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Abstract

Introduction New training programs face quality concern by faculty who believe resident involvement in operative

management may lead to poorer outcomes. This study aims to understand the impact of resident surgeons on

outcomes in a specific common surgical procedure.

Methods We obtained a retrospective review of 1216 laparoscopic cholecystectomy cases between June 2012 and

June 2017 at a community teaching hospital. Data reviewed included patient demographics, operative time, length of

stay, 30-day outcomes. An initial analysis comparing outcomes with/without resident participation was undertaken. A

subset analysis comparing junior (PGY 1–2) and senior (PGY 3–5) groups was also performed.

Results We found the resident group participated in higher-risk patient (ASA[ 3, 47.5% vs 39.8%, p = 0.04 more

acute disease (59.8% vs 37.5%, p\ 0.0001) and emergent surgery (59.7% vs 37.5%, p\ 0.0001). Resident

involvement in severe cases was not a significant factor in the odds of morbidity, mortality, conversion rate or length

of stay. Resident participation did increase the odds of having longer OR time (OR 12.54, 95% CI 7.74–17.34,

p\ 0.0001).

Conclusions Resident participation is associated with increased operative times but not complications. This study

confirms resident participation in the operating room in difficult and challenging cases is safe.

Introduction

Some might consider that the involvement of a surgeon-in-

training is associated with negative impact on procedural

outcomes [1, 2]. This is especially true in newer commu-

nity hospital training programs, whose faculty have not

been trained in resident education. The ongoing balance of

quality and patient safety and resident education is a

challenge for current surgical programs.

This retrospective, single-institution study was designed

to evaluate the impact of resident as well as the level of

postgraduate medical training on outcomes in laparoscopic

cholecystectomy. As a matter of both quality and safety, it

is increasingly important to consider resident involvement

and competency in surgical case management without

compromising the quality of patient care.

Methods

To understand the effects of resident involvement in sur-

gical care, we performed a retrospective review of all

patients who underwent laparoscopic cholecystectomy

between June 1, 2012, and June 1, 2017, at a community

teaching hospital. This hospital’s surgical residency pro-

gram began in 2012. Cases were identified using Current

Procedural Terminology (CPT) codes: 47562 (laparoscopic
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cholecystectomy without cholangiography), 47563 (la-

paroscopic cholecystectomy with cholangiography) and

47564 (laparoscopic cholecystectomy with exploration of

the common bile duct). Intraoperative cholangiogram was

routinely performed in patients whom met any of the fol-

lowing criteria: history of elevated bilirubin, gallstone

pancreatitis, cholelithiasis, dilated common bile duct on

preoperative imaging, indeterminate intraoperative anat-

omy of common bile duct. Acute cholecystitis included

calculus, acalculous cholecystitis and acute-on-chronic

cholecystitis. Patient who presented with right upper

quadrant pain and acute cholecystitis confirmed on preop-

erative imaging (positive Murphy sign, pericholecystic

fluid, gallbladder wall thickening) was considered acute

cholecystitis. Cases admitted from the emergency room or

transferred from another facility and operated 24 h within

admission were categorized as emergent surgery. Cases

were excluded when cholecystectomy was a part of another

procedure, patients were younger than 18 years old, and

patients were with inadequate data. The review yielded

1216 cases which were eligible for evaluation. The cases

were divided into 2 groups based on if a resident was a part

of the procedure or if the case was done by the attending

alone. The resident cohort was further subdivided into 2

groups based on postgraduate year (PGY) of clinical

training in surgery: junior group (PGY 1, 2) and senior

group (PGY 3, 4, 5). The extent of resident involvement in

the operation was not available from the operative note, but

in general there was a graded increase in intraoperative role

of residents as they progressed from PGY 1 through PGY

5.

Patient demographics were also reviewed, and gender,

age, American Society of Anesthesia status classification

(ASA), body mass index (BMI), previous surgery, the

urgency of the case, concomitant pancreatitis, laboratory

values (white blood cell count WBC, total bilirubin),

imaging findings (ultrasound, CT scan, MRCP, HIDA),

pathology, postoperative complications, resident year level,

simultaneous procedures (intraoperative cholangiogram,

perioperative ERCP) and rate of conversion to an open

procedure were recorded. The primary outcome studied

was total operative time. Secondary outcomes considered

included the length of stay, complications and rate of

conversion to open. Complications were categorized as

respiratory, cardiology, gastrointestinal, genitourinary tract

and infection. Clavien–Dindo classification was utilized to

grade the severity of complication. Operative time was

calculated as the time from the first incision to the time of

skin closure. Length of stay was calculated from the date of

operation to date of discharge.

