
Surgery 165 (2019) 602–607 

Contents lists available at ScienceDirect 

Surgery 

journal homepage: www.elsevier.com/locate/surg 

National Surgical Quality Improvement Program analysis of unplanned 

reoperation in patients undergoing low anterior resection or 

abdominoperineal resection for rectal cancer 

✩ 

Lily V. Saadat, MD 

a , ∗, Adam C. Fields, MD 

a , Heather Lyu, MD 

a , Richard D. Urman, MD, 
MBA 

b , c , Edward E. Whang, MD 

a , Joel Goldberg, MD, MPH 

a , Ronald Bleday, MD 

a , 
Nelya Melnitchouk, MD, MSc 

a 

a Department of Surgery, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA 
b Department of Anesthesiology, Perioperative and Pain Medicine, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA; and 
c Center for Perioperative Research, Brigham and Women’s Hospital, Boston, MA 

a r t i c l e i n f o 

Article history: 

Accepted 14 August 2018 

Available online 9 October 2018 

a b s t r a c t 

Background: The rate of unplanned reoperation for rectal cancer can provide information about sur- 

gical quality. We sought to determine factors associated with unplanned reoperation after low ante- 

rior resection and abdominoperineal resection for patients with rectal cancer and outcomes after these 

reoperations. 

Methods: The American College of Surgeons National Surgical Quality Improvement Program database 

was used to conduct this retrospective study. Patients who underwent elective low anterior resection 

and abdominoperineal resection for rectal cancer from 2012–2014 were identified. The primary outcomes 

were 30-day reoperation rates and postoperative complications. 

Results: A total of 454 low anterior resection patients (5.9%) and 289 abdominoperineal resection pa- 

tients (8.1%) required reoperation within 30 days of their index operation. The most common reasons 

for reoperation were infection, bleeding, and bowel obstruction. Multivariate analysis revealed that male 

sex (odds ratio: 1.5, P = .001), poor functional status (odds ratio: 2.2, P = .04), operative time (odds ratio: 

1.001, P = .01), low preoperative albumin (odds ratio: 0.79, P = .04), and lack of ostomy (odds ratio, 0.66, 

P = .005) were independent risk factors for reoperation after low anterior resection. Smoking (odds ra- 

tio: 1.7, P = .001), chronic obstructive pulmonary disease (odds ratio: 1.8, P = .03), poor functional status 

(odds ratio: 2.1, P = .032), operative time (odds ratio: 1.003, P < .001), low preoperative albumin (odds 

ratio: 0.69, P = .007), and open approach (odds ratio: 1.5, P = .02) were independent risk factors for reop- 

eration after abdominoperineal resection. Postoperative complication rates are high for those undergoing 

reoperation, often leading to non-home discharge ( P < .001) after reoperation. 

Conclusion: Reoperation after low anterior resection and abdominoperineal resection for rectal cancer is 

not uncommon. This study highlights the indications for reoperation, potentially modifiable preoperative 

risk factors for reoperation, and the morbidity associated with such operations. 

© 2018 Elsevier Inc. All rights reserved. 
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Introduction 

Variation in surgical outcomes has been a topic of wide discus-

sion and research in the setting of the rising cost of healthcare.

Traditionally, metrics such as morbidity and mortality have been

used as proxies for surgical quality. 1 Recent data have demon-
✩ Presented at the 2018 Annual Academic Surgical Conference. 
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trated the utility of unplanned reoperation rates as a qual-

ty metric for monitoring quality across hospitals because they

re discrete, easily tracked events. 2–6 Moreover, reoperations have

lear implications for increased patient morbidity and healthcare

osts. 7,8 For example, 1-year mortality after colorectal surgery has

een shown to be independently predicted by reoperation. 9 Given

ts importance, several variables relating to unplanned reoperations

ere added to the American College of Surgeons (ACS) National

urgical Quality Improvement Program (NSQIP) database in 2012,

llowing for closer examination of these patients and their overall
utcomes. 
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Earlier studies have found that colorectal operations account for

he greatest proportion of unplanned reoperations, with associated

ncreases in overall hospital cost and mortality rates. 3 In colorec-

al cancer patients, reoperation in the early postoperative period

as been further associated with worse long-term oncologic out-

omes. 10 Merkow et al 1 demonstrated that 5.7% of colorectal pa-

ients required reoperations. Despite the clear implications of reop-

ration on overall patient outcomes and cost, there are no studies

ocused on unplanned reoperations in patients with rectal cancer

ndergoing abdominoperineal resection (APR) or low anterior re-

ection (LAR) and risk factors associated with reoperation. 

