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Abstract
Background Bariatric surgery outcomes have been examined
in Germany since January 1, 2005. All data were registered
prospectively in cooperation with the Institute of Quality
Assurance in Surgery at the Otto-von-Guericke University
Magdeburg.
Methods The data were collected from an online data bank.
Data collection began in 2005 for gastric banding (GB) and
Roux-en-Y gastric bypass (RYGB) results. In addition to
primary bariatric operations, data regarding the complications
of revision procedures and redo operations were analyzed.
Participation in the quality assurance study was required for
all certified centers in Germany.
Results RYGBs are a popular redo operation after failed gas-
tric banding. In the German Bariatric Surgery Registry
(GBSR), we analyzed data from 263 RYGB operations that
used a one-step approach after GB and 116 operations that
used a two-step approach. The leakage rates for primary
RYGB decreased to 1.8 %. The incidence of leakage after a

one-step RYGB after GB was lower (1.9 %) than after the
two-step procedure (2.6 %).
Conclusion RYGBs are popular procedures after failed GB in
Germany. Themultivariable analysis for overall intraoperative
complications revealed a significant difference between the
two-step and the one-step procedure. In an unadjusted and
multivariate assessment, the one-step procedure had statisti-
cally lower general postoperative complications than the two-
step approach. Therefore, we suggest performing band remov-
al and RYGB as a one-step procedure. Further analysis is
necessary to evaluate the risk factors for the one-step proce-
dure. Follow-up investigations must be performed to deter-
mine whether RYGB is an effective and safe option after GB.
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Introduction

Obesity is one of the greatest health challenges in the twenty-
first century. According to the data from the International
Association for the Study of Obesity (IASO), Germany ranks
first for the prevalence of obesity for both genders [1]. The
Federal Office of Statistics revealed that in 2011, 18.9 % of
men and 22.5 % of women were overweight [2]. Life expec-
tancy is markedly shortened by obesity, particularly in young
obese persons.

In contrast with bariatric surgery, nonsurgical treatment is
ineffective for sustainable weight loss and the reduction of
associated comorbidities.

From the late 1990s until approximately 2005, laparoscop-
ic adjustable gastric banding (LAGB) gained popularity due to
its relatively low complexity and adjustability in combination
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with a low perioperative morbidity (1–5 %) and mortality rate
(0–0.05 %). GB has good results, but it also has several
limitations [3]. The rate of performed GB operations world-
wide was 17.8 % in 2011 [4]. Band related complications,
such as esophageal dilatation, gastric necrosis, band slippage,
and band and pouch dilatation, occur in 8–60 % of all patients
[3]. Furthermore, a growing number of patients have inade-
quate weight loss or weight regain after a successful initial
weight loss.

There are different surgical options to treat late complica-
tions or inadequate weight loss. RYGB and SG are more
frequently performed as a rescue operation after failed GB.

The aim of the present study was to compare the data
available from the German Bariatric Surgery Registry
(GBSR) for the primary RYGB procedure with GB conver-
sion to RYGB as a one- or two-step procedure.

Method

The data from the GBSR were prospectively registered in an
online database since January 1, 2005, at the Institute of
Quality Assurance in Surgical Medicine of the Otto-von-
Guericke University Magdeburg [5]. This paper evaluates
the complication data of primary RYGB in comparison with
the complication data of conversion to secondary RYGB after
GB between 2005 and 2012. The aspects studied include basic
demographics, operation parameters, perioperative complica-
tions and mortality. These parameters were used to compare
primary RYGB and secondary RYGB as a one- or two-step
procedure after GB. For the two-step procedure, the compli-
cations of GB removal and RYGB implantation are summa-
rized. These data were then compared with literature results.

