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Background/purpose: Surgical residents are involved in the care of patients in a climatewhere quality of care is an
important outcomemeasure. The purpose of this studywas to evaluate the effect of resident involvement on ap-
pendectomy outcomes.
Methods:We retrospectively reviewed appendectomies, ages 0–18, from January 2016 to December 2018. Oper-
ative time, operative charges, and postoperative outcomes were evaluated for caseswith andwithout a resident.
Data were analyzed using Wilcoxon rank and Fisher's exact tests.
Results:Of 1842 appendectomies (1267 resident present and 575 no resident present), therewas no difference in
postoperative stay, abscess formation, readmission, or emergency room visits for simple or complex appendicitis.
Operative time was significantly longer for cases of simple appendicitis by 10 min (p = <0.0001) and charges
significantly higher by $600 (p = <0.0001) when a resident was involved in the case. These differences held

true for complex appendicitis (time longer by 9 min, p = <0.0001 and charges higher by $500, p = 0.03).
Conclusion: Resident involvement results in an increase in operative time and charges, with no difference in
length of stay or complications. These results highlight the cost of resident involvement, without an increase in
complications experienced by patients.
Level of evidence: Level III evidence.

© 2020 Elsevier Inc. All rights reserved.
Resident education is a vital component of the mission of academic
institutions. Learners from all subspecialites are heavily involved in
the care of patients throughout their hospitalization. In medical
specialites, this includes decision making, prescription administration,
and counseling. In surgical specialties, there is the addition of operative
intervention. In recent years, increasing emphasis has been placed on
outcomes during hospital stay and following operative intervention
[1,2]. The hospital and physician's success is increasingly being deter-
mined by the outcomes they produce which affect reimbursement
and reputation of both parties [3]. It is unclear, however, what effect, if
any, the presence of learners has on patient outcomes.
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Approximately 300,000 appendectomies are performed in the
United States each year, with this procedure being one of the most fre-
quently performed operations in pediatric surgery [1]. In addition, ap-
pendectomy is also one of the most common surgical procedures for
residents [1] and an ideal setting to investigate the effect the presence
of a resident has on patient outcomes. The adult literature has evaluated
resident involvement in appendectomy showing prolonged hospital
stay and operative time [1,2]. The pediatric literature has found faster
time to the operating room (OR) and shorter postoperative length of
stay (LOS) in cases where a resident is involved [4]. These studies all
showed no difference in postoperative morbidity, but did not evaluate
cost as a component of outcomes.

Our institution, a large tertiary referral center, performs approxi-
mately 1400 appendectomies each year. Our health care system consists
of a main hospital (MH) with faculty pediatric surgeons and residents
and a community hospital (CH)with no residents present. This dual set-
ting provides a unique opportunity to evaluate the effect of resident in-
volvement on appendicitis management and outcomes. Thus, the
purpose of this study was to evaluate the postoperative outcomes of
children undergoing appendectomy with and without resident
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involvement. We hypothesized that there would be no difference in pa-
tient outcomes when residents were involved in the procedure, but op-
erative cost may be higher.

1. Methods

1.1. Setting

This retrospective review was completed with the approval of our
institutional review board (H-34501). The study took place at a large
tertiary referral pediatric hospitalwith amain hospital (MH)and a com-
munity hospital (CH) within its network. While both hospitals are aca-
demic teaching institutions, the make-up of the surgical service differs
across campuses. The MH has faculty surgeons, pediatric surgery fel-
lows, physician assistants, and general surgery residents. The CH has
the same profile of providerswith the exception of pediatric surgery fel-
lows and surgical residents. Additional learners present at both loca-
tions include nurse anesthetist students, OR technician students, and
OR nursing trainees. Anesthesia residents, similar to pediatric surgery
fellows and general surgery residents, are only present at the MH.

