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OBJECT This study evaluates the impact of resident presence in the operating room on postoperative outcomes in
neurosurgery.

METHODS The authors retrospectively reviewed the American College of Surgeons National Surgical Quality Improve-

ment Program (ACS-NSQIP) and identified all cases treated in a neurosurgery service in 2011. Propensity scoring analy-
sis and multiple logistic regression models were used to reduce patient bias and to assess independent effect of resident
involvement.

RESULTS Of the 8748 neurosurgery cases identified, residents were present in 4529 cases. Residents were more
likely to be involved in complex procedures with longer operative duration. The multivariate analysis found that resident
involvement was not a statistically significant factor for overall complications (OR 1.116, 95% Cl 0.961-1.297), surgical
complications (OR 1.132, 95% CI 0.825-1.554), medical complications (OR 1.146, 95% CI 0.979-1.343), reoperation
(OR 1.250, 95% CI 0.984-1.589), mortality (OR 1.164, 95% CI 0.780-1.737), or unplanned readmission (OR 1.148, 95%
C10.946-1.393).

CONCLUSIONS In this multicenter study, the authors demonstrated that resident involvement in the operating room
was not a significant factor for postoperative complications in neurosurgery service. This analysis also showed that much
of the observed difference in postoperative complication rates was attributable to other confounding factors. This is a
quality indicator for resident trainees and current medical education. Maintaining high standards in postgraduate training
is imperative in enhancing patient care and reducing postoperative complications.
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future physicians and providing invaluable medi-
cal services to both hospitals and patients; thus it is
held to the highest standard and is regarded by academic
medical centers as a major responsibility. Resident edu-
cation, however, has been a subject of great scrutiny by
patients. A survey of 200 surgical inpatients by Cowles

RESIDENCY has the dual mission of both educating

et al. demonstrated that one-third of patients did not wish
to have residents involved in any part of their operation,
and most of the remaining patients strongly preferred that
residents participate only in minor procedures.’

The impact of resident involvement on surgical out-
comes has been widely investigated in general and vascu-
lar surgery service, which demonstrated a modest increase
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in complication rates and prolonged operative duration, al-
though no significant differences were found in clinically
relevant morbidities or mortality.!243438:394146 However, in
the field of neurosurgery, no study has comprehensively
examined the relationship between resident participation
and surgical outcomes at the multiinstitutional level.

The American College of Surgeons National Surgical
Quality Improvement Program (ACS-NSQIP) is a nation-
al, validated, risk-adjusted, and prospectively maintained
surgical outcomes registry that contains more than 240
clinical variables including preoperative patient character-
istics, intraoperative variables, and 30-day postoperative
outcomes. Given that the current database contains a wide
array of clinical information from more than 440,000 pa-
tients, it is uniquely poised to perform high-powered retro-
spective studies and to help definitively answer whether—
and to what degree—resident involvement impacts post-
operative outcomes in neurosurgery.

Methods

Data Acquisition

Details of the NSQIP database have been described
previously.2? In 2011, the NSQIP only applied to medium
and large hospitals with at least 100 beds. To ensure data
reliability, clinical reviewers complete comprehensive
training programs, and the NSQIP conducts interrater
reliability audits in participating hospitals. Most recently,
the interobserver disagreement was calculated at 1.96%.%
All patient information is de-identified to comply with
the Health Insurance Portability and Accountability Act
of 1996 (HIPAA) and the ACS-NSQIP participant user
agreement. De-identified patient information is freely
available to all institutional members who comply with the
ACS-NSQIP Data Use Agreement. (The Data Use Agree-
ment implements the protections afforded by the HIPAA
and the ACS-NSQIP Hospital Participation Agreement.)

