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Abstract

Background Revisional bariatric surgeries are increasing for weight recurrence and return of co-morbidities. Herein, we
compare weight loss and clinical outcomes following primary Roux-en-Y Gastric Bypass (P-RYGB), adjustable gastric
banding to RYGB (B-RYGB), and sleeve gastrectomy to RYGB (S-RYGB) to determine if primary versus secondary RYGB
offer comparable benefits.

Methods Participating institutions’ EMRs and MBSAQIP databases were used to identify adult patients who underwent
P-/B-/S-RYGB from 2013 to 2019 with a minimum one-year follow-up. Weight loss and clinical outcomes were assessed at
30 days, 1 year, and 5 years. Our multivariable model controlled for year, institution, patient and procedure characteristics,
and excess body weight (EBW).

Results 768 patients underwent RYGB: P-RYGB n=581 [75.7%]; B-RYGB n=106 [13.7%]; S-RYGB n=81 [10.5%]. The
number of secondary RYGB procedures increased in recent years. The most common indications for B-RYGB and S-RYGB
were weight recurrence/nonresponse (59.8%) and GERD (65.4%), respectively. Mean time from index operation to B-RYGB
or S-RYGB was 8.9 and 3.9 years, respectively. After adjusting for EBW, 1 year %TWL (total weight loss) and %ZEWL
(excess weight loss) were greater after P-RYGB (30.4%, 56.7%) versus B-RYGB (26.2%, 49.4%) or S-RYGB (15.6%, 37%).
Overall comorbidity resolution was comparable. Secondary RYGB patients had a longer adjusted mean length of stay (OR
1.17, p=0.071) and a higher risk of pre-discharge complications or 30-day reoperation.

Conclusion Primary RYGB offers superior short-term weight loss outcomes compared to secondary RYGB, with decreased
risk of 30-day reoperation.
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Bariatric surgery remains a durable treatment for obesity and
its related co-morbidities. Procedural trends have varied over
Accepted as a Quick Shot Presentation at the SAGES 2023 Annual the past decade, with an increase in sleeve gastrectomy (SG)
Meeting. and decrease in adjustable gastric banding (AGB) [1]. As the
landscape of bariatric surgery continues to evolve, a growing
demand for revisional procedures has emerged. Revisional
bariatric surgery is often performed for weight recurrence
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classified as a conversion of the index procedure to another
procedure type, a correction of the index procedure, or a
reversal to normal or near-normal anatomy [3].
In 2019, revisional procedures accounted for 16.7% of all
bariatric procedures in the United States, making it the third
most common bariatric procedure type [4]. The majority
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of revisional procedures involve AGBs—specifically con-
version to SG, followed by AGB removal, and conversion
to Roux-en-Y Gastric Bypass (RYGB). Due to limitations
of CPT coding (lack of a specific code), SG conversions
to RYGB are not as readily quantified, although these pro-
cedures are becoming more prevalent. Few studies have
compared weight loss outcomes of primary versus second-
ary RYGB. This study aims to determine whether primary
(P-RYGB) and secondary RYGB—after either conversion of
SG (S-RYGB) or AGB (B-RYGB)—offer comparable clini-
cal outcomes.

Methods

This study was approved by the Institutional Review Board
of the three participating institutions. Informed consent was
not required due to the retrospective nature of the study.
Electronic medical records and Metabolic and Bariatric
Surgery Accreditation and Quality Improvement Program
(MBSAQIP) Patient Use Files (PUF) were queried by each
participating institution to identify all adult patients who
underwent P-RYGB, B-RYGB, or S-RYGB between Janu-
ary 2014 and December 2019. Patient demographics, oper-
ative data, postoperative outcomes (length of stay [LOS],
total weight loss [TWL], excess weight loss [EWL], BMI,
comorbidity resolution), and complications (pre-discharge
complication, emergency department visit, readmission,
reintervention, reoperation, death) were collected and com-
pared between cohorts.

The primary outcome was %EWL measured at 30 days,
1 year, and 5 years. Secondary outcomes were: (a) %2TWL
at 30 days, 1 year, and 5 years; (b) comorbidity resolution
at 1 year and 5 years; (c) length of stay (LOS); (d) all pre-
discharge complications; all postoperative (e) emergency
department visits, (f) readmissions, (g) reinterventions, (h)
reoperations, and (i) mortality within 30 days or 1 year.