The aim of this study was to determine the factors associated

ith unplanned reoperation after LAR and APR for patients with

ectal cancer and to examine the outcomes after these reopera-

ions using ACS NSQIP database. The goal is to provide recommen-

ations for risk stratification based on preoperative characteristics

hat may improve overall patient outcomes. 

ethods 

ata source and patient selection 

The ACS NSQIP is a validated, risk-adjusted, national program

hat provides data on patient demographics, medical comorbidi-

ies, operative variables, and postoperative events, which can be

sed for quality improvement. Further details of ACS NSQIP are de-

cribed elsewhere. 11 Using the ACS NSQIP database, we identified

1,297 patients undergoing LAR or APR from 2012 through 2014.

e utilized 2012–2014 data because these were the first years that

nplanned reoperation was included in the NSQIP database. Pa-

ients were identified using Current Procedural Terminology codes

or APR and LAR, including 45110, 4 4146, 4 4155, 4 4156, 55157,

 4158, 4 4145, 4 4207, 4 4208. This study was reviewed by the

righam and Women’s Hospital Institutional Review Board (Boston,

A) and found to be exempt. 

ariables and outcomes 

Demographic, preoperative, operative, and postoperative vari-

bles were obtained for analysis. Patient demographic variables in-

luded age, race, sex, body mass index (BMI), American Society of

nesthesiologists (ASA) class, and associated comorbidities. Met-

ics of patients’ preoperative functional status, as defined by their

bility to perform activities of daily living in the 30 days before

urgery, were also collected. Use of chronic preoperative steroids

ithin 30 days before the principle operative procedure or at the

ime of surgical consideration was also noted. Surgical procedures

ere categorized by type, approach (open versus laparoscopic),

nd wound class. All procedures were for rectal cancer, and pa-

ients undergoing emergency operations were excluded. Labora-

ory variables obtained included creatinine, albumin, hematocrit,

nd platelets. Postoperative complications were analyzed and in-

luded superficial, deep, and organ space infections and pulmonary

omplications such as pneumonia and pulmonary embolism, re-

al insufficiency, cardiac arrest or myocardial infarction, bleeding,

eep vein thrombosis, sepsis, death, and readmission. We also ana-

yzed discharge destination, which refers to home versus nonhome

ischarge. 

The primary study outcome was unplanned reoperation within

0 days of the index procedure. Unplanned reoperation was de-

ned by the NSQIP database as an “unplanned return to the oper-

ting room for a surgical procedure related to either the index or

oncurrent procedure performed ... [and] may occur at any hospi-

al or surgical facility,” including hospitals other than the facility

here the index procedure was performed. 12 Secondary outcomes

ncluded postoperative complications. 
tatistical analyses 

Bivariate exploratory analyses were carried out using Pear-

on χ2 or Fisher exact tests for categoric variables and inde-

endent t tests for continuous variables. Multivariate logistic

egression analysis was then performed to determine independent

isk factors for reoperation. All lab values were expressed as

ean values with standard deviations. P < .05 was considered

tatistically significant for all tests run. All statistical analyses were

alculated using SPSS software v 20.0 (IBM, Armonk, NY). 

esults 

A total of 11,297 patients were identified; 7,714 patients under-

ent LAR and 3,583 patients underwent APR. A total of 454 LAR

atients (5.9%) and 289 APR patients (8.1%) required reoperation

ithin 30 days of their index operation. 

atient characteristics and risk factors for reoperation 

In the LAR group, patients who needed a reoperation compared

ith patients who did not need a reoperation were older (62.4

s 60.9 years, P = .01), more likely to have preoperative hyperten-

ion (53% vs 44.9%, P = .001), use steroids (4.4% vs 2.6%, P = .03),

ad worse functional status (3.08% vs 1.06%, P < .001), and had

 higher ASA class (61.6% vs 51.4%, P < .001, Table 1 ). Patients

ho were female (29% vs 42%, P < .001) or white (68.7% vs 76.8%,

 = .001) were less likely to have a reoperation. Patients who had

onger index operation times had higher rates of reoperation (250

inutes vs 236 minutes, P = .01). Reoperation was more common

n patients who did not have an ostomy at the time of the in-

ex surgery (46.9% vs 40.1%, P = .005). High preoperative creatinine,

ow albumin, and low platelets were also associated with increased

isk of reoperation ( Table 1 ). 