Statistical Analysis

A descriptive statistical analysis was performed and the abso-
lute and relative frequencies for nominal data and the mean,
standard deviation, and minimum and maximum values for
continuous variables are presented. The median is presented
for continuous variables that are highly variable. All calcula-
tions were performed by StatConsult GmbH using SAS® 9.2
(SAS Institute, Cary, NC, USA) with a type 1 error rate of α=
0.05. All tests were deliberately performed to the full level of
significance. The baseline data were compared using a robust t
test for continuous variables (weight, BMI, and age) or a χ2

test for nominal data (presence of comorbidities and gender).
For rare nominal events (complications), the Fisher’s exact
test was used for statistical comparisons. To detect demo-
graphic differences between the one-step and two-step proce-
dures for age and BMI, tests of equivalence with clinically
relevant margins of 2 years and 2 kg/m2, respectively, were
applied. Furthermore, a logistic regression analysis was

performed for multivariable factors to estimate the corre-
sponding odds ratios for complications, which are provided
with their 95 % confidence intervals.

Results

Within the study period (from 2005 until 2012), 10,330 pa-
tients underwent RYGB surgery as a primary procedure for
morbid obesity. There was an annual increase in the number of
RYGB surgeries performed in Germany within the study
period. The number of primary RYGB surgeries per year
increased from 249 in 2005 to 2733 in 2012.

Basic Demographics

There were 402 RYGB operations performed as redo proce-
dures after GB surgery between 2005 and 2012. In 263 cases,
band removal was performed simultaneously with the RYGB.
The operation was performed in two different operations in
139 cases. Of these cases, 116were included in this analysis as
a planned two-step procedure. The condition for a planned
two-step procedure was that the RYGB operation was per-
formed within 1 year after GB removal. The median time
interval between both operations was 74 days (range 13 to
289 days).

In 263 patients, band removal and RYGB were per-
formed as a one-step operation. For this population, the
same proportion of women (77.6 %) underwent this sur-
gery compared with the primary procedure. These 263
patients received operations in 42 different hospitals in
Germany.

The mean age of these patients was 44.5±9.8 years (20–
70 years) and the mean BMI was 43.9±8.1 kg/m2 (range
24.8–73.5 kg/m2).

GB removal and RYGB was performed as a two-step
procedure in 116 patients in 28 hospitals. In 16 hospitals
one and two-step band removal and RYGB were per-
formed. In this population, 83.6 % of the patients were
female. The mean age at the time of the redo surgery was
45.5±11.3 years (16–77 years) and 45.2 years±11.4 (16–
77 years) at GB removal. Patients undergoing the one-step
procedure were younger than patients undergoing the two-
step procedure (not statistically significant, p=0.552). The
BMI of patients undergoing the two-step band removal
and RYGB was 43.5±7.7 kg/m2 (range: 23.2–71.8 kg/
m2). This was not statistically significantly lower than
for the one-step procedure (p=0.668). The demographic
data from all groups are shown in Table 1.

For one-step and two-step procedures in the unadjusted
analysis, gender, BMI, and age were not risk factors for leaks.
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Comorbidities

Comorbidities were recorded for all patients in this study. In
addition to the fact that all patients had already undergone a
GB at the time of the redo surgery, 76.8 % of one-step patients
and 79.3% of two-step patients suffered from comorbidities at
the time of GB removal (80.2 % at the time of RYGB). An
unadjusted comorbidity influence for the leakage rate was not
evaluated for one or two-step band removal and RYGB.

Operation Data

Since 2005, the data from GB procedures have been recorded
in the German Bariatric Surgery Registry (GBSR). The GB
primary procedure is currently performed in 95 participating
hospitals. Overall, each hospital performs between 1 and 145
procedures per year. From up to 7 years of data collection, the
total number of GB surgeries performed ranged from 1 to 330
per hospital. The data for RYGBs have been recorded in the
GBSR since 2005.

The mean operation time for a one-step band removal and
RYGB was statistically longer than the operation time for the
two-step patients (163±64 vs. 144±60min; p=0.006). This is
a clinically relevant difference by a margin of 10 min. The
mean operation time for GB removal in the two-step proce-
dure was 66 min (range 16–257 min).

The operations were performed using a laparoscopic
approach in 99.1 % of the two-step procedures and
90.7 % of the one-step procedures. The conversion rates
from a laparoscopic to open procedure were not signifi-
cantly different between the one- and two-step approaches
(1.9 vs. 0 %; p=0.329).

