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Abstract

Background The concept that advanced surgical training

can reduce or eliminate the learning curve for complex

procedures makes logical sense but is difficult to verify and

has not been tested for laparoscopic Roux-en-Y gastric

bypass (LRYGB). We sought to determine if minimally

invasive/bariatric surgery fellowship graduates (FGs)

would demonstrate complication-related outcomes (CRO)

equivalent to the outcomes achieved during their training

experience under the supervision of experienced bariatric

surgeons.

Methods We compared CRO for the first 100 consecutive

LRYGBs performed in practice by five consecutive mini-

mally invasive/bariatric fellows at new institutions (total

500 cases) to CRO for the 611 consecutive LRYGBs per-

formed during their fellowship training experience under

the supervision of three experienced bariatric surgeons at

the host training institution.

Results The two patient groups did not differ demo-

graphically. The 18 types of major and minor complica-

tions identified after LRYGB did not differ among the five

fellowship graduates. The mentors’ CRO were compatible

with published benchmark data. As compared with the

training institution data, the overall incidence of compli-

cations for the combined experience of fellowship gradu-

ates did not differ statistically from that of the mentors. The

fellowship graduates’ early experience included zero non-

gastrojejunostomy leaks (0% versus 1.5%) and a low rate

of anastomotic stricture (0.8% versus 3.0%), incisional

hernia (1% versus 4.4%), bowel obstruction (0% versus

3%), wound infection (0.3% versus 3.1%), and gastroin-

testinal hemorrhage (0.2% versus 1.6%). The rate of gas-

trojejunostomy leak (1.8% versus 2.6%) and, most

importantly, mortality (0.8% versus 0.7%) did not differ

between the two groups.

Conclusions Fellowship graduates achieved high-quality

surgical outcomes from the very beginning of their post-

fellowship practices, which are comparable to those of their

experienced mentors. These data validate the concept that

advanced surgical training can eliminate the learning curve

often associated with complex minimally invasive proce-

dures, specifically LRYGB.

This study has been accepted for oral presentation at the annual

meeting of the Society of American Gastrointestinal Endoscopic

Surgeons (SAGES) in April 2008.
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Class III obesity and its associated medical conditions

continue to pose serious public health concerns in the USA

[1]. The extraordinary efficacy of gastric bypass to achieve

and maintain significant weight loss has been well estab-

lished [2–4]. Over the past decade, the increasing appli-

cation of minimally invasive techniques has revolutionized

bariatric surgery. Within this time frame, the annual

number of laparoscopic Roux-en-Y gastric bypass

(LRYGB) operations performed in the USA has risen

dramatically.

LRYGB is a technically challenging operation that can

be associated with serious intraoperative and postoperative

complications [5, 6]. Reduction in morbidity and mortality

associated with LRYGB has been shown to occur as a

function of surgical experience [7–9]. This important issue

has been recognized by the American Society for Meta-

bolic and Bariatric Surgery (ASMBS) in its published

Guidelines for Granting Privileges in Bariatric Surgery

[10]. The ASMBS recommends that surgeons should

demonstrate an experience of 50 LRYGB cases with suc-

cessful outcomes to be privileged to perform this operation.

There are a number of avenues by which surgeons can

gain instruction regarding LRYGB [11–13]. Laparoscopic

bariatric workshops have proven an important source of

introductory education [11]. However, these courses cannot

provide the operative skill development and experience

required to overcome the steep learning curve for LRYGB

[11]. Mini-fellowships, offered over a period of weeks,

allow the trainee to implement a bariatric surgery program

but also may not meet every trainee’s needs and likely do

not eliminate the learning curve [12].

Indeed, the learning curve for LRYGB is steep [14, 15].