We retrospectively reviewed the NSQIP database to
identify all cases that were treated in a neurosurgery service
in 2011. Of the 17,931 cases identified, 9183 cases without
resident data or relevant clinical variables (demographics,
comorbidities, operative details, postoperative outcomes)
were excluded, leaving a total of 8748 cases for analysis.
This was a necessary step because our analysis (i.e., pro-
pensity scoring, multivariate analysis) could not account
for the cases with missing variables. Included cases were
subdivided into two cohorts based on resident presence
in the operating room (Attending alone vs Attending and
Resident in operating room). Primary outcomes of interest
included overall/surgical/medical complications, reopera-
tion, mortality, and unplanned readmission.

Overall complication was defined as any surgical or
medical complication within 30 days of surgery. Surgical
complications consisted of surgical site infection (SSI),
wound dehiscence, and graft/prosthesis failure. Medical
complications included pneumonia, unplanned intuba-
tion, pulmonary embolism, mechanical ventilation > 48
hours, acute renal failure, urinary tract infection, stroke,
coma, peripheral nerve injury, cardiac arrest, myocardial
infarction, blood transfusion > 4 U within 72 hours of op-
eration, deep venous thrombosis (DVT), and sepsis/septic

Resident involvement does not impact postoperative outcomes

shock. Reoperation was defined as return to the operating
room within 30 days of the index procedure for surgical
intervention of any kind. Mortality was recorded if death
occurred within 30 days of the operation. The NSQIP de-
fines unplanned readmission as returning to the same or a
different hospital within 30 days of the principal operation
due to causes that are “likely related to the index proce-
dure.”!!

Demographic variables included age, body mass in-
dex, sex, and race. Analyzed comorbidities included dia-
betes, current smoking, dyspnea, dependent functional
health status prior to surgery, ventilator dependence (any
ventilator-assisted respiration > 48 hours prior to surgery),
chronic obstructive pulmonary disease, congestive heart
failure, hypertension requiring medication, acute renal
failure, current dialysis requirement, disseminated cancer,
preoperative open wound/wound infection, steroid use for
chronic condition,> 10% weight loss within 6 months prior
to surgery, bleeding disorder (risk for excessive bleeding
requiring hospitalization due to a deficiency of blood clot-
ting elements), and systemic sepsis. Perioperative details
included preoperative transfusion (recorded if a patient
received > 4 U packed red blood cells [RBCs] within 72
hours of surgery), emergency case, wound classification,
American Society of Anesthesiologists (ASA) class, total
operative time, and total work relative value unit (RVU).

Risk Adjustment

Patient demographic profiles, comorbidities, and peri-
operative details were used for risk adjustment. Total
RVUs were used to control for the differences in proce-
dural complexity.!>!7-18

To calculate the predicted probability of resident pres-
ence in the operating room, propensity scoring analysis
was performed using demographics, comorbidities, and
perioperative details.!>? The propensity score indicates
the probability of resident presence in the operating room
based on input variables. Specifically, the propensity score
of 0 represents the lowest probability of resident involve-
ment, and 1 represents the maximum probability of resi-
dent involvement in the case. The calculated propensity
score was then incorporated into the logistic regression
model as an adjustment variable to balance confounding
variables and reduce bias between the two cohorts.?

Statistical Analysis

Descriptive and comparative statistics of demograph-
ics, comorbidities, operative details, and postoperative
complications were analyzed for all patients. For categori-
cal variables, Pearson’s chi-square or Fisher’s exact test
was performed where appropriate. For continuous vari-
ables, the 1-way ANOVA test was used.

We then used multivariate regression analysis to esti-
mate the impact of resident involvement on 30-day out-
comes. A total of 6 regression models were constructed,
which independently assessed each outcome of interest:
overall complication, surgical complication, medical com-
plication, reoperation, mortality, and readmission. Vari-
ables to be included in the regression analysis (i.e., poten-
tial confounders) were selected from patient comorbidities
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and operative characteristics using the selection criteria of
n > 9 and p < 0.2 by using a series of univariate analy-
ses between an outcome and each of the patient comor-
bidities (e.g., overall complication vs diabetes). Candidate
variables qualifying the selection criteria and calculated
propensity scores were included in the regression model
for overall complication as adjustment variables. These
steps were independently performed for all 6 multivari-
ate analyses. This specific selection criterion was used to
capture as many potential risk factors as possible without
compromising the validity of regression models.*

Receiver operating characteristic tests (c-statistics;
goodness of fit, the probability of more accurately predict-
ing the outcome than chance) were performed to calculate
the discriminative ability of the regression models. For all
tests, significance was defined at p < 0.05.