1.2. Patients

The medical records of all patients ages 0–18 who underwent a lap-
aroscopic appendectomy from January 2016 to December 2018 were
retrospectively reviewed. Diagnostic criteria for appendicitis included
physical examination by the surgeon on duty, imaging including ab-
dominal ultrasound (US) and/or computerized tomography (CT), and
labarotory data available at presentation. Cases completed at the MH
with a faculty pediatric surgeon and a resident, and cases performed
at theCHwith a faculty pediatric surgeon andno residentwere included
in the analysis. Cases performed at the main campus with a faculty pe-
diatric surgeon present but no general surgery resident, were included
in a separate analysis comparing cases completed at theMHwith a gen-
eral surgery resident present. Pediatric surgery fellows, present only at
the MH, did participate in some of the cases involving residents at the
Fig. 1. Appendectomy cas
main hospital. Pediatric surgery fellows also participated in cases with
faculty and no resident present. When a pediatric surgery fellow was
present, cases were counted as resident cases.

Exclusion criteria included incidental and interval appendectomies
and suspected cases of appendicitis ultimately given another primary
diagnosis (intussusception, ovarian pathology, etc.). Most of the faculty
in our division operate at both campuses. However, a small number of
surgeons operate exclusively at either campus (MH or CH) and these
cases were excluded from the analysis to remove variability.

1.3. Data analysis and definitions

Data collected included age, appendicitis severity (simple or com-
plex), operative time (incision start to incision close), postoperative
length of stay (LOS), and complications (intraabdominal abscess, read-
mission rates, emergency room visits). Data on hospital charges were
collected and analyzed based on the operative time for each case. This
informationwas compared by each campus (MH vs. CH) and disease se-
verity (simple vs. complex). Complex appendicitis was defined as any
patient with intraoperative findings of a perforated and/or gangrenous
appendix or presence of perforated appendicitis with an abscess at pre-
sentation. All others were classified as simple appendicitis. Abscess de-
velopment was defined as any organized fluid collection following
appendectomy that required the placement of a drain. Postoperative
LOS was defined as time from end of the appendectomy to discharge
from the hospital. Data were analyzed usingWilcoxon rank and Fisher's
exact tests. All results were stratified by disease severity (simple or
complex appendicitis) for patients seen at the MH or CH.

2. Results

2.1. Patient demographics

Of the 2397 appendectomies performed during the study period,
1842 appendectomies were included in the analysis. There were 1267
appendectomies completed at the MH and 575 completed at the CH.
es included in study.
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Fig. 2. Operative time and charges.
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Of the 1267 MH cases, 1162 had a resident present and 105 had no res-
ident present. All CH appendectomies only had faculty present. Five
hundred fifty-five cases of appendicicits were excluded; 529were com-
pleted by faculty that operate exclusively at one of the hospitals and not
the other and 26 appendectomies for other indications (intussuscep-
tions, malrotations, incidental appendectomy, interval appendectomy)
(Fig. 1). There was no difference in the median age of patients seen at
the MH or CH [simple appendicitis: MH 11 (IQR 8–14) years vs. CH 11
(IQR 9–14) years, p = 0.7; complex appendicitis: MH 10 (IQR 7–13)
years vs. CH 10 (IQR 8–13) years, p = 0.7].

2.2. Surgery and hospital course

For both simple and complex appendicitis, surgery time was signifi-
cantly longer when a resident was involved in the case (Fig. 2). We then
determined charges using surgery durations and standardized cost ac-
counting information at our institution. For cases with a resident present,
mean operative charges for simple and complex appendicitis were signif-
icantly higher [simple appendicitis:MH $5620±789 vs. CH $5020±824,
p=<0.0001); complex appendicitis: MH $6220± 1280 vs. CH $5730±
1050, p=<0.0001]. Despite the longer operative times, this did not trans-
late into a longer postoperative LOS. For simple and complex appendicitis,
there was no difference in the median postoperative LOS when a resident
was involved in the care of the patient [simple appendicitis: MH 0.6 (IQR:
0.3–0.8) days vs. CH 0.6 (IQR: 0.2–0.8) days, p = 0.62; complex appendi-
citis: MH 4 (IQR: 3–6) days vs. CH 5 (IQR: 3–6) days, p = 0.6].

