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Abstract

Background—The goals were to compare morbidity and mortality between primary and revisional
bariatric surgery and to identify clinical predictors of adverse outcome among patients undergoing
revisional surgery in the LABS consortium.

Setting—University hospitals, United States

Methods—Data from the LABS-1 (safety) cohort were analyzed, excluding primary gastric banding
patients. There were 3802 LABS-1 patients included: 3577 primary surgery and 225 revisional
surgery patients. Demographic, clinical, operative, and 30-day outcome data were compared between
groups. A non-linear mixed effects logit model was used to identify independent risk factors for
adverse outcome (death, DVT, PE, reintubation, reoperation, or discharge after day 30).

Results—Compared to those undergoing revisional surgery, primary surgery patients were younger
(median age 44 vs. 49 years, p<0.0001), more likely to be male (20.5 vs. 12.7%, p=0.006), heavier
(median BMI 47.3 vs. 41.2 kg/m?, p<0.0001), and had more co-morbidities (p<0.0001), including
hypertension (56.0 vs. 46.0%, p=0.0044), diabetes (35.7 vs. 20.0%, p<0.0001) and sleep apnea (50.3
vs. 27.2%, p<0.0001). Revisional procedure operative time was longer (median 181 vs. 135 min,
p<0.0001) and associated with greater blood loss (median 100 vs. <50 ml, p<0.0001). Adverse
outcome was more likely after revisional surgery (15.1 vs. 5.3%, p<0.0001, OR 2.4, 95% CI 1.6—
3.6). After adjusting for patient characteristics previously shown to be associated with adverse
outcome, this difference remained statistically significant (OR = 2.3, 95% CI 1.5-3.8). Thirty day
mortality was similar in the two groups (0.4%).

Conclusions—Revisional surgery was performed without substantial mortality but with greater
incidence of adverse outcome than primary bariatric surgery.

Keywords
bariatric surgery; revision; failed restrictive procedure; gastric bypass; complications

Background

The prevalence of obesity continues to increase at an alarming rate. From 2004-06, more than
one third of the adult population in the United States was found to have a body mass index
(BMI) greater than 30 kg/m? including 33.3% of men and 35.3% of women in 2006%: 2. Parallel
to the obesity epidemic, the number of primary bariatric surgery procedures has also increased.
In 1998, 12,775 bariatric operations were performed compared to 70,256 in 20023, The
American Society for Metabolic and Bariatric Surgery estimates that in 2008, 220,000 weight
loss procedures were performed in the United States®. Revisional surgery is indicated to treat
severe side effects or complications from previous weight loss surgery procedures but more
patients are seeking revisional surgery due to inadequate weight loss from the primary
procedure. Since revisional surgery mandates operating on previously manipulated tissue and
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often in the setting of long-term complications, significantly higher morbidity than with first
time procedures has been reported 512,

Most published series on revisional bariatric surgery derive from single surgeon or institution
studies with small cohorts of patients. The Longitudinal Assessment of Bariatric Surgery
(LABS) study offers an opportunity to analyze data from a large cohort of bariatric surgery
patients from a multicenter, prospectively maintained data registry representing a wide
demographic profile from the United States3. The primary aim of this study was to compare
the outcome between first time and revisional bariatric cases. The secondary aim was to
determine independent risks factors for adverse outcome in patients undergoing revisional
bariatric surgery.

LABS-1 was a 30-day safety study in consecutive participants 18 years or older who underwent
bariatric surgical procedures between March 11, 2005 and December 31, 2007. Details of the
study have been described elsewhere 14. In brief, by December 31, 2007, 5069 bariatric surgery
procedures were performed, of which 30 were second stage procedures, 6 other secondary
obesity operations and 5033 primary or revisions/reversals of prior bariatric operations. Of the
5033 primary/revision/reversal operations, 1230 were laparoscopic adjustable gastric banding
(LAGB) procedures which were removed from this analysis cohort. Outcome data on the
primary lap Band patients were recently published in the main LABS-1 paper!®. Also, 1 patient
had two operations (a revision followed by a reversal), and the reversal was excluded from the
analysis. Thus, the analysis was based on 3802 procedures (3577 primary, 203 revisions, and
22 reversals) [Figure 1]. Procedures that were started laparoscopically and “converted” to open
surgery were considered as openl®... Participants having primary surgery will be referred to
as “primary participants” while those having revision or reversal will be referred to as
“revisional participants”.

Data definitions

Details of the LABS-1 pre-operative, operative, and post-operative data have been previously
reported!®. The study collected demographic and clinical features such as height, weight,
comorbid conditions (self-reported) and some measure of severity based on associated
healthcare utilization. The primary safety outcome was defined as a composite endpoint (CE)
of any of the following occurring within 30 days of surgery: death; deep vein thrombosis (DVT)
or venothromboembolism (VTE); reintervention using percutaneous, endoscopic, or operative
techniques; reintubation; or failure to discharge from the hospital within 30 days of surgery.

