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Abstract

BACKGROUND—AIthough resident involvement has been shown to be safe for most
procedures, the impact of residents on outcomes after complex laparoscopic procedures is not well
understood. We sought to examine the impact of resident involvement on outcomes after bariatric
surgery using a population-based clinical registry.

STUDY DESIGN—We analyzed 17,057 patients who underwent a primary laparoscopic gastric
bypass in the 35-hospital Michigan Bariatric Surgery Collaborative from July 2006 to August
2012. Resident involvement was characterized at the surgeon level. Using hierarchical logistic
regression, we examined the influence of resident involvement on 30-day complications,
accounting for patient characteristics as well as hospital and surgeon case volume. To evaluate
potential mediating factors for specific complications, we also adjusted for operative duration.

RESULTS—Risk-adjusted 30-day complication rates with and without residents were 13.0% and
8.5%, respectively (p < 0.01). Resident involvement was independently associated with wound

infection (odds ratio [OR] = 2.06; 95% ClI, 1.24-3.43) and venous thromboembolism (OR = 2.01;
95% ClI, 1.19-3.40), but not with any other medical or surgical complications. Operative duration
was longer with resident involvement (median duration with residents 129 minutes vs 88 minutes
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without; p < 0.01). After adjusting for operative duration, resident involvement was still
independently associated with wound infection (OR = 1.67; 95% CI, 1.01-2.76), but not venous
thromboembolism (OR = 1.73; 95% ClI, 0.99-3.04).

CONCLUSIONS—REesident involvement in laparoscopic gastric bypass is independently
associated with wound infections and venous thromboembolism. The effect appears to be
mediated in part by longer operative times. These findings highlight the importance of strategies to
assess and improve resident technical proficiency outside the operating room.

In training surgical residents, teaching hospitals recognize the need to balance their
educational mission with patient safety. A large and growing body of literature in this area
suggests they have been successful in achieving this goal. Both single and multi-institutional
studies have shown that for many open and laparoscopic procedures, resident involvement is
safe, despite increased operative times and some association with specific postoperative
complications.1~10 Despite some conflicting studies, the majority of evidence suggests that
resident involvement is not associated with clinically important differences in postoperative
outcomes.

Whether resident involvement is safe with complex videoscopic surgery, however, is less
certain. There is emerging evidence that outcomes after these procedures are more closely
linked to operative technique than patient risk factors or postoperative management.11.12
Complex videoscopic operations entail a higher degree of technical difficulty and steeper
learning curve for trainees, and attending physicians have reduced ability to compensate for
the technical skills of their assistants during laparoscopic procedures when compared with
open procedures because of the the limited space and availability of working ports.13.14

In this context, we performed a population-based study to evaluate the impact of resident
involvement on 30-day postoperative outcomes with laparoscopic gastric bypass, a complex
procedure with multiple steps that requires a high level of technical skill.

METHODS

Data source and study population

We analyzed data from the 35-hospital Michigan Bariat-ric Surgery Collaborative (MBSC)
clinical registry, which includes information from >95% of patients undergoing bariatric
surgery in the state. Specifics of data collection have been detailed elsewhere.15 In brief,
trained data abstractors conduct chart reviews and collect preoperative demographic data,
medical comorbidities, perioperative and intraoperative process details, as well as 30-day
postoperative outcomes. Nurses from the coordinating center of the MBSC audit each
hospital annually to ensure data accuracy. In this study, we included all adult patients
undergoing primary (nonrevision) laparoscopic gastric bypass between June 2006 and
August 2012. The Institutional Review Boards of all participating sites have approved
patient data collection for the purposes of MBSC participation and analysis.
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We examined 30-day complications as the primary result. Complications are defined by
their documentation in the record as well as evidence of specific treatment for the
complication. Recorded complications include wound infections (treated with antibiotics,
opening the wound or reoperation); anastomotic complications (anastomotic leak or
perforation, gastroje-junal ulcer/stricture, stenosis requiring endoscopic dilation or
obstruction requiring reoperation); bowel obstruction requiring reoperation; bleeding
(requiring blood transfusion, splenectomy, or reoperation), cardiac complications
(myocardial infarction or cardiac arrest), pulmonary complications (pneumonia, unplanned
reintubation, prolonged mechanical ventilation, or tracheostomy); renal complications (renal
failure requiring dialysis); venous thromboembolism ([VTE]) [deep vein thrombosis or
pulmonary embolism]; hospital-acquired infections (urinary tract infection or Clostridium
difficile colitis); and presence of postoperative shock. Other 30-day outcomes recorded
include reoperation, emergency department visits, and readmissions.

