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Background: Intraoperative experience is an essential component of surgical
training. The impact of resident involvement in plastic surgery has not previously
been studied on a large scale.
Methods: The authors retrospectively reviewed the American College of Sur-
geons National Surgical Quality Improvement Program database from 2006 to
2010 for all reconstructive plastic surgery cases. Resident involvement was
tracked as an individual variable to compare outcomes.
Results: A total of 10,356 cases were identified, with 43 percent noted as having
resident involvement. The average total relative value units, a proxy for surgical
complexity, and operative time were higher for procedures with residents present.
When balanced by baseline characteristics using propensity score stratification into
quintiles, no differences in graft, prosthesis, or flap failure or mortality were ob-
served. Furthermore, there were no differences in overall complications or wound
infection with resident involvement for a majority of the quintiles. Multivariable
logistic regression analysis revealed that resident involvement was a significant
predictor of overall morbidity, but not associated with increased odds of wound
infection, graft, prosthesis or flap failure, or overall mortality.
Conclusions: Residency has the dual mission of training future physicians and also
providing critical support for academic medical centers. Using a large-scale, mul-
ticenter database, the authors were able to confirm that well-matched cohorts
with—and without—resident presence had similar complication profiles. More-
over, even when residents were involved in comparably more complex cases with
longer operative times, infection, graft and flap failure, and mortality remained
similar. (Plast. Reconstr. Surg. 131: 763, 2013.)
CLINICAL QUESTION/LEVEL OF EVIDENCE: Risk, II.

Large tertiary care centers are known for their
expertise in rare diseases, high surgical vol-
ume, multidisciplinary teams dedicated to

complex medical problems, and, importantly, at-
tending staff committed to research and advance-
ment of surgical techniques and technologies.
These specialized hospitals often exist as part of
major academic centers whose mission also in-
cludes the training of surgical residents and fel-
lows. When patients seek out “experts” in their
field, they often find themselves within a teaching
environment interacting frequently with trainees.
Media attention over resident work hours and inex-
perience has led some patients to request that house
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staff not participate in their care.1,2 In addition, as
medical reimbursement shifts toward a pay-for-per-
formance scheme, as in the Value-Based Purchasing
System recently implemented by Medicare in 2012,
the impact of residents on outcomes becomes of
financial interest to both academic physicians and
health policy personnel.3,4

Several studies have attempted to assess the
impact of resident participation on surgical out-
comes and the safety of the current resident train-
ing paradigm. Although a number of smaller stud-
ies have demonstrated no difference in morbidity
or mortality when residents were involved, recent
reports using the American College of Surgeons
National Surgical Quality Improvement Program
database have found small but statistically significant
increases in complication rates for a variety of gen-
eral surgical procedures.5–9 Mortality rates were
found to be similar or even lower with intraoperative
and postoperative house staff involvement.7 Some
studies have attempted to stratify the data based on
resident seniority, but results have been mixed—a
finding likely attributable to the inability to control
for attending surgeon involvement and case
complexity.8,10,11 Nearly all studies have reported lon-
ger operating room times when a resident was
involved.12

To our knowledge, the impact of resident in-
volvement in plastic surgery has not been studied on
a large scale. We used the American College of Sur-
geons National Surgical Quality Improvement Pro-
gram database, which is a robust, multicenter pro-
gram that prospectively collects surgical outcomes
data from participating institutions across the coun-
try to address this issue. The National Surgical Qual-
ity Improvement Program tracks 240 distinct
variables describing patient demographics, comor-
bidities, intraoperative variables, and postoperative
outcomes. Primary surgical service and surgical
house staff involvement are included among the
tracked variables, allowing for stratification of pro-
cedures by resident presence. Between 2006 and
2010, over 1.3 million total procedures were cap-
tured at over 240 hospitals.13 With its rigorous and
uniform data collection from a wide selection of
hospitals, the National Surgical Quality Improve-
ment Program provides a large data set for the as-
sessment of resident influence on surgical outcomes.
Our study represents the first assessment of this im-
pact on plastic surgery procedures.