Results

After exclusion, a total of 8748 neurosurgery cases
were included for analysis. The cases were subdivided
into two cohorts based on resident involvement. Residents
were present in 4529 cases.

In general the demographic profiles of the two cohorts
were similar, with the exception of age and race. Patients in
the resident cohort were significantly younger than those
in the nonresident cohort (57.6 = 15.1 vs 56.0 = 15.0 years,
p < 0.001). Patients in the resident cohort were less likely
to be white (79.5% vs 68.3%, p < 0.001) or black (8.8% vs
6.8%, p < 0.001), but more likely to be “other” race (10.1%
vs 23.3%, p < 0.001). In contrast, comorbidities differed
more markedly between the cohorts. Specifically, the resi-
dent cohort had a significantly lower proportion of patients
with diabetes, history of smoking, dyspnea, and hyperten-
sion requiring medication, but a higher percentage of pa-
tients with ventilator dependence, history of disseminated
cancer, history of steroid use for chronic conditions, and
history of systemic sepsis (p < 0.05) (Table 1). In addition,
a significantly greater proportion of patients in the resi-
dent cohort underwent procedures classified as emergency
cases and were assigned an advanced wound and ASA
class. The residents were also more likely to be present in
cases with greater total RVU (31.7 £ 24.0 vs 39.7 = 27.2,p
< 0.001) and longer operative time (136.0 + 94.3 vs 198.2
+ 127.6 minutes, p < 0.001) (Table 2).

Comparison of Outcomes

The incidence of postoperative complications with
respect to resident involvement is reported in Table 3. In
our univariate analysis, resident presence in the operat-
ing room was associated with significantly higher rates
of overall complication (OR 1.839; 11.2% vs 18.8%, p <
0.001), surgical complication (OR 1.463; 1.9% vs 2.7%,
p = 0.009), and medical complication (OR 1.914; 9.9%
vs 17.3%, p < 0.001). Of the surgical complications, SSI
was strongly associated with resident involvement (p =
0.007). Of medical complications, myocardial infarction,
pneumonia, unplanned intubation, pulmonary embolism,
ventilator > 48 hours, cerebrovascular attack/stroke, coma
> 24 hours, postoperative transfusion, DVT, and sepsis/
septic shock were all significantly more frequent in cases

964  J Neurosurg Volume 122 « April 2015

with resident involvement. Moreover, the resident cohort
had significantly higher rates of reoperation (OR 1.683;
32% vs 5.2%, p < 0.001), mortality (OR 1.661; 1.4% vs
2.3%, p = 0.002), and unplanned readmissions (OR 1.325;
5.4% vs 7.0%, p = 0.002).

Regression Analysis

For each outcome of interest, multiple logistic regres-
sion models were constructed that adjusted for selected
risk factors and propensity score (Table 4). Resident par-
ticipation correlated with an increased, but not statisti-
cally significant, risk of complications. This was true for
overall complication (OR 1.116, 95% CI 0.961-1.297),
surgical complication (OR 1.132, 95% CI 0.825-1.554),
medical complication (OR 1.146, 95% CI 0.979-1.343),
reoperation (OR 1.250, 95% CI 0.984-1.589), mortality
(OR 1.164, 95% CI 0.780-1.737), or unplanned readmis-
sion (OR 1.148, 95% CI 0.946-1.393). The c-statistics test
was used to demonstrate discriminability of these mod-
els. Multivariate analysis has also resulted in a substan-
tial decrease in odds ratios for overall complication (1.839
vs 1.116), surgical complication (1.463 vs 1.132), medical
complication (1.914 vs 1.146), reoperation (1.683 vs 1.250),
mortality (1.661 vs 1.164), and unplanned readmission
(1.325 vs 1.148).