Independent variables

Patient characteristics recorded in the clinical registry include age, sex, primary insurer,
height and weight (at time of initial surgical consultation and final preoperative clinic visit),
mobility limitations, smoking status, and comorbid conditions. Comorbid conditions are
defined by their documentation in the medical record along with evidence of treatment for
that condition. Recorded comorbidities include cardiac (coronary artery disease, earlier
cardiac procedure, congestive heart failure, arrhythmia), hypertension, hyperlipidemia,
peripheral vascular disease, pulmonary (asthma, obstructive sleep apnea or home oxygen
requirement), current or previous smoking status, renal (pre-existing renal insufficiency or
dialysis), liver disorders (fatty liver disease or cirrhosis), gastroesophageal reflux or peptic
ulcer disease, diabetes and whether it requires pharmacologic treatment, previously or
currently documented gallstones, history of venous thromboembolism, current or previous
psychiatric disorders (depression, anxiety, bipolar disorder, substance abuse, or eating
disorder), musculoskeletal disease, and earlier upper abdominal wall hernia repair. Operative
data include duration (minutes from incision to skin closure), pre- and postoperative venous
thromboembolism prophylaxis type and specific chemoprophylactic agents, and other
concurrent procedures performed (cholecystectomy, hiatal or abdominal wall hernia repair).
Using a previously published VTE risk calculator, we assigned each patient a dichotomous
variable representing receipt of appropriate risk-based VTE prophylaxis.1® Patients were
deemed to have received adequate VTE prophylaxis if they received both preoperative and
postoperative low-molecular-weight heparin. Those in the medium- and high-risk categories
also required post-discharge low-molecular-weight heparin (at prophylactic or therapeutic
dose, respectively) for at least at least 2 weeks.

In the summer of 2012, as part of MBSC’s efforts to better understand provider outcomes
variation, participating surgeons were asked to complete an email survey indicating how
frequently they operated with residents for bariatric cases (never, <80%, and >80%). The
80% cutoff was chosen to help respondents differentiate between “sometimes” and “very
often/always.” A separate survey documented each surgeon’s preferred method for
performing the gastrojejunal anastomosis (circular stapler, linear stapler, or hand-sewn). For
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outcomes analysis, we collapsed resident involvement to a dichotomous variable (never or
yes), as relatively few (n = 10 [15%]) surgeons responded “always.” We merged survey data
with the MBSC clinical registry to assign each patient a level of resident involvement.
Finally, we categorized surgeon and hospital case volume using cutoffs empirically derived
from the distribution of patients in the dataset. We categorized surgeon case volume into
equal terciles (ie, equal numbers of surgeons based on their annual case volume) and
hospital case volume as a dichotomous variable (>200 or <200 cases per year) for use in our
analyses.

Statistical analysis

RESULTS

We compared baseline patient characteristics and operative details across levels of resident
involvement using t-tests or Kruskal-Wallis tests for normally and non-normally distributed
continuous data and Pearson chi-square tests for categorical variables. Using serious
complications as the dependent variable, we then selected preoperative patient
characteristics with p values <0.25 in univariate analysis for use in a forward stepwise
logistic regression model. Variables with p < 0.05 were kept in the model and used along
with male sex, total comorbidity number, surgeon annual case volume, and hospital annual
case volume to develop a predictive score for serious complications.

We then entered the patient’s summary risk score into hierarchical logistic regression
models with each specific medical or surgical complication as the dependent variable. These
models included resident involvement as a dichotomous covariate as well as surgeon-level
random effects to account for patient clustering.

Given the known association between operative duration and risk for VTE and wound
infection, we developed additional regression models to examine those outcomes. We
created a categorical variable representing operative duration longer than 2 hours (yes/no).
We then repeated the hierarchical model, including the patient summary risk score and the
operative duration variable. We then compared risk- and operative duration-adjusted wound
infection and VVTE rates by resident involvement.

