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BACKGROUND: as laparoscopic surgery is applied to 
colorectal surgery procedures, it becomes imperative to 
delineate whether there is an operative duration where 
benefits diminish.

OBJECTIVE: the purpose of this work was to determine 
whether benefits of a laparoscopic right colectomy 
compared with an open right colectomy are diminished 
by prolonged operative times.

DESIGN: We performed a retrospective analysis 
comparing outcomes of patients undergoing laparoscopic 
right and open right colectomy for colon cancer with 
operative duration of less than and greater than 3 hours.

SETTINGS: this study was based on data in the 
american College of surgeons national surgical Quality 
improvement Program database.

PATIENTS: We queried the database for patients with 
laparoscopic and open right colectomy with a diagnosis 
of colorectal cancer between 2005 and 2010.

MAIN OUTCOME MEASURES: Patients were stratified by 
operative technique and duration. forward multivariable 
logistic regression analysis was performed for mortality, 
cerebrovascular/cardiovascular complications, and 
infectious complications. Predictors of operative time 
>3 hours in the laparoscopic cohort were identified by 
logistic regression.

RESULTS: of 4273 patients, operative duration was >3 
hours for 18.4% of patients with a laparoscopic right 
colectomy and 11.3% with an open right colectomy. 
there was no benefit of the laparoscopic right 
colectomy with an operative duration >3 hours over 
open right colectomy with respect to mortality and 
cardiopulmonary and cerebrovascular complications. 
an operative duration >3 hours was an independent risk 
factor for infectious complications in patients undergoing 
a laparoscopic right colectomy.

LIMITATIONS: this was a retrospective study and not an 
intention-to-treat analysis.

CONCLUSIONS: at an operative duration of ≥3 hours, 
laparoscopic right colectomy has higher infectious 
complications than open right colectomy. Reduced 
mortality and less cardiopulmonary and cerebrovascular 
complications seen in the laparoscopic cohort with 
shorter operative duration were lost with an operative 
duration >3 hours. in patients at risk for prolonged 
laparoscopic right colectomy, early conversion to an open 
technique may be warranted.

KEY WORDS: american College of surgeons national 
surgical Quality improvement Program; Clinical 
outcomes; laparoscopic colectomy; open colectomy; 
operative time; surgical site infection.

laparoscopy has become the preferred approach over 
open resection in colorectal surgery. it has proven 
benefits, equivalent oncologic outcomes, and fa-

vorable cost-analysis compared with open colorectal sur-
gery.1–8

the colorectal literature is sparse concerning the ben-
efits of a laparoscopic approach being diminished by op-
erative time.9,10 however, multiple studies have suggested 
that longer operative time is a risk factor for surgical site 
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infection (ssi).11–17 With the ever increasing cost of health 
care, SSIs have been estimated to add an excess cost of 
$10,497 and an extra 4.3 days to the stay of general and 
vascular surgery patients.18

the question of whether operative time negatively 
impacts laparoscopic outcomes compared with open sur-
gery outcomes requires further elucidation if we are to 
endorse a laparoscopic approach regardless of procedure 
length. We postulate that there is an operative duration 
(oD) where the benefits of a laparoscopic approach are 
negated. therefore, the purpose of this study was to evalu-
ate whether prolonged operative time >3 hours diminish-
es the benefits of a laparoscopic approach compared with 
an open approach for a standard procedure such as a right 
colectomy.

METHODS

American College of Surgeons National Surgery 
Quality Improvement Program Database
this study was a retrospective analysis of patients in the 
american College of surgeons national surgery Quality 
improvement Program (aCs nsQiP) database. the da-
tabase was derived from a prospective, systematic study 
of patients undergoing major general surgical procedures 
performed at more than 200 hospitals. it included more 
than 50 preoperative patient characteristics, 15 intraoper-
ative processes of care, and 22 uniformly defined postop-
erative adverse occurrences ≤30 days after the operation. 
Risk and outcome variables were rigorously defined, and 
site study coordinators had completed in-depth training 
on all of the study definitions. additional operations with-
in 30 days of an included case were excluded. Patients <18 
years old and those admitted for trauma were excluded.

Study Population
Patients in the aCs nsQiP database from 2005 to 2010 
who underwent isolated laparoscopic right colectomy 
(lRC) or open right colectomy (oRC) with primary pro-
cedure Current Procedural terminology (CPt) codes 
44160 or 44205 were analyzed. Only patients with an 
operative diagnosis of colorectal cancer (international 
Classification of Diseases, Ninth Revision, code 153.x or 
154.x) were included. CPT codes 44140 and 44204 were 
purposefully excluded to prevent transverse and left colon 
cancer resections from inclusion into our analysis. emer-
gent cases and cases with secondary procedures other than 
enterolysis or splenic flexure mobilization were excluded.