METHODS
Data Acquisition

The particulars of the National Surgical Qual-
ity Improvement Program database have been de-

scribed elsewhere.13 In brief, trained, indepen-
dent, surgical clinical nurse reviewers carry out
data collection from patient medical records, phy-
sician office records, and telephone interviews by
means of a standardized process, and internal au-
dits are performed to ensure accuracy. Patient
information is deidentified to comply with the
Health Insurance Portability and Accountability
Act of 1996 and the American College of Surgeons
National Surgical Quality Improvement Program
hospital participation agreement. Deidentified
patient information is freely available to all insti-
tutional members who comply with the American
College of Surgeons National Surgical Quality Im-
provement Program Data Use Agreement. The
Data Use Agreement implements the protections
afforded by the Health Insurance Portability and
Accountability Act of 1996 and the American Col-
lege of Surgeons National Surgical Quality Im-
provement Program Hospital Participation Agree-
ment. This study conforms to the Declaration of
Helsinki.

We identified all operations in the National
Surgical Quality Improvement Program database
from 2006 and 2010 with “plastics” listed as the
primary service. Cosmetic procedures were de-
noted as such based on the American Society for
Aesthetic Plastic Surgery procedure list.14 Proce-
dures coded with any cosmetic component were
excluded to obtain a population of reconstructive
cases. Resident involvement was tracked as an in-
dividual variable. Outcomes of primary interest
included overall complication, wound infection,
graft/prosthesis/flap failure, and mortality rates,
as defined by the National Surgical Quality Im-
provement Program. We defined overall compli-
cations as having one or more adverse events
within 30 days. Complications were classified as
surgical or medical. Surgical complications in-
cluded wound infection, categorized as superficial
surgical-site infection, deep surgical-site infection,
and organ/space surgical-site infection; graft/
prosthesis/flap failure; and wound disruption.
Medical complications included pneumonia, un-
planned intubation, pulmonary embolism, me-
chanical ventilation for over 48 hours, progressive
renal insufficiency, acute renal failure, urinary
tract infection, coma, stroke, peripheral neuro-
logic deficit, cardiac arrest, myocardial infarction,
requirement for blood transfusion, deep venous
thrombosis, and sepsis or septic shock. Reopera-
tion was defined as any return to the operating
room for surgical intervention within 30 days of
the primary procedure. Length of hospital stay was
defined as time from operation to hospital dis-
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charge. Mortality was defined as a death within 30
days, regardless of cause.

Risk-Adjustment Factors
Commonly published preoperative risk fac-

tors—specifically, age, sex, smoking status, diabe-
tes, obesity, hypertension requiring medication,
and chemotherapy within the last 30 days—were
tracked as potential confounders. Total relative
value units for the case were used to control for
inherent differences in the complexity of the
procedures.15–17 Work relative value units have
been shown to be more predictive of surgical out-
comes than complexity scores assigned by panels
of surgeons.17 Of note, the Centers for Medicare
and Medicaid Services does not assign relative
value units for cosmetic cases. Thus, case com-
plexity may only be used as a covariate adjustment
for reconstructive cases.

A propensity score for resident presence at
surgery was calculated using all variables describ-
ing patient demographics, preoperative condi-
tion, and comorbidities.18,19 Specifically, the pro-
pensity score represented the probability of
having a resident present in an operation based on
preoperative patient characteristics; the propen-
sity score ranged from 0, representing the lowest
probability of resident presence, to 1, represent-
ing the highest probability of resident presence.
Three common methods for using propensity
scores are matching, stratification, and logistic ad-
justment. We used two of the three techniques.
Propensity score stratification into quintiles was
performed to control for baseline differences in
the populations who were treated by residents with
attending physicians versus attending physicians
alone. The literature has shown that using five
strata reduces bias attributable to nonrandom as-
signment by over 90 percent.19 In addition, the
propensity score was incorporated into the mul-
tivariate logistic regression model as a covariance
adjustment.