2.3. Appendicitis outcomes

We queried readmission rate, intraabdominal abscess development
and emergency center (EC) visits for all groups.When a residentwas in-
volved in the operation, there was no difference in readmission rate,
intraabdominal abscess development, or EC visits in either simple or
complex appendicitis (Table 1). When a resident was present, the rate
Table 1
Appendicitis Outcomes.

Outcomes Main hospital
% (n)

Community hospital
% (n)

p-value

Simple appendicitis
Intraabdominal abscess 0.2% (1) 0.6% (2) 0.3
Emergency room visit 7% (43) 8% (30) 0.4
Hospital readmission 2% (13) 2% (7) 1.0

Complex appendicitis
Intraabdominal abscess 7% (38) 3% (7) 0.06
Emergency room visit 12% (63) 10% (21) 0.5
Hospital readmission 7% (35) 5% (11) 0.5
of intraabdominal abscess for complex appendicitis did approach statis-
tical significance (MH abscess rate: 7% vs CH abscess rate 3%, p = 0.06).

2.4. Main hospital analysis of resident involvement in the operation

Although theMHoften has a resident present in the case, there are in-
stances where a resident may not be involved in the operation. We uti-
lized these cases to complete a subanalysis to evaluate the presence of a
resident in the operation at the same hospital. There was no difference
in the ages of these patients for either simple or complex appendicitis
[simple appendicitis: resident: 11 (IQR 8–13) years vs. no resident: 11
(IQR 9–14) years, p = 0.7; complex appendicitis: resident: 10 (IQR
7–13) years vs. no resident: 10 (IQR 7–13) years, p = 0.7]. In simple
and complex appendicitis, the operative time and operative charges
were significantly higher when a residentwas present in the case (Fig. 3).

However, therewas nodifference in postoperative LOS, readmission,
intraabdominal abcess formation or EC visits postdischarge (Table 2).

3. Discussion

Appendicitis and subsequent appendectomy are common in the pe-
diatric population and residents are frequently involved in the care of
these patients. Academic institutions are commited to training future
physicians and for surgical residents, their involvement in operative ex-
periences is imperative. Several studies in the literature have evaluated
patient outcomes following appendectomy when resident physicians
are involved in the procedure showing patients do not experience in-
creased complication rates, but may have longer hospital stays follow-
ing the procedure [5,6]. There have been studies that have gone a step
further and evaluated patient outcomes based on the postgraduate
year (PGY) of the resident involved in the case. Similar to the aforemen-
tioned studies, results showed that there was no increase in complica-
tion rate among the PGY years of the residents [7–9]. Our results in
this study were similar showing no difference in postoperative LOS or
outcomes irrespective of appendicitis severity. We did show however,
that when residents are involved, the operative time and charges of
the procedure increased. This was likely owing to the fact that charges
are calculated based on operative time at our institution and also the ex-
pected increase in time owing to teaching that occurs during each case.

We also observed that for complex appendicitis, the rate of
intraabdominal abscess of 7% when a resident was in the case
approached statistical significancewhen compared to the caseswithout
a resident present (3%). At the MH, there were more cases in general
and more cases of complex appendicitis. This may have accounted for
the higher rate of intraabdominal abscess. Nevertheless, we acknowl-
edge that this may be a trend that requires evaluation at our institution
including operative course and review of postoperative care to ascertain
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if improvements can be made. To further investigate this trend within
our data, we would need to investigate the patients further in terms of
operative technique, comorbidities, time to OR, etc. We do not have
data of this nature within our dataset. Without a more comprehensive
analysis, it is difficult to state whether the presence of the resident
alone was a factor in the higher rate, or if patient factors played a role.

The literature is representative of studies that have evaluated out-
comes of appendectomies when a resident is involved in the case.
Kasotakis and colleagues completed a review of the National Surgical
Quality Improvement Program (NSQIP) Database and showed that
when a resident was present during appendectomies, exploratory lapa-
rotomies, and lysis of adhesion procedures patients experienced more
postoperative complications (wound complications, pulmonary com-
plications, intra- and postoperative events, etc) [10]. Similarly, Advani
et al. showed increased complications following laparoscopic appendec-
tomy when a resident was involved in the case [9]. A single institution
review of general surgery procedures in the adult population showed
no difference in outcomes and similar operative time when residents
were involved in the case [11]. Our review represented a single center
similar to the review of adult general surgery procedures and showed
no difference in outcomes. The prior mentioned studies were reviews
of large databases. While this gives a larger view of outcomes given
larger numbers, single institutional reviews have merit in identifying
outcomes at one center andmaking adjustments where needed, similar
to our finding with complex appendicitis. Oftentimes large reviews are
beneficial given their higher power; however, in caseswhere insitutions
may want to make adjustments to practice, a review of their specific
center's outcomes may be beneficial.

