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Abstract
Background  Duodenal switch is a choice of conversion when patients fail to lose or regain weight after Roux-en-Y gastric 
bypass (RYGB). This study aims to evaluate the effectiveness and safety of duodenal switch as a secondary operation for 
patients who presented with insufficient weight loss or weight regain after a RYGB.
Methods  A retrospective chart review was performed on 15 patients who underwent a conversion of RYGB to single anas-
tomosis duodeno-ileal bypass with sleeve (SADI-S) or biliopancreatic diversion with duodenal switch (BPD-DS) due to 
weight regain between December 31, 2013 and October 31, 2018. For the body mass index (BMI) analysis, the multilevel 
model for change was used.
Results  Of 15 patients, 10 underwent a conversion to SADI-S, and 5 underwent a conversion to BPD-DS. Also, 7 patients 
underwent the conversion in two-stages, while 8 did as single-stage. One patient had a duodenal stump leak after SADI-S, 
and another patient had a sleeve leak after BPD-DS. One patient underwent a reoperation to increase the common channel 
20 months after the conversion to BPD-DS due to malnutrition. There was no mortality. Mean percentage of total weight loss 
(TWL) was 18.4% at 6 months, 25.0% at 12 months, 26.4% at 18 months, and 25.7% at 24 months after the conversion. The 
rate of decrease in BMI was slower in SADI-S patients than in BPD-DS patients (p < 0.01), adjusting for preoperative BMI.
Conclusion  Conversions of RYGB to SADI-S and BPD-DS can provide significant additional weight loss. However, com-
plications and malnutrition can develop after the conversion, and further research is needed for evaluating safety.
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Roux-en-Y gastric bypass (RYGB) is one of the most com-
mon bariatric procedures today due to its effectiveness and 
remission in comorbidities associated with obesity [1]. Nev-
ertheless, some patients do not reach and maintain weight 
loss goals and undergo a reoperation after a RYGB [2]. 
Weight regain, weight loss failure, or percentage of excess 
weight loss (EWL) of less than 50% is reported in 15–35% 
of RYGB patients [3–5]. Many patients in this category 
undergo a secondary bariatric operation for further weight 
loss. Long-limb RYGB, salvage banding, and duodenal 

switch are all possible revisional procedures if the patient 
proves to be a viable candidate [6, 7]. The overall goal of 
these procedures is to limit portion intake and absorption 
[8]. These procedures come with complications and risks, 
making some more effective and safer than others. Opera-
tions such as long-limb RYGB result in further weight loss 
but have high rates of long-term nutritional complications 
that may require the use of supplemental nutrition or even 
additional operations [8, 9]. Salvage banding can be used as 
a revisional procedure that controls the size of the pouch and 
stoma using a band. Although this procedure does not affect 
absorption, erosion, band slipping, and band failure are not 
uncommon and require further operations [10]. Duodenal 
switch is another procedure that has shown more significant 
weight loss than any other bariatric procedure at a 5-year 
follow-up [1]. As a secondary operation, it has the potential 
to be successful in long-term weight loss; but there is limited 
data on long-term complications [11–13]. This study aims to 
evaluate the effectiveness and safety of single anastomosis 
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duodeno-ileal bypass with sleeve (SADI-S—defined as an 
investigational procedure by American Society for Meta-
bolic and Bariatric Surgery [ASMBS] [14]) and biliopancre-
atic diversion with duodenal switch (BPD-DS) as second-
ary operations for patients who presented with insufficient 
weight loss or weight regain after a RYGB.

Methods

After institutional review board (IRB) approval and fol-
lowing the Health Insurance Portability and Accountabil-
ity Act guidelines, the authors performed a retrospective 
chart review of a prospectively maintained database of 15 
patients who underwent a laparoscopic conversion of RYGB 
to SADI-S or BPD-DS due to weight regain between Decem-
ber 31, 2013 and October 31, 2018. SADI-S procedure data 
were prospectively collected under the Orlando Health IRB 
oversight [14].

Conversions of RYGB to SADI-S and BPD-DS were per-
formed by two surgeons when patients presented with less 
than 50% of the percentage of excess weight loss (EWL) 
after RYGB. Both procedures were extensively explained 
to the patients by the surgeons including possible compli-
cations and the investigational state of SADI-S [14]; the 
patients ultimately decided on the procedure of choice. 
Depending on the difficulty and the length of operative time 
of converting RYGB to sleeve gastrectomy, some patients 
underwent the conversion in two-stages, while others did 
in a single-stage. Both surgeons performed both conversion 
procedures.

