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Abstract
BACKGROUND: We evaluated effect of resident involvement on outcomes after laparoscopic and

open colon resection for malignancy.
METHODS: Patients undergoing colectomy were queried using the American College of Surgeons’

National Surgical Quality Improvement Program. ‘‘Attending alone’’ and ‘‘Resident’’ cohorts were
compared with primary end point of overall morbidity.

RESULTS: Of 37,330 patients, residents were involved in 26,190 (70.2%) cases. Attending alone pa-
tients were older with higher vascular, cardiac, and pulmonary comorbidity. Univariate analysis demon-
strated increased operative time (181.0 6 98.4 vs 138.7 6 77.0, P , .001), reoperation (5.7% vs 5.2%,
P5 .041), and readmission rates (11.9% vs 9.6%, P5 .037) with resident involvement. Serious (16.0%
vs 13.9%, P , .001), minor (17.5% vs 14.1%, P , .001), and overall morbidity (26.4% vs 22.5%, P ,
.001) were higher with resident participation. Mortality (2.0% vs 2.8%, P , .001) and failure to rescue
(.8% vs 1.2%, P, .029) were lower with resident involvement. Resident involvement showed indepen-
dent association with overall morbidity in both laparoscopic (odds ratio, 1.2; 95% confidence interval,
1.13 to 1.38, P, .001) and open cases (odds ratio 1.3, 95% confidence interval, 1.18 to 1.35, P, .001).

CONCLUSIONS: Resident participation in colectomy for malignancy is associated with lower mor-
tality at the expense of higher overall morbidity.
� 2015 Elsevier Inc. All rights reserved.
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Since the imposition of resident duty hour restrictions by
the Accreditation Council for Graduate Medical Education
in 2003, surgeon educators and leaders have labored to
develop a more robust and efficient training environ-
ment.1–8 Simultaneously, governmental and societal pres-
sures have championed a renewed focus on delivery of
high-quality, cost-effective care using metrics, such as read-
mission, length of stay, and compliance, with Surgical Care
Improvement Project benchmarks.9,10 Given the pressures
of decreasing physician reimbursement, reduced time for
training and mentoring, and societal need for continued
high-quality surgical care, it behooves surgeons to develop
a robust training system addressing all areas. Unfortunately,
the myriad roles played by surgeons greatly contribute to
the complexity of training, especially when consideration
is given to the broad range of training environments (ie,
academic, community, rural).

To help address obstacles in creation of an efficient
resident training system, we need to better understand the
effect of residents on patient care. Although technological
advances allow for simulation and competency-based
assessment of skills without ill-patient effect, most are
neither widely available nor practiced.11–14 Additionally,
evaluation of residents in the operative setting is nonstan-
dardized, making it difficult to objectively assess compe-
tency.15–19 As such, when a patient asks what effect a
resident’s presence has on his outcome, some blithely
discard the question and answer that minimal effect ex-
ists.20–26 However, recent data suggest that residents are
responsible for worsened outcomes in certain populations
after surgical procedures.27–32 In patients with diagnosed
malignancies, these worsened 30-day outcomes may pro-
duce dire long-term effects on receipt of subsequent treat-
ment and overall survival.33–37 Despite minimal literature
addressing this subject, the question of resident involve-
ment for particular patient populations and procedures is
of paramount importance.

In our present study, we sought to elucidate what role
surgical residents may play in postoperative outcomes.
Specifically, we aimed to evaluate the effect of resident
involvement on 30-day postoperative morbidity. We hy-
pothesized that resident participation would be associated
with worse outcomes.
Methods