For patients who underwent APR, reoperation was similarly

ore common in older patients (63.5 vs 61.6 years, P = .02).

eoperation was also higher in patients who had chronic

bstructive pulmonary disease ([COPD] 8.3% vs 4.4%, P = .003) or

ere active smokers (31.8% vs 20.3%). Patients with poor functional

tatus (4.8% vs 2.1%, P = .005) and high ASA class (69.5% vs 63.2%,

 = .04) were also at an increased risk of reoperation. Longer index

perative time was again noted to be associated with reoperation

349 minutes vs 289 minutes, P < .001). Low albumin was found

o be associated with reoperation (3.72 g/dL vs 3.8, P = .003); how-

ver, creatinine, hematocrit, and platelet level were not associated

ith reoperation in the APR cohort ( Table 2 ). 

Multivariate analysis was conducted, which revealed that male

ex (odds ratio [OR]: 1.7, 95% CI: 1.35–2.23, P = .001), poor func-

ional status (OR: 2.2, 95% CI: 1.03–4.50, P = .04), operative time

OR: 1.002, 95% CI: 1.0 01–1.0 08, P = .001), low preoperative al-

umin (OR: 0.80, 95% CI: 0.63–0.99, P = .05), and lack of os-

omy during the index procedure (OR: 0.66, 95% CI: 0.52–0.89,

 = .001) were independent risk factors for reoperation after LAR

 Table 3 ). Smoking (OR: 1.7, 95% CI: 1.2–2.4, P = .001), COPD (OR:

.8, 95% CI: 1.1–3.1, P = .03), poor functional status (OR: 2.1, 95%

I: 1.1–4.3, P = .032), operative time (OR: 1.003, 95% CI: 1.002–

.004, P = < .001), low preoperative albumin (OR: 0.69, 95% CI:

.53–0.90, P = .007), and open approach (OR: 1.5, 95% CI: 1.1–

.1, P = .02) were independent risk factors for reoperation after

PR. 

ndications for reoperation 

The mean time to reoperation was 10.6 days and 13.1 days for

AR and APR, respectively. After LAR, the most common cause for

eoperation was postoperative infection (20.3%, Table 4 ). Wound
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Table 1 

Patient characteristics for LAR. 

Demographics No reoperation (7,260) Reoperation (454) P value 

Age (years) 60.97 ± 12.76 62.49 ± 13.04 .01 

Female 3,105 (42.77%) 133 (29.30%) < .001 

BMI (kg/m 

2 ) 28.29 ± 6.34 28.37 ± 6.13 .77 

Race 

White 5,575 (76.79%) 312 (68.72%) .001 

Black 462 (6.36%) 45 (9.91%) 

Asian 328 (4.52%) 18 (3.96%) 

Other 895 (12.33%) 79 (17.40%) 

Comorbidities 

Diabetes 1,097 (15.11%) 73 (16.08%) .58 

HTN 3,264 (44.96%) 241 (53.08%) .001 

COPD 254 (3.50%) 20 (4.41%) .31 

Smoker 1,146 (15.79%) 83 (18.28%) .16 

Functional status 77 (1.06%) 14 (3.08%) < .001 

Steroid use 192 (2.64%) 20 (4.41%) .03 

Weight loss 287 (3.95%) 23 (5.07%) .24 

Procedure characteristics 

Laparoscopic 3,824 (52.67%) 225 (49.56%) .2 

Wound class 3/4 573 (7.89%) 53 (11.67%) .004 

ASA class 3/4 3,734 (51.43%) 280 (61.67%) < .001 

Operative time (min) 236.11 ± 112.16 250.38 ± 119.72 .01 

Preoperative labs 

Creatinine (mg/dL) 0.90 ± 0.34 0.97 ± 0.46 .002 

Albumin (g/dL) 3.97 ± 0.51 3.89 ± 0.54 .005 

HCT (%) 39.02 ± 4.77 39.08 ± 5.34 .81 

Platelet ( × 10 3 ) 243.64 ± 78.18 235.40 ± 74.63 .03 

HTN, hypertension. 

