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Objectives/Hypothesis: Intraoperative experience is an essential element of surgical training, but has the potential to
impact patient outcomes. The purpose of this study was two-fold: 1) to evaluate the effect of resident involvement on mor-
bidity and mortality following otolaryngology procedures and 2) to examine the influence of resident training level on the
same outcomes.

Study Design: Retrospective cohort study.

Methods: This study reviewed 2,320,920 patients captured in the 2005 to 2012 National Surgical Quality Improvement
Program databases to identify surgical otolaryngology cases. Outcomes of interest included surgical complications, medical
complications, and mortality. Cases with and without resident involvement were propensity matched (caliper =0.2) to
account for nonrandomized assignment, and data were subject to multivariate logistic regression analyses.

Results: Residents participated in 38.4% of the 20,307 cases identified. Cases with resident involvement demonstrated
longer operative duration (178.8 minutes vs. 80.1 minutes, P <.001), increased surgical complexity (23.5 relative value units
[RVU] vs. 12.4 RVU, P < .001) and greater overall morbidity burden. Logistic regression analyses of the matched cohort
revealed that resident participation did not independently increase morbidity (odds ratio [OR] = 0.969, P =.751) or mortality
(OR=0.893, P=.758). A separate logistic regression analysis of the unmatched cohort using resident postgraduate year
showed that training level did not confer differential risk to patients.

Conclusions: Our data indicate that resident involvement does not increase the risk of morbidity or mortality, and that
trainees are being assigned to appropriate cases for their level of experience. These findings suggest that the contemporary
paradigm of graduate otolaryngology surgical education does not negatively impact patient outcomes.
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INTRODUCTION

Large tertiary medical centers are known for their
high surgical volume, innovative technology, and medical
expertise, to which surrounding hospitals refer their
most complex cases. These tertiary centers are often
affiliated with large, academic institutions that provide
an infrastructure for medical education. Though this
educational environment plays a supportive role in
patient care, it has the potential to negatively impact
patient outcomes as relatively inexperienced physicians
are incorporated into healthcare teams.
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Medical training at all levels entails a system of
gradually increased clinical independence and responsi-
bility. Academic institutions depend upon attending
physicians to effectively balance their primary role of
patient advocates with that of educators of the next gen-
eration of physicians. This balance is particularly impor-
tant in the training of surgical residents, where the
educational paradigm is based on supervised involve-
ment in operative cases.! If this experiential education
is not appropriately titrated, surgical training has the
potential to directly harm the patient.

The medical community at large has expressed a
renewed interest in the impact of resident training on
patient outcomes due to the implementation of resident
work-hour restrictions.? The mandates are of unique
concern to the surgical community, as sound training in
surgical skills necessitates direct operating room experi-
ence, potentially limited by the 80-hour workweek and
subsequent curriculum revisions.® Accordingly, previous
studies have attempted to assess the safety of resident
training paradigms and the effect of resident participa-
tion on outcomes in a variety of surgical specialties, with
conflicting findings.*2® Despite the increased interest of
the surgical community at large, there is a paucity of lit-
erature evaluating the impact of resident involvement
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on morbidity and mortality following otolaryngologic pro-
cedures. In this analysis, we aim to assess the impact of
resident participation in a subset of operative procedures
performed by otolaryngologists using a validated, pro-
spectively planned surgical outcomes database represent-
ing over 400 institutions across the United States. The
purpose of our study was two-fold: 1) to evaluate the
effect of resident involvement on morbidity and mortality
following otolaryngology procedures and 2) to examine
the influence of resident experience, as represented by
resident postgraduate year (PGY) on the same outcomes.

MATERIALS AND METHODS

Data Acquisition

We performed a retrospective analysis of 2,320,920
patients captured in the 2005 to 2012 American College of Sur-
geons National Surgical Quality Improvement Program (ACS-
NSQIP) data registry. Data collection methods have been previ-
ously described in detail.2®2?” In brief, trained research nurses
independently abstract data using a systematic sampling of sur-
gical operations. According to this protocol, 240 Health Insur-
ance Portability and Accountability Act of 1996-compliant
variables are prospectively collected for each encounter within
the database. Collected data are subject to random audits, pro-
viding a high fidelity, standardized database that has demon-
strated inter-rater disagreement rates of less than 1.8%.28
Definitions of data points and further information can be found
at the program’s website (http:/site.acsnsqip.org).