Statistical analysis

Random effects linear regression was used to analyze
%EWL and %TWL over time. This statistical methodology
allowed for the analyses of all available data (as some data
was unavailable for one or more timepoints) and accounted
for the correlation of multiple measurements on the same
patient. Logistic regression was used to analyze each clinical
endpoint. Negative binomial regression was used to analyze
Length of stay (LOS). The multivariable (adjusted) model
for each analysis controlled for year, center, 14 patient char-
acteristics (age, sex, hypertension, hyperlipidemia, diabe-
tes, osteoarthritis, obstructive sleep apnea, COPD/asthma,
H. pylori, GERD, gastritis, NSAID and aspirin use, ASA
classification) and 6 procedure characteristics (hernia repair,
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surgical approach, gastrojejunostomy anastomosis technique,
jejunojejunostomy anastomosis technique, Roux length,
and BP length). The analysis of %EWL also controlled for
baseline excess body weight, and that for %TWL also con-
trolled for baseline weight. The primary comparison in all
analyses was between primary versus revisional RYGB. A
subgroup analysis of revisional RYGB broken down by revi-
sion type—conversion of B-RYGB or S-RYGB—was also
performed.

Results

A total of 768 patients were included in this study. Of these,
581 (75.7%) underwent P-RYGB, 106 (13.8%) B-RYGB,
and 81 (10.5%) S-RYGB. Baseline patient demographics
and procedure characteristics are reviewed in Table 1. The
majority of patients were female (83.2%, n=639). Indica-
tions for revision differed, with GERD (65%, n=51) being
the most common indication for S-RYGB and weight recur-
rence (60%, n=61) being the indication for B-RYGB. There
was a trending increase in the percentage of revisional gas-
tric bypass procedures from 2016-2019. Time from index
procedure to B-RYGB or S-RYGB was a mean of 8.9 years
and 3.9 years, respectively. In those patients undergoing
B-RYGB, 56.6% (n=60) were done as a single-stage pro-
cedure. Concurrent hiatal hernia repair was more common
in patients undergoing S-RYGB (57%, n=46) compared to
P-RYGB (21%,n=121) or B-RYGB (26%, n=28). Baseline
EBW and BMI were substantially lower among the S-RYGB
cohort (103 1b, 38.3 kg/mz) than either P-RYGB (159 Ib,
47.3 kg/m?) or B-RYGB (151 Ib, 46 kg/m?).

The follow up rate for our study was 95.2% (n=731) at
30 days, 75.5% (n=580) at 1 year, and 16.3% (n=125) at
5 years. After controlling for baseline weight, TWL was
significantly greater after P-RYGB at 30 days and 1 year
postoperatively (10.7%, 30.6%, respectively) compared to
B-RYGB (7.6%, p<0.001; 26%, p<0.001) or S-RYGB (8%,
p=0.011; 15.4%, p<0.001) (Fig. 1A). After controlling
for baseline excess body weight, ZEWL was significantly
greater in the P-RYGB cohort at both 30 days and 1 year
postoperatively (20.0%, 57.1%) than either revisional group
(B-RYGB: 14.6% [p<0.001], 49.1% [p=0.002]; S-RYGB:
19.1% [p=0.040], 36.7% [p <0.001]) (Fig. 1B). The sample
size at 5 years was underpowered for a statistically signifi-
cant result for either #TWL or %TWL, as follow up data
was only available for 9 patients with B-RYGB and 2 with
S-RYGB (Table 2, Fig. 1A/B). Overall comorbidity resolu-
tion was comparable between P-RYGB and revisional RYGB
groups at 1 year (49.7%, 40.0%, respectively [OR =1.00
(95% C1 0.58, 1.75), p=0.992]).

Table 3 outlines clinical outcomes following primary
and secondary RYGB at 30 days and 1 year postoperatively.
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Table 1 Baseline patient

demographics and procedure
characteristics at the time of
primary or secondary RYGB

P-RYGB B-RYGB* S-RYGB
(N=581) (N=106) (N=81)
Age (yrs), mean (sd) 45 [12] 47 [12] 46 [11]
Sex, n (%)
Female 476 82% 87 82% 76 94%
Race, n (%)
White 293 58% 78 77% 43 62%
African American 125 25% 19 19% 23 33%
Hispanic 81 16% 2 2% 3 4%
Weight (Ibs), mean [sd] 287 [58] 279 [56] 226 [45]
Excess body weight (Ibs), mean [sd] 159 [49] 151 [44] 103 [40]
BMI (kg/m?), mean [sd] 47.3 [8.1] 46.0 [6.9] 38.3 [6.9]
Smoking, n (%)