As a result, fellowship training in minimally invasive and

bariatric surgery has increased in popularity and avail-

ability. While it may seem intuitive that devotion of time to

a 1-year fellowship makes logical sense, some remaining

issues must be resolved in order to establish the efficacy of

this training paradigm for minimally invasive and bariatric

surgery. First, given the technical complexity of LRYGB,

does initiation of a fellowship program negatively impact

the surgical outcomes at the mentoring institution (MI)? At

least one previous study suggests that this negative impact

does not occur [16]. A more complex issue for study is

whether or not fellowship training can eliminate the

learning curve for LRYGB when the fellowship graduate

(FG) relocates to a new institution. Intertwined within

these issues is the intricacy of comprehensive bariatric

decision-making in selecting patients, managing complica-

tions, providing long-term aftercare, etc. In fact, FGs, who

matriculate to a facility without a previously established

bariatric surgery program face numerous logistical issues,

including recruitment and training of support staff in the

operating room and across the spectrum of outpatient and

inpatient care. Furthermore, graduates who develop their

own programs may be, in essence, ‘‘working without a net’’

in that they have to provide all necessary expertise in the

absence of an on-site mentor, experienced in minimally

invasive bariatric surgery, to provide counsel, experience,

support, back-up, etc. To date, isolated small series have

suggested that fellowship-trained minimally invasive bari-

atric surgeons perform well in practice [13, 17, 18].

We sought to determine whether graduates of a fel-

lowship program in minimally invasive and bariatric sur-

gery would demonstrate complication-related outcomes

(CRO) equivalent to the outcomes achieved during their

training experience under the supervision of experienced

bariatric surgeons.

Materials and methods

Study population

Between July 2000 and June 2003, five surgeons (M.R.A,

C.L.M., S.N.K., D.S.T., and A.Z.F.) trained as fellows in

minimally invasive and bariatric surgery at Virginia

Commonwealth University under the supervision of three

experienced bariatric surgeons (H.J.S., E.J.D., and J.M.K.).

All consecutive LRYGBs, performed during this period of

training, were compared with the first 100 LRYGBs per-

formed by each FG, after completion of training, in terms

of complication-related outcomes (CRO). CRO data were

obtained for all patients in both groups for the first

12 months following LRYGB. Postoperative follow-up

was accomplished per the protocol of each FG and the MI

and included clinic visits, telephone encounters, support

groups, and correspondence. One year of follow-up data

was obtained for all patients in this study. All patients

included in this study met the criteria for bariatric surgery

as a medical necessity as established by the National

Institutes of Health [19]. There were no exclusion criteria.

Surgical technique

All patients were evaluated by the respective surgeon to

determine the patient’s candidacy for LRYGB. Preopera-

tive workup was performed according to the protocol fol-

lowed by each surgeon but commonly included new patient

orientation, physiologic screening, psychological evalua-

tion, and nutritional counseling.
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All patients included in this study were scheduled to

undergo LRYGB. The operative technique consisted of a

completely stapled jejunojejunostomy (JJ) for all surgeons,

with varying lengths and paths (retrocolic or antecolic) of

the alimentary limb (Table 1). All surgeons created a sta-

pled gastric pouch of 20–30 mL in volume with a linear-

stapled gastrojejunostomy (GJ) and intraoperatively tested

this anastomosis for leakage (Table 1).

Data management

Each FG entered data regarding patient demographics,

surgical technique, relevant patient management protocols,

and complications into a database using a standardized

electronic form. Similar data were extracted from a pro-

spective database kept at the MI. These entries were

aggregated, without any patient identifiers, for statistical

analysis to compare the five individual FG experiences as

well as the aggregate experiences of the FGs and the MI.

Each investigator managed data contribution according to

local Institutional Review Board policies and procedures.

Student’s t-test was used to analyze pairs of continuous

data sets. Multiple comparisons of continuous variables

were accomplished with analysis of variance (ANOVA),

using the Bonferroni post-test to evaluate significance

between specific pairs of means. Discrete variables were

tested using Fisher’s exact test. Statistical significance was

set at a = 0.05 for all analyses. Power analysis at this a
level indicated that this study was adequately powered to

detect a difference of 5% with a power of 0.8 and a dif-

ference of 5.5% with a power of 0.9. We felt that the ability

to identify these small differences was biologically valid.

Results

The early experience of each FG was similar (Table 1).

The gender distribution of the five groups of patients was

statistically similar and demonstrated a preponderance of

female patients as is often seen in a population of bariatric

surgery patients (Table 1). Although not available for

surgeon 5, the mean American Society of Anesthesiologists

(ASA) classification did not differ significantly among

patients of the other four surgeons. The mean age of

patients operated by surgeon 4 was higher than the other

groups (p \ 0.05), while the mean body mass index (BMI)

of patients operated by surgeon 1 was lower than that of

surgeons 2 and 4 (p \ 0.05) (Table 1).