Statistical analysis was performed using IBM SPSS

Statistics 23 software (IBM Inc., Armonk, NY, USA). A

p value\ 0.05 was considered statistically significant.

Multiple logistic regression was used to evaluate resident

involvement while accounting for patient demographic,

urgency of operation. The study was approved by the

institutional review board for human studies.

Results

Patient demographics and clinical characteristics

(Tables 1 and 2)

A total of 1216 patients were evaluated. We found 1000

patients in resident group and 216 patients in non-resident

group. There were no significant differences in patient

demographics including age, gender, morbid obesity

(BMI[ 30) and prior abdominal surgery. However, the

resident group was more likely to participate in high-risk

patients (ASA[ 2, 47.5% vs 39.8%, p = 0.04), patients

with acute cholecystitis (59.8% vs 37.5%, p\ 0.0001) and

patients requiring emergent surgery (59.7% vs 37.5%,

p\ 0.0001). The resident group was also more likely to

operate on more complicated cases, cholelithiasis (77.6%

vs 71.3%, p\ 0.0001), gallbladder wall thickening more

than 4 mm (35.5% vs 26.9%, p = 0.015), pericholecystic

fluid (20.8% vs 14.4%, p = 0.03) and dilated CBD (1.89%

vs 1.59%, p = 0.003). The patients in the resident group

also exhibited higher preoperative white blood cell count

(WBC[ 12,000) (26.3% vs 19.9%, p = 0.05) and elevated

total bilirubin (23.50% vs 13.50%, p = 0.001). Addition-

ally, perioperative ERCP procedure was carried out more

frequently in the resident group (18.7% vs 8.3%,

p\ 0.0001). These findings suggest that residents at this

training program are involved in patients with more com-

plicated diseases than patients operated by faculty alone.

Operative details and outcomes (Table 3)

Both the resident and non-resident groups utilized intra-

operative cholangiogram equally (48.4% vs 47.2%,

p = 0.75). To eliminate the potentially confounding effect

on operative time, cases with and without intraoperative

cholangiogram were compared separately in each group.

The resident group had a longer operative time in both

patients who had a cholangiogram (75.09 min vs

58.81 min, p\ 0.0001) and without cholangiogram

(74.71 min vs 60.40 min, p\ 0.0001). The conversion rate

to open was also higher in resident group (4.1% vs 0.9%,

p = 0.02). The length of stay was longer with the resident

group (2.67 days vs 1.69 days, p = 0.02), which may

reflect the severity of illness. There does not appear to be a

statistical difference in complications (7.9% vs 4.6%,

p = 0.09) or mortality (0.1% vs 0%, p = 0.64) between the
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group of resident involvement and the faculty alone group.

There were total 79 (7.9%) major surgical complication in

resident group and 10 (4.6%) in non-resident group. All

major injuries included in the study required operative

intervention, interventional radiology or hospital admission

until resolution of symptoms. There were total 36 injuries

(3.6%) requiring treatment with ERCP stenting. There was

1 death (0.08%), due to bleeding secondary from undiag-

nosed coagulopathy.

Additional factors related to outcomes (Table 4)

On multivariable logistic regression analysis, resident

participation was strongly associated with increased oper-

ative time (OR 12.58; 95% CI 7.86–17.30; p\ 0.0001).

However, resident involvement was not a significant factor

in the odds of morbidity (OR 1.29; 95% CI 0.64–2.58;

p = 0.5), conversion rate (OR 3.17; 95% CI 0.75–13.42;

p = 0.12) or length of stay (OR 1.07; 95% CI 0.7–1.63;

p = 0.74). Only the urgency of surgery and patient

comorbidity were predictive factors for increased length of

stay. Similarly, acute cholecystitis and patient ASA status

were associated with complication, conversion to open.

