normal BMI group
for urgent/emergency operations. Mortality was low for
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all elective BMI groups and without significant difference
between groups.

An ACS-NSQIP study of elective colorectal surgery cases
showed an “obesity paradox” with significantly higher odds
for mortality for the normal BMI group when compared
to overweight (BMI 25.0-29.9) and mildly obese (BMI
30.0-34.9) groups [12]. In contrast to this ACS-NSQIP
study, the “obesity paradox” was not apparent for urgent/
emergency or for elective cases in our study. Though mortal-
ity was lower in the obese than in the normal BMI group, the
difference was not significantly different (11.44% vs 9.5%,
p=0.482). Our analysis showed no difference in mortality
between BMI groups for elective cases, all with strikingly
low rates of mortality < 1%.

Our study showed that postoperative complications after
urgent/emergency colorectal operations are twice what they
are after elective operations for all BMI groups. Surgical
site infections are major drivers of morbidity after colorec-
tal surgery [7, 12]. Our study revealed significantly higher
SSI rates for morbidly obese and obese patients when com-
pared to the normal BMI group for both urgent/emergency
and elective colorectal operations. Type I (superficial) SSIs
were significantly higher for morbidly obese and obese BMI
groups compared to the normal BMI group for both urgent/
emergency and elective cases. Type II (deep) SSIs were sig-
nificantly higher for obese BMI groups for urgent/emergency
cases, and for the morbidly obese group for elective cases
compared to the normal BMI group. There were no signifi-
cant differences in type III SSIs (organ space) between BMI
groups for both urgent/emergency and elective group cases.

Although high BMI has been shown to increase com-
plications after elective colorectal surgery, our study adds
to current literature as there is a paucity of studies focused
on colorectal urgent/emergency operations for outcomes
comparison. Other colorectal surgery studies of elective
cases confirm our finding of significantly higher SSIs for
higher BMIs compared to normal BMI [12]. In contrast,
a systematic review showed no difference in SSIs between
obese and nonobese patients undergoing elective laparo-
scopic colorectal resections [13]. However, BMI > 25 kg/m?
was considered obese in that study. Adherence to processes
that decrease SSIs may be effectively adopted in the elec-
tive setting [11]. Mechanical bowel preparation with oral
antibiotics is not practical or indicated for most urgent/emer-
gency cases. For urgent/emergency cases, strict attention to
properly administered intravenous antibiotics, normother-
mia, euglycemia, and MIS when possible may potentially
decrease SSIs [14].

Sepsis was higher for urgent/emergency than for elective
operations in our study, but there were no significant differ-
ences between BMI groups. Anastomotic leaks and reopera-
tions were significantly higher for the obese group than the
normal BMI group for urgent/emergency but not elective
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operations. Because the anastomotic leak rate was low for
each BMI group, unmeasured differences in illness sever-
ity or other characteristics between cohorts in the urgent/
emergency operations could influence these results. Obesity
should likely be considered among other risk factors when
deciding whether to perform an anastomosis in the urgent-
emergency setting.

Other studies examining the association of obesity and
postoperative complications for urgent/emergent colorectal
operations are inconsistent in their conclusions and difficult
to compare with our study because of differences in obesity
definitions [15, 16]. A study comparing 397 morbidly obese
(median BMI 39.3) and 397 nonmorbidly obese (median
BMI 27.4) patients undergoing emergency Hartmann’s pro-
cedure for perforated diverticulitis showed no significant
difference in postoperative complications, including SSIs
[15]. This study examined only one emergency diagnosis
and the definition of morbid obesity was BMI> 35 kg/m?,
thereby making it difficult to compare to the obese (BMI
30-39) and morbidly obese (BMI >40) groups in our
study. Another study comparing outcomes for emergency
surgery for obstructing colon cancer also found no differ-
ence in 30-day complications between normal (BMI < 25),
overweight (BMI 25-29.9), and obese (BMI>30) groups,
except for stoma-related complications in patients with left-
sided obstruction. There was no morbidly obese group in
this study [16]. We chose not to include the overweight BMI
group because of the paucity of literature showing worse
outcomes for this group. We also hypothesized and have
shown that there are differences between obese and morbidly
obese groups when compared to normal BMI when morbid
obesity was defined as > 40 kg/m>.

Other studies evaluating the impact of obesity on elective
colorectal operations also show mixed results [7, 12, 17,
18]. A study that also defined morbid obesity as BMI > 40,
showed that an obese BMI class is an independent risk factor
for adverse elective postoperative outcomes and that SSIs
progressively increased with increasing BMI class [12]. In
contrast to our study, sepsis also increased with increas-
ing BMI, while our study showed no difference in sepsis
between groups for elective operations. Similar to our study,
patients with higher BMI had significantly more diabetes. In
contrast to our study, the minimally invasive approach was
used less often (48% vs 62-70%). Another large population-
based study of patients undergoing elective operations for
colon and rectal cancer identified obesity as a risk factor
for postoperative complications for all obesity groups and
an underweight group as compared to those with normal
BMI [18].

There are limitations inherent to any database study that
relies on accurate data reporting and submission. Although
the MSQC database is comprehensive in the number of pre-
dictors and the unique nature of some predictors available
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for analysis, there may be other data not captured by this
database that impacts outcomes. MSQC includes 90% of
eligible small community hospitals and large academic
centers in Michigan and the results may be generalizable to
other institutions. Our study focused on the impact of obesity
compared to normal BMI patients and did not include under-
weight (BMI < 18.5) patients that have been shown in other
studies to be at high risk for complications [12]. Although
many studies apply BMI to categorize obesity, others have
suggested that CT-defined visceral obesity and sarcopenia
may better characterize obesity risk [19, 20]. These data are
not available in the MSQC registry. We chose to combine
urgent and emergency groups and separated them in the sta-
tistical model. The MSQC data source does not account for
selection bias with respect to which patients are chosen for
minimally invasive and open options. These variables were
included in the statistical model.

This study lends perspective to the impact of obesity
by including both urgent/emergency and elective cohorts.
Urgent/emergency cases may not allow modification of
obesity as a risk factor. Because morbidity and mortality
are related to the severity of the illness, acute surgical care
interventions that potentially decrease perioperative risk and
the use of minimally invasive surgery when possible may
be the optimum strategy for urgent/emergent operations at
this time. Elective cases may allow weight reduction options
to improve operative outcomes related to obesity, though
colorectal cancer cases are a weight loss dilemma. Global
educational efforts to reduce the rising incidence of obesity
may be the most effective risk-reduction strategy.

Conclusion

Morbid obesity and obesity are associated with significantly
higher overall morbidity and significantly more superficial
surgical site infections after urgent/emergency and elective
colorectal surgery. Obesity is a risk factor difficult to mod-
ify prior to urgent/emergency surgery. Managing morbidity
after urgent/emergent colorectal surgery will require further
study with projected increasing obesity rates.
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