During training, FGs had participated as primary surgeon

in an average of 104 LRYGB procedures with a range of case

experience between 72 and 127 procedures. Over the training

period for the FGs, 611 LRYGB operations were preformed

at the MI. Of these cases, 520 (85%) were performed with

one of the FGs as primary surgeon (Table 1). The remaining

Table 1 Patient characteristics and surgical technique

Surgeon 1 (n = 100) Surgeon 2 (n = 100) Surgeon 3 (n = 100) Surgeon 4 (n = 100) Surgeon 5 (n = 100)

Patient factors

Age (range), years 42 (21–59)* 44 (25–69)* 41 (23–64)* 49 (21–70) 42 (24–66)*

BMI (kg/m2) (range) 46.6 (35–64)** 50.7 (38–72) 48.6 (37–64) 50.7 (36–93) 50.0 (36–72)

ASA (range) 2.6 (2–3) 2.8 (2–4) 2.2 (1–3) 2.4 (2–3) N/A

Female (%) 94 (94%) 85 (85%) 87 (87%) 85 (85%) 89 (89%)

Male (%) 6 (6%) 15 (15%) 13 (13%) 15 (15%) 11 (11%)

Technical factors

Laparoscopic (%) 99 (99%) 96 (96%) 100 (100%) 100 (100%) 97 (97%)

Converted to open (%) 1 (1%) 4 (4%) 0 (0%) 0 (0%) 3 (3%)

JJ technique stapled stapled stapled stapled stapled

Primary Roux limb path retro/retro retro/retro retro/retro ante/ante ante/ante

Primary GJ technique Two-layer linear Two-layer linear Two-layer linear Two-layer linear Two-layer linear

Intraop. leak test Air Air Air Methylene Blue Air

Intraop. endoscopy Yes Yes Yes No Yes

DVT prophylaxis SCD ? LMWH SCD ? LMWH SCD ? LMWH SCD ? LMWH SCD ? LMWH

Port-site closure 10 mm and larger 10 mm and larger None None None

No. of cases as fellow 98 72 102 127 121

BMI body mass index, ASA American society of anesthesiologists classification, JJ jejunojejunostomy, GJ gastrojejunostomy, DVT deep vein

thrombosis, SCD sequential compression device, LMWH low-molecular-weight heparin

* Significant difference compared with surgeon 4 (p \ 0.05)

** Significant difference compared with surgeons 2 and 4 (p \ 0.05)
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91 cases were performed either with an FG as assistant or

without a fellow at all. One of the attending surgeons was

present during all procedures at the MI. In postgraduate

practice, FGs were successful in completing gastric bypass

procedures via laparoscopic technique, without open con-

version, between 96% and 100% of the time (Table 1). The

overall open conversion rate for the FGs did not differ from

that of the MI (1.6% versus 1.3%,Table 2).

Not surprisingly, review of the initial programmatic

experience of each fellow revealed that FGs had adopted

many of the algorithms for patient care and techniques for

surgery utilized at the MI. All FGs used pharmacologic as

well as mechanical prophylaxis against deep vein throm-

bosis (DVT). All FGs fashioned a stapled JJ, using tech-

niques similar to those at the MI. During their training at

the MI, the FGs were exposed to various techniques for

creation of the GJ (circular stapling, linear stapling, and

handsewn). Ultimately, the linear-stapled technique

evolved to be the most popular at the MI. FGs also adopted

this technique and uniformly reported creation of the GJ

using a two-layer linear-stapled technique and testing the

GJ intraoperatively for leakage, as routinely done at the MI

(Table 1). Similar to at the MI, four FGs routinely per-

formed intraoperative upper endoscopy to accomplish this

test for leakage (surgeon 4 did not), and only surgeons 1

and 2 routinely closed all laparoscopic port sites (Table 1).

During training, FGs gained experience in both retrocolic

retrogastric passage of the alimentary limb as well as the

antecolic antegastric technique with omental division. In

practice, the route of the alimentary limb similarly varied

according to the preference of the individual FG (Table 1).

Demographically, the combined group of all FG patients

(n = 500) was similar to the MI patients (n = 611) in

terms of mean BMI and in gender distribution (Table 2).