Statistical methods

Descriptive patient characteristics are reported using summary statistics such as frequency
distribution, mean, confidence interval, median and quartiles, as appropriate. Characteristics
across subgroups (i.e. primary vs. revisional surgeries) were compared using Pearson’s chi-
square test for categorical variables and the Kruskal-Wallis test for continuous variables. Thirty
day adverse outcomes across primary and revisional procedures were compared using Fisher’s
exact test. Univariate and multivariate generalized linear logistic regression models were used
to evaluate the association between baseline patient characteristics and the odds of 30-day
adverse outcome. Candidate variables to appear in the multivariate model were first screened
based on the p-value of <0.20 in the univariate analysis and variables with lowest contribution
to the response variability (type 111 sums of squares) were sequentially eliminated from the
model. Once the model included variables that reached the significance cut-off of p = 0.10, all
other variables were included one at a time to see whether they became significant or whether
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they had any impact on the strength or significance of the variables that were already in the
model. Results are presented in terms of odds ratios (OR) and 95% confidence intervals (Cl).
Since the unadjusted relationship between 30-day adverse outcome and the BMI showed a
quadratic pattern, both linear and quadratic terms of BMI were considered as predictors in the
model. For all tests a p-value of <0.05 was considered to be statistically significant. For all
statistical analyses, SAS 9.1.3 (SAS Institute Inc., Cary, NC) was used.

Participant characteristics

The comparative baseline patient characteristics for revisional and primary surgeries are
presented in Table 1. Compared to those undergoing revisional surgery, primary surgery
participants were younger (median age 44 vs. 49 years, p<0.001), more likely to be male (20
vs. 13%, p=0.01) and heavier (median BMI 47.3 vs. 41.2 kg/m?, p<0.001).

As shown in Table 2, primary participants had more co-morbidities compared to revisional
participants (1 or more comorbidities in 84% in primary and 68% in revisional surgeries, 2 or
more comorbidities in 56% of the primary and 39% of the revisional surgeries, respectively;
p <0.001). Participants having primary surgery had a higher prevalence of major comorbidities
such as hypertension (56 vs. 46 p=0.01), diabetes (36 vs. 20%, p<0.001), and sleep apnea (50
vs. 27%, p<0.001) compared to those having a revision or reversal, except that history of DVT
was significantly more common among participants undergoing revisional surgeries (4 vs. 8%,
p=0.001) [Table 2]. Use of narcotics (28% vs. 17%, p < 0.001) and antidepressant medications
(48% vs. 41%, p < 0.03) were more common among revisional participants compared to
primary participants.

Intra-operative characteristics

Intra-operative characteristics significantly differed across primary and revisional surgeries
(Table 3). Among revisional participants, the most common prior bariatric procedure was
gastric bypass (38%) followed by other, vertical banded gastroplasty and gastric banding (22%,
21% and 19% respectively). Gastric bypass was the most commonly performed revisional
procedure (65%). Twenty-one percent of the revisional procedures were classified as other,
including 48 separate procedures such as reversal of mini gastric bypass, reversal of jejunoileal
bypass, closure of gastro-gastric fistula, etc. Operative time for revisional surgery was longer
(median 181 vs. 135 min, p<0.001) and associated with greater blood loss (75% of surgeries
participants lost at least 200 ml in the revisional group compared to 75 ml in the primary group).

Adverse outcomes

Death within the first 30 days following surgery occurred in 16 (0.4%) primary and 1 (0.4%)
revisional participants (Table 4). The percentage of participants diagnosed with DVT/PE
within 30 days of surgery was significantly higher in revisional participants (1.8%) compared
to primary participants (0.5%, p = 0.02). Participants were more likely to have a CE after
revisional surgery (15.1% vs. 5.3%, p<0.001) compared to primary surgery. The unadjusted
odds of having a CE after a revisional surgery was more than double that after a primary surgery
(OR 2.4, 95% CI 1.6-3.6). Other characteristics that were significantly associated with higher
odds of CE in univariate analysis included longer operative time, 75 cc or more blood loss,
higher BMI, history of DVT, congestive heart failure, sleep apnea, inability to walk 200 ft and
having a procedure other than laparoscopic RYGB (Table 5).

In the multivariable analyses, only baseline demographics, pre-operative characteristics, and
their interactions were considered. The analysis identified several factors in addition to
revisional/primary procedure type that were independently associated with higher odds of CE.
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(Table 6). Extreme BMI (Figure 2), being unable to walk 200 ft (OR = 1.92, 95% CI 0.96—
3.82), history of DVT/PE (OR = 2.78, 95% CI 1.71-4.53), and history of OSA (OR = 1.45,
95% C1 1.06-1.97) were associated with the CE. After adjusting for these patient characteristics
(BMI, functional status [inability to walk 200 ft], history of DVT/PE and OSA), the odds ratio
of CE for revisional surgery was similar to the unadjusted odds ratio (OR = 2.3, 95% CI 1.5-
3.8) compared to primary procedures. None of the two-way interactions between these factors
were statistically significant and hence were excluded from the final model. The multivariable
analysis was also repeated excluding 2 patients whose revisional procedure consisted of a
banded gastric bypass (band placement over a prior gastric bypass); the results were nearly
identical to those presented in Table 6.