Compared with the mean operation time for RYGB as a
primary approach (116.5±58 min), the operation time for a
one- or two-step band removal and RYGB is significantly
longer (p<0.001), which is the same as the clinically relevant
10 min margin. The conversion rate increased from 0.7 % for
primary RYGB to 1.9 % for a one-step revision of GB to
RYGB (p=0.046).

Leakage of the staple line is a complication of RYGB; we
observed a significant difference in using staplers for all one-
step operations (85.7 %) versus two-step operations (96.5 %)
(p=0.002). Staple line buttresses were used in 13.5 % of the
one-step operations and in 16.7 % of the two-step procedures.
The operative data are shown in Table 2.

Perioperative Complications

Intraoperative Complication Rates

Intraoperative complication rates were higher in the combined
two-step redo operations than in the one-step operations (7.8
vs. 3.0 %; p=0.057). The intraoperative complication rate for
the second operation (RYGB) in two-step patients amounts to
4.3 %. In both approaches, the intraoperative complications
were spleen and vessel injuries and gastric perforations. The
multivariable analysis for overall intraoperative complications
revealed a significant difference between the two-step proce-
dure (OR=3.0, 95 % confidence interval (CI): 1.1–8.2; p=
0.032) and the one-step procedure (Table 3). The risk of
intraoperative complications is also increased by a higher
number of comorbidities (OR=1.3 [95 % CI: 1.0–1.6]).

General Postoperative Complication Rates

The overall general postoperative complication rate was
14.7 % for two-step operations (individual rate for RYGB
was 13.8 %). The majority of complications for two-step
procedures were pulmonary complications and urinary infec-
tions. There were no general complications described. The
general complication rate for the one-step procedure was
5.7 % with a dominance of pulmonary and cardiac complica-
tions, fever, and urinary infections. In an unadjusted assess-
ment, the one-step procedure had statistically lower general
postoperative complications than the redo of GB into RYGB
in two operations (p=0.008). The multivariable analysis con-
firmed this finding with an OR of 3.0 (95 % CI: 1.4–6.3; p=
0.004).

Table 1 Demographic data—age, gender, and BMI

Primary
RYGB

One-step
procedure

Two-step procedure Unadjusted p value
(one-step vs. RYGB two-step)

Time at removal of
GB

Time at second step
RYGB

Number of patients [n] 10330 263 116

Mean age, 95% CI [years] 41.9 44.5 [43.3–45.7] 45.2 [43.1–47.3] 45.5 [43.4–47.6] Not equivalent

Mean BMI, 95% CI [kg/m2] 48.2 43.9 [42.9–44.9] 43.5 [42.1–44.9] 44.8 [43.4–46.2] Not equivalent

Women [%] 77.6 77.6 83.6 0.179
Men [%] 22.4 22.4 16.4

Incidence of comorbidities [%] 86.7 76.8 79.3 80.2 0.467
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Specific Postoperative Complication Rates

There was no relevant difference in the total incidence of
surgery-specific postoperative complications between one-
and two-step band removal and RYGB (10.3 vs. 12.1 %, p=
0.594). The individual rate of specific complications after
RYGB in the two-step population was 11.2 %. In the multi-
variable analysis, no significant factor for specific complica-
tion rates could be detected. Patients who underwent band
removal and RYGB in one operation had the same risk of
leakage (leakage rate of 1.9 vs. 2.6 % in two-step operations
(p=1.000)). The data are shown in Table 4.

Mortality

For operations between January 1, 2005, and December 31,
2012, the mortality rate was 0.7 % (n=1) for the two-step
procedure. After the one-step operation, there was no mortal-
ity observed. Mortality for patients with leakage was zero for
both the one- and two-step approaches.

Follow-Up

The weight loss for the patients with band removal and RYGB
was not lower than for the patients with primary RYGB. The
partial and complete remission rates for comorbidities were
higher for patients with primary RYGB than for patients with
a redo operation. The follow-up data are shown in Table 5.

