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Abstract

Background—Resident participation during hepatic and pancreatic resections varies. The 

impact of resident participation on surgical outcomes in hepatic and pancreatic operations is 

poorly defined.

Methods—We identified 25,511 patients undergoing a hepatic or pancreatic resection between 

2006 and 2012 using the American College of Surgeons National Surgical Quality Improvement 

Program database. Multivariate regression models were constructed to determine any association 

between resident participation and surgical outcomes.

Results—Pancreatic resections (n = 16,045; 62.9%) were more common than liver resections (n 

= 9,466; 37%). Residents participated in the majority of cases (n = 21,857; 86%), with most 

involvement at the senior level (postgraduate year ≥ 3, n = 21,147; 97%). Resident participation 

resulted in slightly longer mean operative times (hepatic, 9 minutes; pancreatic, 22 minutes; both 

P < .01). Need for perioperative transfusion, hospital duration of stay, and reoperation rates were 

unaffected by resident participation (all P > .05). Resident participation resulted in a higher risk of 

overall morbidity (odds ratio [OR], 1.14; 95% CI, 1.05–1.24; P = .001), but not major morbidity 

(OR, 1.05; 95% CI, 0.93–1.20; P = .40) after liver and pancreas resection. Resident participation 

resulted in lower odds of 30-day mortality after liver and pancreas resections (OR, 0.75; 95% CI, 

0.60–0.94; P = .01).

Conclusion—Although resident participation resulted in slightly longer operative times and a 

modest increase in overall complications after liver and pancreatic resection, other metrics such as 

duration of stay, major morbidity, and mortality were unaffected. These data have important 

implications for educating patients regarding resident participation in these complex cases.

Teaching hospitals across the United States serve as the nucleus for research and medical 

innovation. Perhaps equally as important, teaching hospitals also serve to train the future 

generation of medical professionals. With regard to surgical specialties, the education and 
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training of surgery residents in teaching hospitals has long been conducted through an 

abundant exposure to and participation in a variety of operations. Because approximately 

one-half of all operative procedures are performed at teaching hospitals,1 the participation of 

residents in a variety of operations is critical in developing future competent surgeons.

Much debate has been raised regarding the impact of resident participation during operations 

and the subsequent potential impact on perioperative morbidity and mortality. Beginning in 

2005, the American College of Surgeons (ACS) National Surgical Quality Improvement 

Program (NSQIP) Database began recording data on the presence or absence of a surgery 

resident in operative procedures. In addition, the postgraduate year (PGY) of the most senior 

resident participant was recorded, if applicable. Several previous studies have examined the 

impact of resident participation and outcomes using this database. Specifically, outcomes 

after operations in general,2,3 vascular,4,5 oncologic,6 and breast7 surgeries have been 

studied and reported. These reports on the impact of resident participation on perioperative 

outcome have been mixed; some studies show no effect, whereas others have shown a 

correlation between resident participation and poorer perioperative outcomes.

Hepatic and pancreatic resections are often complex operations with an associated morbidity 

and mortality greater than most other surgical subspecialties. As such, there has been 

increasing evidence to perform these operations at high-volume centers, the majority of 

which are teaching hospitals. Despite previous studies exploring the association between 

resident participation in operations and perioperative outcomes,8 no study to our knowledge 

has investigated outcomes after only hepatic and pancreatic resection using a national 

database. Thus, the objective of the current study was to analyze the impact of resident 

participation on perioperative morbidity and mortality among patients undergoing liver or 

pancreas resections using the ACS NSQIP database.

METHODS

We queried the ACS NSQIP database for all patients undergoing a liver or pancreatic 

resection between 2005 and 2012 using corresponding Current Procedural Terminology 

(CPT) codes (liver, 47100, 47120, 47122, 47125, 47130; pancreas, 48140, 48145, 48146, 

48148, 48150, 48152, 48153, 48154, 48155). The cohort was categorized based on the 

presence or absence of a resident. The variables included and the quality assurance protocols 

used by the ACS for the NSQIP database have been described previously.9 Cases with a 

missing field for resident participation (n = 10,702) were excluded. The highest level of 

resident participation was further classified into 2 categories: junior level (PGY 1 and 2) and 

senior level (PGY ≥3) participation. Because the NSQIP database only records PGY years 

and does not designate between resident and fellow status, it is not possible to tell which 

participants were fellows; therefore, all participants beyond PGY3 were considered senior 

residents.

