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Abstract BACKGROUND CONTEXT: Resident involvement in the operating room is a vital component
of their medical education. Conflicting and limited research exists regarding the effects of surgical
resident participation on spine surgery patient outcomes.

PURPOSE: To determine the effect of resident involvement on surgery duration, length of hospital
stay and 30-day postoperative complication rates in common spinal surgery using the American
College of Surgeons’ National Surgical Quality Improvement Program (ACS-NSQIP) database.
STUDY DESIGN: Multicenter retrospective cohort study.

PATIENT SAMPLE: A total of 1,441 patients met the inclusion criteria: 1,142 patients had surgeries
with an attending physician alone and 299 patients had surgeries with trainee involvement. All anterior
cervical or posterior lumbar surgery patients were identified. Patients who had missing trainee involve-
ment information, surgery for cancer, preoperative infection or dirty wound classification, spine frac-
tures, traumatic spinal cord injury, intradural surgery, thoracic surgery, and emergency surgery were
excluded.

OUTCOME MEASURES: The main outcomes of interest analyzed from the ACS-NSQIP
database included surgical complications, medical complications, length of hospital stay, and
surgery duration.

METHODS: Propensity score for risk of any complication was calculated to account for baseline
characteristic differences between the attending alone and trainee present group. Multivariate logis-
tic regression was used to investigate the impact of resident involvement on surgery duration,
length of hospital stay, and 30-day postoperative complication rates.

RESULTS: After adjusting using the calculated propensity score, the multivariate analysis
demonstrated that there was no significant difference in any complication rates between sur-
geries involving trainees compared to surgeries with attending surgeons alone. Surgery times
were found to be significantly longer for surgeries involving trainees. To further explore this
relationship, separate analyses were performed for tertiles of predicted surgery duration, cer-
vical or lumbar surgery, fusion or nonfusion, and inpatient or outpatient surgery. The effect
of trainee involvement on increasing surgery time remained significant for medium predicted
surgery duration, longer predicted surgery duration, cervical surgery, lumbar surgery, fusion
surgery, and inpatient surgery. There were no significant differences reported for any other
factors.

CONCLUSIONS: After adjusting for confounding, we demonstrated in a national database that
resident involvement in surgeries did not increase complication rates. We demonstrated that sur-
geries with more complex features may lead to an increase in operative time when trainees are
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involved. Further study is required to determine how to efficiently integrate resident involvement
in surgeries without affecting their medical education. ~© 2019 Elsevier Inc. All rights reserved.

Keywords:
ment; Surgery duration; Surgery outcomes

Anterior cervical; Length of hospital stay; Posterior lumbar; Postoperative complications; Resident involve-

Introduction

Experience in the operating room is a vital component of
surgical resident medical education. In order for surgical
resident teaching programs to be optimized while also pro-
moting the highest level of patient care, it is crucial that
physicians and health-care institutions accurately under-
stand the impact of resident involvement in surgeries on
patient outcomes.

Although a number of prior studies have assessed the
effect of trainee involvement on surgery outcomes, only a
few have investigated the effect of trainee involvement on
spine surgery specifically. These studies are limited in design
or scope and present conflicting results [1—12]. Several stud-
ies have demonstrated that resident participation did not
increase complications in plastic surgery, orthopedic surgery,
urology, neurosurgery, and general surgery [1—6]. However,
there have been other studies that concluded resident
involvement increased risk of postoperative complications,
operation duration, and length of hospital stay [7—12].

Residents mainly participate in surgeries at academic
institutions which generally have patients with more com-
plex cases and greater disease burdens [3]. A major limita-
tion of the current body of research regarding the effect of
resident involvement on surgical outcomes is that limited
studies accounted for the complexity of the case or surgical
diagnosis in their analysis. Disregarding the importance of
these two factors may result in inaccurate findings, espe-
cially when analyzing surgeries involving residents.

Additional research is required to understand the full
effects of resident involvement on spine surgery patient out-
comes. To further the knowledge in this area, we analyzed
the American College of Surgeons National Surgical Quality
Improvement Program (ACS-NSQIP) to evaluate the impact
of resident participation during anterior cervical or posterior
lumbar fusion surgery on surgery duration, length of hospital
stay, and 30-day postoperative complication rates.

Materials and methods

The ACS-NSQIP database provides risk adjusted data
based on 30-day postoperative surgical outcomes for over
2.9 million patients. The database consists of more than
150 preoperative, intraoperative, and 30-day postoperative
variables that are collected prospectively from medical
records and operative reports by on-site clinical reviewers.