Table 2 

Patient characteristics for APR. 

Demographics No reoperation (3,294) Reoperation (289) P value 

Age (y) 63.56 ± 12.72 61.66 ± 13.62 .02 

Female 1,337 (40.59%) 101 (34.95%) .06 

BMI (kg/m 

2 ) 27.65 ± 6.35 28.10 ± 7.03 .26 

Race 

White 2,554 (77.53%) 212 (73.36%) .001 

Black 274 (8.32%) 44 (15.22%) 

Asian 109 (3.31%) 8 (2.77%) 

Other 357 (10.84%) 25 (8.65%) 

Comorbidities 

Diabetes 526 (15.97%) 52 (17.99%) .37 

HTN 1,622 (49.24%) 137 (47.40%) .55 

COPD 146 (4.43%) 24 (8.30%) .003 

Smoker 669 (20.31%) 92 (31.83%) < 0.001 

Functional status 72 (2.19%) 14 (4.84%) .005 

Steroid use 113 (3.43%) 10 (3.46%) .98 

Weight loss 245 (7.44%) 23 (7.96%) .75 

Procedure characteristics 

Laparoscopic 1,136 (34.49%) 75 (25.95%) .003 

Wound class 3/4 490 (14.88%) 52 (17.99%) .16 

ASA class 3/4 2,083 (63.24%) 201 (69.55%) .04 

Operative time (min) 289.65 ± 125.88 349.13 ± 167.40 < .001 

Ostomy 3,404 (46.9%) 182 (40.1%) .005 

Preoperative labs 

Creatinine (mg/dL) 0.92 ± 0.48 0.97 ± 0.92 .34 

Albumin (g/dL) 3.84 ± 0.52 3.72 ± 0.56 .003 

HCT (%) 37.90 ± 4.67 37.46 ± 5.14 .14 

Platelet ( × 10 3 ) 245.40 ± 85.53 250.58 ± 88.99 .33 

HTN, hypertension. 
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disruption (9.7%), bleeding complications (7.5%), and obstruction

(6.6%) were other causes for reoperation in the immediate postop-

erative period. Genitourinary complications, ostomy complications,

ischemic colitis, and perforation were also found to be associated

with reoperation in this cohort. Similarly, after APR, the most com-

mon cause for reoperation was postoperative infection (17.3%) fol-

lowed by wound disruption (15.6%), obstruction (9.7%), and bleed-

ing complication (8.7%). 
ostoperative complications 

In the LAR cohort, the risk of all complications was higher in

he reoperation cohort, except for cerebrovascular accident where

here was no statistical difference between the reoperation and the

o reoperation cohort ( Table 5 ). For patients undergoing APR, reop-

ration was associated with higher rates of superficial, deep, and

rgan space infections; dehiscence; pneumonia; failure to wean
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Table 3 

Multivariate analysis. 

Independent risk factors for reoperation after APR OR 95% CI P value 

Smoking 1.7 1.2–2.4 .001 

Functional status 2.1 1.1–4.3 .032 

COPD 1.8 1.1–3.1 .03 

Operative time 1.003 1.002–1.004 < .001 

Albumin 0.69 0.53–0.90 .007 

Open surgery 1.5 1.1–2.1 .02 

Independent risk factors for reoperation after LAR OR 95% CI P value 

Male 1.7 1.35–2.23 .001 

Functional status 2.2 1.03–4.50 .04 

Operative time 1.002 1.001–1.008 .001 

Albumin 0.80 0.63–0.99 .05 

Ostomy 0.66 0.52–0.89 .001 

Table 4 

Indications for reoperation. 

Reoperation causes in APR (289 cases) Mean days to reoperation 

Postop infection (50)—17.3% 13.1 ± 8.4 

Wound disruption (45)—15.6% 

Obstruction (28)—9.68% 

Bleeding complication (25)—8.65% 

Ostomy complication (17)—5.89% 

GU complication (12)—4.15% 

Reoperation causes in LAR (454 cases) Mean days to reoperation 

Postop infection (92)—20.3% 10.62 ± 7.49 

Wound disruption (44)—9.7% 

Bleeding complication (34)—7.5% 

Obstruction (30)—6.6% 

GU complication (21)—4.6% 

Ostomy complication (20)—4.4% 

Ischemic colitis (11)—2.4% 

Perforation (8)—1.8% 

GU, Genitourinary. 
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rom ventilator; bleeding; deep vein thrombosis (DVT); sepsis; sep-

ic shock; death; and readmission ( Table 6 ). Of note, patients who

nderwent reoperation for either LAR or APR were significantly

ore likely to have a nonhome discharge ( P < .001; Tables 6 and

 ). 
Table 5 

Postoperative complications after LAR. 