Patient Population

We identified all adult patients who had an otolaryngolo-
gist reported as the primary surgeon. Patients who underwent
one of eight common otolaryngology procedures were identified
using Current Procedural Terminology codes (see Supporting
Table I in the online version of this article). The ACS-NSQIP
data registry captures whether an attending surgeon operated
with or without resident participation; for cases with resident
participation, resident PGY was recorded. Patients with incom-
plete data regarding resident involvement or preoperative char-
acteristics were excluded from analysis.

Outcomes

Patients were followed for 30 days after the index operation
to assess postoperative outcomes.?® We combined captured ACS-
NSQIP registry data points to characterize our primary outcomes
of interest: overall morbidity, surgical complications, medical com-
plications, and mortality. We defined overall morbidity as having
one or more adverse events within 30 days. Surgical complications
included superficial surgical-site infection (SSI), deep SSI, organ/
space SSI, graft/prosthesis failure, or wound dehiscence. Medical
complication was defined as having one or more of the following
postoperative adverse events: pneumonia, unplanned intubation,
pulmonary embolism, ventilator dependence, renal failure, renal
insufficiency, urinary tract infection, coma, stroke, peripheral neu-
rologic deficiency, cardiac arrest, myocardial infarction, transfu-
sion, deep venous thrombosis, and sepsis or septic shock. Operative
time was defined by skin incision to skin closure, and mortality
was defined as death within 30 days, regardless of etiology.

Risk Adjustment Variables

Variables considered for potential confounding include
demographic data, medical comorbidities, and operative charac-
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TABLE I.
Comparison of Mean Operative Time z-Score.*

No Resident Resident P Value

Laryngectomy —0.234 0.179 <.001
Neck dissection —0.006 0.004 .878
Tongue/floor of mouth -0.172 0.152 <.001
Palate —0.149 0.158 <.001
Salivary gland —0.091 0.092 <.001
Tonsillectomy/adenoidectomy -0.129 0.129 <.001
Thyroidectomy 0.063 0.069 <.001

*Calculated based on index operation Current Procedural Terminol-
ogy code.

teristics. Patient demographics include age, sex, inpatient/out-
patient status, and the American Society of Anesthesiology
(ASA) classification. General comorbidities, pulmonary risk fac-
tors, cardiac risk factors, and neurologic risk factors were
tracked, as were behavioral risk factors such as alcohol abuse
and smoking. Operative characteristics include procedure type,
wound classification, emergent status, and operative time. Addi-
tionally, total case relative value units (RVU) was used to
account for inherent differences in risk and complexity of
cases. 3! To adjust for differences in operative time between
procedure types, a z score was calculated for each patient by
taking the difference between the case operative time and the
mean for the procedure undergone and dividing by the standard
deviation.

Propensity scores were calculated to adjust for selection
bias between resident and nonresident groups.®? The propensity
score represented the conditional probability of resident partici-
pation in each case based on patient characteristics and opera-
tive factors. These values were used to pair cases with resident
participation to cases without resident participation in a one-to-
one nearest neighbor manner.?> We utilized a caliper-matching
technique with a 0.02 tolerance in our algorithm to avoid inferior
matches.?* Literature shows that this methodology effectively
adjusts for baseline differences between dissimilar cohorts and
minimizes bias secondary to nonrandom assignment.?3-37

Statistical Analysis

Bivariate analyses were used to compare cases with resi-
dent involvement to those without resident involvement.
Descriptive statistics and outcomes were analyzed in the
unmatched cohorts using ;2 tests for categorical variables and
unpaired Student ¢ tests for continuous variables, and in the
unmatched cohort using McNemar’s tests and paired sample
Student ¢ tests. Multivariate logistic regressions were per-
formed on the matched cohort to calculate the adjusted odds
ratio (OR) for overall morbidity, surgical complications, medical
complications, and mortality. Additionally, we stratified cases by
procedure type and employed additional multivariate logistic
regression analyses within each of the eight classifications.

A subgroup analysis of all cases with resident involvement
assessed the potential impact of resident experience level on
morbidity and mortality. Cases with resident participation were
stratified into junior resident (PGY 1-3), senior resident (PGY
4-5), and fellow (PGY >5) involvement. Preoperative and peri-
operative variables, as well as operative time and rates of mor-
bidity and mortality were compared among trainee levels using
¥? and Student ¢ tests, as appropriate. All preoperative varia-
bles with P <.1 were identified as possible predictors of clinical
outcomes and were included in the multivariate logistic
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http://site.acsnsqip.org

TABLE II.