The American College of Surgeons’ National Surgical
Quality Improvement Program (ACS-NSQIP) database
participant use file was used as a data source for this
study. This is a national database with data entered by
trained clinical reviewers. It includes preoperative risk
factors, laboratory values, intraoperative variables, and 30-
day postoperative morbidity and mortality data.38–40 The
ACS-NSQIP administration periodically audits the data
to ensure high reliability. Patients were included if postop-
erative diagnosis, using International Classification of
Diseases, Ninth Edition, codes, indicated malignancy
(Index 1). Current Procedural Terminology (CPT) codes
were used to identify patients who underwent either lapa-
roscopic or open colon (CPT 44140, 44141, 44143, 44144,
44145, 44146, 44147, 44150, 44151, 44160, 44320; CPT
44204, 44205, 44206, 44207, 44208, and 44210, respec-
tively) procedures from 2005 to 2012. Patients were
excluded if the procedure was performed emergently.
Combined multivisceral operations (colectomy 1 hepatec-
tomy) were excluded from analysis. ATTEND variable
was used, defining ‘‘attending alone’’ as follows:
‘‘Attending alone: Staff practitioner performed the proce-
dure; resident not present.’’ Additionally, we cross-
referenced ATTEND against the variable PGY, defined as
‘‘highest PGY of resident who scrubbed for the surgical
procedure. Choose from 1 to 10. Enter ‘‘0’’ if no resident
is scrubbed.’’ This ensured attending alone cases were
truly free of resident involvement. Importantly, the data
set defines presence or absence of a resident for a given
case but does not quantify or qualify resident involvement.
Patients were excluded from analysis if either variable was
missing.

Baseline demographics included age, body mass index,
gender, calendar quarter of admission, and the presence of
comorbid disease. Vascular comorbidities included history
of hypertension, amputation or revascularization proce-
dure, rest pain, and gangrene. Cardiac comorbidities were
defined as congestive heart failure within 30 days, myocar-
dial infarction within 6 months or history of angina within
1 month before the index procedure, and previous
percutaneous coronary intervention or cardiac surgery.
Pulmonary comorbidities included chronic obstructive
pulmonary disease, current pneumonia, and preoperative
ventilator dependence. Neurologic comorbidities included
impaired sensorium, coma, transient ischemic attack, ce-
rebral vascular accident, hemiplegia, paraplegia, quadri-
plegia, and tumor involving the central nervous system.
Hepatic comorbidities included ascites and esophageal
varices. Renal comorbidities included renal failure and the
need for renal replacement therapy. In previous reports,
Spaniolas et al41,42 used similar groupings of comorbid-
ities for analysis. Diabetes, history of active smoking, ste-
roid use, and weight loss greater than 10% within
6 months were analyzed individually. American Society
of Anesthesiology classification of patient’s physical con-
dition was also analyzed, comparing those with scores 1
and 2 vs 3 and 4.

The primary outcome assessed was 30-day overall
morbidity. This included surgical site infection, organ
space infection, sepsis, septic shock, wound disruption,
pneumonia, deep venous thrombosis or thrombophlebitis,
pulmonary embolism, unplanned reintubation, ventilator
dependence greater than 48 hours after surgery, progressive
renal insufficiency, acute renal failure, urinary tract infec-
tion, stroke, coma, peripheral nerve injury, cardiac arrest
requiring cardiopulmonary resuscitation, myocardial
infarction, blood transfusion for bleeding, and graft,
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prosthesis, or flap failure. Serious morbidity was defined as
organ space infection, sepsis, septic shock, wound disrup-
tion, pulmonary embolism, ventilator dependence greater
than 48 hours after surgery, progressive renal insufficiency,
acute renal failure, stroke, coma, cardiac arrest requiring
cardiopulmonary resuscitation, myocardial infarction, or
blood transfusion for bleeding. Additional outcomes as-
sessed on univariate analysis included operative time,
length of hospital stay, readmission, reoperation, serious
morbidity, minor morbidity, mortality, rescue, and failure to
rescue. The Agency for Healthcare Research and Quality
Patient Safety Network defines failure to rescue as an
inability to prevent clinical deterioration (death and
disability) after complication of illness or surgical care.
This usually represents failure of monitoring, failure of
actions taken by medical staff after identification of early
complication, or both.