Patients were classified by primary procedure CPt 
code to undergo either lRC or oRC. select patient de-
mographic and clinical characteristics were compared be-
tween the lRC and oRC groups to assess risk using t tests, 
χ2 tests, or Fisher exact tests, as appropriate. Thirty-day 
outcomes analyzed included mortality, infectious com-

plications (superficial, deep, or organ/space ssi; wound 
dehiscence; sepsis; and/or septic shock), and cardiopul-
monary/cerebrovascular complications (CPCV; cardiac 
arrest, myocardial infarction, pneumonia, ventilation >48 
hours, unplanned intubation, stroke with deficit, and/or 
coma >24 hours).

Statistical Analysis
Cases were grouped by oD (incision to closure in min-
utes) into those ≤3 hours (oD ≤3 hours) and those >3 
hours (oD >3 hours). outcomes were compared between 
the lRC and oRC groups within the oD subsets using 
Fisher exact tests.

forward multivariable logistic regression was per-
formed for each of the 3 outcomes by considering all of 
the aCs nsQiP demographic and clinical risk factors first, 
accepting those with p < 0.05 and rejecting those with  
p > 0.10. then operative variables (lRC versus oRC, oD 
>3 hours versus oD ≤3 hours, wound class, and transfu-
sion) were added to the preoperative risk model along 
with an interaction term, lRC × oD >3 hours. model fit 
was assessed using the hosmer-lemeshow statistic.

in lRC patients only, forward multivariable logistic 
regression (p for entry <0.05 and for exit <0.10) was per-
formed to identify clinical risk factors for oD >3 hours. 
model fit was assessed using the hosmer-lemeshow sta-
tistic. SPSS Statistics version 19 (IBM Corp., Armonk, NY) 
was used for all of the statistical calculations. significance 
was set at p < 0.01 to account for multiple univariate 
comparisons.

RESULTS

Characteristics of the Patient Cohort
the database contained 4273 patients who underwent iso-
lated, nonemergent right colectomy during the study pe-
riod, 2141 laparoscopic (50.1%) and 2132 open (49.9%). 
Patients had a mean age of 71.0 years (±sD 13.0), and 
55.9% were women. table 1 lists patient characteristics in 
the laparoscopic and open groups. oRC was performed on 
patients 1.3 years older on average (p = 0.001), with a high-
er asa class (asa 3, oRC 55.7% versus lRC 48.8%; asa 
4-5, oRC 7.4% versus 4.4%; p < 0.001), and a lower serum 
albumin level (oRC 3.63 ± 0.62 versus lRC 3.80 ± 0.55;  
p < 0.001). Of note, there was no significant difference be-
tween the ORC and LRC cohorts with respect to male sex, 
Bmi, treated diabetes mellitus, severe chronic obstructive 
pulmonary disease, renal failure, coronary artery disease, 
peripheral vascular disease, recent chemotherapy or ra-
diotherapy, and current steroid use.

Comparison of Outcomes With OD >3 and ≤3 Hours
oD was >3 hours for 393 laparoscopic procedures (18.4%) 
and 240 open procedures (11.3%; p < 0.001). table 2 lists 
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30-day outcomes in patients who underwent lRC versus 
oRC by oD>3 hours. lRC demonstrated a significant 
benefit over oRC with respect to mortality (1.1% versus 
2.6%), CPCV complications (5.4% versus 8.4%), and in-

fectious complications (9.2% versus 13.3%) with an oD 
<3 hours (p ≤ 0.001). With an oD >3 hours, lRC had no 
benefit over oRC with respect to mortality (2.3% versus 
2.1%; p = 0.86), CPCV complications (9.7% versus 10.4%; 
p = 0.76), or infectious complications (16.3% versus 
11.3%; p = 0.08). figure 1 demonstrates the unadjusted 
relationship of mortality, as well as CPCV and infectious 
complications, between lRC and oRC before and after an 
oD of 3 hours.