Outcomes

The primary outcome of this study was the incidence of any perioperative 30-day 

complication. The impact of resident participation on the incidence of perioperative 30-day 

mortality was also investigated. Superficial surgical site infections and urinary tract 

Ejaz et al. Page 2

Surgery. Author manuscript; available in PMC 2015 December 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



infections were classified as minor postoperative complications as previously described.4 

Major postoperative complications included deep incisional or organ space infection, 

dehiscence, sepsis, postoperative hemorrhage requiring transfusion, reintubation or failure to 

wean from the ventilator, cardiac event, neurologic event, pneumonia, venous 

thromboembolic event, reoperation, graft failure, or acute renal failure.

Statistical analysis

Standard measures of frequencies and central tendency were calculated to summarize 

characteristics of patients, operations, and perioperative outcomes. Demographics, 

comorbidities, and multivariable-adjusted outcomes for 30-day perioperative morbidity and 

mortality were compared among operative cases in which a resident was or was not present. 

Multivariable logistic regression was used to adjust for variables that were statistically 

significant on univariable analysis (P <.05) or of clinical significance. Chi-square analysis 

was used for comparison of categorical variables and t test or Wilcoxon rank-sum test was 

utilized for continuous variables as indicated. P values are 2 tailed. All analyses were carried 

out with STATA version 13.0 (StataCorp LP, College Station, TX).

RESULTS

Description of cohort

We identified 25,511 patients undergoing a liver (16,045; 63%) or pancreas (n = 9,466; 

37%) resection during the study period. The median age of the cohort was 62 years 

(interquartile range, 53–62) with a slight majority being female (52%) and a majority of 

white race (78%; Table I). Comorbidities were common as the majority of patients had an 

American Society of Anesthesiologists (ASA) classification of 3 or 4 (67%), the most 

common being hypertension (51%) and an active smoking history (20%). Of these patients, 

16% had disseminated cancer with 6% of the cohort receiving chemotherapy within 30 days 

of surgery. At the time of surgery, the most common pancreas resection was coded as a 

partial pancreatectomy (CPT 48150; 23%), whereas the most common liver resection was 

coded as a partial lobectomy (CPT 47120; 22%).

The majority of operations had a documented resident present during the operation (n = 

21,857; 86%) and resident participation increased over the study period (Figure). Most 

operations with a resident participant were at the senior (97%) as opposed to the junior (3%) 

level. Several patient demographics differed among cases with and without resident 

participation. Specifically, patients without a resident participant had a lower median age, 

were more likely to be white, and were more likely to receive a preoperative blood 

transfusion or chemotherapy within 30 days of surgery (all P < .01). In the multivariable 

logistic regression model, there was a greater odds of resident participation among cases 

with black patients (odds ratio [OR], 1.48; 95% CI, 1.28–1.70; P < .001) and those 

performed after 2011 (OR, 2.42; 95% CI, 1.56–3.76; P <.001) (Table II). Contrastingly, 

older patients (OR, 0.91; 95% CI, 0.85–0.98; P = .01) and male patients (OR, 0.92; 95% CI, 

0.86–0.99; P = .04) were less likely to have a resident participate during their operation.
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Perioperative morbidity and mortality

Mean operative time among all cases was 298 ± 142 minutes and was longer among patients 

undergoing a pancreas (330 ± 143 minutes) compared with a liver (245 ± 124 minutes) 

resection (P < .001; Table III). With regard to resident participation, operative time was 

longer among cases with a resident present for both pancreas (resident, 332 ± 142 vs no 

resident, 310 ± 145 minutes; P < .001) and liver (resident, 246 ± 123 vs no resident, 237 ± 

132 minutes; P = .01) resections. Resident participation did not affect the incidence of 

intraoperative and postoperative transfusion among pancreas (P = .10) and liver (P = .84) 

resections. Hospital duration of stay and incidence of reoperation also did not differ whether 

a resident was present during the operation or not (all P >.05). Overall perioperative 

morbidity, however, was more common after pancreas (38%) compared with liver (29%) 

resections (P < .001). Similarly, the incidence of major morbidity was greater after pancreas 

(31%) versus liver (24%) resections (P < .001).

