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Abstract
Background Participation by surgical trainees in complex procedures is key to their development as future practicing surgeons.
The impact of surgical fellows versus general surgery resident assistance on outcomes in pancreatoduodenectomy (PD) has not
been well studied. The purpose of this study was to determine differences in patient outcomes based on level of surgical trainee.
Methods Consecutive cases of PD (n=254) were reviewed at a single high-volume institution over a 2-year period (July 2013–
June 2015). Thirty-day outcomes were monitored through the American College of Surgeon’s National Surgical Quality
Improvement Program (NSQIP) and Quality In-Training Initiative. Patient outcomes were compared between PD assisted by
general surgery residents versus hepatopancreatobiliary fellows.
Results The hepatopancreatobiliary surgery fellows and general surgery residents participated in 109 and 145 PDs, respectively.
The incidence of each individual postoperative complication (renal, infectious, pancreatectomy-specific, and cardiopulmonary),
total morbidity, mortality, and failure to rescue were the same between groups.
Conclusions Patient operative outcomes were the same between fellow- and resident-assisted PD. These results suggest that
hepatopancreatobiliary surgery fellows and general surgery residents should be offered the same opportunities to participate in
complex general surgery procedures.
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Introduction

The delicate balance of patient safety with maximal trainee partic-
ipation in operative cases is central to general surgery education.
Despite emerging technology in surgical simulation,1 hands-on
surgical training remains critical for development of operative tech-
nique. However, many patients express concern for resident

involvement and even refuse resident participation in their care.2

Public perception of potential risks associated with resident-
performed surgery is increasing with media portrayals. Thus, de-
mand for only the highest quality of care leads to exclusion of
surgical trainees. Although public perception of increased risk is
supported by multiple published studies,3

–8 a thorough review of
the literature uncovers heterogeneous data. Many studies have
shown either no effect,9

–18 or in some cases, improvement of op-
erative outcomes with surgical trainee participation.19

–23

Patient outcomes are becoming increasingly important as the
US healthcare system shifts from reimbursement plans based on
services received to quality achieved.24 Identification of factors
that impact patient outcomes is crucial in order to best control
these outcomes. As previously stated, one controversial factor is
surgical trainee participation. Less well studied is the experience
level of surgical trainee effect on outcomes. Despite varying
answers to the effect of trainee level, multiple authors have found
improved outcomes with increasing surgical experience.14

,25,26

Does the correlation of improved outcomes with increased expe-
rience carry over to surgical fellowship?Do surgical fellows have
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better operative outcomes than residents? As general surgeons
become increasingly specialized, surgical fellowships are like-
wise expanding.27 This changing landscape of general surgery
necessitates a close examination of surgical curriculum.While
all general surgeons should be proficient in basic general sur-
gery procedures such as laparoscopic appendectomy, inguinal
hernia repair, and laparoscopic cholecystectomy, the need for
exposure to more complex procedures is less clear. Due to
reports of worse outcomes,6

,25 some have questioned the prac-
ticality of resident participation in complex operations. These
cases may be better suited for surgical fellows. Not only is
fellow assistance possibly related to improved outcomes but
also surgical fellows will ultimately need proficiency in these
complex surgical cases while residents may not. Data directly
comparing operative outcomes from fellow-assisted versus
resident-assisted cases are heterogeneous and scarce.3

,12,14,15

We therefore sought to compare patient outcomes following a
complex general surgery procedure, pancreatoduodenectomy
(PD), assisted by hepatopancreatobiliary (HPB) surgery fel-
lows versus general surgery residents.

Methods

Study Population

The American College of Surgeons National Surgical Quality
Improvement Program (ACS-NSQIP) database was used to
identify all PD cases at Indiana University Health University
Hospital over a 2-year period (July 2013 to June 2015).
NSQIP variables were augmented by data from our institu-
tional pancreatectomy database (such as pancreatic duct size,
gland texture, and vein resection). All cases were performed
by an attending surgeon and assisted by a surgical trainee
(HPB fellow versus general surgery resident); no cases were
excluded. Each attending surgeon performing PDwas beyond
the learning curve of 60 cases. PD was performed by one of
five HPB surgeons at Indiana University Health University
Hospital spanning two general surgery services staffed by
one HPB fellow, one chief resident (PGY5), and two fourth
year residents (PGY4) to assist the five HPB surgeons. Cases
were assigned by the most senior surgical trainee on each
general surgery service. Postoperative care was also primarily
managed by the most senior trainee on the service. Trainees
examined patients and reviewed electronicmedical records for
patient data several times daily and subsequently plans were
discussed with attending surgeons who oversaw and directed
postoperative care.