Approval for this study was obtained through an
agreement with ACS-NSQIP and exempt status from the
East Carolina University Institutional Review Board. Data
analysis was performed using SPSS for Windows, version
22 (IBM, Somers, NY). Univariate analysis was performed
using the chi-square for nominal and ordinal variables with
frequencies reported. Independent-samples t test was used
for continuous variables with median and interquartile
range or mean and standard deviation reported, as indi-
cated. This univariate analysis was performed for all colon
procedures and then repeated for both laparoscopic and
open colon procedures individually. Multivariate logistic
regression was then performed for both laparoscopic and
open colon procedures with all baseline variables with a
P value , .1 on univariate analysis entered into the model.
Hosmer and Lemeshow test was used to assess for good-
ness of fit of the multivariate models with overall morbidity
as the dependent variable. This test remained nonstatisti-
cally significant (P , .001) for both models, suggesting
Table 1 Univariate analysis of preoperative characteristics of patien

Variables Attending alone (n 5 4,503), n (%)

Age, mean 6 SD, y 67.29 6 12.51
BMI, mean 6 SD 27.98 6 6.23
Male gender 2,206 (49.3%)
Vascular comorbidity 2,662 (60.2%)
Cardiac comorbidity 606 (14.0%)
Pulmonary comorbidity 277 (6.4%)
Neurologic comorbidity 347 (8.0%)
Hepatic comorbidity 34 (.8%)
Renal comorbidity 26 (.6%)
Diabetes 823 (18.3%)
Smoker 554 (12.3%)
Steroid use 102 (2.3%)
Weight loss .10% 168 (3.7%)
ASA 3 or 4 2,294 (51.0%)
Work relative value unit 26.78 6 3.35

Definition of comorbidity groupings is described in the Methods section.

ASA 5 American Society of Anesthesiology; BMI 5 body mass index.
adequate fit. Odds ratios (ORs) with 95% confidence inter-
vals (CIs) were reported. A P value , .05 was considered
statistically significant.
Results

We identified 37,330 patients who underwent elective
colon procedures for malignancy from 2005 to 2012:
18,620 (49.9%) were male, median age was 67 (IQR 57
to 77) years, and median body mass index was 27.1 (IQR
23.6 to 31.3). Residents were involved in 26,190 (70.2%)
cases. Patients were slightly younger (65.6 6 13.3 vs 67.8
6 12.7, P , .001), more likely to be male (50.5% vs
48.7%, P 5 .002), and were less likely to have vascular co-
morbidity (55.6% vs 59.9%, P, .001), cardiac comorbidity
(12.8% vs 14.7%, P, .001), pulmonary comorbidity (5.8%
vs 7.5%, P , .001), and neurologic comorbidity (7.8% vs
9.5%, P , .001) in cases with resident involvement.
American Society of Anesthesiology classification was
more likely to be 3 or 4 in cases in which an attending oper-
ated alone (57.4% vs 56.3%, P 5 .044). An attending
without resident assistance was also more likely to perform
a laparoscopic procedure (40.4% vs 36.1%, P , .001). The
only less favorable patient factor seen more frequently in
resident cases was weight loss greater than 10% within
the preceding 6 months (7.2% vs 6.5%, P 5 .011). Sub-
group analyses of laparoscopic and open procedures were
performed with baseline patient characteristics displayed
in Tables 1 and 2, respectively. Laparoscopic procedures
involved 13,965 (37.4%) patients compared with 23,365
(62.6%) performed open. Of procedures performed laparos-
copically, 32.2% did not involve a resident. In comparison,
28.4% of open colon procedures for malignancy did not
involve a surgical resident.
ts with elective laparoscopic procedure for colon malignancy

Resident involved (n 5 9,462), n (%) P value

65.68 6 13.23 ,.001
28.03 6 6.37 .666
4,648 (49.3%) .976
5,292 (56.1%) ,.001
1,136 (12.1%) .002
455 (4.8%) ,.001
667 (7.1%) .050
44 (.5%) .021
34 (.4%) .066

1,599 (16.9%) .044
1,167 (12.3%) .963
212 (2.2%) .927
340 (3.6%) .685

4,613 (48.8%) .015
26.75 6 3.72 .716



Table 2 Univariate analysis of preoperative characteristics of patients with elective open procedure for colon malignancy

Variables Attending alone (n 5 6,637), n (%) Resident involved (n 5 16,728), n (%) P value