Former 203 35% 36 34% 26 32%
Active 26 4% 2 2% 4 5%
Co-Morbidities Hypertension, n (%) 316 54% 48 45% 29 36%

Hyperlipidemia, n (%) 206 35% 28 26% 22 27%
Diabetes, n (%) 205 35% 34 32% 10 12%
Obstructive sleep apnea, n (%) 312 54% 48 45% 34 42%
Coronary artery disease, n (%) 32 6% 4 4% 3 4%
Non-alcoholic fatty liver disease, n (%) 69 12% 8 8% 1 1%
COPD / asthma, n (%) 112 19% 14 13% 11 14%
Other comorbidity, n (%) 247 43% 50 47% 37 46%
GERD, n (%) 283 49% 38 36% 59 73%
Gastritis / peptic ulcer disease, n (%) 64 11% 8 8% 11 14%
Year of procedure, n (%)
2013 46 8% 4 4% 2 2%
2014 72 12% 10 9% 2 2%
2015 110 19% 12 11% 4 5%
2016 78 13% 12 11% 9 11%
2017 108 19% 28 26% 14 17%
2018 113 19% 24 23% 30 37%
2019 54 9% 16 15% 20 25%
ASA classification, n (%)
I 7 1% 0 0% 0 0%
1T 68 12% 15 14% 16 20%
1 487 85% 88 83% 61 76%
v 12 2% 3 3% 3 4%
Hiatal hernia repair, n (%) 121 21% 28 26% 46 57%
Surgical approach, n (%)
Robotic 122 21% 3 3% 15 19%
Laparoscopic 459 79% 100 94% 65 80%
Open 0 0% 3 3% 1 1%
Roux length (cm), n (%)
<100 222 38% 70 67% 39 51%
>100 359 62% 35 33% 37 49%
BP length (cm), n (%)
<40 74 13% 4 4% 8 11%
41-50 307 53% 19 18% 22 30%
51-60 168 29% 68 65% 20 27%
>60 30 5% 14 13% 24 32%
Time since primary operation (yrs), mean [sd] NA 8.9 [4.7] 3.9 [2.2]
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Table 1 (continued)

P-RYGB B-RYGB* S-RYGB
(N=581) (N=106) (N=81)
Time since primary operation (yrs), n (%)
0.3-4.9 NA 16 17% 51 71%
5-9.9 NA 42 44% 20 28%
10-28 NA 37 39% 1 1%
Revision indication, n (%)
Weight recurrence NA 61 60% 18 23%
GERD NA 17 17% 51 65%
Other NA 24 24% 9 12%

NA: not applicable
*60 single stage, 46 s stage
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Fig.1 Mean (a) Percent Excess Weight Loss (%EWL) and (b)
Percent Total Weight Loss (%TWL) following primary RYGB
(P-RYGB) versus revisional sleeve gastrectomy to RYGB (S-RYGB)
or adjustable gastric banding to RYGB (B-RYGB)

Patients who underwent revisional RYGB had 17% longer
adjusted mean length of stay (LOS) compared to the
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P-RYGB group (p=0.071). LOS did not differ significantly
between the S-RYGB or B-RYGB groups (2.1 days ver-
sus 1.6 days, p=-0.179). The revisional RYGB cohort had
significantly higher risk of a pre-discharge complication
(OR=2.66 [1.11, 6.34], p=0.028) and of 30-day reopera-
tion (OR=3.81 [1.30, 11.1], p=0.015) than the P-RYGB
group. In contrast, at 1 year, revisional RYGB patients had
significantly lower likelihood of an ED visit than P-RYGB
patients (OR =0.46 [0.24, 0.88], p=0.018).

Discussion

This is one of few studies comparing weight loss outcomes
following primary and secondary RYGB. In this multi-
institutional cohort, we found that S-RYGB results in lower
%TWL and %EWL than P-RYGB or B-RYGB at 30 days
and 1 year postoperatively, even after adjusting for base-
line weight and excess body weight, respectively. Comor-
bidity resolution was comparable amongst the primary and
revisional groups. When counseling patients on procedural
options and anticipated weight loss outcomes after revisional
surgery, these differences should be taken into consideration.