Discussion

Since January 1, 2005, primary and repeat bariatric procedures
were recorded within the framework of a quality assurance
study for the surgical treatment of obesity by the Institute for
Quality Assurance in Surgical Medicine at the Otto-von-
Guericke University Magdeburg with the aim of improving
the quality of care [5]. Data were collected from an online
database. A plausibility analysis is performed by the project
organization, but there is not complete control of the origin of
the patient data. These may be a bias of the GBSR, but this

Table 3 Results of the logistic
regression for complications of
the one-step vs. two-step
procedures

Parameter p value Complication

Intraoperative General
postoperative

Specific
postoperative

Intercept 0.068 0.012 0.826

Procedure (two-step vs. one-step) p value 0.032 0.004 0.592

Odds ratio 3.01 2.98 1.21

[95% CI] [1.10–8.25] [1.41–6.31] [0.60–2.42]

Gender (female vs. male) p value 0.217 0.132 0.603

BMI p value 0.976 0.597 0.382

Age p value 0.810 0.244 0.240

Number of comorbidities p value 0.036 0.971 0.796
Odds ratio [95% CI] 1.27

[1.02–1.59]

Table 2 Operative data for RYGB

Primary
RYGB

One-step
procedure

Two-step
procedure

Unadjusted p value
(one two-step)

Conversion rate [%] 0.7 1.9 0.0 0.329

Hand sewn [%] 8.2 14.3 3.5 0.004
Pure staple line [%] 40.4 48.7 42.1

Staple line and buttresses [%] 7.1 6.6 7.9

Staple line and oversewing [%] 28.8 23.6 37.7

Staple line with oversewing and buttresses [%] 15.5 6.9 8.8

Operation time, 95% CI [min] 116.5 [115.4–177.7] 163.0[155.1–170.8] [132.9–156.0] (GB 66.0) Not equivalent

Overall intraoperative complications [%] 2.4 3.0 7.8a (RYGB 4.3) 0.057

Overall general postoperative complications [%] 5.7 5.7 14.7a (RYGB 13.8) 0.008

a Both operations (GB removal and RYGB) were combined
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bias exists for all quality control studies worldwide. In a
retrospective analysis, the risk of bias should always be con-
sidered. A comparison was made between patients with
revisional RYGB as a one- or a two-step procedure or primary
RYGB. For the revisional RYGB, the reasons for band re-
moval and reoperation were not separately discussed and
analyzed.

GB is one of the most frequently performed bariatric oper-
ations worldwide. Due to experiences with GB and its long-
term effects, the operation rate in Europe and worldwide has
decreased since 2008.

Meta-analysis data showed no relevant long-term differ-
ences in excess weight loss when comparing GB and RYGB
[3]. The high frequency of adverse events in the perigastric
area could be reduced with the introduction of the pars
flaccida technique and new soft bands. These results show

that GB is still a safe and effective long-term treatment for
obesity.

Long-term complications, insufficient weight loss, or failed
amelioration of comorbidities are indications for redo opera-
tions after GB. Because RYGB is an effective procedure in
Germany, the conversion of GB to RYGB is an interesting
option for redo surgeries.

GBSR data from 2005 to 2012 have shown an increasing
number of reoperations after GB, particularly RYGB after a
prior GB (Table 6).

The decision for one or two-step band removal and RYGB
depends on the experience of the center, cost factors, and risk
factors for the patients.

This redo operation can be performed either as a one-step
or two-step operation. The data from the GBSR show that the
one-step procedure is the most common procedure performed

Table 4 Specific complication rates for one- and two-step band removal and RYGB

Primary
RYGB

One-step
procedure

Two-step procedure Unadjusted p value
(one vs. two-step)

Sepsis [%] 0.5 0.4 0.9a 0.519

Abscess [%] 0.8 0.8 0.9a 1.000

Bleeding

Transfusion [%] 0.8 2.7 1.7a 0.728

Reoperation [%] 0.7 2.3 0.0a 0.183

Leakage [%] 1.8 1.9 2.6a 0.705

Overall specific postoperative complication [%] 5.3 10.3 12.1a (RYGB 11.2) 0.594

a Both operations (GB removal and RYGB) were combined

Table 5 Change in BMI for subgroups of patients with follow-up data

Primary RYGB One-step procedure Two-step procedure

Patients with follow-up data [n] 4881 92 61

Median follow-up duration [days] 414 481 390

Mean BMI At operation [kg/m2] 48.72±7.00 43.41±7.47 44.01±6.32

At follow-up [kg/m2] 34.00±6.71 34.20±6.93 35.43±5.75

Change [kg/m2] −14.72±5.88 −9.21±6.09 −8.46±5.70
Remission in insulin-dependent diabetes mellitus type II [na] pre 553 11 2