Statistical Analysis
Complication, wound infection, graft/pros-

thesis/flap failure, and mortality rates were com-
pared between patients with residents present or
absent at surgery. Chi-square and t tests were used
to analyze categorical and continuous variables,
respectively. A two-tailed value of p � 0.05 was
considered significant. Clinically significant preop-
erative risk factors, resident presence, total relative
value units, operative time, and propensity score, as
described above, were incorporated into multivari-

able regression models to calculate adjusted odds
ratios for overall complication, wound infection,
graft/prosthesis/flap failure, and mortality rates.
Hosmer-Lemeshow and C-statistic values were com-
puted to assess goodness-of-fit and discrimination of
all logistic regression models.20–22 Variables with
fewer than 10 events were excluded from the final
analyses.23,24 All analyses were performed using SPSS
version 20.0 (IBM Corp., Armonk, N.Y.).

RESULTS
We identified 15,289 patients with plastic sur-

gery as the primary service. One hundred fifteen
patient records did not include information re-
garding resident presence and were excluded
from analysis, and 4818 cases were coded with at
least one cosmetic Current Procedural Terminol-
ogy code and excluded because of the inability to
accurately quantify surgical complexity data. This
resulted in a reconstructive population of 10,356
patients for analysis. A total of 4453 cases (43 per-
cent) were identified with a resident present, and
5903 cases (57 percent) were identified for which
no resident was present.

Demographic and patient comorbidity in-
formation is reported in Table 1. Reconstructive
procedures with resident involvement had a
higher percentage of obese patients and smok-
ers; procedures without resident involvement
had a higher percentage of women, diabetics,
and patients who had received chemotherapy in
the past 30 days.

Table 1. Reconstruction Case Patient Characteristics
by Resident Presence

Resident
Present (%)

Resident
Not

Present (%) p

No. of patients 4453 5903
Characteristic

Age, yr
mean � SD 50.22 � 15.72 51.31 � 15.51 �0.001*

Race
Asian 80 (1.80) 92 (1.56) —
African

American 537 (12.06) 464 (7.86) �0.001*
White 3367 (75.61) 4518 (76.54) —
Other 469 (10.53) 829 (14.04) �0.001*

Female 2869 (64.43) 4289 (72.66) �0.001*
Obesity

(BMI � 30) 1461 (32.81) 1815 (30.75) 0.007*
Diabetes 419 (9.41) 644 (10.91) 0.013*
Smokers 978 (21.96) 1127 (19.09) �0.001*
Hypertension 1377 (30.92) 1837 (31.12) 0.83
Chemotherapy 59 (1.32) 126 (2.13) 0.002*

BMI, body mass index.
*Significant value, p � 0.05.
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Comparison of Outcomes
A comparison of surgical and medical com-

plications, mortality rates, operative time, and to-
tal relative value units is shown in Table 2. Recon-
structive procedures with residents present had
higher rates of any complication (10.06 percent
versus 6.03 percent, p � 0.001) and reoperation
(7.75 percent versus 4.93 percent, p � 0.001).
Resident involvement trended toward a lower
mortality, but this comparison did not reach
significance (0.36 percent versus 0.59 percent,
p � 0.093). Surgical complications were higher
in reconstructive procedures with residents
(5.70 percent versus 3.44 percent, p � 0.001).
Superficial surgical-site infection (2.45 percent
versus 1.30 percent, p � 0.001), organ/space sur-
gical-site infection (0.63 percent versus 0.32 per-
cent, p � 0.021), graft/prosthesis/flap failure
(1.24 percent versus 0.64 percent, p � 0.002), and
wound disruption (0.90 percent versus 0.42 per-
cent, p � 0.002) were higher in procedures with
residents. Medical complications are listed by spe-
cific complication. Only ventilator dependence

for greater than 48 hours (0.76 percent versus 0.46
percent, p � 0.044) and requirement for a blood
transfusion (2.31 percent versus 0.73 percent, p �
0.001) were higher in the resident group. Rates
of pneumonia, unplanned intubation, venous
thromboembolic events, renal insufficiency, acute
renal failure, urinary tract infection, neurologic
complications, cardiac adverse events, and sepsis/
septic shock were not significantly associated with
resident presence. Length of stay from operation
to discharge was higher with resident involvement
(3.29 � 9.58 days versus 2.26 � 8.26 days, p �
0.001). Operative time was longer with resident
involvement (139.32 � 134.62 minutes versus
107.88 � 93.88 minutes, p � 0.001). Mean total
relative value units were higher for procedures
with resident involvement (18.30 � 15.65 versus
15.66 � 13.73, p � 0.001), indicating a bias toward
a more complex case mix in this group.