Patients were followed up at our office clinic at 1, 3, 6, 
12, and 18 months postoperatively and bi-annually after that. 
Follow-up visits included weight measurement, clinical his-
tory and examination, and laboratory tests for blood glu-
cose as well as nutrition deficiency. Comorbidity resolution 
followed the standardized outcome reporting published by 
the ASMBS [15]. Remission of hypertension was defined 
as blood pressure below 120/80 mmHg without medica-
tion. Remission of diabetes was defined as fasting glucose 
level below 125 mg/dL and HbA1c < 6.5% in the absence of 
antidiabetic medications. Remission of sleep apnea (subjec-
tive) was self-discontinued use of continuous positive airway 
pressure (CPAP) or bilevel positive airway pressure (BiPAP) 
based on improved symptoms. Remission of GERD (subjec-
tive) was absence of symptoms without medication.

Surgical technique

The procedure is begun by taking down any adhesions 
around the pouch, remnant, and gastrojejunostomy, taking 
care to release any adhesions between the pouch and the 
remnant fully. The pouch is then transected about 0.5 cm 

proximal to the gastrojejunostomy. The pouch is then 
brought to the stomach remnant at the level of the antrum 
for the gastrogastric anastomosis. This anastomosis is per-
formed hand sewn in two layers. Enterotomies are then made 
in the pouch and the remnant. A through-and-through anas-
tomosis is then performed with a Vicryl suture. A 40 French 
bougie-sized tube is then passed through the anastomosis 
to the antrum to ensure patency. The anterior seromuscular 
layer is then performed. The next step in the procedure is to 
perform the sleeve gastrectomy. The greater omentum is sep-
arated from the greater curvature, as well as the lesser omen-
tum from the lesser curvature close to the tube, with the 
vessel sealer in the standard fashion. The remnant stomach 
is then transected with a linear stapler just to the left of the 
gastrogastric anastomosis to create the sleeve. The pouch can 
also be trimmed with additional staple loads if needed due to 
dilation. The Roux-limb is left in place for possible feeding 
later on. Next, the proximal duodenum, the distal antrum, 
and the pylorus are dissected inferiorly and superiorly until a 
window is created around the duodenum about an inch from 
the pylorus. A Penrose drain is placed around the pylorus for 
retraction, and the duodenum is then transected using a lin-
ear stapler. The previously marked loop of the ileum is then 
brought to the duodenum, and the duodeno-ileal anastomosis 
is performed. An enterotomy is made in the duodenum and 
the ileum, and a through-and-through layer anastomosis is 
done with a running Vicryl suture. If needed, an anterior 
seromuscular layer is also performed (Fig. 1).

For BPD-DS, a 250 cm common channel and a 125-cm 
alimentary limb are created. For SADI-S, the length of the 
common channel is 250 cm. A more detailed description of 
the surgical technique for conversion of RYGB to SADI-S 
is published elsewhere [16].

Statistical analysis

All data for age and body mass index (BMI) are demon-
strated as mean ± standard deviation unless otherwise noted. 
Two-tailed Student’s t test, χ2 test, and Fisher’s exact test 
were utilized as appropriate. For weight analysis, due to 
the small number of cases and the number of patients lost 
to follow-up, comparison among different types of conver-
sion was not possible using cross-sectional analytic method. 
Therefore, a multilevel model for change was used to evalu-
ate the changes in BMI, since this method is possible to 
analyze the changes with missing follow-up values using 
predictive values using follow-up data less than 6 months. 
Simple error covariance structure was used for the model. 
All tests of hypotheses were two sided and conducted at 
a 0.05 level of significance. All statistical analyses were 
performed using SAS software version 9.4 (SAS Institute, 
Cary, NC) and R version 3.5.2 (R Foundation for Statistical 
Computing, Vienna, Austria).
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Results

A total of 15 patients underwent a conversion of RYGB to 
SADI-S or BPD-DS during the study period due to insuf-
ficient weight loss or weight regain. Of these, 10 underwent 
a conversion to SADI-S and 5 underwent a conversion to 
BPD-DS. Also, 7 patients underwent the conversion in two 
stages, while 8 did as single stage. Thirteen patients (86.7%) 
were females, the mean age and BMI of the patients were 
42.8 years and 48.1 kg/m2, respectively, at the time of con-
version (second stage if the patient underwent the conversion 
in two stages). Among those with available data, the mean 
period from primary RYGB to the conversion procedure was 
125.6 months. Characteristics of the patients are shown in 
Table 1.