Since 67 of the primary participants had prior foregut surgery, it was of interest to see whether
having a prior foregut procedure was related to the composite events rate. As seen in Table 5,
having a prior foregut surgery was not significantly associated with CE. A separate
multivariable analysis, excluding participants in the primary surgery group with prior foregut
surgery was conducted. The results were similar to the ones presented in Table 6, except that
the p-value for functional status (inability to walk 200 ft) was reduced to 0.0499.

To identify risk factors of CE for patients undergoing revisional procedures, we conducted a
separate multivariable analyses within the revisional surgery group. Only history of DVT/PE
(OR =4.1, 95% CI 1.4-11.9) was significantly associated with CE among the revisional
patients.

Discussion

This study is the first prospective, multi-center study to analyze revisional bariatric surgery
paying particular attention to composite endpoints and risk factors for adverse outcome. When
designing the study, the investigators elected to exclude adjustable gastric banding patients
from the study cohort due to the observed low morbidity and mortality of banding procedures
compared to stapling bariatric procedures!®. The aims of this study were to compare the
outcome of primary and revisional bariatric operations and to identify independent risk factors
for adverse outcome in patients undergoing revisional surgery.

The results demonstrate that revisional surgery was performed with low mortality but with an
increased occurrence of adverse outcome compared to primary surgery. There were interesting
differences between primary and revisional surgery patients. Revisional surgery patients were
older, weighed less and had less obesity-related comorbidity than primary surgery patients. It
is striking that the incidence of three highly prevalent comorbidities — hypertension, diabetes
and obstructive sleep apnea — were significantly lower in revisional patients, possibly
suggesting that the primary bariatric procedure had some positive health benefits. On the other
hand, a history of DVT was higher in patients undergoing revisional surgery.

The mortality in the study was low in each group (0.4%) which is in keeping with other reports
of revisional bariatric surgery6: 7: 16. Since the occurrence of any single adverse outcome
(such as death) was infrequent by itself, to increase statistical power, a composite endpoint was
created by combining the most frequent major complications into one clinically meaningful
category (death, DVT, PE, reintubation, reoperation, or discharge after day 30)15. When using
this classification scheme, the incidence of adverse outcome was greater in the revisional group
(15.1%) than in the primary group (5.3%). After risk adjustment, this difference was maintained
with 2.3 times the odds for adverse outcome in revisional procedures compared to primary
procedures. As has been demonstrated in the analysis using the entire LABS-1 cohort, there
was a quadratic relationship between the predicted event rate and BMI15. It is interesting to
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note that the point estimate for the predicted risk for an adverse outcome is higher among people
with lower BMI (Figure 6).

There are several limitations to this study. First, the indications for revisional bariatric surgery
were not recorded and it may be that patients undergoing revisional surgery for a chronic
complication may have had a different outcome than those undergoing revisional surgery for
other reasons (inadequate weight loss). However, this cannot be addressed in LABS-1.
Secondly, the LABS-1 dataset captures only 30-day outcome and does not provide long-term
follow-up data (as opposed to the yet-to-be completed LABS-2 data set which will include
more long-term data). Thus in this study there are no data on long-term resolution of
comordities or degree of weight loss, both of which have been shown to be related to the type
of primary procedure that is being revised®.

Many factors influence the outcome of bariatric surgery, including but not limited to the choice
of procedure, initial weight, patient compliance and the incidence of short and long-term
outcomes. The need for revisional procedures will undoubtedly increase in time as the number
of primary bariatric cases grows. This study shows that revisional surgery can be performed
with low mortality, though there was a higher incidence of adverse outcome when compared
to primary bariatric procedures.
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LABS-1
Total 5069 surgeries
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Figure 1.
The study cohort
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Figure 2.

Patient BMI and surgery type (primary/revisional) as predictors of combined event for non-
band operations in LABS. The predicted event rate is weighted for the prevalence of history
of DVT, OSA and functional status in the LABS sample. The dotted lines represent 95% point-
wise confidence intervals. The primary curve is truncated at BMI = 70 kg/m2, and the revisional
surgery curve is truncated at BMI = 60 kg/m? since there were only a few observations beyond
these weight categories.
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Table 6

Multivariate model excluding operative characteristics.

Variable OR 95% CI lower 95% CI upper p
Revision/Reversal vs. primary 2.34 1.45 3.77 0.001
BMI (kg/m2)[linear]* See Figure 2 0.86
BMI (kg/m2) [quadratic]* 0.001
Able to walk 200 ft (No vs yes) 1.92 0.96 3.82 0.06
History of DVT (yes vs. no) 2.78 1.71 453 <.001
History of sleep apnea (yes vs. no) 1.45 1.06 1.97 0.02
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