Propensity Score Stratification
Propensity score stratification resulted in ap-

propriately matched demographics and comor-

Table 2. Postoperative Outcomes of Patients with and without a Resident Present

Resident Present (%) Resident Not Present (%) p

No. of patients 4453 5903
Outcome

Overall complications 448 (10.06) 356 (6.03) �0.001*
Surgical complications 254 (5.70) 203 (3.44) �0.001*
Wound infection 181 (4.06) 152 (2.57) �0.001*
Superficial SSI 109 (2.45) 77 (1.30) �0.001*
Deep SSI 49 (1.10) 58 (0.98) 0.557
Organ/space SSI 28 (0.63) 19 (0.32) 0.021*
Graft/prosthesis/flap failure 55 (1.24) 38 (0.64) 0.002*
Wound disruption 40 (0.90) 25 (0.42) 0.002*
Medical complications 250 (5.61) 189 (3.20) �0.001*
Pneumonia 21 (0.47) 31 (0.53) 0.703
Unplanned intubation 22 (0.49) 19 (0.32) 0.167
PE 7 (0.16) 4 (0.07) 0.224
Ventilator �48 hr 34 (0.76) 27 (0.46) 0.044*
Renal insufficiency 5 (0.11) 2 (0.03) 0.148
Acute renal failure 6 (0.13) 6 (0.10) 0.624
UTI 47 (1.06) 42 (0.71) 0.06
Coma 2 (0.04) 2 (0.03) 1
Stroke 4 (0.09) 4 (0.07) 0.732
Peripheral nerve deficit 3 (0.07) 1 (0.02) 0.321
Cardiac arrest 6 (0.13) 8 (0.14) 0.991
MI 5 (0.11) 5 (0.08) 0.754
Blood transfusion 103 (2.31) 43 (0.73) �0.001*
DVT 17 (0.38) 17 (0.29) 0.409
Sepsis/septic shock 68 (1.53) 71 (1.20) 0.156
Reoperation 345 (7.75) 291 (4.93) �0.001*
Mortality 16 (0.36) 35 (0.59) 0.093
Length of stay, days 3.29 � 9.58 2.26 � 8.26 �0.001*
Operative time, min 139.32 � 134.62 107.88 � 93.88 �0.001*
Total RVUs 18.30 � 15.65 15.66 � 13.73 �0.001*

SSI, surgical-site infection; PE, pulmonary embolism; UTI, urinary tract infection; MI, myocardial infarction; DVT, deep vein thrombosis; LOS,
length of stay; RVUs, relative value units.
*Significant value, p � 0.05.
Length of stay, operative time, and total RVUs are displayed as mean � SD.
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bidities across all quintiles (Table 3). A compari-
son of operative time; total relative value units; and
overall complication, wound infection, graft/
prosthesis/flap failure, and mortality rates, strat-
ified by propensity score quintile, is shown in Ta-
ble 4. Operative time was longer in the resident-
present cohort for quintiles 3 to 5. Total relative
value units was well matched for quintiles 1 to 3
(Fig. 1). Notably, there were no significant differ-
ences in overall complication rates between resi-
dent and nonresident cohorts in quintiles 1 to 3
(Fig. 2). The difference in relative value units in
quintile 4 did not reach statistical significance (p �
0.055). However, it may be observed that as total
relative value units between the resident and non-
resident groups diverged in quintiles 4 and 5 (Fig. 1),
so too did the overall complication rates (Fig. 2). A
similar effect was observed with wound infection
rates, with no difference seen in four of five quin-
tiles. There were no significant differences in
graft/prosthesis/flap failure across all subgroups.
In addition, there were no significant differences
in mortality across all subgroups.