However, the mean age of FG patients was significantly

older than the MI patients (43.9 versus 42.0 years,

p \ 0.05), but this small difference is of questionable

clinical significance. The prevalence of specific complica-

tions and overall mortality for LRYGB did not differ sig-

nificantly between the reported experiences of the five FGs

during their first 100 cases after training. A total of 18

major and minor complications were tracked and reported

Table 2 Comparison of demographic factors and complications

Fellows (n = 500) Mentors (n = 611) Significance

Demographics

Age (range), years 43.9 (21–70) 42.0 (15–67) p \ 0.05

BMI (kg/m2) (range) 49.3 (35–93) 48.9 (36–86) NS

Female (%) 440 (88%) 524 (86%) NS

Converted to open (%) 8 (1.6%) 8 (1.3%) NS

Complications

Marginal ulcer 28 (5.6%) 33 (5.4%) NS

GJ leak 9 (1.8%) 16 (2.6%) NS

GG fistula 2 (0.4%) 1 (0.2%) NS

GJ stricture 4 (0.8%) 18 (2.9%) p \ 0.05

Non-GJ leak 0 9 (1.5%) p \ 0.05

JJ obstruction 4 (0.8%) 1 (0.2%) NS

Internal hernia 7 (1.4%) 12 (2.0%) NS

PE 3 (0.6%) 4 (0.7%) NS

Bowel obstruction 0 18 (2.9%) p \ 0.05

Incisional hernia 5 (1.0%) 26 (4.3%) p \ 0.05

Wound infection 15 (3.0%) 2 (0.3%) p \ 0.05

GI hemorrhage 8 (1.6%) 1 (0.2%) p \ 0.05

Other* 8 (1.6%) N/A N/A

Total complications 93 (18.6%) 141 (23.1%) NS

Mortality 4 (0.8%) 4 (0.7%) NS

* Complications reported by the fellow graduates but not tracked in the data of the mentor institution. These complications are emergency

reintubation (1), acute respiratory distress syndrome (1), multiple organ system failure (2), brachial plexus injury (1), splenic infarction (1), and

deep vein thrombosis (2)

BMI body mass index, GJ gastrojejunostomy, GG gastrogastric, JJ jejunojejunostomy, PE pulmonary embolism, GI gastrointestinal, ARDS acute

respiratory distress syndrome, MOSF multiple organ system failure, DVT deep vein thrombosis, NS not significant
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by the FGs (Table 2). Six of these 18 complications,

uncommon in the FG group, were not prospectively tracked

as discrete variables by the MI. These six complications

were therefore not available for comparison between the

FGs and MI and included emergency reintubation, acute

respiratory distress syndrome (ARDS), multiple organ

system failure, brachial plexus injury, splenic infarction,

and lower-extremity deep vein thrombosis (Table 2).

The remaining 12 complications were compared between

FGs and MI. Most major complications and overall mor-

tality (0.7% versus 0.8%) did not differ between the early

experience reported by the five FGs and the data collected

prospectively by the MI (Table 2). The total complication

rate, including both perioperative and delayed complica-

tions, did not differ between the two groups (18.6% versus

23.1%). Major life-threatening perioperative complications,

including pulmonary embolism (0.6% versus 0.7%) and GJ

leak (1.8% versus 2.6%), did not differ between FGs and the

MI. In contrast, there was a higher incidence of non-GJ leak

reported by the MI (1.5% versus 0%, p \ 0.05), while the

MI identified a lower rate of postoperative gastrointestinal

bleeding than that reported by the FGs (0.2% versus 1.6%,

p \ 0.05). Postoperative obstruction at the JJ did not differ

between the two groups (0.8% versus 0.2%). Postoperative

wound infection was more common in the FG experience

(3.0% versus 0.3%, p \ 0.05)

In terms of delayed postoperative complications, there was

no statistically significant difference in marginal ulcer for-

mation (5.6% versus 5.4%), internal hernia (1.4% versus

2.0%) or in the development of gastrogastric (GG) fistula

(0.4% versus 0.2%) between the FGs and the MI. The FGs did

report a lower incidence of GJ stricture (0.8% versus 2.9%,

p \ 0.05), fewer bowel obstructions (0% versus 2.9%,

p \ 0.05), and fewer incisional hernias (1.0% versus 4.3%,

p \ 0.05).