The ACS-NSQIP database from 2005 to 2012 was used
in this study. Preexisting procedure codes (CPT) and con-
current procedure codes, NSQIP prospectively collected

variables, and International Classification of Disease, ninth
revision (ICD-9) diagnosis codes from the surgical report
were used in the analysis.

Cases were included if information on trainee involvement
was available and if anterior cervical or posterior lumbar sur-
gery was the principle CPT code procedure. Please see
Supplementary Appendix A for a list of all CPT codes used in
the study. These regions were chosen for analysis because
they are the two most commonly operated regions of the spine
[13]. These procedures were selected for analysis because
they were the most common procedures with the most robust
data in the ACS-NSQIP database. Cases were excluded if the
patient had surgery for cancer treatment, preoperative infec-
tion or dirty wound classification, spine fractures, traumatic
spinal cord injury, intradural surgery, thoracic surgery, or
emergency surgery (Figure).

Thirty-day postoperative complications were classified
according to two categories: surgical and medical complica-
tions. Surgical site infection and wound dehiscence were
combined as Surgical Site Infection (SSI). Surgical complica-
tions were defined as SSI, peripheral nerve injury at time of
operation, graft failure at time of operation, unplanned return
to the operating room (OR) within 30 days and postoperative
surgical diagnosis or readmission diagnosis (including dural
tear, neurologic complication, complication related to the
device or implant, and hemorrhage complicating the proce-
dure). Medical complications were defined as medical condi-
tions that developed from nonsurgical causes and included
cardiovascular, pulmonary, coma, renal, thromboembolic,
and sepsis. The main outcomes of interest in this study
included surgical complications, medical complications, and
length of total hospital stay.

Propensity scores and other covariates were categorized
into tertiles to represent high-, medium-, and low-risk sur-
gery as well as shortest, medium, and longest predicted sur-
gery duration to allow for improved clinical understanding
and to explore for possible interacting effects and nonlinear
trends. As there is no generally accepted cutoff for high,
medium, and low risk or for short, medium, and long sur-
gery duration, tertiles were arbitrarily used to define cutoffs
to categorize these respective variables [14].

Results

There were no statistically significant baseline character-
istic differences between the two cohorts with the exception
of deformity correction as demonstrated in Table 1. It is
suspected that this difference is secondary to literature dem-
onstrating that the use of two attending surgeons during a
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Figure. Patient selection criteria.

deformity correction leads to decreased complications,
operative time, and predicted blood loss compared to the
presence of one attending surgeon performing the surgery
with trainees [15].

Propensity scores for risk of any complication were
calculated in a multivariate logistic regression model,
using the baseline patient characteristics. The propen-
sity risk was then divided into tertiles to determine if
there was any significant under-representation of a risk
category between the groups. The largest discrepancy in
distribution of risk tertile occurred in the lowest risk ter-
tile with 30.5% in the trainee group and 34.1% in the no
trainee group. In the multivariate model, female patients
(p=.0141) inpatient surgeries (p=.0172) remained sig-
nificantly associated with any complication. American
Society of Anesthesiologists (ASA) grade trended
toward a significant relationship with any complication
(odds ratio=1.422 for each increase in ASA, 95%
CI=0.943—-2.146, p=.0923).

Adjusted analysis, using the calculated propensity score,
demonstrated no significant difference in any complication
between trainees or no trainees (adjusted odds ratio=0.944,
95% CI=0.559—1.591, p=.8276). To assess for interactions,
separate adjusted analyses were performed for each tertile
of risk, cervical or lumbar surgery, inpatient or outpatient
surgery, and fusion or nonfusion lumbar surgery. None of
these subgroup analyses demonstrated a significant effect
for trainee involvement.

The impact of trainee training level on the outcome
measures was assessed. Trainees in postgraduate year 1to 3,

4 to 5, >5 were classified as junior, senior, or fellow,
respectively. There was not a significant difference in total
complication rates between junior, senior, or fellow training
level (7.4%, 3.0%, and 6.7%, respectively, p=.4655) or in
operating time (70.0130.6, 68.94+26.9, 72.61+38.8 minutes,
respectively, p=.7393).

Predicted time of surgery was calculated in a multivariate
regression model, using the patient baseline characteristics in
Table 1. The predicted times were then divided into tertiles
to determine if there was any significant under-representation
of a predicted surgery duration between the groups. The larg-
est discrepancy in distribution of predicted time of surgery
tertile occurred in the shortest predicted surgery duration ter-
tile with 25.2% in the trainee group and 35.4% in the no
trainee group. In the multivariate model, higher age
(p=-0054), higher ASA (p<.0001), neurosurgery (p<.0144),
lumbar surgery (p<.0001), inpatient surgery (p<.0001), and
deformity surgery (p<.0001) remained significantly associ-
ated with operative time. Using the predicted surgery times
to adjust for all other variables, a multivariate regression
model determined that surgery times were still significantly
longer for trainee involvement (180.8 minutes+5.2 vs
158.54+2.6, 22.3 minutes longer for trainees, p<.0001)
(Table 2).