Study Design

Thirty-day outcomes of all patients undergoing PDwere mon-
itored and tracked through ACS-NSQIP. Quality In-Training

Initiative (QITI) is a novel component of NSQIPwhich allows
for documentation of PGY level of the trainee assisting in the
case.28 Mortality, individual morbidities, total morbidities, re-
admission, hospital length of stay, and failure to rescue were
compared between groups based on level of surgical trainee.
Specific morbidities tabulated included the following:

1. Infectious complications: surgical site infections (superfi-
cial, deep, and organ space infections), urinary tract infec-
tions, pneumonia, sepsis, and septic shock

2. Renal complications: acute renal failure and renal
insufficiency

3. Pancreatectomy-specific complications: delayed gastric
emptying and pancreatic fistula

4. Cardiopulmonary complications: pulmonary embolism, me-
chanical ventilator support for greater than 48 h, unplanned
intubation, myocardial infarction, and cardiac arrest

Failure to rescue (FTR) was calculated using total patients
with at least one morbidity as denominator and mortality with-
in those patients as numerator.

Comparisons between operations done with surgical trainees
of varying levels included assessment of preoperative/
intraoperative variables and operative outcomes previously de-
scribed. All statistical analyses used IBM SPSS, version 24.
Descriptive statistics, including frequency, mean, and standard
deviation were calculated when appropriate. Continuous data
was analyzed with Student’s t test and ANOVA; categorical data
was analyzed with chi-square. p value of less than 0.05 was
considered statistically significant.

Results

Two hundred fifty-four patients underwent PD at Indiana
University Health University Hospital from July 2013 to
June 2015.HPB fellows assistedwith 109 operations and general
surgery residents assisted with 145 operations. Table 1 displays
patient demographic data. There were no differences in patient
gender or age between fellow and resident groups. Additionally,
patient comorbid conditions were the same in both fellow and
resident groups (Table 1). Surrogate markers of operative diffi-
culty level including pancreatic duct size, gland texture, vein
reconstruction, and operative time were also the same in patients
whose operations were assisted by both fellows and residents
(Table 2). Table 2 also shows no difference in surgical pathology
in fellow-assisted versus resident-assisted cases (malignant 64/
66%; pancreatitis 17/16%).

Table 3 displays incidence of each postoperative outcome.
Mean length of stay for patients operated on by fellows and
residents was 7 days. Renal, infectious, cardiac, pulmonary and
pancreatectomy-specific postoperative occurrences were the
same in both fellow-assisted and resident-assisted cases. FTR,

1026 J Gastrointest Surg (2017) 21:1025–1030



or the rate of mortality within those experiencing morbidity, was
6 and 4% in fellow-assisted and resident-assisted operations.
Eighty and 139 totalmorbidities resulted fromoperations assisted
by fellows and residents, respectively; the mean number of mor-
bidities per patient was 0.7 and 1.0 (p=0.21). Forty-three (39%)
and 71 (49%) patients experienced at least one morbidity in the
fellow and resident groups (p=0.16) (Fig. 1). There were also no
differences in incidence of return to the operating room (3 versus
5%; p=0.52), readmission (17 versus 18%; p=0.61), or mortal-
ity (2 versus 3%; p=1.0) among fellows and residents, respec-
tively. Attending specific postoperative outcomes were also strat-
ified by resident versus fellowwhich showed no differences (data
not shown).

Pancreatic fistulas were graded based on International Study
Group Pancreatic Fistula (ISGPF) definition.29 Eighteen (16.5%)
pancreatic fistulas occurred within the fellow-assisted group and
35 (24.1%) within the resident-assisted group (Table 4). Grade B
+ C (clinically relevant) fistulas occurred in 5.5 and 9.7% of
cases. There were no significant differences in pancreatic fistula
grades (either total or B/C) among fellow- and resident-assisted
operations (p=0.96).

Surgical residentswere further stratified based on their level of
training. Seventy chief residents (post-graduate year “PGY” 5)

and 75 junior residents (PGY 1–4) were compared to HPB fel-
lows (Table 5). All previously described outcomes, including all
specific morbidities, total morbidity, and mortality, were again
compared between subgroups. Incidence of total pancreatic fis-
tula resulted from significantly more operations assisted by chief
residents (31%) than junior residents (19%) and fellows (16%,
p=0.034). When considering only clinically relevant fistulas
(grade B/C), no difference in fistula rate was observed between
groups (chief 8.6%, junior 10.7%, and fellow 5.5%; p=0.43)
Total morbidity, mortality, and all other specific morbidities were
the same between subgroups. Likewise, HPB fellows were

Table 2 Operative factors and
surgical pathology Fellow (n = 109) Resident (n= 145) p value