Risk-adjusted oRs for lRC versus oRC, oD >3 hours 
versus oD ≤3 hours, and the interaction term lRC with 
oD >3 hours are shown in figure 2 for the 3 outcomes. 
lRC is protective for infectious complications (oR, 0.75 
[95% Ci, 0.60-0.93]; p = 0.009), however, patients who un-
derwent an lRC with an oD >3 hours had a significantly 
higher risk for infection (oR, 2.48 [95% Ci, 1.45-4.25]; 
p = 0.001). the regression model for infectious complica-
tions is shown in table 3.

lRC, oD >3 hours, and lRC with oD >3 hours were 
not statistically significant for mortality or CPCV com-
plications (fig. 2). Preoperative risk adjustors for mortal-
ity (model not shown) included functional status, serum 
albumin level, asa class, creatinine >1.2 mg/dl, dyspnea, 
international normalized ratio, age, and male sex. Risk 
adjustors for CPCV complications (model not shown) 
included a history of cardiac disease, age, serum albumin 
level, Bmi, intraoperative transfusion, functional status, 
creatinine >1.2 mg/dl, hematocrit >45%, disseminated 
cancer, preoperative bleeding disorder, and treated hyper-
tension. the hosmer-lemeshow statistic demonstrated 
good model fit for each of the 3 models.

Predictors of OD >3 Hours in the LRC Cohort
independent predictors of oD >3 hours in the lRC cohort 
included morbid obesity (oR, 3.03 [95% Ci,  1.74-5.26]; 
p < 0.001), recent radiotherapy (OR, 6.51 [95% CI, 
 1.71-24.76], p = 0.006), and peripheral vascular disease 
(oR, 2.52 [95% Ci, 1.07-5.90]; p = 0.03). obesity demon-
strated a linear trend of increasing oR for an oD >3 hours 
with increasing Bmi. the regression model demonstrated 
good discrimination of prolonged laparoscopic surgery  
(C index = 0.68; Hosmer and Lemeshow Test, p = 0.98).

DISCUSSION

Proven benefits of laparoscopy over open resection in-
clude faster postoperative recovery with quicker return 
to full activity, less postoperative narcotic use, less wound 
infection, lower cardiovascular complications, and short-
er length of stay.1–8 as laparoscopic surgery is applied to 
more procedures in colorectal surgery, it becomes impera-
tive to delineate whether there is an oD where the ben-
efits diminish. two previous studies have addressed oD 
in laparoscopic colorectal surgery with conflicting results.  

TABLE 1.   Select characteristics of patient undergoing 
laparoscopic versus open right colectomy

Characteristic Laparoscopic Open p

No. of cases 2141 2132
Age, mean ± SD, y 70.3 ± 13.0 71.6 ± 12.9 0.001
Male n (%) 947 (44.2) 939 (44.0) NS
ASA class, n (%) < 0.001
   1-2 1002 (46.8) 791 (37.1)
   3 1044 (48.8) 1188 (55.7)
   4-5 95 (4.4) 153 (7.4)
BMI group,  

kg/m2, n (%)
NS

  ≤18.5,  
  underweight

50 (2.3) 69 (3.2)

  18.6-25.0,  
  normal

684 (31.9) 692 (32.5)

  25.1-30.0,  
  overweight

768 (35.9) 695 (32.6)

  30.1-35.0,  
  obese 1

396 (18.5) 401 (18.8)

  35.1-40.0,  
  obese 2

164 (7.7) 156 (7.3)

  ≥40.1, obese 3  
  (morbid)

79 (3.7) 119 (5.6)

Treated diabetic, 
n (%)a

392 (18.3) 428 (20.1) NS

History of severe 
COPD, n (%)

130 (6.1) 166 (7.8) NS

Preop renal 
failure, n (%)

3 (0.1) 8 (0.4) NS

Steroids for 
chronic 
condition, n (%)

57 (2.7) 71 (3.3) NS

Serum albumin, 
mean ± SD (n), 
g/dL

3.80 ± 0.55  
(1438)

3.63 ± 0.62  
(1579)

<0.001

Chemotherapy 
≤30 d preop, 
n (%)

10 (0.5) 18 (0.8) NS

Radiotherapy ≤90 
d preop, n (%)

9 (0.4) 7 (0.3) NS

Prothrombin time 
>13.2 s, n (%)

414 (19.3) 602 (28.2) <0.001

Platelets, 
>400,000/mm3, 
n (%)