Weight loss

Mean percentage of total weight loss (TWL) was 18.4 ± 5.8% 
(range 11.0–29.6) at 6  months, 25.0 ± 10.0% (range 
14.6–42.1) at 12 months, 26.4 ± 11.1% (range 14.9–43.8) at 
18 months, and 25.7 ± 9.0% (range 17.4–36.5) at 24 months 
after the conversion (Table 2). Percentage of excess BMI loss 
(EBMIL) was 48.5 ± 30.3% (range 25.2–113.1) at 6 months, 
63.0 ± 39.0% (range 28.9–124.8) at 12 months, 58.2 ± 33.7% 
(range 35.0–116.7) at 18 months, and 57.7 ± 27.9% (range 
36.7–97.3) at 24 months after the conversion.

Fig. 1   Diagram of single anastomosis duodeno-ileal bypass with 
sleeve (SADI-S)

Table 1   Demographics of 
patients undergoing conversions 
from Roux-en-Y gastric bypass

BMI body mass index, GERD gastroesophageal reflux disease, RYGB Roux-en-Y gastric bypass, SADI-S 
Single anastomosis duodeno-ileal bypass with sleeve, BPD-DS Biliopancreatic diversion with duodenal 
switch
a At the time of SADI-S or BPD-DS (second-stage procedure if the patient had two-stage procedures)
b Available in 8 patients (4 SADI-S and 4 BPD-DS)
c Period from RYGB to second-stage procedure if the patient had two-stage procedures

All (n = 15) SADI-S (n = 10) BPD-DS (n = 5)

Female, n (%) 13 (86.7) 9 (90.0) 4 (80.0)
Age (years)a, mean ± SD 42.8 ± 9.6 42.5 ± 10.8 43.4 ± 7.6
Single stage, n (%) 8 (53.3) 6 (60.0) 2 (40.0)
Period from RYGB to conversion 

(months)b,c, mean ± SD
125.6 ± 47.8 105.5 ± 52.1 145.8 ± 39.2

BMI (kg/m2) at RYGBb, mean ± SD 50.0 ± 5.5 48.9 ± 4.1 51.2 ± 7.0
Preoperative BMI (kg/m2)a, mean ± SD 48.1 ± 8.0 49.8 ± 7.9 44.6 ± 7.9
Comorbiditiesa, n (%)
 Hypertension 6 (40.0) 3 (30.0) 3 (60.0)
 GERD 5 (33.3) 3 (30.0) 2 (20.0)
 Diabetes 13 (13.3) 9 (90.0) 4 (80.0)
 Sleep apnea 2 (13.3) 1 (10.0) 1 (20.0)
 Hyperlipidemia 2 (13.3) 2 (20.0) 0 (0.0)

Length of staya, median (q1, q3) 3 (3, 3) 3 (3, 3) 3 (3, 3)
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The multilevel model for change analysis of BMI suggests 
that preoperative BMI is the most significant indicator for 
initial status and the rate of change in BMI (Table S1 in the 
Supplementary Appendix). The difference in mean preop-
erative BMI was not significant between SADI-S and BPD-
DS patients (p = 0.16). Adjusting for preoperative BMI, type 
of procedure was significantly associated with the rate of 
change in BMI. The rate of decrease was 0.39 slower in 
SADI-S patients than in BPD-DS patients (p < 0.01) (Fig. 2).

Comorbidities

A total of 6 patients presented with hypertension at the 
time of conversion. Of these patients, follow-up data 
were available for 5 patients, and 2 patients (40.0%) had a 
remission of hypertension at their last follow-up. A total 

of 5 patients presented with reflux symptoms at the time of 
conversion. Of these patients, follow-up data were avail-
able for 3 patients, and 1 patient (33.3%) had a complete 
resolution of reflux symptoms at follow-up. One patient 
who did not complain of reflux symptoms at conversion 
developed reflux symptoms after the conversion.

A total of 13 patients presented with type 2 diabetes at 
the time of the procedure. Of these patients, follow-up data 
were available for 7 patients, and all seven patients (100%) 
had remission of their diabetes. A total of 2 patients had 
sleep apnea at the time of conversion, and follow-up data 
were available for 1 patient. One patient still reported hav-
ing sleep apnea. A total of 2 patients had hyperlipidemia 
at the time of conversion, and follow-up data were not 
available for these patients.

Laboratory data

The laboratory data included patients who were eligible 
for at least 6 months of follow-up, and therefore only 7 
patients were included at baseline.

The mean hemoglobin dropped postoperatively and 
was below normal level for most patients during follow-
up (Table 3). The mean protein and calcium levels also 
dropped immediately after the operation but increased 
at 2-year follow-up. The mean levels of Aspartate Ami-
notransferase (AST) and Alanine Aminotransferase (ALT) 
were in the normal range for all follow-up.