Pancreatic duct size (mm) 4.2 ± 2.0 4.4 ± 1.9 0.39

Gland texture (no. of soft) 37 (39%) 45 (36%) 0.37

Vein reconstruction 12 (11%) 18 (13%) 0.85

Operative time (hours) 4.8 ± 1.6 4.6 ± 1.7 0.30

Transfusion 26 (25%) 33 (23%) 0.88

Malignant pathology 70 (64%) 95 (66%) 0.89

Benign pathology 10 (9%) 15 (10%) 0.83

Pancreatitis 18 (17%) 23 (16%) 1.00

Other pathology 11 (10%) 11 (8%) 0.51

Table 1 Demographic data and preoperative factors

Fellow Resident p value

Patients (n) 109 145

Gender (M:F) 49 (45%):60 (55%) 81 (56%):64 (44%) 0.10

Age (years) 62 ± 1.2 64± 1.1 0.22

ASA score 2.9 ± 0.03 2.9 ± 0.02 1.00

BMI 26 ± 0.7 27± 0.5 0.23

Diabetes mellitus 34 (31%) 40 (28%) 0.58

Tobacco 38 (35%) 45 (31%) 0.59

COPD 5 (5%) 12 (8%) 0.31

Hypertension 54 (50%) 83 (57%) 0.25

Weight loss >10% 20 (18%) 35 (24%) 0.29

ASA American Society of Anesthesiologists, BMI body mass index,
COPD chronic obstructive pulmonary disease

Table 3 Postoperative outcomes

Fellow (109) Resident (145) p value

Length of stay (days) 7 ± 0.6 7 ± 0.6 1.00

SSI 11 (10%) 22 (15%) 0.26

UTI 3 (3%) 5 (3%) 1.00

Pneumonia 3 (3%) 7 (5%) 0.52

Sepsis 6 (6%) 12 (8%) 0.47

Septic shock 5 (5%) 5 (3%) 0.75

Acute renal failure 2 (2%) 3 (2%) 1.00

Renal insufficiency 0 (0%) 0 (0%) 1.00

DGE 19 (17%) 27 (19%) 0.74

PF 18 (17%) 35 (24%) 0.16

PF grade B/C 6 (5.5%) 14 (9.7%) 0.16

Pulmonary embolism 1 (5%) 8 (6%) 0.08

Vent >48 h 5 (5%) 8 (6%) 0.78

Unplanned intubation 6 (6%) 7 (5%) 1.00

Myocardial infarction 0 (0%) 2 (1%) 0.51

Cardiac arrest 0 (0%) 2 (1%) 0.51

Failure to rescue 6% 4% 0.68

Mean total morbidity 0.7 ± 1.2 1.0 ± 1.5 0.21

SSI surgical site infection, includes superficial, deep, and organ space,
UTI urinary tract infection, DGE delayed gastric emptying, PF pancreatic
fistula, Vent >48 h patients who require ventilator support for greater than
48 h, Mean total morbidity average number of morbidities per patient
± standard deviation
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stratified based on experience. There were no differences in fel-
low outcomes based on which quarter of the academic year the
operation was performed.

Discussion

In this study, we report 254 consecutive PD with surgical trainee
participation over a 2-year period. We found no difference in
preoperative or intraoperative factors between PD assisted by
fellows versus residents. Additionally, we found no difference
in any specific postoperative occurrence (infectious, renal, car-
diopulmonary, or pancreatectomy-specific), total morbidity, mor-
tality, FTR, or operative time.When stratified by level of surgical
trainee, chief residents (PGY-5) had higher rates of pancreatic
fistula (31%) than fellows (16%) and junior residents (PGY ≤4;
19%; p=0.034). However, total morbidity and all other specific
postoperative morbidities were the same between subgroups.

Although we found a correlation between chief resident assis-
tance and an increased pancreatic fistula rate, the interpretation of
this is not clearly evident by a statistically lower rate in the junior
resident group. Of note, after exclusion of non-clinically relevant
fistulas (grade A), no difference in fistula rate was observed.
Several other studies have demonstrated increased operative time
and morbidity in cases assisted by more senior residents.7

,8,30,31

Increased chief resident autonomy in the operating room may
explain the higher incidence of pancreatic fistula. Typically, at-
tending surgeonsmore freely allow chief residents to perform the
most critical steps of procedures including pancreatic anastomo-
ses. Although this latter notion is widely accepted, there is no
data to support it. As has been discussed in multiple studies, we
were unable to reliably measure the degree of surgical trainee
participation in operative cases and therefore had noway to study
its effect on patient outcomes.18