Age, mean 6 SD, y 68.15 6 12,87 65.58 6 13.38 ,.001
BMI, mean 6 SD 28.01 6 6.75 28.03 6 6.85 .804
Male gender 3,204 (48.4%) 8,562 (51.2%) ,.001
Vascular comorbidity 3,921 (59.8%) 9,258 (55.4%) ,.001
Cardiac comorbidity 981 (15.1%) 2,198 (13.1%) ,.001
Pulmonary comorbidity 536 (8.3%) 1,050 (6.3%) ,.001
Neurologic comorbidity 682 (10.5%) 1,367 (8.2%) ,.001
Hepatic comorbidity 160 (2.5%) 368 (2.2%) .226
Renal comorbidity 40 (.6%) 119 (.7%) .362
Diabetes 1,254 (18.9%) 3,072 (18.4%) .347
Smoker 1,007 (15.2%) 2,696 (16.1%) .075
Steroid use 145 (2.2%) 436 (2.6%) .062
Weight loss .10% 551 (8.3%) 1,542 (9.2%) .027
ASA 3 or 4 4,095 (61.8%) 10,116 (60.5%) .077
Work relative value unit 24.34 6 4.55 24.99 6 5.63 ,.001

Definition of comorbidity groupings is described in the Methods section.

ASA 5 American Society of Anesthesiology; BMI 5 body mass index.
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Unadjusted outcomes of all patients undergoing elective
colon resection for malignancy are listed in Tables 3 and 4.
Resident involvement was associated with increased opera-
tive time (181.0 6 98.4 vs 138.7 6 77.0, P , .001), length
of stay (8.9 6 16.1 vs 8.5 6 10.3, P 5 .002), reoperation
(5.7% vs 5.2%, P 5 .041), and readmission rates (11.9%
vs 9.6%, P 5 .037). Serious (16.0% vs 13.9%, P , .001),
minor (17.5% vs 14.1%, P , .001), and overall morbidity
(26.4% vs 22.5%, P , .001) were higher in cases with resi-
dent participation. However, mortality rate was lower with
resident involvement (2.0% vs 2.8%, P, .001), as was fail-
ure to rescue (1.6% vs 2.2%, P , .001). Although operative
time was increased in both laparoscopic (172.6 6 79.9 vs
Table 3 Univariate analysis of outcomes of patients with elective l

Variables Attending alone (n 5 4,503), n (

OR time, mean 6 SD, min 143.81 6 72.51
LOS, mean 6 SD, d 6.70 6 7.09
Mortality 65 (1.4%)
Serious morbidity 431 (9.6%)
Minor morbidity 464 (10.3%)
Overall morbidity 745 (16.5%)
Rescue 693 (15.4%)
Failure to rescue 52 (1.2%)
Cardiovascular complication 227 (5.0%)
Pulmonary complication 141 (3.1%)
Renal complication 45 (1.0%)
Neurologic complication 21 (.5%)
Septic complication 166 (3.7%)
SSI 338 (7.5%)
Reoperation 207 (4.6%)
Readmission 44 (8.6%)

Definitions of morbidity and complication groupings are described in the ‘‘

LOS 5 length of stay; OR 5 operative; SSI 5 surgical site infection.
143.8 6 72.5, P , .001) and open cases (183.4 6 107.9
vs 133.1 6 78.9, P , .001) with resident participation,
this difference was more pronounced in the open group.
Despite being statistically significant, there was no clini-
cally significant difference in length of stay identified based
on presence of resident surgeon in the operating room. Uni-
variate analyses of outcomes for subgroups of laparoscopic
and open procedures are further detailed in Tables 3 and 4,
respectively. Mortality and failure to rescue were higher
when an attending surgeon operated alone across both sub-
groups. Surgical site infection was increased with resident
participation regardless of whether the case was laparo-
scopic or open. Furthermore, serious, minor, and overall
aparoscopic procedure for colon malignancy

%) Resident involved (n 5 9,462), n (%) P value

172.55 6 79.85 ,.001
6.96 6 7.48 .039

94 (1.0%) .019
1,015 (10.7%) .036
1,193 (12.6%) ,.001
1,793 (18.9%) .001
1,719 (18.2%) ,.001

74 (.8%) .029
531 (5.6%) .164
315 (3.3%) .539
78 (.8%) .301
33 (.3%) .295
376 (4.0%) .411
893 (9.4%) ,.001
441 (4.7%) .867
188 (10.3%) .280

Methods’’ section.