Patients with a resident participant experienced a higher unadjusted rate of perioperative 

morbidity (resident, 35% vs no resident, 32%; P = .001). After stratifying by resection type, 

cases with resident participation had a higher incidence of morbidity after pancreas 

resections (resident, 35% vs no resident, 31%; P = .005), but not liver resections (resident, 

29% vs no resident, 27%; P = .08). Resident participation resulted in a greater incidence of 

superficial surgical site infections (resident, 7% vs no resident, 5%; P < .001). The incidence 

of major morbidity, however, was similar among pancreas (resident, 31% vs no resident, 

31%; P = .58) and liver (resident, 24% vs no resident, 23%; P = .50) resections regardless of 

resident participation.

In the multivariable logistic regression model adjusting for all competing confounders, older 

patients (OR, 1.19; 95% CI, 1.11–1.26; P < .001), Hispanic patients (OR, 1.31; 95% CI, 

1.19–1.44; P < .001), those patients with poorer functional status (partially dependent: OR, 

1.96 [95% CI, 1.58–2.42] vs totally dependent: OR, 2.42 [95% CI, 1.78–3.30]; both P <.

001) and more comorbidities (ASA class 3 or 4: OR, 1.56 [95% CI, 1.47–1.65]; P < .001), 

as well as those patients undergoing a pancreas resection (OR, 1.51; 95% CI, 1.43–1.61; P 

< .001) were at greater risk for perioperative morbidity (Table IV). Furthermore, resident 

participation was associated with a greater risk of perioperative morbidity as compared with 

cases without any resident participation (OR, 1.14; 95% CI, 1.05–1.24; P = .001). Resident 

participation was an independent risk factor for developing a superficial surgical site 

infection (OR, 1.46; 95% CI, 1.24–1.72; P < .001). However, with regard to major 

morbidity, resident participation was not associated with a higher risk in the multivariable 

model (OR, 1.05; 95% CI, 0.93–1.20; P = .40).

Similar to the findings in the multivariate model for perioperative morbidity, we found 

several clincopathologic and operative characteristics associated with an increased risk of 

perioperative mortality (Table V). Specifically, older patients (OR, 1.95; 95% CI, 1.64–2.33; 

P < .001), those with poorer functional status (partially dependent: OR, 2.63 [95% CI, 1.81–

3.82] vs totally dependent: OR, 2.97 [95% CI, 1.80–4.89]; both P < .001) and more 

comorbidities (ASA class 3 or 4: OR, 2.54 [95% CI, 1.97–3.29]; P <.001), as well as those 

patients who experienced perioperative morbidity (OR, 13.80; 95% CI, 10.78–17.66; P < .
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001) were at greater risk for perioperative mortality (Table IV). Interestingly, resident 

participation was associated with a lesser risk of perioperative mortality (OR, 0.75; 95% CI, 

0.60–0.94; P = .01).

DISCUSSION

The impact of resident participation on perioperative outcomes has been greatly debated in 

recent years through various methodologies. Single-institution studies as well as large, 

multi-institution studies have analyzed the impact of resident participation after a variety of 

operations in general,2,3 vascular,4,5 oncologic,6 and breast7 subspecialties. However, to our 

knowledge, the impact of resident participation on perioperative outcomes after only 

complex liver and pancreatic resections has not been studied. The study of this potential 

association between outcomes and resident participation is important for several reasons. 