We performed all statistical analyses using STATA release 12 (StataCorp).

During the study period, 17,981 patients underwent primary laparoscopic gastric bypass by
71 surgeons. Sixty-one surgeons (86%) completed the surveys, accounting for 17,057
patients (95%). Table 1 demonstrates baseline patient characteristics, surgeon and hospital
case volume, and operative details by resident involvement. There were statistically
significant but clinically insignificant differences between the 2 groups for most variables.
However, patients in the resident involvement group were more likely to have private
insurance (69% vs 66%; p < 0.01), mobility limitations (8% vs 5%; p < 0.01), lung disease
(29% vs 27%; p < 0.01), and cardiovascular disease (60% vs 54%; p < 0.01). Surgeons
operating with residents were more likely to have lower annual case volumes (30% vs 18%;
p < 0.01) and use the circular stapler approach (69% vs 55%; p < 0.01). Finally, cases with
residents were less likely to have adequate VTE prophylaxis (38% vs 67%; p < 0.01). Cases
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with resident involvement were longer than those without residents (median duration with
residents 129 minutes vs 88 minutes without; p < 0.01).

Significant patient predictors for severe complications on multivariable analysis were
preoperative renal insufficiency, earlier upper abdominal wall hernia repair, earlier VTE,
age older than 50 years, mobility limitations, pulmonary disease, psychological disease, and
noninsulin-dependent diabetes. These risk factors were used along with male sex,
cardiovascular disease, smoking status, total comorbidity number, surgeon case volume, and
hospital case volume for all risk-adjustment models. Model c-statistics ranged from 0.61 to
0.86 and Hosmer-Lemeshow chi-square values ranged from 1.71 to 15.4. All Hosmer-
Lemeshow chi-square p values were >0.05.

Table 2 and Figures 1 and 2 show the results of the risk-adjusted analysis. Resident
involvement was independently associated with increased overall complication rates (13.0%
vs 8.5% without residents; p < 0.01) and overall surgical complications (10.9% vs 6.9%; p =
0.02, Table 2). Although resident involvement was associated with higher overall
complication rates (Fig. 1), this difference was statistically significant for only 2
complications after adjusting for patient characteristics and surgeon/hospital case volumes.
Among surgical complications, residents retained an independent effect on superficial or
deep wound infection (4.5% vs 2.3%; p = 0.01). Risk-adjusted anastomotic leak rates, bowel
obstruction, abdominal abscess, bleeding, and reoperation rates were not significantly
different between groups (Fig. 2A). Among medical complications, residents retained a
statistically significant effect on VTE (0.6% vs 0.2%; p = 0.01). Rates of cardiac,
respiratory, and renal complications, as well as hospital acquired infections, were not
affected by resident involvement (Fig. 2B).

Table 3 demonstrates the changes in odds ratios for resident involvement on VTE and
wound infection after accounting for prolonged operative duration (defined as longer than 2
hours). Adjusting for prolonged operative duration attenuated, but did not eliminate, the
resident effect on wound infection rates (adjusted OR = 1.67; 95% CI, 1.01-2.76). However,
the resident effect on risk-adjusted VTE rates was no longer statistically significant
(adjusted OR =1.73; 95% ClI, 0.99-3.04).

In a sensitivity analysis, we excluded cases in which there were additional procedures
performed (eg, hiatal hernia repair, cholecystectomy). Median operative duration in the
group with resident involvement remained longer (128 minutes [interquartile range 104-159
minutes] vs 86 minutes [interquartile range 68-110 minutes]; p < 0.01). After adjusting for
patient, surgeon, hospital caseload, and prolonged operative duration as mentioned, resident
involvement remained associated with wound infection (adjusted OR = 1.71; 95% ClI, 1.03—
2.85), but not VTE (adjusted OR = 1.42; 95% ClI, 0.78-2.61).