Table 4 Univariate analysis of outcomes of patients with elective open procedure for colon malignancy

Variables Attending alone (n 5 6,637), n (%) Resident involved (n 5 16,728), n (%) P value

OR time, mean 6 SD, min 133.11 6 78.93 183.41 6 107.88 ,.001
LOS, mean 6 SD, d 9.76 6 12.00 10.13 6 19.26 .077
Mortality 250 (3.8%) 420 (2.5%) ,.001
Serious morbidity 1,123 (16.9%) 3,182 (19.0%) ,.001
Minor morbidity 1,106 (16.7%) 3,390 (20.3%) ,.001
Overall morbidity 1,764 (26.6%) 5,120 (30.6%) ,.001
Rescue 1,573 (23.7%) 4,782 (28.6%) ,.001
Failure to rescue 191 (2.9%) 338 (2.0%) ,.001
Cardiovascular complication 576 (8.7%) 1,656 (9.9%) .004
Pulmonary complication 422 (6.4%) 1,112 (6.6%) .421
Renal complication 138 (2.1%) 298 (1.8%) .129
Neurologic complication 50 (.8%) 110 (.7%) .423
Septic complication 457 (6.9%) 1,345 (8.0%) .003
SSI 736 (11.1%) 2,536 (15.2%) ,.001
Reoperation 367 (5.5%) 1,047 (6.3%) .035
Readmission 55 (10.5%) 336 (13.0%) .113

Definitions of morbidity and complication groupings are described in the ‘‘Methods’’ section.

LOS 5 length of stay; OR 5 operative; SSI 5 surgical site infection.
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morbidity were significantly higher in laparoscopic and
open cases when a resident was present. Although reopera-
tion rates were higher in open cases with resident participa-
tion (6.3% vs 5.5%, P 5 .035; Table 4), those undergoing
laparoscopic procedures showed no association between
resident involvement and need for reoperation (4.7% with
resident vs 4.6% without resident, P 5 .867; Table 3).

Multivariate analyses (Table 5 for laparoscopic, Table 6
for open cases) were then performed with overall morbidity
as the primary outcome. After adjusting for baseline char-
acteristics, resident involvement showed independent
Table 5 Multivariate analysis evaluating overall morbidity following

Variables b estimate SE

Age .003 .0
BMI .016 .0
Male gender .152 .0
Vascular comorbidity 2.048 .0
Cardiac comorbidity .182 .0
Pulmonary comorbidity .279 .0
Neurologic comorbidity .360 .0
Hepatic comorbidity .836 .2
Diabetes .009 .0
Smoker .232 .0
Steroid use .435 .1
Weight loss .10% .471 .1
ASA class*
ASA class 2 .417 .1
ASA class 3 .836 .1
ASA class 4 1.259 .2
ASA class 5 1.190 1.2

Resident involvement .219 .0

Definitions of morbidity and complication groupings are described in the ‘‘

ASA 5 American Society of Anesthesiologists; CI 5 confidence interval; BM

*Reference group is ASA class 1.
association with morbidity in both laparoscopic (OR 1.2,
95% CI 1.13 to 1.38, P, .001) and open colectomy for ma-
lignancy (OR 1.3, 95% CI 1.18 to 1.35, P , .001).
Comments

As surgical outcomes come under increased scrutiny, it
remains essential for surgeons to ensure optimal patient
results while effectively training our next generation of
residents. In this study, we confirm previous literature,
elective laparoscopic procedure for colon malignancy

Adjusted OR (95% CI) P value

02 1.0 (1.0–1.01) .186
04 1.0 (1.01–1.02) ,.001
47 1.2 (1.06–1.28) .001
54 1.0 (.86–1.06) .374
69 1.2 (1.05–1.37) .008
93 1.3 (1.10–1.59) .003
81 1.4 (1.22–1.68) ,.001
48 2.3 (1.42–3.75) .001
61 1.0 (.90–1.14) .883
68 1.3 (1.10–1.44) .001
34 1.6 (1.19–2.01) .001
09 1.6 (1.3–1.98) ,.001

86 1.5 (1.06–2.18) .025
89 2.3 (1.59–3.34) ,.001
14 3.5 (2.31–5.36) ,.001
61 3.3 (.28–38.91) .345
51 1.2 (1.13–1.38) ,.001

Methods’’ section.