Recently, there have been several investigators advocating for centralization and 

concentration of care of liver and pancreatic surgical diseases in high-volume centers.10,11 

In fact, recent studies show that the majority of pancreatic and hepatic resections performed 

in the United States are in fact performed at teaching hospitals.12 As such, investigation into 

the impact of resident participation during liver and pancreatic resections is pertinent and 

necessary. Using the ACS NSQIP database, we found that although both liver and pancreas 

resections with resident participants resulted in a longer operative time, perioperative major 

morbidity was unaffected. Interestingly, resident participation was more likely in cases with 

black patients and those treated after 2011, indicating a nonrandom pattern of care and a 

potential area of disparate care. Perhaps equally as important, patients with a resident 

participant during their resection had a mortality benefit compared with cases with no 

resident present.

Several hypotheses have been proposed as to the potential association and impact of 

residents on surgical outcomes. Raval et al13 hypothesized that the impact of resident 

participation on perioperative outcomes after operative procedures was multifactorial. The 

authors proposed increased intraoperative technical complications, unmeasured case mix 

differences, and reporting bias of these perioperative outcomes as potential factors related to 

the resident impact seen.13 With regard to technical complications, our data show that 

operative time was significantly longer owing to resident participation in both liver and 

pancreatic resections. Because residents likely do not have experience with these complex 

operations, it is perhaps not surprising that operative time is lengthened. This increased 

mean operative time potentially may have led to the increase in the incidence of minor 

perioperative complications, particularly superficial surgical site infections, seen with 

resident participation. This association of increased morbidity with prolonged operative time 

has been well-described.14 Our data support this notion; the majority of increased morbidity 

was owing to a higher incidence of surgical site infections. In fact, patients who had a 

resident present were at 1.46 greater odds of developing a superficial surgical site infection 

compared with those cases without a resident present. Despite this, major clinically relevant 

morbidity was unaffected by resident participation (P = .21). Furthermore, overall hospital 

duration of stay was unaffected by resident participation. These results corroborate previous 

reports using the ACS NSQIP database that found an increase in minor, but not major, 

morbidity owing to resident participation.3,9 In aggregate, resident participation in liver and 
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pancreatic resections should be encouraged; major morbidity seems to be unaffected by their 

participation.

Of all the measurable factors analyzed, the occurrence of a perioperative complication was 

found to have the strongest association with perioperative mortality. In fact, patients who 

experienced a perioperative complication were >14 times more likely to experience 

perioperative death compared with those who had no perioperative complication. Despite 

cases with resident participants having an overall greater incidence of perioperative 

morbidity, resident participation was found to be not associated independently with an 

increased risk of mortality. In fact, resident participation was an independent protective 

factor; the odds of perioperative mortality were decreased by 25%. These findings are likely 

explained by the fact that the increase in morbidity found with resident participation were 

minor and likely clinically insignificant. Rather, resident participation may have a beneficial 

effect in the perioperative period. To this point, Raval et al13 found that resident 

participation was associated with 1.4 fewer deaths per 1,000 general and vascular surgery 

cases. Similarly, Castleberry et al6 found an increase in perioperative morbidity but a lesser 

mortality rate among patients undergoing gastrointestinal oncologic procedures. The current 

study is unique; our data focused on only liver and pancreas resections. As noted, the 

findings of a protective survival benefit with resident participation may in fact be owing to 

improved postoperative care. As opposed to nonteaching hospitals, surgery residents often 

staff the hospital wards 24 hours a day and thus may be able to provide more comprehensive 

postoperative care. This presence may also help to prevent mortality after a perioperative 

complication (ie, improved failure to rescue rate15). However, the exact causes of these 

findings are difficult to determine as resident involvement during an operation does not 

always imply resident participation during postoperative care, because this is not recorded in 

the NSQIP database. Taken together, resident participation during liver and pancreas 

resections is associated with a lesser risk of perioperative mortality and thus provides further 

support for resident participation during these cases.

Recent changes to training in surgery have resulted in a decreased ability of surgery 

residents to gain appropriate exposure complex cases. Sachs et al16 showed that nearly one-

half of all graduating chief surgery residents in the United States performed <10 cases in 

liver and pancreas categories at the time of graduation. Furthermore, the number of teaching 

assistant cases logged by graduating chief residents for hepatopancreaticobiliary procedures 

in 2012 was nearly zero. As such, it seems that, upon graduation, surgery residents may have 

inadequate exposure to complex hepatopancreatic cases. These data are pertinent because 

the impact of operative experience on perioperative outcomes has been well-established, 

particularly with regard to liver and pancreas surgery.17 The failure of surgery residents to 

achieve a high number of cases in these categories is undoubtedly multifactorial. Data from 

the current study, however, provides strong evidence that resident participation during these 

cases has no major clinical impact on perioperative outcomes and may even result in an 

improved perioperative mortality rate. As such, our data provide strong support for the 

participation of residents during liver and pancreas resections.