Multivariate Logistic Regression Analysis of Resident Involvement
as an Independent Predictor of Morbidity and Mortality.

OR 95% ClI P Value
Overall morbidity* 0.969 0.796-1.18 .751
Surgical complication 0.911 0.667-1.245 .599
Medical complication 0.982 0.779-1.239 .880
Mortality 0.893 0.437-1.828 .758

*Overall morbidity is defined as a surgical complication and/or a
medical complication.
Cl = confidence interval; OR = odds ratio.

regression models with total RVU, operative time, and propen-
sity score. Total RVU was included to control for surgical com-
plexity,?®37 whereas propensity scores were included as a
covariance adjustment to help minimize confounding between
the two cohorts.'®3® Hosmer-Lemeshow and C-statistic were
calculated for all logistic regression models to assess goodness
of fit and discriminatory capability, respectively.>®3° All analy-
ses were performed using SPSS version 21.0 (IBM Corp.,
Armonk, NY).

RESULTS

Population Demographics

A total of 20,307 patients underwent one of eight
common otolaryngology procedures (see Supporting
Table I in the online version of this article). Data repre-
senting patient demographics, comorbidities, and clinical
characteristics are listed in Supporting Tables II and III
in the online version of this article. Resident involve-
ment was identified in 7,790 (38.4%) of cases, and the
most common procedure classifications included thyroid-
ectomy (32.0%) and tonsillectomy (31.4%).

Cases with resident participation involved older
patients (52.46 years vs. 44.26 years, P <.001), with sig-
nificantly higher comorbidity burden (see Supporting
Table II in the online version of this article). Our analy-
sis also demonstrated that residents tended to partici-
pate in more complex cases. Specifically, resident
involvement was more common in inpatient and emer-
gent patients, as well as those with higher ASA class
and prior operations (see Supporting Table III in the

online version of this article) (all P <.001). Surgical com-
plexity as represented by total RVUs was also signifi-
cantly higher in cases with resident involvement (23.51
vs. 12.36, P <.001) and operative time was, on average,
more than twice as long (178.57 minutes vs. 80.07
minutes, P <.001). Analysis of standardized operative
times using primary procedure-adjusted z-scores is dis-
played in Table I and shows significantly longer opera-
tive times for residents in all procedure category, with
the exception of neck dissections. The 7,790 cases with
resident involvement had higher unadjusted rates of
morbidity (see Supporting Table III in the online version
of this article) (7.3% vs. 2.4%, P <.001) and mortality
(0.3% vs. 0.2%, P =.016), when compared to cases with-
out resident involvement.

Propensity Scoring and Matched Bivariate
Analysis

Of the 20,307 patients who met study inclusion cri-
teria, 12,914 patients (6,457 from each of the resident
and nonresident cohorts) were included in the matched
analyses. Bivariate analyses demonstrated a high degree
of similarity between matched cases, confirming that
propensity matching eliminated significant preoperative
differences between cohorts (see Supporting Table II in
the online version of this article). Perioperatively, resi-
dent involvement remained associated with inpatient
cases, greater surgical complexity, prolonged operative
time, and higher rates of medical complications (see
Supporting Table III in the online version of this article)
(all P<.01). The rates of surgical complications and mor-
tality did not significantly differ based on resident
involvement in the matched analyses (all P >.05).

Logistic Regression Analysis

After controlling for patient characteristics, comor-
bidities, and surgical complexity using multivariate
logistic regression models, our data indicate that resi-
dent involvement did not independently increase the
risk overall morbidity, surgical complications, medical
complications, or mortality (Table II, all P >.05). A sub-
group analysis of morbidity within each of the eight

TABLE Il
Multivariate Logistic Regression Analysis of Resident Involvemegt fls an Independent Predictor of Complications Within Each Procedural
ategory.
Overall Morbidity* Surgical Complication Medical Complication
P Value OR 95% ClI P Value OR 95% ClI P Value OR 95% ClI
Laryngectomy 0.883 1.042 0.599-1.814 0.814 1.107 0.476-2.573 0.922 1.029 0.578-1.833
Neck dissection 0.845 0.95 0.57-1.585 0.265 0.617 0.264-1.443 0.999 0.999 0.562-1.777
Tongue/floor of mouth 0.525 1.191 0.695-2.039 0.881 1.056 0.516-2.161 0.279 1.481 0.727-3.017
Palate 0.802 0.911 0.438-1.892 0.381 0.624 0.217-1.793 0.602 1.313 0.473-3.644
Salivary gland 0.189 0.717 0.436-1.178 0.882 0.954 0.508-1.789 0.071 0.482 0.218-1.064
Tonsillectomy/adenoidectomy 0.653 1.167 0.595-2.289 0.986 1.014 0.202-5.100 0.601 1.219 0.581-2.557
Thyroidectomy 0.952 0.988 0.67-1.458 0.864 1.075 0.467-2.475 0.601 1.219 0.581-2.557

*Overall morbidity is defined as a surgical complication and/or a medical complication.