I 5 body mass index; OR 5 odds ratio.



Table 6 Multivariate analysis evaluating overall morbidity following elective open procedure for colon malignancy

Variables b estimate SE Adjusted OR (95% CI) P value

Age .002 .001 1.0 (1.00–1.00) .159
BMI .016 .002 1.0 (1.01–1.02) ,.001
Male gender .058 .031 1.1 (1.00–1.13) .060
Vascular comorbidity 2.007 .035 1.0 (.93–1.06) .852
Cardiac comorbidity .020 .046 1.0 (.93–1.12) .658
Pulmonary comorbidity .392 .057 1.5 (1.32–1.66) ,.001
Neurologic comorbidity .169 .053 1.2 (1.07–1.31) .001
Hepatic comorbidity .709 .094 2.0 (1.69–2.44) ,.001
Renal comorbidity .179 .171 1.2 (.86–1.67) .295
Diabetes .056 .040 1.1 (.98–1.14) .163
Steroid use .227 .091 1.3 (1.05–1.50) .012
Weight loss .10% .396 .051 1.5 (1.34–1.64) ,.001
ASA class*
ASA class 2 .560 .152 1.8 (1.30–2.36) ,.001
ASA class 3 1.025 .152 2.8 (2.07–3.76) ,.001
ASA class 4 1.521 .162 4.6 (3.33–6.29) ,.001
ASA class 5 1.035 .759 2.8 (.64–12.46) .173

Work relative value unit .041 .003 1.0 (1.04–1.05) ,.001
Resident involvement .229 .035 1.3 (1.18–1.35) ,.001

Definitions of morbidity and complication groupings are described in the ‘‘Methods’’ section.

ASA 5 American Society of Anesthesiologists; BMI 5 body mass index; CI 5 confidence interval; OR 5 odds ratio.

*Reference group is ASA class 1.
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suggesting that resident involvement worsens clinical out-
comes. More specifically, analysis of cancer patients
undergoing elective laparoscopic or open colectomy dem-
onstrates resident involvement as an independent risk factor
for increased overall morbidity. In laparoscopy, resident
involvement produced higher rates of surgical site infec-
tion. During open cases, resident involvement produced
higher rates of cardiovascular complications, surgical site
infection, sepsis, and reoperation. Furthermore, multivar-
iate analysis indicates that resident participation is associ-
ated with overall morbidity in open and laparoscopic cases.
Increased postoperative morbidity occurred despite resident
involvement in patients with comparatively fewer comor-
bidities. Interestingly, we found resident involvement
associated with lower mortality and lower failure to rescue,
results most pronounced in cancer patients undergoing open
colon resection. Overall, we show that resident involvement
with oncology patients undergoing laparoscopic or open
colectomy yields lower patient 30-day mortality at a cost of
higher 30-day morbidity.

Here, we confirm an effect of resident involvement for
oncology patients undergoing colectomy previously shown
by Castleberry et al27 in a mixed population. Interestingly,
no mortality difference was demonstrated in that study, in
contrast to our results. This difference in short-term mortal-
ity underlies a clinically significant difference in failure to
rescue, which may indicate a benefit of resident involve-
ment. Namely, presence of residents in the operating
room implies presence on the wards, providing an opportu-
nity for earlier rescue of surgical patients. Furthermore,
presence of surgical residents may indicate other support
systems, such as intensive care units, inhouse attendings,
and rapid response teams. To support this notion, Raval
et al,25 when controlling for multiple factors including
operative time, demonstrated that 6.1 additional patients
undergoing general surgical/vascular procedures had
morbidity events when a resident was involved; however,
1.4 more lives were saved. It is important to note that fail-
ure to rescue has previously been associated with staffing
levels, both physician and nursing.43 As such, our data
may be a proxy for the notion that more eyes on the surgical
patient, whether resident physician, attending physician,
nurses, or other ancillary staff, produce less failure to
rescue. Furthermore, as larger tertiary care centers tend to
use more ‘‘eyes,’’ failure to rescue may be lessened as a
result. This notion requires further study to fully elucidate
the impact of appropriate staffing and the medical center
in which that staffing is provided.