Regarding the fat-soluble vitamins, majority of patients 
had vitamin A and E levels in the normal range (Table 4). 
However, several patients showed low levels of vitamin 

Table 2   Weight reduction in patients following conversion of Roux-
en-Y gastric bypass

% EBMIL percentage of excess body mass index loss, % TWL total 
percentage of weight loss
a ‘n follow-up’ shows the number of patients available with weight 
information at each check point

Conversion of Roux-en-Y gastric bypass (n = 15)

n available for 
follow-up

n follow-upa % EBMIL % TWL

6 months 13 11 48.5 18.4
12 months 11 7 63.0 25.0
18 months 9 5 58.2 26.4
24 months 7 4 57.7 25.7

Fig. 2   Predictive changes in 
body mass index (BMI) by the 
procedure. BMI body mass 
index, BPD-DS Biliopancreatic 
diversion with duodenal switch, 
SADI-S Single anastomosis duo-
deno-ileal bypass with sleeve
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D and Ferritin during the follow-up. Few patients also 
reported elevated parathyroid hormone (PTH).

Complications

One patient (4.8%) had a duodenal stump leak 2 days fol-
lowing a single-stage conversion to SADI-S. The patient 
underwent laparoscopic drainage of bile and wash out and 
insertion of duodenostomy tube drainage. Another patient 
had a sleeve leak 2 days after the first stage of two-stage con-
version to BPD-DS. She underwent oversewing of the leak-
age. Both patients were discharged under stable condition.

One patient developed malnutrition and dysphagia 
15 months after conversion to a BPD-DS. She underwent a 
reoperation to increase the common channel 20 months after 
the conversion due to persistent malnutrition and diarrhea.

Discussion

The gathered data suggest that duodenal switch as a sec-
ondary procedure for failed RYGB led to successful mid-
term weight loss and lowering of BMI. The risk of early 

postoperative complications in this secondary procedure was 
not low (13.3%) but acceptable.

Conversions to BPD-DS or SADI-S are both viable 
options for RYGB patients with weight loss failure [7]. A 
study conducted by Halawani et al. [12] showed that con-
version of failed RYGB to BPD-DS in 9 cases resulted in a 
mean EWL of 56.4% at 2 years. Parikh et al. [17] reported 
that 12 patients undergoing BPD-DS after a failure of 
RYGB had a mean EWL of 62.7% at a mean follow-up of 
11 months. Parikh et al. [17] additionally reported that all 
obesity-related comorbidities including hypertension and 
diabetes resolved after the conversion in their 8 patients. 
Surve et al. [18] showed that after conversion of RYGB to 
SADI-S and BPD-DS, the mean EWL was 56.0% and 56.4% 
at 18 and 24 months, respectively. In our study, both BPD-
DS and SADI-S were performed on RYGB patients with fail-
ure of weight loss. Our results were similar to what had been 
reported for conversions to various types of duodenal switch 
and showed EBMIL of 48.5%, 63.0%, 58.2%, and 57.7% 
at 6, 12, 18, and 24 months, respectively. We observed an 
excellent rate of comorbidity resolution as well; 7 patients 
with diabetes and follow-up information all had remission 
of their diabetes.

Table 3   Mean levels of hemoglobin, protein, albumin, calcium, AST, and ALT before and after the conversion of Roux-en-Y gastric bypass to 
duodenal switch

AST aspartate aminotransferase, ALT alanine aminotransferase

Test Reference range Preop (n = 15) 6 months (n = 7) 1 year (n = 4) 2 year (n = 2) Abnormal

Preop 1 year 2 year

Hemoglobin (g/L) Male 132.0–171.0
Female 117.0–155.0

128.3 (16.8) 116.6 (14.4) 107.3 (8.7) 106.0 (1.4) 25% 75% 100%

Protein (g/L) 61.0–81.0 69.9 (4.9) 64.3 (8.5) 65.8 (4.6) 70.0 (2.8) None 25% None
Albumin (g/L) 36.0–51.0 40.4 (2.7) 39.6 (15.4) 37.0 (1.6) 38.5 (2.1) 14% 25% None
Calcium (mmol/L) 2.15–2.55 2.31 (0.08) 2.01 (0.46) 2.21 (0.14) 2.19 (0.02) 13% 50% None
AST (ukat/L) 0.17–0.60 0.33 (0.07) 0.49 (0.23) 0.42 (0.09) 0.41 (0.10) None None None
ALT (ukat/L) 0.10–0.68 0.34 (0.16) 0.53 (0.34) 0.38 (0.16) 0.28 (0.11) None None None