To assess for interactions, separate analyses were per-
formed for tertiles of predicted surgery duration, cervical or
lumbar surgery, fusion or nonfusion, and inpatient or outpa-
tient surgery. The effect of trainee involvement remained sig-
nificant for medium predicted duration of surgery (25.8
minutes longer, p<.0028), longer predicted duration of
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Table 1
Baseline characteristics of attending alone and trainee present cohorts

Table 2
Unadjusted outcomes for attending alone and trainee present cohort

Attending alone  Trainee present p Value

Attending alone Trainee present p Value

Number of cases 1,142 299 N/A
Mean age 57.8+14.1 58.4+13.8 4894
Gender = Male 565 (49.2%) 148 (48.7%) .8795
Mean BMI 30.94+6.5 30.0£6.0 .0488
Modified Charlson 9825
Comorbidity Index
0 861 (74.9%) 229 (75.1%)
1 227 (19.7%) 59 (19.3%)
2 62 (5.39%) 17 (5.6%)
American Society of 5726
Anesthesiologists
(ASA) class
1 46 (4.0%) 17 (5.6%)
2 640 (55.7%) 165 (54.1%)
3 441 (38.4%) 119 (39.0%)
4 22 (1.9%) 4 (1.3%)
Current smoker 307 (26.7%) 65 (21.3%) .0553
Surgical specialty .0004
General surgery 3(0.3%) 1 (0.33%)
Neurosurgery 759 (66.0%) 237 (77.7%)
Orthopedic 388 (33.7%) 67 (22.0%)
Type of surgery
Anterior cervical 374 (32.6%) 73 (23.9%)
Posterior lumbar T75 (67.4%) 232 (76.%) .0035
Outpatient 167 (14.5%) 27 (8.9%)
Inpatient 983 (85.5%) 278 (92.2%) .0098
Preop myelopathy 107 (28.5%) 29 (39.7%) 0571
(% of Cervical)
Adjunct surgery
Deformity correction 25 (2.2%) 20 (6.7%) <.0001
Revision 89 (7.7%) 25 (8.2%) 1915
Lumbar fusion or 114 (49.1%) 331 (42.7%) .0837
instrumentation

(% of lumbar)

=+ standard deviation (percentage).

surgery (29.8 minutes longer, p<.0187), cervical surgery
(2277 minutes longer, p<.0001), lumbar surgery (23.2
minutes longer, p<.0001), fusion surgery (35.7 minutes lon-
ger, p=.0032), and inpatient surgery (23.2 minutes longer,
p<.0001). In contrast, shortest predicted duration of surgery
tertile, outpatient surgery, and nonfusion surgery did not
demonstrate a significant difference in surgery times between
trainees and nontrainees.

Discussion

We demonstrated in a multicenter national database that
resident involvement in surgeries did not increase compli-
cation rates. However, surgery duration was found to be
significantly longer for surgeries involving trainees. It can
be hypothesized that the differences in surgery duration
between the two groups could be in part attributed to the
fact that most trainees assist in academic hospitals where
patients generally have more complex cases and greater dis-
ease burdens. To further explore this relationship, we per-
formed separate analyses for tertiles of predicted surgery

Surgery time 155.2492.7 191.2+114.6  <.0001*
Anesthesia time 66.5+33.0 66.8+32.5 .0605
Hospital length of stay (d) 3.0£3.2 3.5+4.0 .0492
Surgical site infection 18 (1.6%) 2 (0.66%) .2809
Superficial
Surgical complications 36 (3.1%) 8 (2.6%) .6454
Medical complications 44 (3.8%) 11 (3.6%) .8582
Any complication 75 (6.5%) 19 (6.2%) .8536

* Denotes significant value, p<.05.% denotes standard deviation
(percentage).

duration, cervical or lumbar surgery, fusion or nonfusion,
inpatient or outpatient surgery. The effect of trainee
involvement on increased surgery time remained significant
for medium predicted surgery duration, longer predicted
surgery duration, cervical surgery, lumbar surgery, fusion
surgery, and inpatient surgery. There were no significant
differences reported for any other factors. We found that
cases with the following features had a significant increase
in surgical time when residents were involved compared to
when the attending surgeon operated alone: longest and
medium tertiles of predicted surgery duration, inpatient sur-
gery, and fusion surgery. These features are representative
of more complex surgeries as opposed to their counterpart
features: shortest tertile of predicted surgery duration, out-
patient surgery, and nonfusion surgery. These counterpart
features were indicative of the cases that did not have a sig-
nificant difference in surgical duration with the involvement
of a resident. The results suggest that we were unable to
properly account for features of surgical complexity in our
analysis because there were still differences in surgical
duration with trainee involvement after adjustment.