Along with failure to rescue, we build on published
data through subset analysis of laparoscopic and open
procedures in patients previously diagnosed with colon
cancer (Tables 3–6). Additionally, we demonstrate another
group of procedures whereby resident involvement nega-
tively affects rates of complications.44,45 Our findings
are at odds with literature, suggesting no effect on surgical
morbidity when residents are involved.46–48 Furthermore,
our results are contrary to recent articles, suggesting that
resident involvement in laparoscopic49 and open colec-
tomy50 produces no difference in postoperative complica-
tions. Given the large, heterogenous population included
in our study of the NSQIP database, it is reasonable to
conclude that smaller, single-institution studies are under-
powered to detect a statistical effect of resident
involvement.
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The determination of resident effect in oncology patients
undergoing laparoscopic and open colectomy is vitally
important for improving patient outcomes. There are
increasing reports in the literature documenting worsened
long-term outcomes in oncology patients who have post-
operative complications.51–53 Attie et al54 recently showed
worsened cancer-specific surgical outcomes in colorectal
patients with any bacterial infection during cancer treat-
ment. In fact, infection was determined as an independent
predictor of worsened survival. Xia et al55 used multivariate
analysis to demonstrate that postoperative complications af-
ter laparoscopic colectomy were independently associated
with worsened overall and relapse-free survival. After eval-
uation of 868 elective colorectal resections, Odermatt
et al56 identified major complications as a significant nega-
tive predictor of overall survival, although not a predictor of
time to recurrence. Here, we demonstrate significantly
increased rates of surgical site infections (including super-
ficial, deep, and organ space infections) in patients where
surgical residents were involved. Surprisingly, resident ef-
fect on surgical site infection persisted in laparoscopic pro-
cedures, suggesting an underlying effect we do not entirely
understand. Given the increasing body of literature showing
worsened oncologic outcomes in colon cancer patients who
suffer complications, it is imperative for surgeons to fully
elucidate the true short- and long-term effects of resident
involvement on elective colectomy. This understanding al-
lows for true informed consent and may alter decisions by
the attending surgeon regarding operative approach and
extent of resident involvement.

In colorectal surgery, operative approach is of utmost
importance when evaluating postoperative outcomes. The
benefits of laparoscopic vs open colectomy are numerous
and well documented.57–59 Here, we demonstrate a lower
association of complications from resident involvement in
laparoscopic vs open colectomy. Interestingly, our data
demonstrate that laparoscopic procedures were more likely
to be performed without the assistance of a resident, despite
being more technically challenging. However, even when a
resident was involved in a laparoscopic procedure, there
were fewer complications noted vs open procedures. As
such, this study provides another reason surgeons should
seek to complete more colectomies for cancer using a mini-
mally invasive approach. To assist in surgical education
during these technically complex procedures, the use of
simulations and other training aids allows improved resi-
dent skill development without subjecting patients to risk
of worsened outcomes. Through providing a low-stress
environment and shortening the learning curve, residents
are more likely to obtain and retain necessary skills that
lessen patient harm in the operating room.60 Additionally,
competency-based assessments, such as the National
Training Programme in Laparoscopic Colorectal Surgery
and the Fundamentals of Laparoscopic Surgery, should be
considered before participation in oncologic procedures to
further improve outcomes.60–62 Future areas of study may
involve evaluation of competency-based assessments in
surgical residency training and how these programs affect
postoperative morbidity.

Because of study design, our retrospective review of
prospectively collected data in the ACS-NSQIP participant
use file is limited by the possibility of confounding, selection,
information, and misclassification bias. Appropriate correc-
tions were made during statistical analysis to reduce effects
of these biases but cannot account for all biases. Other
limitations include heterogeneous patient factors including
procedures performed, differences in hospitals, surgical
expertise (both resident and attending), and lack of random-
ization. Because we compared patient outcomes based on
resident involvement on specific surgical procedures, these
limitations may be significant. Surgical expertise, especially
in laparoscopic colectomy, plays a significant role in patient
outcomes. As such, differences in hospital volume and case
inclusion in the NSQIP data set may be inappropriately
represented in this study. Furthermore, specific data on type
of institution (tertiary academic center, community hospital,
etc.) are not available from the data set. As such, we cannot
control for type of institution during analysis, which may
limit the generalizability of this study. However, work
relative value units were used to control for case complexity
and to improvegeneral application of our findings.63 The lack
of longer term outcomes is a significant limitation of this
study, precluding our ability to link postoperative complica-
tions with long-term outcomes. Last, 30-day surgical out-
comes are influenced by factors not accounted for in this
study including medical staff, resident involvement outside
the operating room, patient compliance, and many others
not included in the NSQIP data set. These limitations should
be taken into account when reviewing our data. Despite these
limitations, the data analyzed are considered the most com-
plete multi-institutional clinical data available, with the
added advantage of impartial clinical reviewers to help
reduce error and bias.
Conclusions