Upon completion of fellowship training, three FGs initi-

ated a new program for laparoscopic performance of gastric

bypass while two FGs joined established programs staffed

by surgeons with at least some experience in performing

LRYGB. These two subgroups of FGs demonstrated similar

patient selection, although FGs that joined an established

program operated on patients with higher mean BMI than

those starting new programs (Table 3). CRO, however, were

no different between the two subgroups of FGs. Similar to

the above comparisons, complications experienced by the

subgroup of FGs initiating a new program did not differ from

those tracked by the MI (Table 3).

Discussion

The history of surgery is marked by constant pursuit of

excellence in quality of patient care. Within this context,

substantial consideration has been given to the methods by

which surgical education is delivered to trainees [20, 21].

With the expansion of the surgical sciences, specialized

post-residency training has become commonplace.

Coincident with this increasing specialization of sur-

geons has come a tremendous upsurge in the popularity of

bariatric surgery. This trend has been fueled by the safe and

efficacious application of minimally invasive techniques to

time-honored operations and the effectiveness and dura-

bility of surgery for weight-loss maintenance and comor-

bidity resolution [22–24]. While clinically effective,

bariatric surgery poses significant clinical and technical

challenges to surgeons. Bariatric surgery mixes the tech-

nical demand of complex operations with the clinical

challenges of adequately preparing the bariatric patient for

safe surgery and appropriately managing the patient post-

operatively. Specifically, LRYGB has repeatedly been

associated with a significant learning curve [14, 15, 17, 18].

Moreover, surgical outcomes improve when the learning

curve has been surpassed [14, 15, 17, 18].

It has been suggested that fellowship training in mini-

mally invasive and bariatric surgery can attenuate the

learning curve for RYGB. However, this phenomenon has

not been conclusively determined, with two issues

remaining at the heart of this debate: (1) Can surgical

mentors safely absorb the learning curve of trainees? (2)

Can fellowship training eliminate the post-training learning

curve for trainees?

In this study, graduates of a fellowship training program

in minimally invasive and bariatric surgery were able to

achieve excellent operative outcomes with LRYGB.

Regarding experience with LRYGB at the MI, one faculty

mentor (E.J.D.) had begun performance of LRYGB in

1998, 2 years before initiation of the fellowship program.

The other two mentor faculty, both with extensive expe-

rience with open gastric bypass over many years, began to

perform LRYGB closer to initiation of the fellowship, with

the assistance of their experienced colleague. While it is

possible that the MI faculty had not completely climbed

their own learning curves for LRYGB during the early

period of fellowship training and that this could represent a

bias in the current study, the MI demonstrated CRO for

LRYGB comparable to other published benchmark data for

cases performed during the period of training [25]. Spe-

cifically, the rates of significant complications for the MI,

detailed in Table 2, were within the ranges established in

landmark publications describing experience with LRYGB

[26–28]. The MI rate of GJ leak (2.6%) falls within the

range of 0–3.6% established in these studies [26–28].

Internal hernia occurred in 2.0% of MI patients and in 0.3–

3.0% of cases in these studies [27, 28]. Non-GJ leak

occurred in 1.5% (reference range from benchmark data:

1.5–1.8%) of patients at the MI, and pulmonary embolism
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occurred in 0.7% of patients (reference range from

benchmark data: 0–0.7%) [26–28]. Similarly, 0.2% of MI

patients developed JJ obstruction and 0.2% developed GI

hemorrhage as compared with published rates of 0.7% for

JJ obstruction and 0.3–0.8% for GI hemorrhage [26–28].

We interpret this as supportive evidence, as demonstrated

by other investigators [16], that fellowship training does

not adversely impact the CRO of the mentor program and

that the MI safely absorbed the learning curves of the FGs

without compromising patient care in this study.

In this study, we performed an exhaustive search for

complications and mortality, within the first postoperative

year, for the first 100 cases performed by five FGs in their

immediate postgraduation new practice environments. All

FGs demonstrated high-quality surgical outcomes for

LRYGB, similar to those of the experienced surgeons at the

MI, signifying that the steep learning curve for LRYGB

had been eliminated. Most impressive was the observation

that three of the FGs initiated a new program in laparo-

scopic gastric bypass immediately after completion of

training and that this subgroup, working without available

local expertise in LRYGB, was able to achieve excellent

technical results and CRO comparable to benchmark data.