,22,32 Based on attending surgeon
survey, PGY2-3 residents did not perform pancreaticojejunal
anastomoses, while PGY4 and PGY5 (chief) residents per-
formed the majority (approximately 90%) and HPB fellows per-
formed all pancreatojejunal anastomoses. Multiple authors have
identified case volume of surgeons performing PD as a risk factor
for PF development. Completion of less than 50 PD was inde-
pendently associated with higher risk of PF (10 versus 20%)
within previous published data.33 Chief residents acting as pri-
mary surgeon certainly possess this risk factor, having usually
performed very few PDoperations. A recent study byHogg et al.
established a technical scoring system for surgeon performance
in robotic pancreatectomy that independently predicts PF; better
technical performance led to decreased probability of PF.34 This
data again supports the idea that less-skilled chief resident sur-
geons operating as primary surgeons may have higher incidence
of postoperative PF.

These data suggest that there is no additional patient
safety benefit associated with HPB fellow participation
over surgical resident participation in PD. Multiple previ-
ous studies support these results including two that com-
pare outcomes following minimally invasive operations
assisted by fellow versus resident.3

,35 Linn et al. analyzed
patient outcomes before and after a minimally invasive fel-
lowship was terminated and found that although operative
time had increased with resident participation, postopera-
tive complications had remained the same.35 Likewise,
Davis et al. reported no difference in outcomes of minimal-
ly invasive operations assisted by fellows versus residents.3

Similar studies showed equivalence in patient outcomes fol-
lowing fellow- and resident-assisted laparoscopic ventral her-
nia repair15 and pediatric laparoscopic appendectomy.12 In
contrast to our data, both studies found increased operative
time in the fellow groups. An additional supporting article
found no difference in fellow versus resident outcomes in
PD.14 This same study compared individual resident compli-
cation rates over time. As the resident gained experience
performing more PDs, their complication rates decreased.
Authors were able to predict PD-specific complication rate
based on resident case number. However, the decrease in com-
plication rate was only observed for up to 15 cases, and each
additional PD offered no further decrease. Based on existing
literature and the results presented here, both fellows and res-
idents should continue to be allowed involvement in complex
general surgical procedures.
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Fig. 1 Postoperative outcomes. Pancreatoduodenectomy outcomes are
compared between fellow- and resident-assisted cases. Frequencies of
each postoperative outcome are displayed here. Morbidity includes all
patients with at least one morbidity. The included morbidities are the
following: ARF, PNA, SSI, UTI, PE, cardiac arrest, MI, sepsis,
unplanned intubation, vent >48 h, RTOR, DGE, PF. RTOR return to
operating room

Table 4 Pancreatic fistula by ISGPF grade

Fellow Resident p value

Total 18 (16.5%) 35 (24.1%) 0.16

Grade A 11 (10.1%) 22 (15.2%) 0.96
Grade B 4 (3.7%) 9 (6.2%)

Grade C 2 (1.8%) 5 (3.4%)
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Our conclusions are limited by several factors. Although
254 PD outcomeswere analyzed, this data is from only 2 years
at a single institution. From this dataset, we were unable to
evaluate the degree of trainee participation during PD, as de-
scribed in previous studies discussed above. The heterogene-
ity of trainee participation is broad, thus creating comparison
groups on PGY level may not be completely reflective of
ability or experience. Intraoperative differences can also arise
that make one PD more difficult than another including vas-
cular resection or presence of active pancreatitis; these types
of factors are not as clearly defined in a retrospective series.
Another limitation included the inability to control for post-
operative management in a retrospective series; heterogeneity
of postoperative management is created by both the attending
surgeon compared against other surgeons and surgical trainee
compared against other trainees guiding care and leads to in-
herent discrepancy in management. Enhanced recovery after
surgery protocols for pancreatectomy could control for many
aspects of postoperative management going forward. A pro-
spective, multi-institutional study is needed to eliminate bias
introduced by limited data. We intend to query other high-
volume institutions who train both fellows and residents in
regards to performing a multi-institutional prospective study
in which patients could be randomized to fellow versus resi-
dent participation. This would require an evaluation of degree
of resident participation immediately postoperative graded by
the attending surgeon as well as an assessment of degree of
difficulty of the case. This type of study would answer ques-
tions formulated based on preliminary data presented here.

Conclusion

This retrospective, single-institution study examined 254 con-
secutive PDs over 2 0years. From these data, we conclude
patient operative outcomes are the same between fellow- and
resident-assisted PD. Although there was an increased rate of
PF among chief residents when groups were subdivided by
level of trainee, this may be due to the confounding degree of
trainee participation. These results suggest that in the training
environment, HPB surgery fellows and general surgical resi-
dents are equivocal in terms of postoperative outcomes fol-
lowing PD. Therefore, fellows and residents should be offered

the same opportunities to participate in complex general sur-
gery procedures.
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