DISCUSSION

In this population-based study of morbidly obese patients undergoing laparoscopic gastric
bypass in Michigan, we found that cases involving residents were longer than those without
and that resident involvement was independently associated with an increased risk for
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wound infections and VTE after controlling for patient comorbidity differences and surgeon/
hospital case volume. With regard to VTE, much of the resident effect appears to be
mediated through prolonged operative times. However, operative duration did not fully
account for the resident effect on wound infection rates.

Our results add to a growing body of literature demonstrating higher risk-adjusted
complication rates with resident involvement in complex laparoscopic procedures. Although
many studies of open operations have shown that resident participation does not have an
appreciable influence on patient outcomes after accounting for higher patient illness severity
in teaching hospitals,2=47:9:10 those examining complex laparoscopic procedures have
demonstrated increased complication rates with resident involvement.13:17-20 Recent
investigations of the Nationwide Inpatient Sample and the American College of Surgeons
NSQIP registry showed higher risk-adjusted wound infection, deep vein thrombosis, and
septic complication rates with resident or fellow involvement in bariatric procedures, even
after accounting for patient illness severity.17-21 Unlike those studies, we did not observe an
increase in septic complications after risk adjustment, which can relate to the broader
definition of septic complications used in those databases as compared with the more
granular bariatric-surgery—specific outcomes recorded in the MBSC registry. Our results
echo the higher risk-adjusted VTE and wound infection rates with resident involvement seen
in those studies. Those results are concerning, given that VTE is a leading cause of mortality
for bariatric patients.22

Not surprisingly, median operative duration was nearly 50% longer when residents were
involved. Although there were more additional procedures performed in the residents group,
excluding those cases did not change our findings with regard to the resident effect on
operating time or risk-adjusted outcomes. Increased operative duration was an important
driver of the increased VTE and wound infections rates seen with resident involvement.
Other investigators have shown that increased operative duration is an independent risk
factor for wound infections with many procedures, and contributes to VTE risk with
bariatric surgery.16:23.24 Although adjusting for operative duration attenuated the resident
effect on VTE, we also found that patients were far less likely to receive adequate VTE
prophylaxis when residents were involved, which might help explain why patients with
resident involvement had higher risk-adjusted VTE rates. The reasons for the discrepancy in
adequate VTE prophylaxis are unclear and warrant additional investigation. It is possible
they might reflect disruptions in or unfamiliarity with care protocols associated with
frequent changes of resident personnel at teaching hospitals.

Longer operative durations did not fully explain the resident effect on wound-infection risk,
suggesting that there are other mechanisms at play. One potential explanation is differences
in anastomotic technique among surgeons who operate with residents and those who do not.
We found that surgeons who operate with residents were more likely to use the circular
stapler to create the gastrojejunal anastomosis. The circular stapler technique has previously
been associated with significantly higher rates of wound infection than linear stapler or
hand-sewn techniques.1 Also, differences in technical skill (eg, gentle tissue manipulation,
accuracy, and efficiency) between trainees and attending surgeons likely play a role in the
increased risk for wound infection.
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There are important limitations with this study. We characterized resident involvement at the
surgeon rather than patient level. We can, therefore, only conclude that surgeons who
operate with residents tend to have higher wound infection and VTE rates than those who do
not. As the survey only assessed the overall frequency of resident participation for each
surgeon, we were unable to determine at the patient level which level of trainee was
involved (PGY1-5, Fellow, etc) and what proportion of the procedure he or she performed.
These factors likely vary by surgeon and even by individual case within the same surgeon’s
practice. Although these data might have helped to better define the mechanisms through
which resident involvement influences patient outcomes for complex laparoscopic
procedures, it was beyond the scope of this study to obtain this information at the patient
level. Another limitation involves our finding of higher VTE rates associated with resident
involvement. Although increased operative duration and possibly differences in
thromboprophylaxis likely contributed to this effect, it is also possible that hospitals with
residents are more vigilant in diagnosing these complications and higher VTE rates with
resident involvement might reflect a lower threshold for VTE screening at teaching
hospitals. With regard to wound infection, we lacked granular data on antibiotic
administration and wound closure techniques, which might have provided more insight into
mechanisms for the higher wound infection rates seen with resident involvement. Finally, an
important limitation to this study is that MBSC hospitals are participants in a unique quality
improvement collaborative, some for many years; as such these results might not be fully
generalizable.