Cl = confidence interval; OR = odds ratio.
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TABLE IV.
Comparison of Complication Rates Among Junior, Senior, and Fellow Resident Education Levels.

Junior, n =2550 Senior, n = 3570 Fellow, n =1332 P Value
Overall morbidity 115 4.5% 282 7.9% 157 11.8% <.001
Surgical complication 86 3.4% 223 6.2% 126 9.5% <.001
Medical complication 39 1.5% 108 3.0% 50 3.8% <.001
Mortality 3 0.1% 18 0.5% 5 0.4% .040
Operative time, min 143.68 = 138.09 190.77 =169.91 229.70 +191.10 <.001

procedure classifications further corroborated these find-
ings (Table III, all P >.05).

As shown in Table IV, unadjusted rates of morbidity
and mortality, as well as operative duration, increased
as residents progressed through training. However, as
shown in Table V, once we controlled for confounding
variables using multivariate logistic regression analyses,
the data demonstrate that resident training level does
not differentially impact morbidity or mortality.

DISCUSSION

Residency programs have the dual purpose of train-
ing future physicians while also providing critical sup-
port for patient management at academic medical
centers. Surgical residents acquire skills largely through
experiential learning in the operating room. This intrao-
perative experience is an essential component of surgical
training; however, as relatively inexperienced yet inte-
gral members of the healthcare team, residents have the
potential to negatively impact patient care. It is there-
fore important to evaluate patient outcomes following
surgical procedures with resident participation. Previous
authors have enumerated the risks associated with resi-
dent involvement in a variety of surgical subspecialties,
including cardiothoracic, pediatric, neurosurgery, gyne-
cology, urology, vascular, and general and plastic sur-
gery; however, the literature fails to concede a pattern
for surgical training at large.*2® Recent studies yielded
conflicting findings, cumulatively demonstrating that
the impact of resident participation remains siloed
within each surgical specialty. Despite the importance of
specialty-specific data and the trending interest of the
surgical community, there has been limited evaluation of
the impact of resident participation on patient outcomes
in otolaryngology. The current literature presents only a
few small, single institutional studies that evaluate thy-
roidectomy outcomes.’* % Results suggest that partici-

pation of otolaryngology surgical residents does not
increase the risk of complications; however, the data are
limited by the sole focus on thyroidectomy and small
cohorts.

The present study contributes to the literature an
analysis of multi-institutional otolaryngologic surgical
outcomes data from 20,307 patients nationwide. It repre-
sents the largest multi-institutional cohort of otolaryngo-
logic surgical procedures to date, and the first
investigation of the potential impact of resident training
on patient outcomes. Our unadjusted analyses suggest
that resident involvement is associated with greater
patient morbidity and mortality; however, after control-
ling for higher rates of resident involvement in more
complex cases and longer operations, as well as bias
related to an attending’s selection of “teaching cases,”
our results demonstrate that resident participation is
not associated with increased morbidity or mortality.

Our results demonstrate that 38.5% of otolaryngo-
logic surgery cases involved resident participation.
Because academic hospitals tend to treat and manage
sicker patients, it is not surprising that in our study res-
ident participation was associated with patients who
had greater comorbidity burden, and by extension, cases
with inherently greater risk of morbidity and mortal-
ity.** Additionally, attending surgeons often value these
complex patients as learning opportunities for residents,
and thus are more likely to incite their participation in
such cases.

Considering these two factors, the potential for selec-
tion bias and confounding is extremely high. Propensity
score analysis is a validated method shown to control for
such selection biases.®® Similar to recent literature in
other surgical subspecialties, we employed propensity
matching and propensity-adjusted multivariate logistic
regression to control for the nonrandom assignment of
resident involvement in surgical cases.'®?"?? Once identi-
fiable biases associated with resident participation were

TABLE V.
Multivariate Logistic Regression Analysis of Resident Training Level as a Differential Predictor of Morbidity.