[na] post 281 5 3

[%] 81.8 100.0 50.0

Remission in non-insulin-dependent diabetes mellitus type II [na] pre 1094 7 10

[na] post 438 5 3

[%] 80.0 54.6 63.6

Remission in hypertension [na] pre 2947 40 29

[na] post 1730 24 22

[%] 73.8 70.7 53.3

Remission in sleep apnea [na] pre 1057 7 5

[na] post 632 4 4

[%] 73.8 71.4 20.0

a Patients with comorbidity at this time point
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in Germany. The data also show a higher incidence of specific
complications, particularly leakage at the gastrojejunostomy,
after a two-step procedure. Bias of our investigations is that
there was no evaluation of the surgeon’s experience
performing one- or two-step operations as well as the missing
analysis of the reasons for band removal. A higher incidence
of leakage has to be discussed for more inflamed cases or band
removals in the fact of band erosion.

Previous studies support these evaluations. Studies from
Cadiere et al. 2011 detected a lower incidence of leakage at the
GJA after primary RYGB operation (4.4 %) than after RYGB
as a secondary procedure (12 %) [6]. A bias of the study is the
inclusion of patients after vertical banded gastroplasty and
GB. The leakage rate of patients with two-step band removal
and RYGB was 8.8% in this study [6].

Because staple line insufficiency is a problem after RYGB,
leading to sepsis and peritonitis, we analyzed the data from the
GBSR to determine if one- or two-step operations influence
leakage incidence. Our investigation revealed a slightly higher
incidence of leaks for the two-step procedures (1.9 vs. 2.6 %).

A literature review on this topic is difficult because most
published reports include a mix of patients after GB and
vertical banded gastroplasty (VBG) or a mix of reoperations
as one- or two-step procedures without any comparison of
both intervention types (Table 7) [6–11].

The overall reported leakage rates after GB and RYGB
ranged from 0.9 to 8.8 % without any exact differentiation
between the one or two-step approaches [6, 10]. Only a few

studies reported complication rates, specifically leakage, for
one- and two-step band removal and RYGB. These studies do
not report whether there is a difference in leakage incidence
for a two-step RYGB after band removal [7, 8]. Only Apers
et al. evaluated the leakage rate (6.0 % at the gastrojejunal
junction) and did not observe any difference between the one
or two-step procedures [9]. Data from the GBSR suggest a
lower leakage rate for the one-step procedure, but there may
be a bias due to the low number of patients. The leakage rate
for one-step operations compared with primary RYGB is an
important point for further discussions (1.9 vs. 1.8 %; p=
0.817). These data show that the one-step reoperation has
the same incidence of leakage as primary RYGB.

Examinations have shown that GB leads to chronic inflam-
mation of the gastric wall in the tissue under the band [12].
Data comparing the leakage rates of GB pars flaccida and
perigastric techniques are not available in the literature. The
GBSR could not be used to investigate this issue because
many patients underwent GB operations before 2005 in dif-
ferent hospitals.

The operation time for one-step band removal and RYGB
is longer than for the RYGB in the two-step procedure alone,
but with the addition of band removal, the operation time is
longer. The comparison of operation times between one- and
two-step operations with the additional band removal includes
the bias that the difference may be caused by double times for
trocar placement, double suturing of the skin, and other
factors.