These results have been replicated in smaller, pooled,
cohorts. Abdulrazzaq et al. compared clinical outcomes
between 120 patients who underwent P-RYGB and 34 who
underwent a revisional RYGB following either AGB (n=12)
or SG (n=22). Within this pooled revisional group, the
three most common indications for revision were insuffi-
cient weight loss (32.3%), weight regain (32.3%), and GERD
(32.3%). Despite no difference in preoperative BMI between
groups, at 18 months, those who underwent a primary pro-
cedure had a lower mean weight, BMI, %TWL, and %EWL
(p=0.001, p<0.001, p<0.0001, p<0.0001, respectively)
than the revisional group. They also followed patients’
T2DM, dyslipidemia, and hypertension postoperatively and
found no difference in the clinical control of comorbidities
between the two groups. While many of Abdulrazzaq et al.
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Table 2 Multivariate analysis of weight loss outcomes following P-RYGB, B-RYGB, and S-RYGB
P-RYGB (N=581) B-RYGB (N=106) vs.P-RYGB  S-RYGB (N=81) vs. P-RYGB
N Mean SD N Mean SD P N Mean SD P
Weight (Ibs)
Baseline 581 287 58 106 279 56 81 226 45
30 days 573 256 52 97 258 53 61 207 43
1 year 466 199 46 65 204 44 49 190 40
5 years 114 209 53 9 213 67 2 164 57
Excess body weight (Ibs)
Baseline 581 159 49 106 151 44 81 103 40
Excess weight loss (%)
30 days 573 20.0 8.4 97 14.6 6.8 0.001 61 19.1 12.2 0.040
1 year 466 57.1 16.9 65 49.1 17.8 0.002 49 36.7 27.1 0.001
5 years 114 51.6 232 9 43.5 30 0.564 2 68.6 50.2 0.855
Total weight loss (%)
30 days 573 10.7 4.5 97 7.6 34 0.001 61 8 4.7 0.011
1 year 466 30.6 8.6 65 26 9.1 0.001 49 15.4 10.4 0.001
5 years 114 28.1 13.1 9 22.1 14.7 0.542 2 24.8 14.8 0.266
BMI (kg/m2)
Baseline 581 47.3 8.1 106 46 6.9 81 38.3 6.9
30 days 573 423 7.2 97 42.6 6.7 61 352 6.6
1 year 466 32.8 6.6 65 33.8 5.7 49 31.8 6.4
5 years 114 34.1 7.5 9 35 9.2 2 26.3 8.2
Table 3 Adjusted clinical P-RYGB (N=581)  Revisional RYGB  Revisional RYGB vs.
comphcatlons following (N=187) P-RYGB
primary versus secondary
RYGB N n % N n % OR  (95% CI) P
Pre-discharge complication 579 24 41% 186 15 81% 2.66 (1.11,6.34) 0.028
30-day
ED visit 581 83 143% 187 23 123% 090 (0.47,1.72) 0.738
Readmission 581 43 74% 186 11 59% 1.08 (0.45,2.59) 0.867
Reintervention 581 19 33% 186 10 54% 237 (0.83,6.74) 0.107
Reoperation 581 18 31% 186 9 48% 3.81 (1.30,11.1) 0.015
Mortality* 581 1 02% 186 0 0.0% 0.999
1-year
ED visit 481 124 258% 146 22 15.1% 0.46 (0.24,0.88) 0.018
Readmission 480 60 12.5% 145 12 83% 0.67 (0.29,1.56) 0.354
Reintervention 480 55 11.5% 145 12 83% 0.59 (0.25,1.37) 0.218
Reoperation 481 58 12.1% 146 13 89% 0.74 (0.34,1.61) 0.443
Mortality* 516 2 04% 145 0 0.0% 0.999

OR adjusted odds ratio, CI confidence interval

“Mortality results were not adjusted for any patient or procedure factors due to the small number of deaths

study’s results parallel those of our own, they found no dif-
ference in the rate of early or late complication rates between
the primary and revisional cohorts [5]. Our study found that
reoperation was significantly more likely in the revisional
RYGB group compared to P-RYGB (p=0.015) whereas
the number of emergency department visits within 1 year

postoperative was significantly greater in the P-RYGB group
(p=0.018).

Other studies, such as Parmar et. al, compared the out-
comes of S-RYGB based on the indication for revision—
insufficient weight loss or weight regain versus GERD.
Patients undergoing revision for GERD had a significantly

@ Springer



6450

Surgical Endoscopy (2023) 37:6445-6451

lower BMI preoperatively than those revised for weight-
related reasons. Conversion resulted in a resolution of
GERD symptoms in 80% of patients; however, the cohort
seeking additional weight loss only achieved a 2.5 point drop
in BMI 2 years postoperatively. R-OAGB (one anastomosis
gastric bypass) following primary SG has boasted a decrease
of 8.3 points in BMI within this same timeframe, suggest-
ing that revision to gastric bypass may not be the optimal
procedure in this group [6, 7]. While this study did not com-
pare outcomes of S-RYGB to P-RYGB, its findings indicate
that future studies comparing P-RYGB to revisional RYGB
should classify SG patients as two separate cohorts based on
their indication for revision [8].