Multivariable Analysis
Risk-adjusted ORs and 95 percent CIs for over-

all complications, wound infection, graft/prosthe-
sis/flap failure, and mortality are listed in Table 5.
Our multivariable model revealed that there were
several risk factors that play a role in the devel-
opment of a postoperative complication. Variables
associated with an increased odds of overall com-
plications included increasing age, smoking
within the past year, diabetes, obesity, hyperten-
sion requiring medication, total relative value
units, operative time, and resident presence (OR,
1.193; 95 percent CI, 1.005 to 1.417). Notably, the
adjusted ORs for smoking, diabetes, obesity, and
hypertension were all higher than the OR for res-
ident presence. Increased risk of wound infection
was associated with diabetes, obesity, and opera-
tive time. Resident presence did not significantly
predict wound infection in the risk-adjusted
model (OR, 1.26; 95 percent CI, 0.981 to 1.618).
Smoking, diabetes, hypertension, and operative
time were the only predictors of graft/prosthesis/
flap failure. Resident presence was not associated
with reconstructive failure (OR, 1.088; 95 percent
CI, 0.669 to 1.771). Finally, age, diabetes, hyper-
tension, and chemotherapy were associated with
increased odds of death within 30 days of surgery.
Resident presence had no impact on mortality and
actually trended toward a decreased risk (OR,
0.611; 95 percent CI, 0.295 to 1.268, p � 0.186). Ta
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Hosmer-Lemeshow and C-statistic values demon-
strated goodness-of-fit and discrimination for all
regression models.

DISCUSSION
Thus far, much of the literature suggests that

resident presence during surgery is safe. Studies
from several surgical specialties including cardio-
thoracic surgery, neurosurgery, gynecology, urol-
ogy, vascular surgery, and routine and complex
general surgery have demonstrated no differences
in outcomes when trainees are involved.25–35 Even
when statistical differences in morbidity have been

demonstrated, it has been argued that these in-
creases in complication rates were not clinically
significant.5–7,9 To our knowledge, there has been
only one study in the plastic surgery literature
looking at the presence of residents during sur-
gery. Patel et al. studied resident involvement in
295 cases of bilateral reduction mammaplasty at a
single institution.36 In all cases, the resident op-
erated on the left breast while the attending sur-
geon operated on the right breast. The authors
found that resident participation did not affect
patient complications. The study is advantageous
in its design of an internal control and the clearly
defined resident role. The study is limited, how-

Table 4. Propensity Score Stratification Data from Reconstructive Patients*

No.
Operative

Time (min) Total RVUs
Overall

Complications (%)
Wound

Infection (%)
Graft/Prosthesis/
Flap Failure (%)

Mortality
(%)

Quintile 1
Resident 309 99.06 � 82.25 14.02 � 11.18 6.15 3.24 0.97 0.65
Nonresident 1694 97.72 � 72.33 13.39 � 11.82 5.79 1.68 0.47 1.06

Quintile 2
Resident 618 102.65 � 78.80 15.07 � 12.25 5.18 2.75 0.49 0.00
Nonresident 1385 98.65 � 74.07 15.08 � 13.73 4.62 2.67 0.43 0.36

Quintile 3
Resident 807 127.82 � 123.796† 17.27 � 14.48 7.19 3.47 0.87 0.12
Nonresident 1196 109.17 � 96.76† 16.97 � 14.67 6.10 2.17 0.59 0.17

Quintile 4
Resident 1061 155.28 � 153.373† 19.25 � 16.13 9.99† 4.24 1.04 0.19
Nonresident 943 128.97 � 119.89† 17.93 � 14.73 7.32† 4.24 0.64 0.42

Quintile 5
Resident 1472 164.33 � 151.07† 20.81 � 17.80† 14.47† 5.10† 1.97 0.54
Nonresident 532 130.30 � 129.16† 17.68 � 13.09† 8.46† 2.26† 1.88 0.75

RVU, relative value units.
*Quintiles are grouped by ascending propensity score (i.e., likelihood to receive a resident based on preoperative patient characteristics).
Quintile 1 has the lowest propensity scores and therefore the lowest odds of receiving a resident. Conversely, quintile 5 has the highest propensity
scores and therefore the greatest odds of receiving a resident.
†Significant value, p � 0.05.