Postgraduate year

A further subset analysis comparing 535 patients in the

senior group (PGY 3–5) and 465 patients in the junior

group (PGY 1–2) was performed. No statistical signifi-

cance in patient demographics was noted between the

Table 1 Patient demographics and clinical characteristics (resident versus non-resident)

Resident

(n = 1000)

Non-resident

(n = 216)

p value

Age (mean, sd) 52.35, 18.43 52.96, 18.45 0.66

BMI (mean, sd) 36, 12.70 30.46, 8.12 0.52

ASA (mean, sd) 2.43,0.75 2.24, 0.76 0.001

Elderly ([65 yo) (n, %) 263, 26.30 59, 27.30 0.76

Gender (male) (n, %) 323, 32.30 65,30.10 0.53

Obese (BMI[ 30) (n, %) 503, 50.30 94, 43.50 0.07

ASA[ 2 (n, %) 475, 47.50 86, 39.80 0.04

Acute cholecystitis (n, %) 598, 59.80 81, 37.50 <0.0001

Gangrenous (n, %) 57, 5.70 10, 4.60 0.53

Pancreatitis (n, %) 33, 3.30 3, 1.40 0.13

Prior abdominal surgery (n, %) 426, 42.60 83, 38.40 0.26

Emergent surgery (n, %) 597, 59.70 81, 37.50 <0.0001

Bold values indicate statistical significance (p\ 0.05)

BMI body mass index, ASA American Society of Anesthesia status classification, sd standard deviation

Table 2 Perioperative workup (resident versus non-resident)

Resident

(n = 1000)

Non-resident

(n = 216)

p value

CBD (mean, sd) 4.73, 1.89 4.35, 1.58 0.003

GBW[ 4 (n, %) 355, 35.50 58, 26.90 0.01

Stone (n, %) 776, 77.60 154, 71.30 <0.0001

Sludge (n, %) 498, 49.80 116, 53.70 0.003

Pericholecystic fluid (n, %) 208, 20.80 31, 14.40 0.03

WBC[ 12 K (n, %) 263, 26.30 43, 19.90 0.05

Elevated T-bil (T-bil[1.2) (n, %) 235, 23.50 29, 13.50 0.001

ERCP (n, %) 187, 18.7 18, 8.3 <0.0001

IOC (n, %) 484, 48.4 102, 47.2 0.75

Bold values indicate statistical significance (p\ 0.05)

CBD size of common bile duct (mm), GBW gallbladder wall thickening (mm), WBC white blood cell count, T-bil total bilirubin, ERCP

endoscopic retrograde cholangiopancreatography, IOC intraoperative cholangiogram, sd standard deviation

World J Surg (2019) 43:3013–3018 3015

123



senior and the junior groups. The senior group was more

likely to participate in acute cholecystitis (64.3% vs 54.6%,

p = 0.002) and emergent surgery (64.5% vs 54.2%,

p = 0.001). Participation of senior residents was also

associated with longer operative time (78 min vs 71.7 min,

p = 0.003) and was more pronounced in cases needing

intraoperative cholangiogram (81.49 min vs 65.43 min,

p\ 0.0001). Multivariable logistic regression analysis

revealed that acute cholecystitis (OR 10.84; 95% CI

4.89–16.78; p\ 0.0001), gallbladder wall thickening

(GBW[ 4) (OR 7.64; 95% CI 2.75–12.52; p = 0.002) and

senior participation (OR 5; 95% CI 0.98–9.04; p = 0.015)

were predictive factors for longer operative time. The

senior group also was associated with a longer length of

stay (LOS[ 2) (3.09 days vs 2.17 days, p = 0.008). Mul-

tivariable logistic regression analysis revealed that the

urgency of operation was associated with increased length

of stay (LOS[ 2) (OR 15.17; 95% CI 8.78–26.21;

p\ 0.0001). There does not appear to be a difference in

the rate of conversion to open (5.2% vs 2.8%, p = 0.06) or

complications (8.8% vs 6.9%, p = 0.27) between the senior

and the junior groups.