A 2017 study in Obesity Surgery both echoes and marries
the two aforementioned studies [9]. The outcomes of revi-
sional RYGB following AGB or SG were compared based on
revision indication—additional weight loss versus relief of
symptoms, primarily GERD—and primary procedure type.
Amongst B-RYGB versus S-RYGB performed for additional
weight loss, the B-RYGB cohort had a significantly higher
%EWL (71.1 +£21.6% versus 50.8 +23.0%, p=0.002). These
findings again suggest that revisional RYGB may not be the
ideal operation following a failed primary SG when weight
loss is the primary goal [10, 11]. When comparing the same
two groups’ outcomes based on symptom resolution, preop-
erative complaints improved in 100% of the B-RYGB and
71% of the S-RYGB patients (p <0.001). In terms of %EWL
at 2 years, B-RYGB experienced less EWL compared to
S-RYGB (76.9 +25.8% versus 80.7 +25.9%; p=0.002) [9].

A 2023 study directly compared P-RYGB to S-RYGB
outcomes. Importantly, the indication for revision was
weight loss in all 62 S-RYGB patients, eliminating revision
indication as a confounding factor. Zadeh et al. found that
average %EWL was 41.5% at 1 year and 30.8% at 2 years
postoperatively in the revisional group [12]. These values
represent a lower %2EWL when compared to that expected
following P-RYGB [13]. This study also identified 2 predic-
tors of below average weight loss at 1 year postoperative in
the revisional cohort: Interval to conversion <2 years and
pre-conversion BMI >40. When evaluating a patient for a
revisional bariatric procedure, it may be prudent to consider
these 2 factors when planning preoperative weight loss goals
and procedure timing.

Our study’s results add support to the existing literature
that suggest that, when performed for weight recurrence,
S-RYGB may not necessarily maximize weight loss. This
may be intrinsic to the patient and a biological or genetic
predisposition to resist the effects of weight loss surgery.
Alternatively, this effect may be intrinsic to the surgical tech-
nique itself. When creating the gastric pouch in a patient
with previous SG, surgeons may be tempted not to change
the vertical axis given concern for poor blood supply and
increased risk for leak. This could theoretically result in a
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larger gastric pouch, decreased restriction, and lower weight
loss compared to P-RYGB or B-RYGB. If the primary goal
of revisional surgery is weight loss, these patients may ben-
efit from an objective measurement of pouch size or consid-
eration of a more malabsorptive procedure such as duodenal
switch or single anastomosis duodenal-ileal bypass.

This study is limited by the small number of patients for
whom 5-year follow up data was available. This was due
to patients being lost to follow up or not having 5 years of
postoperative data. Inclusion criteria for this study was only
1 year of follow up data. This makes it difficult to deter-
mine how long-term clinical outcomes differ amongst the
P-RYGB and revisional RYGB, especially since nadir weight
loss is achieved between the second and third years after
surgery. Furthermore, due to its retrospective nature, the
results are subject to bias, and some data were not available
in the EMR. Most notably, we are unable to assess pouch
size, which may have factored into weight loss outcomes.
Finally, a limitation of ours and potentially other studies on
this topic, is having insufficient data to allow comparisons
of “total surgical therapy” (e.g. comparing outcomes after
primary gastric bypass to outcomes after primary sleeve
gastrectomy or band plus the subsequent revision to gastric
bypass). Many of the revision patients, although suffering
sub-optimal weight loss or weight recurrence, may never-
theless have a lower starting weight and BMI than they did
before their primary operation. This is, in fact, the case in
our S-RYGB group. Because many of these patients had
their primary operations elsewhere, accurate anthropomet-
ric data (weight, BMI, etc.) before their primary operation
may not be available. Such an analysis may help determine
whether patients arrive at similar outcomes when accounting
for their total surgical therapy.

Conclusion

This multi-institutional study suggests that patients under-
going primary RYGB have superior weight loss outcomes
compared to secondary RYGB, particularly S-RYGB. Pro-
spective studies are needed to identify contributing technical
or patient specific factors.
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