Fig. 1. Mean total relative value units with and without resi-
dent present by propensity score–matched quintiles. Asterisk
denotes significance (p � 0.05).

Fig. 2. Overall complication rate with and without resident
present by propensity score–matched quintiles. Asterisk de-
notes significance (p � 0.05).
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ever, by its narrow scope and small sample size.
The present study aims to contribute to the sur-
gical training literature, with plastic surgery data
representing a multiinstitutional setting and large
sample size of 10,356 patients.

Our analysis focuses specifically on reconstruc-
tive plastic surgery procedures. This patient popu-
lation was selected on the premise that controlling
for surgical complexity through the integration of
relative value unit data would allow us to better de-
termine the independent impact of resident involve-
ment on surgical outcomes. Therefore, although
cosmetic procedures make up a component of many
plastic surgeons’ practices, we eliminated such op-
erations from our analysis because they do not have
assigned relative value units.

We found that for reconstructive plastic sur-
gery procedures, residents participated in more
complex cases and longer operations, involving a
patient population skewed to increased preoper-
ative risk factors, specifically, smoking status and
obesity. Despite these biases, resident involvement
had no impact on wound infection, graft/pros-
thesis/flap failure, or mortality. Furthermore,
when compared in quintiles of similar surgical
complexity as measured by relative value units and
operative time, overall complication rates were
statistically similar with or without a resident pres-
ent. Only when a pattern of procedural bias
emerged did overall complication rates differ.
Our results echo recent studies that demonstrated
modestly increased morbidity and similar or de-
creased mortality with intraoperative resident
involvement. Kiran et al. reported overall compli-
cation rates of 7.5 percent versus 6.7 percent (p �

0.001) for resident involvement and no resident
involvement, respectively.9 Mortality, reoperation,
and severe complications were unaffected by res-
ident presence. Raval et al. reported that house
staff involvement was associated with a 6.3 percent
increase in morbidity for general and vascular sur-
gical procedures and up to a 25.5 percent increase
in morbidity for more complex procedures, such
as pancreatectomy.7 Tseng et al. looked at seven
common elective general surgery procedures and
found an overall increase in morbidity with resi-
dent involvement (OR, 1.14; 95 percent CI, 1.001
to 1.29), but no differences were statistically sig-
nificant when stratified by procedure.9

As a retrospective review, our study was non-
randomized, resulting in a potential bias in pro-
cedures performed by the two cohorts. Specifi-
cally, total relative value units were a mean of 16.9
percent higher for cases involving a resident
(18.30 � 15.65 versus 15.66 � 13.73; p � 0.001).
Because plastic surgery is an expansive field, with
operations ranging from microsurgery-based re-
construction to cosmetic procedures, different
practice settings may lend themselves more to per-
forming certain operations. Teaching hospitals
are often tertiary care centers that receive referrals
from nonteaching hospitals for rare or difficult
cases. Substantiating this point, Khuri et al. found
that, among the Veterans Affairs hospitals, teach-
ing hospitals performed the majority of complex
and high-risk procedures when compared with
nonteaching Veterans Affairs hospitals.37 Raval et
al. noted in their study of the National Surgical
Quality Improvement Program database that dif-
ferences in outcomes with resident involvement

Table 5. Risk-Adjusted Odds Ratios and 95% Confidence Intervals for Overall Complications, Wound Infection,
Graft/Prosthesis/Flap Failure, and Mortality in the Reconstructive Cases