There are several studies assessing the effect of orthope-
dic surgery residents on outcomes which include spine sur-
gery procedures [16—18]. Three of these studies use data
from the ACS-NSQIP database and are organized in mixed
groups of orthopedic surgery patients but have inconsistent
conclusions. Edelstein et al. [16] concluded that resident
participation in surgeries is associated with lower risk of
perioperative complications and mortality. Pugely et al.
[17] found that resident involvement is associated with
higher postoperative complications in spine surgery patients
but no significant increase in mortality. We hypothesize that
the higher complication rate may be due to the fact that this
study was unable to properly account for disease severity
and case complexity. The third study conducted by Schoen-
feld et al. [18] showed moderate risk of complications in
joint arthroplasty cases but no significant risk for spine sur-
gery cases when residents were involved. However, the
spine surgery subsample in this study had a low prevalence
of complications which resulted in inadequate power.

There are few studies published that are limited to spine
surgery patients. A single-institution study of 303
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consecutive scoliosis surgery cases concluded that resident
participation resulted in longer operative time and was not
associated with morbidity or mortality [19]. It is important to
note that this association may have been caused by a type II
error as the study had a low prevalence of complications and
an underpowered sample size. Three spinal fusion studies
using ACS-NSQIP data [20—22] found that there was a sig-
nificant association between resident involvement and
increased length of surgical time. They also concluded that
resident involvement lead to a higher risk of wound compli-
cation, blood transfusion, and deep vein thrombosis, compli-
cations that have been previously associated with longer
operative duration [23—25]. Interestingly, the study by Kim
et al. [23] found that resident involvement was no longer sig-
nificantly associated with increased risk for deep vein throm-
bosis once operative duration was accounted for in the
analysis. However, the other studies did not conduct statisti-
cal analysis to determine if the increased surgery times
resulted in higher risk of wound complications and transfu-
sion and that the complications were not directly caused by
the participation of residents in the surgery.

Existing literature is supported by our analysis as we
found there to be significantly longer surgery duration
when residents were involved. Our study’s analysis adds to
current literature by highlighting that surgeries with more
complex features may lead to an increase in operative time
when trainees are involved.

Although the study controlled for baseline variability in
comorbidities between the two cohorts such as CCI, BMI,
ASA class, preoperative myelopathy, and smoking history, a
limitation of the study we recognize was the inadequate data
on the mental health of the included patients that prevented
us from controlling for anxiety and depression between the
cohorts.

There were also several limitations to this study that are
inherent to the ACS-NSQIP database. The observation
period for this study is limited to 30 days’ postoperation
based on the data available from the ACS-NSQIP database.
This short follow-up period means that long-term complica-
tions are not accounted for, potentially resulting in the
under-reporting of postsurgery complications. Additionally,
data from the ACS-NSQIP database are anonymized with
respects to which institution it comes from as well as which
surgeons are involved in the procedure. This presents a
potential confounding factor as the study could not control
for variability in the surgical technique involved. Moreover,
CPT codes that are used to classify the surgical procedure
performed on a patient do not perfectly describe what
occurs in the operating room.

Furthermore, the ACS-NSQIP database does not provide
information regarding the degree of resident participation
in surgeries or the training experiences of other health-care
providers also involved in the surgery. Residents mainly
assist in surgeries conducted at academic hospitals which
are also where other health-care trainees like nurses in train-
ing and anesthesiology residents learn. Since the level of

training of other health-care providers cannot be determined
or controlled for, this may be a confounder that contributes
to the longer surgery duration that is seen in surgical cases
involving orthopedic residents.

Further study is required to determine how to efficiently
integrate resident involvement in orthopedic surgeries with-
out affecting their medical education. Doing so may enhance
quality of care and patient safety.

Conclusions

We compared 30-day perioperative outcomes of anterior
cervical or posterior lumbar fusion surgeries that were con-
ducted by attending surgeon alone or with the assistance of
residents.

Using a large, multi-institutional sample of prospectively
collected data, we demonstrated that surgeries with more com-
plex features may lead to an increase in operative time when
trainees are involved. Our analysis suggests that the current
practice of resident involvement in spine surgery is safe as our
study showed that it had no effect on any complications.

Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/j.
spinee.2019.07.006.
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