Discussion
Study Rationale

A plethora of current literature findings converge on
the concept that resident participation during surgical pro-
cedures is generally safe. Supporting evidence is found
across various specialties, which reported no differences
in surgical outcomes when residents participated in car-
diothoracic, general, gynecological, plastic, urological,
and vascular surgery cases.>”!9-2131.38.46

In the field of neurosurgery, literature examining the
association of resident involvement and postoperative in-
cidence of complications is virtually absent. Morgan et al.
analyzed 355 cases of small unruptured intracranial an-
eurysms to examine the effect of resident involvement.?’
The results of this single-center study showed that resident
participation did not result in increased complications. A
similar study of 299 intracranial aneurysm repair cases
demonstrated that the procedure can be safely delegated to
trainees with careful supervision, without compromising
surgical outcomes.*’ Last, Neal at al. investigated 28 mini-
mal access transforaminal lumbar interbody fusion pro-
cedures done by a single resident, and suggested that this
procedure can be safely performed in a training environ-
ment.” However, these studies are limited by their small
sample size and their narrow focus on relatively special-
ized procedures. Given the paucity and focused aspects
of previous investigations, the goal of our study was to
capture a broader range of neurosurgical cases for a more
robust and generalized analysis of resident involvement in
the neurosurgical setting.

The ACS-NSQIP

The NSQIP is a nationally validated, outcome-based
database that offers performance information to identify
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TABLE 1. Demographic data and comorbidities in 8748 patients treated with neurosurgery in 2011, categorized by
resident presence

Resident Present

No (4219 patients) Yes (4529 patients)
Variable Value % Value % p Value
Demographic
Age in yrs, mean + SD* 57.6 £ 15.1 56.0 £ 15.0 <0.001
BMI in kg/m?, mean + SD 29.3+6.7 291+6.6 0.209
Sex 0.231
Male 2041 48.4% 2249 49.7%
Female 2178 51.6% 2280 50.3%
Race* <0.001
White 3354 79.5% 3094 68.3%
Black 371 8.8% 309 6.8%
Asian 66 1.6% 69 1.5%
Other 428 10.1% 1057 23.3%
Comorbidities
Diabetes* 685 16.6% 628 13.9% 0.002
Current smoker* 1074 26.0% 1061 23.4% 0.027
Dyspnea* 339 8.2% 308 6.8% 0.027
Dependent FHS prior to op 295 71% 294 6.5% 0.346
Ventilator dependent* 50 1.2% 128 2.8% <0.001
COPD 186 4.5% 204 4.5% 0.828
CHF <30 days 17 0.4% 17 0.4% 0.836
Hypertension* 2053 49.7% 2075 45.8% 0.008
Acute renal failure 5 0.1% 10 0.2% 0.248
On dialysis 24 0.6% 23 0.5% 0.696
Disseminated cancer* 118 2.9% 293 6.5% <0.001
Open wound/WI 91 2.2% 103 2.3% 0.710
Steroid use* 204 4.9% 380 8.4% <0.001
>10% weight loss in <6 mos 43 1.0% 56 1.2% 0.337
Bleeding disorders* 114 2.8% 161 3.6% 0.022
Systemic sepsis* 80 1.9% 198 4.4% <0.001

BMI = body mass index; CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; FHS = functional health status; Wi =
wound infection.
* Denotes significant difference between cohorts (p < 0.05).

areas for improvement and to assist surgeons in targeted
decision making. Since its inception in 1994, the NSQIP
has proven to be a useful resource for surgeons and hospi-
tals in improving the quality of patient care and surgical
outcomes, while decreasing costs. Patient information is
abstracted from medical charts, operative logs, anesthesia
records, patient interviews, and any other means neces-
sary to augment data completeness. The ACS-NSQIP
employs dedicated clinical reviewers at more than 250
private-sector, geographically diverse hospitals to collect
large volumes of surgical case data (more than 400,000
cases in 2011 alone) in a standardized format, ensuring the
integrity of both the external and internal validity of the
NSQIP database. In addition, clinical reviewers complete
comprehensive training programs and the NSQIP con-
ducts interrater reliability audits regularly. Most recently,
the interobserver disagreement was calculated at 1.96% .4