Our results have implications for resident training with complex laparoscopic procedures.
The mechanisms underlying increased VTE and wound-infection risk with resident
involvement need to be better understood so those risks can be minimized, especially given
the ongoing need to train surgical residents to perform complex laparoscopic operations. We
have identified 2 potential targets for improvement—VTE prophylaxis practices and
operative efficiency—that might help inform efforts to reduce complication risk. System-
level approaches (eg, checklists or preprinted order sets) could improve consistency in
following accepted guidelines for VTE and surgical site infection prophylaxis regardless of
trainee involvement. Improving resident operative efficiency is a more difficult goal, given
the learning curve for complex laparoscopic procedures, such as gastric bypass, but this
might be achievable with increased use of simulation-based training and more strictly
defined operative goals. Although current simulator-based training programs have been
shown to increase resident operative efficiency, they are not universally used, and few are
specific to the technical requirements of bariatric surgery.2>-27 Another possible approach is
establishing time goals for resident involvement for critical steps of the operation and using
structured “takeovers” by the attending surgeon if the resident cannot meet those goals. This
approach would permit learning in the operating room and protect the patient from excessive
operative durations caused by resident inefficiency.

CONCLUSIONS

As surgical education continues to evolve, training safe operators and ensuring patient safety
will require consideration of these issues from both residents and attending surgeons.
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Figure 1.

Risk-adjusted 30-day complication rates by resident involvement. Dark gray bar, no residents; light gray bar, resident
involvement. *p < 0.05 compared with risk-adjusted complication rate without resident involvement. Variables included in risk-
adjustment model: renal insufficiency, non-insulin—requiring diabetes, earlier venous thromboembolism, mobility limitations,
age older than 50 years, pulmonary disease, male sex, psychological disease, earlier upper abdominal wall hernia repair, body
mass index quintile, current smoking status, cardiovascular disease, presence of >4 comorbidities as a dichotomous variable,
surgeon procedure volume tercile, and hospital procedure volume (<200 or >200 cases/y).
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Risk-adjusted surgical and medical complication rates by resident involvement. (A) Surgical complications; (B) medical
complications. Dark gray bar, no residents; light gray bar, resident involvement. *p < 0.05 compared with risk-adjusted
complication rate without resident involvement. Variables included in risk-adjustment model: renal insufficiency, non-insulin—
requiring diabetes, earlier venous thromboembolism, mobility limitations, age older than 50 years, pulmonary disease, male sex,
psychological disease, earlier upper abdominal wall hernia repair, body mass index quintile, current smoking status,
cardiovascular disease, presence of >4 comorbidities as a dichotomous variable, surgeon procedure volume tercile, and hospital

procedure volume (<200 or >200 cases/y).
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Krell et al.

Baseline Characteristics of Patients Undergoing Primary Laparoscopic Gastric Bypass in the Michigan

Table 1

Bariatric Surgery Collaborative, June 2006—-August 2012

No resident involvement (n =9,456) Resident involvement (n=7,601) p Value
Age, y, mean (SD) 45.4 (11.3) 46.3 (11.3) <0.01
Preoperative BMI, mean, (SD) 47.4(7.8) 47.8 (8.0) <0.01
Male 20.6 (0.4) 21.1(0.5) 0.44
Private insurance 66.4 (0.5) 69.1 (0.5) <0.01
Current smoker 2.7(0.2) 4.8(0.2) <0.01
Mobility limitations 4.9(0.2) 7.9(0.3) <0.01
Lung disease 26.5 (0.5) 29.1(0.5) <0.01
Cardiovascular disease 53.5(0.5) 60.4 (0.6) <0.01
Hypertension 51.8 (0.5) 58.4 (0.6) <0.01
Hyperlipidemia 51.7 (0.5) 55.2 (0.6) <0.01
Gastroesophageal reflux 47.9 (0.5) 52.6 (0.6) <0.01
Peptic ulcer disease 2.7(0.2) 45(0.2) <0.01
Urinary incontinence 21.9 (0.4) 26.5(0.5) <0.01
Non-insulin-dependent diabetes 30.6 (0.5) 32.8 (0.5) <0.01
Insulin-dependent diabetes 11.0(0.3) 12.3(0.4) 0.01
Liver disorder 35(0.2) 5.5(0.3) <0.01
Prior venous thromboembolism 3.7(0.2) 4.8(0.2) <0.01
Sleep apnea 45.8 (0.5) 47.7 (0.6) 0.02
Musculoskeletal disorder 82.6 (0.4) 77.4 (0.5) <0.01
Surgeon annual case volume, cases/y <0.01
1-100 18.4 (0.4) 30.1(0.5)
100-200 29.8(0.5) 45.6 (0.6)
>200 51.8 (0.5) 24.4 (0.5)
Hospital annual case volume, >200 cases/y 64.8 (0.5) 57.1(0.6) <0.01
Operative data
Operative time, min, median (IQR) 88 (69-112) 129 (104-160) <0.01
Additional procedures 6.3(0.2) 11.0(0.4) <0.01
Circular stapler anastomotic technique 55.4 (0.5) 69.3 (0.5) <0.01
Adequate VTE prophylaxis 66.6 (0.5) 38.0 (0.6) <0.01