Overall
Complications

Wound
Infection

Graft/Prosthesis/
Flap Failure Mortality

Variable OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Resident presence 1.193* 1.005–1.417 1.26 0.981–1.618 1.088 0.669–1.771 0.611 0.295–1.268
Female sex 0.756* 0.638–0.897 1.183 0.911–1.536 0.809 0.504–1.298 0.515* 0.278–0.952
Age 1.009* 1.003–1.015 1.002 0.994–1.011 1.006 0.99–1.023 1.08* 1.051–1.11
Smoking 1.317* 1.087–1.596 1.166 0.877–1.551 2.103* 1.29–3.427 1.478 0.63–3.471
Diabetes 2.701* 2.191–3.331 1.799* 1.304–2.482 2.065* 1.15–3.706 2.635* 1.385–5.013
Obesity 1.378* 1.173–1.62 1.864* 1.476–2.355 1.19 0.761–1.861 1.455 0.777–2.727
Hypertension 1.34* 1.112–1.614 1.102 0.837–1.451 1.701* 1.022–2.832 2.436* 1.073–5.535
Chemotherapy 1.532 0.909–2.582 0.504 0.158–1.602 1.201 0.282–5.122 13.68* 4.442–42.128
Total RVU value 1.012* 1.007–1.017 1.003 0.995–1.011 1.004 0.992–1.016 0.993 0.964–1.022
Operative time 1.004* 1.003–1.004 1.002* 1.001–1.003 1.005* 1.004–1.006 1 0.997–1.004
Propensity score 2.51* 1.662–3.792 2.117* 1.159–3.865 2.649 0.834–8.415 0.666 0.135–3.285
HL test 0.518 0.859 0.13 0.688
C-statistic 0.744 0.691 0.805 0.879
RVU, relative value unit; HL, Hosmer-Lemeshow.
*Significant value, p � 0.05.
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were moderated when adjusted for hospital-level
variation.7 Moreover, residents are often recruited
to “teaching cases,” or those that are not consid-
ered routine or straightforward. Thus, to some
degree, resident presence may have acted as a
surrogate for case complexity.

The difference in relative value units between
our two cohorts may have confounded our data
because use of relative value units has been shown
to correlate to increased complications. In a large,
multiinstitutional study of general and vascular
surgical procedures from the Veterans Affairs
National Surgical Quality Improvement Pro-
gram database, work relative value units were
found to be significantly associated with in-
creased risk of surgical-site infections, venous
thromboembolic events, cardiac adverse events,
and respiratory failure.38–41 Indeed, in our sub-
group analysis by propensity score quintile strati-
fication, those subgroups that showed similar rel-
ative value units also demonstrated similar overall
complication and wound infection rates. Con-
versely, when relative value units were found to be
divergent between resident and nonresident co-
horts, differences were observed in overall mor-
bidity rate.

Operative time was 31.4 minutes longer for
reconstructive cases when residents were present,
and this may have both confounded and contrib-
uted to our findings. Although increased opera-
tive time may be an effect of resident training, this
should not be assumed. Particularly in plastic sur-
gery, a two-team approach, whereby donor and
recipient sites are addressed simultaneously—one
by the attending surgeon and one by the resident
with attending surgeon supervision—may expe-
dite operative time. Moreover, differences in case
complexity as described above may have con-
tributed to increased operative time. Kiran et al.
suggested in their study of resident participation
that the increased operative time associated with
surgical training may explain the increase in su-
perficial surgical-site infection and overall com-
plication rates.6 American College of Surgeons
National Surgical Quality Improvement Program
studies of laparoscopic procedures, open general
surgery procedures, mastectomy without recon-
struction, and lower extremity bypass have associ-
ated operative time greater than the 75th percen-
tile with increased complication rates, surgical-site
infection, and length of stay.42–45 From the plastic
surgery literature, operative time greater than 120
minutes is a recognized risk factor of surgical-site
infection.46,47 Thus, longer operative times in the

resident cohort may account for some of the ob-
served increase in complications.