No reoperation (

Surgical complications 

Superficial infection 350 (4.82%) 

Deep wound infection 51 (0.70%) 

Organ space infection 288 (3.97%) 

Bleeding 585 (8.06%) 

Dehiscence 33 (0.45%) 

Medical complications 

PNA 85 (1.17%) 

Pulmonary embolism 35 (0.48%) 

Failure to wean from vent 30 (0.41%) 

Renal insufficiency 98 (1.35%) 

Renal failure 37 (0.51%) 

UTI 225 (3.10%) 

CVA 10 (0.14%) 

Cardiac arrest 21 (0.29%) 

MI 29 (0.40%) 

DVT 56 (0.77%) 

Sepsis 155 (2.13%) 

Septic shock 34 (0.47%) 

Death 38 (0.52%) 

Readmission 819 (11.28%) 

Discharge destination 388 (5.34%) 

CVA, Cerebrovascular accident; PNA, Pneumonia
iscussion 

This is the first study in the literature to analyze factors asso-

iated with reoperation and outcomes after reoperation in patients

ndergoing LAR or APR for rectal cancer. Understanding predictive

actors for reoperations can help risk-stratify patients and focus ef-

orts to improve overall outcomes. Early identification of patients

ho are at high risk for reoperation can additionally help opera-

ive planning and patient counseling. In this study, we showed that

.1% of APR patients and 5.9% of LAR patients required reoperation

ithin 30 days of the index operation for management of infec-

ion, bleeding, and bowel obstruction. Operative time, poor nutri-

ional status, and poor functional status were major risk factors for

eoperation. 

Earlier studies on reoperation rates after all colorectal surgery

ave reported rates ranging from 1.8% to 14% 

1 , 3–5 ; there are no

tudies looking specifically at rectal cancer surgery, which is tech-

ically more difficult and carries a higher complication rate. 13 The

iming of complications after APR or LAR for rectal surgery is also

ot well defined in the literature. One study in patients undergoing

aparoscopic or open colectomy analyzed the rate of anastomotic

eak in colorectal surgery and timing to detection of this compli-

ation. This study concluded that the mean time after index oper-

tion for anastomotic leak was 9.8 days. 14 In our study, the mean

ime to reoperation was 10.6 days and 13.1 days for LAR and APR,
7,260) Reoperation (454) P value 

46 (10.13%) < .001 

29 (6.39%) < .001 

206 (45.37%) < .001 

92 (20.26%) < .001 

38 (8.37%) < .001 

48 (10.57%) < .001 

15 (3.30%) < .001 

51 (11.23%) < .001 

23 (5.07%) < .001 

17 (3.74%) < .001 

33 (7.27%) < .001 

1 (0.22%) .65 

11 (2.42%) < .001 

15 (3.30%) < .001 

21 (4.63%) < .001 

104 (22.91%) < .001 

60 (13.22%) < .001 

17 (3.74%) < .001 

183 (40.31%) < .001 

85 (18.72%) < .001 

; UTI, Urinary tract infection. 



606 L.V. Saadat et al. / Surgery 165 (2019) 602–607 

Table 6 

Postoperative complications after APR. 