Discussion

Since its implementation in 1987, laparoscopic cholecys-

tectomy has quickly become standard of care for gall-

bladder diseases in the USA [2]. An estimated number of

500,000 inpatient cholecystectomies are performed every

year in the USA [3]. Including inpatient and outpatient

Table 3 Comparisons of operative details and outcomes (resident versus non-resident)

Resident

(n = 1000)

Non-resident

(n = 216)

p value

EBL (ml) (mean, sd) 49.05, 99.53 29.79, 64.91 <0.0001

OR (min) (mean, sd) 75.09, 33.08 58.81, 29.78 <0.0001

OR without IOC (min) (n, mean, sd) 516, 74.71, 33.60 114, 60.40, 30.02 <0.0001

OR with IOC (min) (n, mean, sd) 484, 75.49, 32.55 102, 57.37, 29.52 <0.0001

Conversion to open (n, %) 41, 4.10 2, 0.90 0.02

Complications (Clavien–Dindo grade[2)

(n, %)

79, 7.90 10, 4.60 0.09

Ductal injury 36, 3.6 6, 2.78

Bleeding 35, 3.5 3, 1.85

Infection/abscess 18, 1.8 0, 0

Bowel injury 10, 1.0 1, 0.4

Mortality 1, 0.10 0, 0 0.64

Clavien–Dindo grade 5 1, 0.10 0, 0

LOS (days) (mean, std) 2.67, 5.67 1.69, 3.88 0.02

Bold values indicate statistical significance (p\ 0.05)

EBL estimated blood loss, OR operative time, IOC intraoperative cholangiogram, LOS length of stay, sd standard deviation

Table 4 Multivariable logistic regression for outcomes

OR 95% CI p value

Operative time

Resident 12.58 7.86–17.30 <0.0001

ASA[ 2 6.45 2.89–10.00 <0.0001

Acute cholecystitis 12.18 6.81–17.55 <0.0001

Emergency -1.33 - 6.63 to 3.97 0.62

GBW[ 4 7.69 3.24–12.16 0.001

Conversion to open

Resident 3.17 0.75–13.42 0.12

ASA[ 2 3.1 1.56–6.15 0.001

Acute cholecystitis 5.46 1.35–22.10 0.02

Emergency 1.86 0.59–5.79 0.29

GBW[ 4 1.47 0.74–2.92 0.27

Complication

Resident 1.29 0.64–2.58 0.5

ASA[ 2 3.06 1.89–4.94 <0.0001

Acute cholecystitis 2.96 1.40–6.29 0.005

Emergency 1.46 0.72–2.95 0.29

GBW[ 4 1.14 0.69–1.87 0.61

Length of stay[2 days

Resident 1.07 0.7–1.63 0.74

ASA[ 2 2.75 2.06–3.69 <0.0001

Acute cholecystitis 1.43 0.93–2.22 0.11

Emergency 15.59 9.53–25.49 <0.0001

GBW[ 4 1 0.73–1.37 0.96

Bold values indicate statistical significance (p\ 0.05)

ASA American Society of Anesthesia status classification, GBW

gallbladder wall, OR odd ratio, CI confidence interval
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cases, the number is likely closer to 1,000,000, making

cholecystectomy one of the most common general surgical

procedures, not only in the USA but globally as well [4, 5].

We focused on laparoscopic cholecystectomy, as it is an

essential component for surgical resident training. A sim-

ilar retrospective analysis performed by Carson et al. [6]

also showed that a higher portion of the total cases per-

formed by US general surgery residents between 1999 and

2008 were minimally invasive procedures (3.7–11.1%,

p\ 0.0001). Minimally invasive surgery continues to

evolve and is quickly becoming the standard of care in

surgery. Continued evaluation of the effects of resident

involvement is especially true in an era of value-based

reimbursement.

This study implies that resident involvement in laparo-

scopic cholecystectomy does not negatively affect patient

outcomes. These findings are in concert with other studies

which have shown inclusion of minimally invasive surgery

in resident training is safe [7, 8]. Jolley et al. [9] in a review

of 37,636 laparoscopic cholecystectomies performed

between 2010 and 2011 from American College of Surgeons

National Surgical Quality Improvement Program Database

(ACS/NSQIP) concluded that resident involvement did not

result in significantly higher mortality or morbidity. A small

retrospective study by Kauvar et al. [10], however, indicated

that patients operated by residents experienced operative

complications more frequently. This study, however, was a

retrospective study of a small patient population (300

patients) and was not adjusted for confounding factors such

as emergent cases, attending experience.

This study indicates that while residents tend to operate on

complicated gallstone diseases, there is no statistical differ-

ence in morbidity and mortality. Here, analysis is complicated

by the fact that it is difficult to determine the scope of both

resident and attendings performance of critical parts of the

procedure. One of the limitations of this paper is the low

number of cases in the faculty group. The low complication

rate in this study (7.9%) may result in no significant differ-

ence between resident and faculty groups, especially due to

the low number of cases in the faculty group.