Previously published articles have reliably used the

NSQIP database to conduct large-scale, multicenter
analysis to examine the impact of resident involvement
on surgical outcomes in the fields of plastic, general, and
vascular surgery.?'** Although the NSQIP does not cap-
ture the extent of resident involvement in operating rooms,
the present study investigates the impact of any degree of
resident involvement on postoperative outcome by using a
similar approach to previously published studies.?!->*

Impact of Resident Involvement on Postoperative
Outcome

Whereas univariate analysis showed significant differ-
ences in complications based on resident involvement, our
multivariate analysis revealed that resident involvement
was not associated with increased overall complications
(OR 1.116, 95% CI 0.961-1.297), surgical complications
(OR 1.132, 95% CI 0.825-1.554), medical complications
(OR 1.146, 95% CI 0.979-1.343), reoperation (OR 1.250,
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TABLE 2. Operative characteristics in 8748 patients treated with neurosurgery in 2011, categorized by resident

presence
Resident Present
No (4219 patients) Yes (4529 patients)
Operative Variable Value % Value % p Value
Preop transfusion >4 U RBCs 22 0.5% 36 0.8% 0.115
Emergency” 232 5.6% 376 8.3% <0.001
Wound class* <0.001
1, Clean 4089 96.9% 4267 94.2%
2, Clean-contaminated 68 1.6% 17 2.6%
3, Contaminated 16 0.4% 41 0.9%
4, Infected 46 1.1% 104 2.3%
ASA class* <0.001
Class 1, no disturbance 207 5.0% 154 3.4%
Class 2, mild disturbance 1904 46.1% 1676 37.0%
Class 3, severe disturbance 1825 44.2% 2268 50.1%
Class 4, life-threatening disturbance 271 6.6% 401 8.9%
Class 5, moribund 10 0.2% 20 0.4%
Total op time in min, mean + SD* 136.0 £ 94.3 198.2 £ 127.6 <0.001
Total RVU, mean + SD* 3M7+£24.0 39.7+£27.2 <0.001

* Denotes significant difference between cohorts (p < 0.05).

95% C10.984-1.589), mortality (OR 1.164, 95% CI 0.780—
1.737), and unplanned readmission (OR 1.148, 95% CI
0.946-1.393). However, importantly, none of the differ-
ences reached statistical significance.

These findings corroborate the results from previous
studies in different surgical settings. Tseng et al. investi-
gated outcomes in 37,907 patients who underwent elective
general surgery and reported an increase in overall mor-
bidity with resident participation (OR 1.14, 95% CI 1.00—
1.29); however, statistical significance was not reached
when the patients were stratified by different procedures.*
A similar study was performed in 60,711 patients who un-
derwent elective general surgery procedures.?* This study
found elevated rates of overall complications with resident
involvement (6.7% vs 7.5%, p < 0.001), but there was no
difference in mortality, reoperation, or severe complica-
tion rates. Raval et al. also demonstrated that resident
participation is correlated with a modest 6.3% increase in
morbidity for general and vascular surgeries, although ad-
justing for hospital-level variations effectively minimized
any observed differences in complications due to resident
involvement.*