No reoperation (3,294) Reoperation (289) P value 

Surgical complications 

Superficial infection 297 (9.02%) 44 (15.22%) .001 

Deep wound infection 121 (3.67%) 65 (22.49%) < .001 

Organ space infection 138 (4.19%) 46 (15.92%) < .001 

Bleeding 657 (19.94%) 102 (35.29%) < .001 

Dehiscence 80 (2.43%) 50 (17.30%) < .001 

Medical complications 

PNA 78 (2.37%) 19 (6.57%) < .001 

Pulmonary embolism 21 (0.64%) 7 (2.42%) .006 

Failure to wean from vent 37 (1.12%) 19 (6.57%) < .001 

Renal insufficiency 24 (0.73%) 5 (1.73%) .08 

Renal failure 12 (0.36%) 5 (1.73%) .009 

UTI 178 (5.40%) 17 (5.88%) .73 

CVA 5 (0.15%) 1 (0.35%) .4 

Cardiac arrest 17 (0.52%) 0 (0%) .39 

MI 25 (0.76%) 4 (1.38%) .29 

DVT 28 (0.85%) 9 (3.11%) .002 

Sepsis 129 (3.92%) 43 (14.88%) < .001 

Septic shock 24 (0.73%) 13 (4.50%) < .001 

Death 28 (0.85%) 7 (2.42%) .02 

Readmission 401 (12.17%) 114 (39.44%) < .001 

Discharge destination 410 (12.45%) 70 (24.22%) < .001 

CVA, Cerebrovascular accident; PNA, Pneumonia; UTI, Urinary tract infection. 
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respectively. These data may allow providers to predict timing of

morbid complications in the postoperative period. 

Earlier studies have suggested that demographic factors have

little impact on postoperative outcomes and frequency of postoper-

ative procedures after colorectal surgery. 5 Other studies have con-

cluded that patient characteristics, such as age, comorbidities, and

acuity of surgery, were associated with postoperative outcomes

and are more predictive than other metrics including annual col-

orectal surgical volume. 15 We identified several patient character-

istics that predicted a higher risk for reoperation. Poor functional

status and low preoperative albumin were found to have a signif-

icant association with reoperation after both APR and LAR. Low

preoperative albumin can provide information about a patient’s

overall nutritional status before surgery and can be predictive of

wound healing potential. This is supported by a study that an-

alyzed prognostic nutritional index, a measure calculated based

on the serum albumin concentration and peripheral blood lym-

phocyte count and its ability to predict postoperative outcomes

in colorectal cancer. 16 They found that a low preoperative nutri-

tional index was associated with an increase in overall postopera-

tive complications and poor survival. Moreover, overall functional

status may serve as a proxy for a patient’s overall fitness and

ability to recover postsurgically. These findings suggest that a pa-

tient’s nutritional and functional optimization before elective rec-

tal cancer surgery may improve outcomes and reduce the rates of

reoperation. 

Our study also demonstrated that longer operative time was

linked to reoperation in both APR and LAR. Longer operative time

may be a marker for case difficulty, which could explain its associ-

ation with an increased number of reoperations. A series of smaller

studies have defined an association between longer operative du-

ration and infection risk. 17–19 Although there is no consensus on

the exact etiology of this association, some have proposed that

longer operations increase anesthesia dose, increase the risk of hy-

pothermia and electrolyte derangements, and prolong overall phys-

iologic stress, which can have implications for wound healing and

recovery. 20 As the majority of reoperations in this series were sec-

ondary to infection, minimizing operative time may be one way to

reduce need for reoperation and improve overall outcomes. 21 Im-

provement in technical skills is one way to reduce complications

intraoperatively and risk of postoperative complications. Appropri-
t  
te and meticulous preoperative planning may also lead to more

fficient intraoperative care. 

Patients with a history of smoking or COPD were found to have

 high risk for reoperation after APR. This association has been

ighlighted in earlier studies, including one study that analyzed

ore than 40,0 0 0 plastic surgery patients and found that smok-

rs had a higher risk for wound complications or dehiscence and

or surgical wound infections. 22 

For patients undergoing LAR, the presence of an ostomy is pro-

ective of reoperation in this series. As the most common cause

or reoperation after LAR is postoperative infection (20.3%) with or-

an space infection accounting for the majority of these infections

45.37%), it is logical that patients who are diverted during their

ndex procedure may be less likely to develop anastomotic leaks

r deep pelvic infections, requiring further procedure. An earlier

tudy by Michaels et al, 21 reviewing elective colorectal resection,

ound that anastomotic leak was associated with 22% of reopera-

ions. They also concluded that return to OR for anastomotic leak

as more common in the elective surgery population after colorec-

al surgery (1.5% vs 0.7%). Of interest, this study found that 57% of

atients who did not receive an ostomy at their index procedure

nderwent ostomy creation at the time of reoperation. 21 The im-

lication of this finding is that cases at high risk for complications

econdary to difficult dissection may benefit from closer consider-

tion of fecal diversion at the index procedure. 