Despite the fact the rate of conversion to open is sig-

nificantly higher in the resident group, resident participa-

tion does not appear to increase the odds of conversion in

multivariate analysis. All of the emergent cases were

operated by the resident group, which could explain the

increased rate of conversion to open in the resident group.

Similar to other analyses, our study shows that resident

participation is associated with longer operative times

[11, 12]. In a large study of the NSQIP database, Davis

et al. [12] found that laparoscopic cholecystectomy per-

formed by residents lengthened operative time by 47.7%

from 44–65 min. Their study also found no difference in

operative times between any levels of resident or fellow

training.

One might expect a significant decrease in operative

time as PGY training level increases. Johnson et al. [13]

observed a 2.6-min decrease in operative time for laparo-

scopic cholecystectomy as postgraduating year of the

operating resident increased. A small study by Wang et al.

[14] did not find any difference in operative time with

increasing postgraduating year level. In addition, Kauvar

et al. [10] noted no difference in operative time based on

the level of attending seniority. In this study, senior resi-

dents had the longest operative times. Senior residents at

our institution tend to operate on emergent and cases with

higher level of complexity, which most likely contributes

to the increased operative time. The previous analysis has

found that increased operative time does not appear to be

associated with increased complications [15–17]. This

study confirms these findings. Although the increased

operative times are statistically significant, operative time

does not appear to be clinically important [18].

Even though increased operative time is not implicated

in additional morbidity and mortality for the patients,

longer operative times may result in increased cost of care

[19]. This study demonstrated longer length of stay with

resident participation on univariate analysis. Recognizing

that this result is confounded by other important variables,

we performed a multivariate analysis which revealed only

emergent surgery and patient’s performance status

(ASA[ 2) were predictive factors for increased length of

stay. The resident participation would not appear to

increase the cost of care.

This study has several limitations. The retrospective

nature of the study allows for selection bias. The presence

of confounding variables, both measured and unmeasured,

also may contribute to a selection bias. Resident selection

for cases was likely based on projected difficulty of the

case which may not represent the true difficulty of the case.

Residents also tend to participate in complicated cases

leading to an inherent selection bias.

Learning in the operating room is important to residents

becoming competent to perform surgery. However, the

current healthcare environment demands optimization of

patient outcomes in addition to maximal cost efficiency. It

has already proven that resident participation to surgery

increases operating time, therefore increasing the hospital

cost. Unfortunately, this is one of the main reasons why

many teaching hospitals must struggle between keeping the

budget and offering proper training. Recent studies have

shown that the key to reducing operating time and effi-

ciency may lie in simulated training and feedback. Fulton

et al. [20] found that simulation-based training improves

resident skills in ultrasound guided biopsy in terms of

overall procedure time, number of skin punctures and
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needle adjustments and subjective performance. Similarly,

study of Egle et al. [21] demonstrated that after simulation-

based training, residents performed vascular and bowel

anastomoses more adeptly, quickly, and with a higher

quality end product. Laboratory training can effectively

improve residents’ ability to perform anastomoses, which

may result in increased efficiency in the operating room.

Panait et al. [22] found that completion of their structured

laparoscopic simulation curriculum results in improved

advanced laparoscopic skills in senior residents as mea-

sured by Fundamental Laparoscopic Skill scores. Interest-

ingly, this skill improvement was independent of

laparoscopic case experience. They suggest that continuing

to mandate the use of this skills curriculum should improve

residents’ performance in advanced laparoscopic surgical

procedures. These studies advocate that structured surgical

simulation programs can help surgical training by facili-

tating the residents transitioning from simulated to real-

case scenarios.

Conclusions

This study demonstrates that resident involvement in

commonly performed minimally invasive surgical proce-

dures is safe and does not adversely affect quality of care.

Although resident involvement seems to be associated with

longer operative time, the morbidity and mortality were not

significantly affected by resident involvement. Increased

operative time for more senior residents may be suggestive

of the severity of disease and not resident skill of level.

Learning in the operating room is essential to the devel-

opment of surgical competence. This study confirms resi-

dent involvement in the operating room is both safe and

effective.
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