There are several limitations to this study that should be considered when interpreting the 

data. Primarily, the limitations of this study are related to the administrative nature of the 
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ACS NSQIP database. Specific to this study, data on procedure-specific morbidity such as 

pancreatic fistula leak or bile leak are not available currently. Thus, morbidity rates after 

these operations may in fact be underreported. Furthermore, ACS NSQIP membership is 

overrepresented by tertiary centers and specialized high-volume institutions and thus may 

not be representative of all hospitals performing these operations in the United States. The 

goal of this study, however, was to analyze the impact of resident participation on surgery 

outcomes and not the impact of hospital-level factors on the incidence of morbidity and 

mortality. Finally, as with all retrospective studies, selection bias with regard to resident 

participation is a possibility because it was not assigned randomly. This potentially could 

have had an effect on the differences in outcomes seen between the 2 groups in our study.

In conclusion, although resident participation resulted in slightly longer operative times and 

a modest increase in minor complications after liver and pancreatic resection, other metrics 

such as hospital duration of stay, major morbidity, and mortality were unaffected. These 

data have important implications for educating patients regarding resident participation in 

these complex cases.
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Fig. 
Percentage of cases with resident participation over time.
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Table I

Clinicopathologic characteristics of cohort

Characteristic Total (n = 25,511) Resident participation (n = 21,857) No resident participation (n = 3,654) P value

Age, y, median (IQR) 62 (53, 62) 63 (53, 63) 62 (52, 62) .002

Male gender 12,326 (48.4) 10,609 (48.6) 1717 (47.1) .08

Race <.001

 White 18,923 (78.4) 16,157 (78.2) 2,766 (79.2)

 Black 2,238 (9.3) 2,012 (9.7) 226 (6.5)

 Hispanic 1,924 (8.0) 1,660 (8.0) 264 (7.6)

 Other 826 (4.0) 236 (6.8)

Comorbidities

 IDDM 2,138 (8.4) 1,810 (8.3) 328 (9.0) .27

 Smoking 5,033 (19.7) 4,317 (19.8) 716 (19.6) .83

 Alcohol 748 (3.0) 654 (3.0) 94 (2.6) .22

 Hypertension 12,876 (50.5) 11,017 (50.4) 1,859 (50.9) .60

 End-stage renal disease 106 (0.4) 87 (0.4) 19 (0.5) .29

Disseminated cancer 4,189 (16.4) 3,615 (16.6) 574 (15.7) .21

Ascites 253 (0.1) 204 (0.9) 49 (1.3) .02

Preoperative transfusion 168 (0.6) 121 (0.6) 47 (1.3) <.001

Preoperative chemotherapy 1,394 (5.5) 1,261 (5.8) 133 (3.7) <.001

Sepsis 145 (0.6) 113 (0.5) 32 (0.9) <.001

ASA class .14

 1/2 8,380 (32.9) 7,190 (32.9) 1,370 (32.6)

 3/4 17,093 (67.1) 14,635 (67.0) 2,458 (67.3)

Emergency case 297 (1.2) 226 (1.0) 71 (1.9) <.001

Pancreas resection 16,045 (62.9) 13,756 (62.9) 2,289 (62.6) .74

Liver resection 9,466 (37.1) 8,101 (37.1) 1, 365 (37.4) .74

Highest resident participant 39 (17.4) 15 (13.5) 22 (21.0)

 Junior (PGY 1/2) 710 (3.2) N/A

 Senior (PGY ≥3) 21, 147 (96.8) N/A

ASA, American Society of Anesthesiologists; IDDM, insulin-dependent diabetes mellitus; IQR, interquartile range; PGY, postgraduate year.
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