212 (9.9) 286 (13.4) <0.001

Previous cardiac 
procedure, n 
(%)b

300 (14.0) 333 (15.6) NS

Peripheral 
vascular 
disease, n (%)c

29 (1.4) 45 (2.1) NS

Characteristics selected were either significant predictors of extended operative 
duration or of clinical interest to the investigators. Significance was set at p < 0.01 
because of multiple comparisons. Preop = preoperative; NS = not significant.
aData include diabetes mellitus treated with oral medication or insulin.
bData show percutaneous coronary intervention or cardiac surgery.
cData include a history of revascularization, gangrene, and/or rest pain.
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scheer et al9 found no difference in lRC with operative 
times <2 hours, between 2 and 3 hours, and >3 hours. 
in a separate study, evans et al10 demonstrated increased 
postoperative complications in lRC and anterior resec-
tion with operative times >3 hours. neither of these stud-
ies made any comparison with open surgery, and both 
included multiple different pathologies.9,10 in our study, 
the morbidity and mortality benefits demonstrated in 
LRC versus ORC with an OD <3 hours were lost after an 
oD >3 hours. to our knowledge, this is the first study that 
has sought to determine whether an oD >3 hours negates 
the benefits of a laparoscopic approach over oRC with a 
single pathology.

the literature clearly supports a laparoscopic ap-
proach for right colectomies. a recent meta-analysis of 2 
randomized and 15 nonrandomized clinical trials com-
paring lRC with oRC found that lRC resulted in less 
blood loss, a shorter length of hospital stay, and lower 
postoperative short-term morbidity compared with 
oRC.19 furthermore, multiple analyses have found re-
duced mortality and cardiopulmonary complications with 
laparoscopic colorectal resection compared with an open 
approach.2,15,20–22

unfortunately, these studies were not designed to eval-
uate an association with operative time and perioperative 
cardiovascular morbidity and mortality. to our knowledge, 
our study is the first to identify mitigation of the benefits 
of lRC over oRC in terms of both cardiopulmonary and 
cerebrovascular complications, as well as mortality.

Perhaps the most profound benefit of laparoscopy 
over open surgery for colon resection has been the de-
crease in infectious complications.23 in this analysis, in-
fectious complications occurred at a rate of 9.2% in lRC 
versus 13.3% in ORC with an OD <3 hours (p < 0.001). 
however, with an oD >3 hours, the decreased infectious 
risk with laparoscopy was lost with infectious complica-
tions demonstrated in 16.3% of lRC cases versus 11.3% 
in oRC (p = 0.08), with an oD >3 hours being an inde-
pendent risk factor for infectious complications in the 
lRC cohort. our ranges are comparable to previous stud-
ies comparing ssi in laparoscopic versus open surgery for 
colorectal carcinoma, with 5%-17% for open surgery and 
4%-14% for laparoscopic surgery.24 this finding becomes 
more compelling considering that the oRC cohort had a 
higher cumulative risk for ssi and sepsis when compared 
with the lRC cohort. the oRC cohort was older, had a 
higher asa class, and had a lower serum albumin level 
than the lRC cohort, all of which were statistically signifi-
cant. age >40 years, asa class ≥2, and serum albumin lev-
el <3.5 have all been found previously to be independent 
risk factors for ssi.11,25

Although our results cannot be generalized to all 
laparoscopic colorectal procedures, there are ample data 
that demonstrate that an oD >3 hours is a significant risk 
factor for infectious complications. the 75th percentile 
of oD for colon surgery is 3 hours and has been used as 
a risk factor in multiple ssi prediction models.26,27 us 
and english data have shown this risk factor for ssi to be 
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FIGURE 1. Thirty-day unadjusted outcomes in laparoscopic versus open right colectomies (RCs) by duration of operation ≤3 hours versus  
>3 hours. N = 4273, with 633 cases (14.5%) lasting >3 hours.

TABLE 2.   Unadjusted 30-day outcomes in laparoscopic versus open right colectomy by OD >3 hours

Unadjusted outcome

OD ≤3 h OD >3 h

Laparoscopic Open p Laparoscopic Open p

No. of cases 1748 1892 393 240
Mortality, n (%) 20 (1.1) 50 (2.6) 0.001 9 (2.3) 5 (2.1) 0.86
Cardiopulmonary, cerebrovascular occurrence, n (%) 95 (5.4) 159 (8.4) <0.001 38 (9.7) 25 (10.4) 0.76
Infectious occurrences, n (%) 160 (9.2) 252 (13.3) <0.001 64 (16.3) 27 (11.3) 0.08

OD = operative duration.
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statistically significant.28 evans et al10 found that postop-
erative complication rates doubled in laparoscopic right 
hemicolectomy and more than tripled in laparoscopic an-
terior resection if an oD >3 hours occurred (p = 0.024). 
this has been corroborated by multiple other analyses 
regardless of type of bowel resection or approach.13,32 We 
based our choice for the 3-hour stratification on the basis 
of these analyses.