High-quality surgical outcomes, from the beginning of

clinical practice, were achieved by FGs, despite differences

in LRYGB experience during fellowship (ranging between

72 and 127 cases). Of note, all trainees exceeded the 50

LRYGB case experience threshold for hospital credential-

ing, as recommended by the ASMBS, during their fel-

lowship. Since all FGs, in the current study, exceeded this

case volume standard proposed by the ASMBS, it is pos-

sible to interpret these results as evidence that a higher

level of case experience should be required to achieve

benchmark outcomes, as reported herein. Although this

study was not designed to determine what number of cases

is sufficient experience for training in LRYGB, it is clear

that experience with an average of 100 cases over the

course of 1 year of advanced fellowship training (including

comprehensive patient management education as well as

skill training) was sufficient to allow FGs to achieve

Table 3 Outcome data by type of practice joined by FG

New (n = 300) Established (n = 200) Mentors (n = 611)

Demographics

Age (range), years 44.4 (21–70)1 43.2 (24–69) 42.0 (15–67)

BMI (kg/m2) (range) 48.4 (35–72) 50.7 (36–93)2 48.9 (36–86)

Female (%) 270 (90%) 170 (85%) 524 (86%)

Converted to open (%) 5 (1.7%) 3 (1.5%) 8 (1.3%)

Complications

Marginal ulcer 16 (5.3%) 12 (6.0%) 33 (5.4%)

GJ leak 5 (1.7%) 4 (2.0%) 16 (2.6%)

GG fistula 1 (0.3%) 1 (0.5%) 1 (0.2%)

GJ stricture 1 (0.3%)1 3 (1.5%) 18 (2.9%)

Non-GJ leak 01 0 9 (1.5%)

JJ obstruction 4 (1.3%)1 0 1 (0.2%)

Internal hernia 6 (2.0%) 1 (0.5%) 12 (2.0%)

PE 0 3 (1.5%) 4 (0.7%)

Bowel obstruction 01 01 18 (2.9%)

Incisional hernia 2 (0.7%)1 3 (1.5%) 26 (4.3%)

Wound infection 8 (2.7%)1 7 (3.5%)1 2 (0.3%)

GI hemorrhage 6 (2.0%)1 2 (1.0%) 1 (0.2%)

Other* 6 (2.0%) 2 (1.0%) N/A

Total complications 55 (18.3%) 38 (19.0%) 141 (23.1%)

Mortality 1 (0.3%) 3 (1.5%) 4 (0.7%)

1 Significant difference compared with mentors (p \ 0.05)
2 Significant difference compared with new programs and mentors (p \ 0.05)

* Complications reported by the fellow graduates but not tracked in the data of the mentor institution. These complications are emergency

reintubation (1), acute respiratory distress syndrome (1), multiple organ system failure (2), brachial plexus injury (1), splenic infarction (1), and

deep vein thrombosis (2)

BMI body mass index, GJ gastrojejunostomy, GG gastrogastric, JJ jejunojejunostomy, PE pulmonary embolism, GI gastrointestinal, ARDS acute

respiratory distress syndrome, MOSF multiple organ system failure, DVT deep vein thrombosis
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quality outcomes in practice. It is possible that a lower

number of cases would have also provided sufficient

experience, particularly with a comprehensive curriculum

in place or for trainees who already possess advanced

laparoscopic skills.

Graduates of surgery training programs can expect to face

a new learning associated with independent post-training

operative practice, which can be particularly steep for

complex minimally invasive procedures such as LRYGB.

Our data show that 1 year of minimally invasive and bari-

atric surgery fellowship education can effectively and

reproducibly prepare trainees to achieve excellent CRO for

LRYGB, often considered one of the most technically

challenging minimally invasive procedures, from the very

beginning of their post-training experience. Thus, this study

validates the concept that advanced post-residency training

can eliminate the post-training learning curve associated

with complex minimally invasive procedures, in general.

Furthermore, such training in the complex specialty of ba-

riatric surgery can specifically eliminate the steep learning

curve for laparoscopic gastric bypass surgery, as frequently

encountered in independent surgical practice.

Open Access This article is distributed under the terms of the

Creative Commons Attribution Noncommercial License which per-

mits any noncommercial use, distribution, and reproduction in any

medium, provided the original author(s) and source are credited.
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