Overall Complication

Surgical Complication Medical Complication

P Value OR 95% ClI P Value OR 95% Cl P Value OR 95% ClI
Junior level resident Reference Reference Reference
Senior level resident .248 1.167 0.898-1.517 .248 1.264 0.849-1.882 278 1.181 0.875-1.594
Fellow level resident 7 1.064 0.777-1.456 .683 1.103 0.69-1.763 .81 0.957 0.669-1.369

Cl = confidence interval; OR = odds ratio.
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controlled for using these methodologies, our results indi-
cate that resident participation alone did not increase the
risk of morbidity and mortality. Our findings suggest that
graduate surgical education does not worsen outcomes
with respect to the eight major surgery classifications
studied herein. We hope that these findings will help to
alleviate patient concerns regarding trainee participa-
tion, and also set in motion efforts to further examine the
structures and processes of surgical care provided by
residents.

Additionally, investigation of the relationship
between operative time and resident participation
showed that surgical cases with resident participation
were significantly longer than those without resident
participation (80.07 minutes vs. 178.57 minutes, all
P <.001), likely reflecting the inherent time of teaching
and learning in the operating room, as well as the
increased complexity of “teaching cases.” These results
support the conclusions of a growing body of literature
evaluating the economics and effectiveness of surgical
residency training.*'2***7 Prolonged operative times
have important implications for healthcare quality and
cost, as well as patient safety. From a fiscal and admin-
istrative standpoint, longer surgical durations necessi-
tate higher direct and indirect operative costs to the
institution, underscoring the importance of subsidized
surgical graduate education and suggesting that teach-
ing institutions should be held to different cost baselines
than nonteaching hospitals. Of particular concern for
patient safety, prolonged operative times have been dem-
onstrated to predict higher complication rates—particu-
larly surgical site infection, the complication with the
greatest occurrence among procedures in our study.48
Our analyses demonstrated that prolonged operative
time was indeed independently associated with of overall
morbidity (OR: 1.323, P <.05) Whether resident involve-
ment is associated with longer operative times or is an
independent predictor of longer operative times must be
confirmed prospectively and represents an interesting
topic for future research given the implications for
patient safety.

Finally, our evaluation of the impact of resident
training level on outcomes demonstrated that as resi-
dents progress in their training from junior residents
(PGY 1-3) to fellows (PGY >5), incidence of morbidity
and mortality, as well as operative time steadily
increased. This suggests that as residents progress in
their training, they are likely participating in more
advanced and complicated cases. Once we controlled for
case and patient variation, our data demonstrate that
resident training level did not confer differential risk to
the patient, implying that attending supervision is
adequate and that residents are being assigned to appro-
priate cases for their skill set. Importantly, the findings
of this study suggest that the current teaching paradigm
effectively balances patient safety and resident educa-
tion on a national level.

Our study is not without limitations. One limitation
discussed throughout the study concerns the dispropor-
tionate complexity and comorbidity burden of patients
receiving care at academic hospitals, as well as the
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potential for selection bias in these “teaching cases”. We
attempted to control for this confounding with
propensity-score matching, which balanced dissimilar-
ities between cohorts. Additionally, although most
adverse events are likely captured within the 30-day
postoperative period, those that occurred later were
missed. Furthermore, the NSQIP database was prospec-
tively planned for universal applicability in all surgical
specialties; therefore, some complications unique to the
studied procedures may not have been captured. It
should also be kept in mind that this study evaluated
eight major otolaryngologic surgery classifications, and
although this group yields a representative analysis, it
is not entirely inclusive of all otolaryngologic procedures.
Despite these limitations, we believe that ACS-NSQIP
offers high-fidelity surgical outcomes data and that our
findings are important to share with the otolaryngology
community.

CONCLUSION

Data presented in the current study suggest that the
contemporary paradigm of graduate otolaryngology surgi-
cal education does not negatively impact patient out-
comes. Using a validated multi-institutional database, the
authors were able to confirm that even in well-matched
patient cohorts, residents were involved in comparatively
more complex cases with longer operative durations. The
data demonstrate that resident participation does not
increase the risk of morbidity or mortality, and that resi-
dents are being assigned to appropriate cases for their
level of skill. Further studies to identify causes of patient
morbidity and subsequent prevention strategies in surgi-
cal teaching environments are warranted.
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