Data are presented as proportion (SE) unless stated otherwise.

BMI, body mass index (calculated as kg/mz); IQR, interquartile range; VTE, venous thromboembolism.
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Krell et al.

30-Day Risk-Adjusted Postoperative Complication Rates by Resident Involvement

Table 2

Risk-adjusted outcomesrates

QOutcomes No residents Residents  Adjusted oddsratio for resident involvement (95% ClI)
Any complication, % 8.5 13.0 1.44 (1.12-1.85)
Any severe complication, % 2.8 35 1.05 (0.82-1.35)
Any surgical complication, % 6.9 10.9 1.41 (1.07-1.87)
Any medical complication, % 17 2.7 1.32 (0.94-1.87)
Surgical complications, %
Any bowel obstruction 2.3 3.6 1.42 (0.97-2.08)
Anastomotic leak/perforation 0.7 0.6 0.72 (0.43-1.19)
Wound infection 2.3 45 2.06 (1.24-3.43)
Abdominal abscess 0.5 0.6 1.01 (0.53-1.92)
Bleeding requiring transfusion 24 3.1 1.00 (0.73-1.36)
Reoperation 2.1 2.3 0.97 (0.71-1.32)
Medical complications, %
Venous thromboembolism 0.2 0.6 2.01 (1.19-3.40)
Cardiac complications 0.2 0.2 1.13 (0.49-2.63)
Respiratory complications 1.4 2.2 1.21(0.81-1.82)
Renal failure 0.2 0.2 1.39 (0.69-2.81)
Urinary tract infection 0.7 1.0 1.10 (0.64-1.90)
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Variables included in risk-adjustment model: renal insufficiency, non-insulin—requiring diabetes, earlier venous thromboembolism, mobility
limitations, age older than 50 years, pulmonary disease, male sex, psychological disease, and earlier upper abdominal wall hernia repair, body mass
index quintile, current smoking status, cardiovascular disease, presence of >4 comorbidities as a dichotomous variable, surgeon case volume
tercile, and hospital case volume (<200 or >200 cases/year).
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Table 3

Odds Ratios for Resident Involvement Associated with Wound Infection and Venous Thromboembolism,
Adjusted for Prolonged Operative Duration and Anastomotic Technique or Adequate VVenous
Thromboembolism Prophylaxis

Oddsratio for resident involvement (95% ClI)

Adjusted for patient variables,” surgeon and  Further adjusted for operative duration

Outcomes Unadjusted hospital case volumes >2 hours
Wound infection 2.33 (1.33-4.10) 2.06 (1.24-3.43) 1.67 (1.01-2.76)
Venous thromboembolism  2.65 (1.26-5.58) 2.01(1.19-3.40) 1.73 (0.99-3.04)

*

Patient variables included renal insufficiency, non-insulin—requiring diabetes, earlier venous thromboembolism, mobility limitations, age older
than 50 years, pulmonary disease, male sex, psychological disease, earlier upper abdominal wall hernia repair, body mass index quintile, current
smoking status, cardiovascular disease, and presence of >4 comorbidities as a dichotomous variable.
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