Postoperative complications are particularly prevalent in pa-

ients who underwent reoperation after LAR or APR. Earlier studies

ave found that technical problems, such as inadequate hemosta-

is, wound dehiscence, and anastomotic leaks, led to most reop-

rations. 21,23 , 24 In our study, the rate of superficial, deep wound,

nd organ space infection were found to be the most common

easons for reoperation after both LAR and APR. This is consistent

ith earlier work, including one study from Khoury et al, 10 which

ound that indications for reoperation were most commonly anas-

omotic leak or abscess, massive bleeding, bowel obstruction, and

ound complications. 10 Although it is difficult to surmise whether

hese unplanned returns to the operating room were preventable,

ttention to minimizing risk of infection through measures, such

s enforcement of sterile techniques and preoperative antibiosis,

s critical. Although our data demonstrate a clear association be-

ween infection and reoperation, further studies will be necessary

o determine the etiology and extent of these wound infections
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o determine whether future cases can be prevented. Furthermore,

he NSQIP data are limited in that they do not include other pro-

edures, such as percutaneous abscess drainage by interventional

adiology. Therefore, it does not capture all potential procedures

hat may be indicated and subsequently add to overall postsurgical

orbidity. 

The implications for reoperation are sizable. Earlier data have

oncluded that compared with nonreoperated patients, those who

nderwent reoperation in the early postoperative period had worse

ong-term oncologic outcomes. 10 Of note, in our series, in both

atients who underwent LAR or APR, death was also more com-

on in the patients who underwent reoperation. Finally, patients

ho underwent reoperation were more likely to be discharged to

 nonhome discharge destination. Earlier studies analyzing predic-

ors of unplanned readmission after colorectal surgery have found

hat discharge to any destination other than home after index

ospital admission was associated with unplanned readmission. 25 

eadmissions have implications for overall healthcare costs. The

ost to Medicare has been estimated to be $17.4 billion annually. 26 

his has prompted hospital penalties for preventable readmissions

ithin 30 days. More concerning, unplanned hospital readmissions

ave also been associated with greater 1-year mortality in patients

fter colectomy. 27 

Our study identifies risk factors associated with unplanned

eoperation after surgery for rectal cancer. To improve outcomes,

atients with risk factors for reoperation should undergo more

xtensive assessment preoperatively. Based on their preoperative

haracteristics, patients may benefit from increased nutritional

ptimization or a more rigorous preoperative fitness protocol be-

ore operative intervention. Because many of these procedures for

anagement of rectal adenocarcinoma are performed electively,

sing preoperative time to optimize patients would be valuable.

rehabilitation programs are an example of one such approach

hat may help patients optimize their fitness in preparation for

urgery. In addition, intraoperative and postoperative resources

ould be individualized for patients deemed high risk based on

heir preoperative characteristics. Some of these resources include

se of wound protection devices intraoperatively, more rigorous

ntiseptic protocols, and strict adherence to anticoagulation guide-

ines for patients at high risk for rebleeding. Furthermore, early

reoperative risk stratification may help determine which patients

ay benefit from novel postoperative fast-track recovery protocols

uch as Enhanced Recovery After Surgery. 

This study is not without limitations. First, this study primar-

ly highlights data provided in NSQIP, which only follows patients

p to 30 days after the index procedure. We chose to evaluate

ata from the first several years after the inclusion of reopera-

ion in the NSQIP database. Furthermore, smaller secondary pro-

edures, which may not have required operative intervention, are

ot captured. In addition, the specific etiology for reoperation can-

ot be determined from the NSQIP database; however, regardless

f the nature of their subsequent operative procedures, the trends

n overall patient outcomes, mortality, and discharge planning re-

ain true. Next, the ACS NSQIP database is biased toward includ-

ng larger hospitals, potentially making the data less generalizable

o all hospitals. We are unable to comment on whether the reop-

rations were performed by the surgeon who performed the in-

ex operation, and thus there may be variability in the thresh-

ld for reoperative surgery. We were unable to include data on

atients’ neoadjuvant treatment, including radiation or chemother-

py, which may impact their wound healing potential. Finally, we

id not control for several factors that impact wound healing after

PR, such as omental flaps and gracilis flaps. 

In conclusion, strategies to reduce the incidence of reoperations

re necessary to improve overall patient outcomes. In our study,

e identified a series of patient characteristics that can be opti-
ized before elective surgery for rectal cancer. We also have high-

ighted risk factors that may be targeted in quality improvement

rojects to reduce the incidence of reoperations. 
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