as we noted, prolonged operative time led to an infe-
riority of perioperative outcomes; we sought to determine 
whether predictors for prolonged surgery could be identi-
fied in the laparoscopic cohort. We identified morbid obe-
sity, recent radiotherapy, and peripheral vascular disease as 
independent risk factors for a laparoscopic oD >3 hours. 
although previous analyses have identified obesity and 
previous radiotherapy as risk factors for prolonged oD, to 
our knowledge, this is the first analysis to identify periph-
eral vascular disease as a risk factor for prolonged oD.33–36

our study is inherently affected by all of the limita-
tions of a retrospective analysis from a large national da-
tabase. in particular, the aCs nsQiP is unable to track 
specific perioperative factors that can affect infection 
risk, such as compliance with the current surgical care 
improvement project guidelines, nor is aCs nsQiP able 
to discern with certainty how many patients with a lapa-
roscopic procedure were converted to an open surgery.29 
this limits our ability to perform an intent-to-treat analy-
sis. We can only assume that cases that started laparoscopi-
cally but then converted to open were ultimately coded as 
an open resection, thus skewing our data. it is likely that 

all of our results would be strengthened if these laparo-
scopic converted to open cases were coded appropriately. 
although we cannot comment on the participating sur-
geon’s level of training or why a laparoscopic versus open 
approach was chosen for each patient, aCs nsQiP rep-
resents a large, prospectively collected, multi-institutional 
data set with 30-day postoperative outcomes. the degree 
of patients who undergo laparoscopic versus open resec-
tion for colorectal cancer and the associated complication 
rates reported in aCs nsQiP are likely representative of 
current practice trends. Based on the limitations of our 
study and the aCs nsQiP, we do not endorse oD as hav-
ing a causative impact on a worse perioperative outcome 
in laparoscopic colectomy. however, our study builds on 
the current literature support showing that prolonged oD 
during laparoscopy is associated with worse perioperative 
outcome and needs to be considered when individualizing 
the surgical approach to colorectal cancer.

CONCLUSION

Based on our findings, which are clearly supported in the 
associated literature, surgeons should consider an open 
approach for patients with risk factors for an oD >3 hours 
or conversion when it is anticipated that an LRC will ex-
ceed 3 hours. as the trend of surgery is moving toward 
a minimally invasive approach, our findings should serve 
as a catalyst for future investigation to determine whether 
specific oDs diminish the advantages of laparoscopy over 
open surgery beyond infection risk.
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FIGURE 2. Risk-adjusted multivariable ORs for outcomes: 1) laparoscopic (Lap.) versus open right colectomy; 2) operative duration (OD) >3 
hours versus ≤3 hours; and 3) laparoscopic and operative duration >3 hours. Adjusting variables for infectious complications are listed in 
Table 3. Mortality adjusters included male sex, dyspnea, age, ASA class, functional status, serum creatinine level >1.2 mg/dL, international 
normalized ratio, and serum albumin level as continuous variables, as well as wound class and intraoperative transfusion. Cardiopulmonary/
cerebrovascular adjusters included cardiac history, age, serum albumin level, obesity, functional status, serum creatinine level >1.2 mg/dL, 
hematocrit >45%, disseminated cancer, bleeding disorder, medically treated hypertension, and intraoperative transfusion.
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  4-5 1.58 (1.06-2.35) 0.024
BMI vs normal, 18.6-25.0 kg/m2

  Underweight, ≤18.5 0.65 (0.32-1.33) 0.236
  Overweight, 25.1–30.0 0.90 (0.71-1.16) 0.416
  Obese I, 30.1–35.0 1.16 (0.88-1.53) 0.306
  Obese II, 35.1–40.0 1.68 (1.19-2.37) 0.003
  Obese III, ≥40.1 1.99 (1.34-2.96) 0.001
Alcohol, more than 2 drinks 

per day
1.82 (1.14-2.89) 0.012

Preop functional status
  Partially dependent 1.51 (1.07-2.16) 0.021
  Fully dependent 3.31 (1.46-7.51) 0.004
Steroid use for chronic 

condition
1.85 (1.17-2.94) 0.008

Transfused PRBCs 1.21 (0.81-1.80) 0.352
Wound class vs clean/contaminated
  Contaminated 1.31 (0.86-1.99) 0.212
  Dirty/infected 2.58 (1.24-5.37) 0.011

LRC was generally protective versus ORC, but the interaction term LRC and OD 
>3 hours was a significant predictor of increased infection. Preop = preoperative; 
PRBC = packed red blood cell; LRC = laparoscopic right colectomy; ORC = open 
right colectomy; OD = operative duration; SIRS = systemic inflammatory response 
syndrome.
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