Multivariate Analyses and Confounding Factors

In the present study, we evaluated resident involvement
as an independent risk factor on postoperative outcomes.
It is worthwhile to note, however, that due to the retrospec-
tive nature of this study, some of the clinically relevant
variables were significantly different between the cohorts,
thus potentially creating bias in our results. In particular,
work RVU, often used as a proxy for procedural complex-
ity, was 25.2% higher in the resident involvement cohort
(39.7 = 27.2) compared with the nonresident cohort (31.7
+24.0). This observation could arise because the teaching
hospitals where residents work are known to handle more
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rare and complex cases in their capacity as tertiary medi-
cal centers.”? Additionally, residents are often specifically
recruited for “educational” cases that are more likely to be
complex or nonroutine, which may have further contrib-
uted to differences in case complexity between the two co-
horts. It is worthwhile to mention that an assumption that
a higher RVU correlates with a more complex case is not
always valid when examining the population consisting
of a small sample size. To illustrate, the same RVUs are
assigned to all craniotomies for meningioma regardless
of the depth or routes of invasion. However, with a large
enough sample size with heterogeneous case composition
such as in our study (more than 8000 cases and 300 differ-
ent procedure types), differences in RVUs become more
relevant in determining procedural difficulties. Therefore,
it is reasonable to assume that in our study, higher RVUs
may be an indication of increasing procedural complexity.
Cases with higher RVU assignments have been re-
ported to be correlated with higher complication rates.
Multiinstitutional analyses of general and vascular surger-
ies based on the Veterans Affairs-NSQIP database found
that increasing work RVU is correlated with increased
risk of adverse cardiac events, respiratory failure, SSI, and
venous thromboembolic events.'#203040 Qur regression
analysis substantiates this finding; a higher risk of overall
and medical complications was observed in concordance
with increasing RVU. Following the regression analysis,
this baseline difference was adjusted, which resulted in a
substantial decrease in odds ratios (Tables 3 and 4).
Average length of operation was also significantly
longer for the resident cohort, with an average operative
duration of 198.2 minutes compared with 136.0 minutes
in the nonresident cohort. Although prolonged operative
duration could be a direct result of resident education
or inexperienced residents, it is also feasible that longer
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TABLE 3. Operative outcomes in 8748 patients treated with neurosurgery in 2011, categorized by resident presence

Resident Present

No (4219 patients) Yes (4529 patients)
Outcome Value % Value % OR p Value
Overall complications 471 11.2% 850 18.8% 1.839 <0.001
Surgical complications
Any 21* 79 1.9% 123 2.7% 1.463 0.009
SSI* 74 1.8% 118 2.6% 0.007
Wound dehiscence 5 0.1% 7 0.2% 0.649
Graft/prosthesis failure 1 0.0% 0.0% 0.482
Medical complications
Any >1* 416 9.9% 784 17.3% 1.914 <0.001
Myocardial infarction* 8 0.2% 20 0.4% 0.037
Pneumonia® 48 1.1% 98 2.2% <0.001
Unplanned intubation* 40 0.9% 89 2.0% <0.001
Pulmonary embolism* 18 0.4% 34 0.8% 0.049
Ventilator >48 hrs* 75 1.8% 186 4.1% <0.001
Renal insufficiency 7 0.2% 8 0.2% 0.904
Acute renal failure 2 0.0% 6 0.1% 0.291
uTl 88 2.1% 98 2.2% 0.800
CVA/stroke* 17 0.4% 49 1.1% <0.001
Coma >24 hrs* 15 0.4% 32 0.7% 0.025
Peripheral nerve injury 5 0.1% 5 0.1% 1.000
Cardiac arrest 18 0.4% 16 0.4% 0.582
Transfusions* 208 4.9% 464 10.2% <0.001
DVT* 36 0.9% 80 1.8% <0.001
Sepsis/septic shock* 58 1.4% 125 2.8% <0.001
Other
Reop* 134 3.2% 237 5.2% 1.683 <0.001
Death* 60 1.4% 106 2.3% 1.661 0.002
Unplanned readmission* 226 5.4% 316 7.0% 1.325 0.002

CVA = cerebrovascular attack; UTI = urinary tract infection.
* Denotes significant difference between cohorts (p < 0.05).