Table 6 One-step redo
operations performed annually
after GB from the GBSR

Year 2005 2006 2007 2008 2009 2010 2011 2012 Total

Redo procedure [n] [n] [n] [n] [n] [n] [n] [n] [n]

GB in RYGB 1 2 14 25 38 68 52 63 263

GB in BPD 1 10 11 5 8 3 2 40

GB in sleeve 5 20 28 40 44 43 180

GB in DS 2 0 3 1 0 0 0 6

Table 7 Data from the literature

n.d. no data

Author Year Number of patients
with GB

Leakage rate EWL

[n] [%] [%]

Robert [7] 2011 85 7.0 % BMI −8.1
Cadiere [6] 2011 89 one-step 8.8 % 69.9 %

19 two-step

Total 108 12.0 %

Hii [10] 2012 82 n.d. n.d.

Apers [9] 2013 86 6.0 % n.d.
One-step 50

Two-step 36

Worni [8] 2013 301 (one-step) n.d. n.d.

Edholm 2014 65 n.d. n.d.
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Data from the GBSR and most publications show that
overall morbidity is significantly higher in patients that un-
dergo RYGB after primary gastric banding compared with
those that undergo primary RYGB.

Slegtenhorst et al. report a higher incidence of complica-
tions for revisional RYGB (15.2 %) compared with primary
RYGB (14.7 %) [13].

Worni et al. found a higher intraoperative complication rate
for one-step GB removal to RYGB with a risk-adjusted OR of
2.3 and a higher postoperative complication rate with a risk-
adjusted odds ratio of 8.0. The reoperation rate due to com-
plications for these patients was 6.0 % compared with the
complication related reoperation rate for primary RYGB [8].
The GBSR data revealed an OR of 1.3 (95 % confidence
interval: 0.6–2.7, p=0.471) for intraoperative and an OR of
1.1 (95 % CI: 0.6–1.9, p=0.742) for postoperative complica-
tions for one-step reoperation compared with primary RYGB.
The overall specific postoperative complications for one-step
GB removal were significantly higher than for primary RYGB
(OR=2.1, 95 % CI: 1.4–3.1, p<0.001).

GBSR data show that patients with a one-step RYGB have
a lower incidence of intra- and postoperative complications. It
is possible that the pouch is formed differently (smaller and
longer) after GB in a one-step approach than in a two-step
approach. Additionally, more scar tissue could be a reason for
complications in two-step procedures. Therefore, we suggest
performing band removal and RYGB as a one-step approach.

The median time interval between band removal and two-
step RYGB operations was 74 days (range 13 to 289 days).
The median time is influenced by patient preferences and
particularly by health insurance coverage of the revisional
procedure in Germany. In most cases, a new acceptance for
payment of the revisional procedure by the health insurance
system in Germany is necessary. This issue may be bias
against the current investigation.

The multivariable data analysis from the GBSR revealed
that of the factors analyzed (age, gender, comorbidities, BMI,
primary gastric banding), there were no independent risk
factors for leaks after a one- versus two-step RYGB after
GB. Data regarding long-term weight loss and the ameliora-
tion of comorbidities after RYGB as a redo operation after GB
are rare in the literature. Edholm et al. reported that the most
common indications for revisional RYGB after VBG and GB
were unsatisfactory weight loss. In this study, data on compli-
cations due to the procedures are not available. The weight
loss data reported an excess body mass index loss of 39 % for
patients with RYGB as a revisional procedure after GB, but
the median BMI loss in this study was 4.4 kg/m2, which is a
poor result in our opinion [14]. Slegtenhorst et al. and Zingg
et al. also observed lower weight loss after revisional RYGB
than after the primary procedure [13, 15].

In our opinion, data for the long-term effects of revisional
RYGB, weight loss, and amelioration of comorbidities are

necessary to further evaluate whether RYGB should remain
the method of choice after failed GB.

Conclusions

Based on the GBSR data on the surgical treatment of RYGB
after failed GB and a review of the literature, RYGB and band
removal as a one-step procedure has a significantly lower
incidence of overall (intraoperative and general) complica-
tions. Based on these data, band removal and RYGB per-
formed as a one-step procedure reduces the leakage rate, but
further evaluations with a higher number of procedures are
necessary to confirm these findings. The problem with the
evaluable data in the literature is that the primary procedures
were heterogeneous and consist of GB, vertical banded
gastroplasty, and sometimes sleeve gastrectomy. Therefore, a
potential bias was present when comparing the GBSR data
with the literature.
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