In this study, we confirmed an association of resident
operative involvement with higher rates of morbidity in
oncology patients undergoing laparoscopic and open colon
procedures. This occurred despite univariate analysis,
suggesting that attending alone cases involved patients
with higher preoperative comorbidities. Interestingly,
morbidity was limited to surgical site infection in laparo-
scopic cases, providing further evidence of patient benefit
using this modality vs open colectomy. Despite higher
overall morbidity associated with resident involvement,
attending only cases demonstrated higher 30-day mortality
and increased failure to rescue. These findings suggest the
cost of reduced patient mortality with resident involvement
is higher rates of operative complication. Unfortunately, in
cancer patients, this cost may prove too high as operative
complications lead to worsened long-term outcomes.
Further work is necessary to identify the source of these
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apparent discrepancies and to explore opportunities for
reducing failure to rescue in settings without resident
support. An understanding of these discrepancies, and a
strong push toward increased resident skill development
outside of the operating room, will produce improved short-
and long-term outcomes for our oncology patients.

Index 1

International Classification of Diseases, Ninth
Edition, codes for patients with malignancy
included in this study

151, 151.0, 151.1, 151.2, 151.3, 151.4, 151.5, 151.6,
151.8, 151.9, 152, 152.0, 152.1, 152.2, 152.3, 152.8, 152.9,
153, 153.0, 153.1, 153.2, 153.3, 153.4, 153.5, 153.6, 153.7,
153.8, 153.9, 154, 154.0, 154.1, 154.2, 154.3, 154.8, 155,
155.0, 155.1, 155.2, 156, 156.0, 156.1, 156.2, 156.8, 156.9,
157, 157.0, 157.1, 157.2, 157.3, 157.4, 157.8, 157.9, 158,
158.0, 158.8, 158.9, 159, 159.0, 159.1, 159.8, 159.9, 162,
162.0, 162.2, 162.3, 162.4, 162.5, 162.8, 162.9, 163, 163.0,
163.1, 163.8, 163.9, 164, 164.0, 164.1, 164.2, 164.3, 164.8,
164.9, 165, 165.0, 165.8, 165.9,172, 172.0, 172.1, 172.2,
172.3, 172.4, 172.5, 172.6, 172.7, 172.8, 172.9, 173, 173.0,
173.1, 173.2, 173.3, 173.4, 173.5, 173.6, 173.7, 173.8,
173.9,174, 174.0, 174.1, 174.2, 174.3, 174.4, 174.5, 174.6,
174.8, 174.9, 175, 175.0, 175.9, 179, 180, 180.0, 180.1,
180.8, 180.9, 181, 181, 182, 182.0, 182.1, 182.8, 183,
183.0, 183.2, 183.3, 183.4, 183.5, 183.8, 183.9, 184, 184.0,
184.1, 184.2, 184.3, 184.4, 184.8, 184.9, 185, 186, 186.0,
186.9, 187, 187.1, 187.2, 187.3, 187.4, 187.5, 187.6, 187.7,
187.8, 187.9, 188, 188.0, 188.1, 188.2, 188.3, 188.4, 188.5,
188.6, 188.7, 188.8, 188.9, 189, 189.0, 189.1, 189.2, 189.3,
189.4, 189.8, 189.9, 193, 194, 194.0, 194.1, 194.3, 194.4,
194.5, 194.6, 194.8, 194.9, 209, 209.0, 209.1, 209.2, 209.3,
209.4, 209.5, and 209.6.
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