operative time may be related to increasing procedural
complexity, reflected by the higher RVUs of the cases in
the resident cohort. In numerous studies, operative time
has been recognized as a risk factor for adverse surgical
outcomes.*»16:32.33.363742.4345 Neurosurgery studies indicate
that increased operative time is a significant risk factor for
infections and cranial nerve injury following craniotomy
and carotid endarterectomy, respectively.!1*2225 Thus, the
differences in operative time between the two cohorts may
explain some of the increase in complication rates with
resident involvement prior to baseline adjustment.
Residents were also involved in cases involving patients
skewed toward increased operative risk factors: advanced
wound and ASA class. The association between these op-
erative characteristics and surgical complications has been
widely reported. In a study of 2249 neurosurgery patients,
advanced wound class was associated with approximately
50% increased rates of sepsis (9.1% vs 6.8%, p < 0.001).28
Furthermore, the National Nosocomial Infection Surveil-
lance System collected surgical wound infection rates
in 44 hospitals and reported that there was a consistent

increase in infection rate of 2.1%, 3.3%, 6.4%, and 7.1%
with advancing wound class.! A study by Boakye et al. on
1560 corpectomy cases demonstrated that an ASA class
greater than 3 was significantly associated with postopera-
tive mortality (OR 6.93).° Similarly, Cornu et al. reported
that an ASA Class 3 score was a significant predictor (p <
0.001) for poorer surgical outcomes for intracranial me-
ningioma in elderly patients.®

In our study, the proportion of patients with comorbidi-
ties was significantly different between the two cohorts.
Because patients with more complex health conditions
at baseline are more likely to experience postoperative
complications, comorbidities selected from the univariate
screening were controlled for in our multivariate analy-
sis. Additionally, we attempted to further reduce patient
bias by performing a propensity scoring analysis, which
has been incorporated into our risk-adjusted model. Con-
sequently, our multivariate analysis significantly reduced
the differences in postoperative complication rates be-
tween the two cohorts. This has been demonstrated by a
substantial decrease in odds ratios for 30-day postopera-
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tive outcomes with resident involvement. The significant
changes in odds ratios with risk adjustment show that
much of the higher complication rates in the resident co-
hort were attributable to the baseline difference. Our re-
gression analysis also demonstrated that resident involve-
ment in the operating room is not a statistically significant
factor in adverse postoperative outcomes.

Study Limitations

Our study is the first multicenter and statistically robust
analysis that evaluates the impact of resident involvement
in neurosurgery. However, our study is not without limita-
tions. First, due to the nature of the retrospective study,
the patient groups differed in a number of characteristics,
which created both known and unknown confounding ef-
fects. Although we adjusted for these factors in our mul-
tivariate analysis, these biases cannot be fully eliminated.
To illustrate, we attempted to control for the difference in
case complexity by using RVUs, yet our risk adjustment
could not account for the potentially uneven distribution
of cases or hospital types. Second, there are limitations
that are inherently related to the NSQIP database itself.
The database does not capture the extent of resident par-
ticipation in operative procedures or perioperative care
of patients. The specialties of participating residents and
their postgraduate year status are not recorded either.
Our analysis is also limited to the variables tracked in the
NSQIP. Although the database captures more than 240
clinical variables from 10 different surgical specialties,
certain postoperative outcomes pertinent to neurosurgery
(i.e., CSF leak rate, frontalis palsy, or other minor neuro-
logical complications) are not captured. Nevertheless, this
multicenter database represents more than 300 neurosur-
gical procedure types, which greatly benefits the exter-
nal validity of our study, especially when compared with
previous single-center neurosurgery studies based on one
procedure. Last, the NSQIP does not track complications
occurring more than 30 days after the index operation,
thus underrepresenting the long-term overall morbidity
and mortality rates.

Conclusions

Resident surgeons are a critical component of the cur-
rent health care system in providing invaluable services to
academic medical centers and patients alike. Using a large,
multicenter ACS-NSQIP database, we found that much of
the difference in observed complication rates with resident
involvement is attributable to other confounding factors
and that resident participation is not a statistically signifi-
cant, independent predictor of 30-day complication rates.
Maintaining high standards in postgraduate training may
help enhance patient care and reduce postoperative inci-
dence of complications.
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