Table 4   Mean levels and percentage of abnormal levels of vitamins, parathyroid hormone, and ferritin levels following conversions from Roux-
en-Y gastric bypass to duodenal switch

PTH parathyroid hormone

Test Reference range 6 months (n = 7) 1 year (n = 4) 2 year (n = 2) Abnormal

6 months 1 year 2 year

Vitamin A (umol/L) 0.7–2.3 1.2 (0.4) 0.9 (0.4) 1.0 (0.3) None 25% None
Vitamin D, 25-hydroxy (nmol/L) 74.9–249.6 78.5 (44.2) 65.0 (21.5) 43.7 (22.9) 33% 75% 100%
Vitamin E, alpha tocopherol (umol/L) 1.2–3.9 1.9 (0.5) 1.6 (0.1) 1.5 (0.1) 17% None None
Vitamin B12 (pmol/L) 155.7–698.1 894.4 (517.1) 547.0 (253.7) 412.2 (238.5) 57% 25% None
PTH, intact (ng/L) 15–65 52.4 (17.0) 51.0 (14.4) 80 (16.0) 20% 33% 50%
Ferritin, serum (pmol/L) 33.7–337.1 74.2 (44.8) 29.2 (12.6) 10.1 (4.7) 14% 50% 100%
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Surve et al. [18] compared the weight loss results of 9 
patients undergoing conversions to a BPD-DS to that of 
23 patients undergoing conversions to SADI-S; and con-
cluded that the mean EWL at 12 and 24 months after the 
conversion were similar for both procedures. However, it 
is unclear if they had a sufficient number of patients in 
each group at each follow-up point to detect a significant 
difference (type II error), since only 18 and 11 patients 
reported weight 12 and 24 months after the conversion, 
respectively. The number of patients in this study was 
also not large enough to detect a significant difference 
in weight loss between the two procedures at single time 
point. However, we identified that the rate of weight loss 
was significantly faster after conversion to BPD-DS than 
conversion to SADI-S. We are cautious in interpreting 
this as BPD-DS being superior to SADI-S; after the rate 
of weight loss slows down, sustainability of weight loss 
would be more important in the long term. Of note, the 
mean period from RYGB to conversion was longer among 
BPD-DS patients than SADI-S patients. Longer period 
from RYGB to conversion did not necessarily mean they 
sustained their weight loss for a longer time; numerous 
factors, including insurance coverage, were taken into con-
sideration when a patient underwent a conversion [19].

Revisions and conversions are associated with higher 
risks of developing complications [7]. Because duodenal 
switch procedures require longer operative time and are 
technically more challenging than other bariatric proce-
dures, utilizing them as a secondary procedure may have 
been hesitated by some surgeons [20]. Parikh et al. [17] 
reported that 4 out of 12 patients undergoing the con-
version developed strictures at the gastogastrostomy, 
and one of the 4 required a surgical revision. Two other 
patients also underwent reoperation for different reasons. 
Surve et al. [18] also reported that 15.6% of their patients 
required a readmission within 30 days after the conversion. 
In this study, we also observed that 13.3% (n = 2) of our 
patients underwent a reoperation within 30 days. Although 
we were not able to show statistical differences, one com-
plication occurred after one-stage SADI-S and another 
occurred after two-stage BPD-DS, possibly indicating 
that the number of stages and type of procedures were 
not associated with the rate of complication. Nevertheless, 
complications were manageable, and these patients were 
discharged in a stable condition.

This study is limited due to the retrospective nature of 
the study and small sample size. Many patients also did 
not have sufficient follow-up information. Thus, we were 
not able to draw conclusions about the long-term com-
plications regarding SADI-S and BPD-DS as revisional 
procedures. However, all follow-up information was uti-
lized by modeling a longitudinal analysis, and we were 
able to present a predicted trend for weight loss after the 

conversion for each procedure. A prospective randomized 
study on RYGB conversions with a  larger sample size 
and longer follow-up would provide more strength to our 
results.

Conclusions

Conversions of RYGB to SADI-S and BPD-DS can pro-
vide significant additional weight loss. Our limited evi-
dence suggests that conversion to a BPD-DS may result in 
faster weight loss than conversion to a SADI-S. However, 
our initial experience showed perioperative complications 
which may need a refinement of the technique or modifica-
tion of the limb lengths. Malnutrition can develop after the 
conversion, and further research is needed for evaluating 
safety.
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