Given that our study took place at two different hospital campuses,
there exist multiple biases that are difficult to control for across institu-
tions such asworkflows, logistical processes, and personnel present.We
completed a subanalysis of patients seen only at themain hospital (MH)
in an attempt to eliminate someof these biases. The comparison of cases
completed with and without a resident at the MH showed identical
Table 2
Appendicitis outcomes for main hospital appendectomies.

Outcomes Resident present
% (n)

No resident present
% (n)

p-value

Simple appendicitis
Intraabdominal abscess 0.2% (1) 0% (0) 1.0
Emergency room visit 7% (43) 2% (1) 0.1
Hospital readmission 2% (13) 0% (0) 0.6

Complex appendicitis
Intraabdominal abscess 7% (38) 9% (4) 0.5
Emergency room visit 12% (63) 7% (21) 0.5
Hospital readmission 7% (35) 2% (1) 0.35
results to the previous analyses. There were increased operative times
and charges, but no difference in postoperative LOS or complications.
This speaks to the validity of our results by eliminating biases between
campuses.

It was not unexpected that the operative time was longer when a
resident was operating in the case and to a certain extent, this cannot
be significantly altered as learners work on their learning curve. How-
ever, it does highlight an opportunity to improve resident preparedness
for the operating room. Simulation training is increasingly being utilized
in the education of general surgery residents [12–14]. In one study eval-
uating resident participation in robot assisted laparoscopic prostatec-
tomy (RALP), surgical trainees were presented with a didactic and
simulation curriculum and then taken through a series of operative
cases with an assigned mentor. Role in the operation increased as the
skill of the trainee with specific portions of the operation improved
over time. Outcomes showed that using this technique resulted in no in-
crease in blood loss or postive surgical margins in the trainee cases [15].
This training, or a similar technique, can be utilized for practice in spe-
cific procedures such as appendectomy.

There are several limitations to our study. The design is retrospective
in nature, thus limited by incomplete data. Our data source relies on ap-
propriate disease severity classification by the surgeon's documenta-
tion. This however, should have been mitigated by our manual review
of the data.Wewere also limited by our inability to capture data for pa-
tientswho sought care outside of our institution following their surgery.
These patients may have returned to primary care providers or outside
hospitals for complications that developed, thus limiting our full knowl-
edge of their outcomes.We are also a large, tertiary centerwithmultiple
learners present across disciplines. Learners in the fields of anesthesia,
nursing, and OR technician training are present across campuses. This
may contribute to the longer operative times, but exact effects are diffi-
cult to ascertain. Finally, pediatric surgery fellows were classified as res-
idents in this study when determining cases with faculty and those
without. The data were not analyzed to compare cases with pediatric
surgery fellows and faculty, general surgery residents and faculty, and
faculty alone. However, based on fellow case data at our institution, pe-
diatric surgery fellows perform about 30 appendectomies a year. Given
the increased expertise of pediatric surgery fellows compared to general
surgery residents, this may have altered the outcomes for the resident
case cohort. The affectwas likelyminimal, however, given the lower an-
nual case numbers for fellows.

4. Conclusion

Resident education is a key component of the mission of academic
institutions. We demonstrated that resident involvement is associated
with a significant increase in operative time and charges in both
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complex and simple appendicitis,with nodifference in postoperative out-
comes of patients. Thus,we conclude that resident involvement in appen-
dectomies and postoperative care of patients is safe and necessary for the
educational development of future surgeons. Regular participation in sim-
ulation curriculum may assist in lowering the time residents require to
complete surgical procedures, thus decreasing operative charges.
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