Residents were also involved in cases with a
higher percentage of smokers and obese pa-
tients. Smoking is a well-documented predictor of
complications.48,49 In one series of 1170 tissue ex-
pander/implant breast reconstructions, smoking
was associated with an unadjusted OR of 2.4 (95
percent CI, 1.5 to 3.7) for the development of a
complication and an unadjusted OR of 4.9 (95
percent CI, 1.8 to 12.9) for reconstructive failure.48

Similarly, we found an increase in complications
(adjusted OR, 1.317; 95 percent CI, 1.087 to
1.596) and graft/prosthesis/flap failure (adjusted
OR, 2.103; 95 percent CI, 1.29 to 3.427). Obesity
is also known to be associated with wound healing
complications, with reported adjusted ORs as high
as 11.84.48,50 In our study, obesity was the strongest
predictor of wound infection, with an adjusted OR
of 1.864 (95 percent CI, 1.476 to 2.355). Con-
versely, there were more diabetic patients in the
cohort without a resident present. Diabetes has
been associated with wound healing complica-
tions and perioperative morbidity; however, the
extent to which this effect is related to long-term
preoperative glycemic control or acute perioper-
ative glycemic control, variables not tracked in our
study, remains unclear.51–53 Finally, a higher per-
centage of patients who had received chemother-
apy within the past 30 days were operated on by an
attending surgeon alone. Chemotherapy has not
been associated with surgical complications.48

However, chemotherapy suggests a greater onco-
logic burden and was found to be the strongest
predictor of mortality (adjusted OR, 13.68; 95
percent CI, 4.442 to 42.128). Although our mul-
tivariate analysis adjusted for these recognized
preoperative factors, the difference in baseline
characteristics may indicate an inherently dif-
ferent patient population for cases involving a
resident.

Our study is not without limitations. Differ-
ences in case complexity, operative time, and pre-
operative comorbidities between the two cohorts
have been mentioned. In addition, it is difficult to
obtain specific details regarding resident involve-
ment from the National Surgical Quality Improve-
ment Program database. Because resident partic-
ipation may range from retraction and skin
closure to shared planning and autonomous ex-
ecution, a record of resident presence does not
necessarily equal resident participation. Few stud-
ies have attempted to account for the level of
resident involvement. Itani et al. analyzed 610,660
cases from the Veterans Affairs National Surgical
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Quality Improvement Program database from
1998 to 2004 and documented the impact of “level
3 supervision” on patient outcomes.30 Level 3
supervision was designated when the attending
surgeon was available but not physically present
in the operating room. Although level 3 super-
vision accounted for only 2.69 to 8.72 percent of
cases, the authors found no adverse effect of
level 3 supervision.

Despite the robust statistical power of the Na-
tional Surgical Quality Improvement Program da-
tabase, there are also limitations related to the
database itself. First, the database tracks only 30-
day postoperative outcomes and may not capture
long-term complications, such as prosthesis-re-
lated infections, which are conventionally tracked
for a 1-year period, or hernia recurrence. Second,
the database was queried for cases with plastic
surgery as the primary service. Depending on how
the primary procedure was listed, some combined
cases may have been missed in our analysis, such
as hernia repairs with general surgery, cranial re-
construction with neurosurgery, flap closures with
vascular surgery, and so forth. Nonetheless, our
approach limits the potential confounders im-
posed by a second service, particularly if resident
involvement differed between the two services. Fi-
nally, cosmetic cases were excluded from analysis.
Compared with reconstructive cases, cosmetic
cases are generally low-morbidity, outpatient pro-
cedures. Because of the elective nature of cosmetic
cases, there exists a selection bias from preoper-
ative screening for high-risk conditions such as
smoking status. Moreover, the Centers for Medi-
care and Medicaid Services does not assign relative
value units to cosmetic cases, and thus data for this
important covariate would have been missing in a
large sample of the population.

CONCLUSIONS
Residency has the dual mission of training fu-

ture physicians and also providing critical support
for academic medical centers. The structured su-
pervisory system based on graduated responsibility
ensures that patient safety is maintained while ed-
ucational goals are met. Our study is the first large-
scale study to evaluate outcomes comparing resi-
dent involvement in plastic surgery cases. Using an
independent, multicenter, prospectively main-
tained database, we were able to confirm that well-
matched cohorts with—and without—resident
presence had similar complication profiles. More-
over, even when residents were involved in com-
parably more complex cases with longer operative

times, graft and flap failure and mortality re-
mained similar.
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