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�Introduction

Bariatric surgery has become the primary treatment against 
obesity. Obesity is a national as well as global health epi-
demic. In 2015, the prevalence of obesity in the United States 
was 38.8% in adults and 18.5% among children [1]. These 
individuals suffer from preventable deaths due to heart dis-
ease, stroke, and diabetes. Bariatric surgery has increased in 
popularity with 228,000 procedures being performed in 2017 
compared to 158,000 done in 2011 [2].

The success of bariatric surgery is limited by its availabil-
ity, failure to lose weight, and weight regain. In particular 
weight regain, or weight recidivism, has resulted in patients 
taking the risk to undergo additional bariatric revision surgery. 
Of the 228,000 bariatric surgeries performed in the United 
States in 2017, 14% of these were revision surgeries, a number 
that has steadily grown over the last 4 years [3]. While the 
Roux-en-Y gastric bypass (RYGB) has now been surpassed 
by the sleeve gastrectomy as the most commonly performed 
operation, the RYGB still accounted for 17% (nearly 39,000 
operations) of surgeries last year. Gastric pouch dilation and 
gastrojejunostomy (GJ) dilation have been associated with 

weight recidivism, so finding safe and effective techniques to 
revise the gastric pouch remains an important discussion point.

Minimal weight gain between 18 and 24 months postop-
eratively can occur; however as many as 33% of bariatric 
patients, especially the super obese, can experience contin-
ued weight gain more than 2 years after surgery [4]. Not 
only can this negate the positive metabolic effects of the 
original surgery, it also takes a psychological toll on the 
patient that can easily lead them to stray from the long-term 
multidisciplinary treatment plan. While optimizing medical 
and psychological support is mandatory to help these 
patients, revisional procedures can also help correct ana-
tomic causes that allow weight regain.

The most common anatomic reasons for weight gain are 
gastric pouch enlargement, anastomotic dilation, and gastro-
gastric fistula. Pouch size directly correlates with weight loss 
in laparoscopic RYGB patients, as smaller pouches enable 
more weight loss [5]. Along those same lines, a larger GJ 
anastomosis diminishes the restrictive effect of surgery and 
allows more food consumption leading to weight gain. 
Surgical revision of these postoperative changes is feasible 
and effective; however they can be high risk and are associ-
ated with higher rates of adverse events [6].

Surgical revision of RYGB includes revision of the GJ 
anastomosis, adjustable banding of the gastric pouch, length-
ening of the biliopancreatic or roux limbs to increase malab-
sorption, and converting to a duodenal switch. Indications 
for proceeding with surgical revision include failure to lose 
weight, weight regain, and return of metabolic comorbidities 
(particularly diabetes mellitus). Review of studies following 
re-operative revisions shows complication rates between 
20% and 33% with leak rates >10% [7]. Since weight regain 
is difficult to define and may also be treated with medical 
management, detailed discussion of risks and benefits should 
be undertaken prior to any operative procedures. For these 
reasons, a shift toward endoscopic management of these 
problems is underway as creative and advanced techniques 
are being developed which produce acceptable results, are 
safe, and well tolerated by patients.

Chapter Objectives
	1.	 Describe the incidence of weight regain after bar-

iatric surgery and the current management.
	2.	 Describe endoluminal therapies for revision of gas-

tric pouch after weight regain.
	3.	 Describe future approaches in the management of 

weight recidivism.
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�Endoscopic Treatment

There remains a large gap between surgical and medical 
management of obesity and bariatric surgery-related compli-
cations. Weight regain has a nebulous definition and its true 
impact on overall health and metabolic conditions is difficult 
to study. Exploring endoscopic treatments for gastric pouch 
revision has gathered momentum in the last 10 years as it 
avoids the increased morbidity of re-operative surgery and 
has demonstrated potential for sustained weight loss. Critics 
will point toward meager overall weight loss numbers and 
questionable long-term durability of these devices; however 
they deserve consideration as a tool for gastric pouch 
revision.

Historically, endoluminal bariatric treatments were devel-
oped for primary treatment of obese patients, focusing on 
early intervention in class 1 obese patients (BMI 30–35) to 
prevent metabolic comorbidities. The ESSENTIAL trial in 
2017 compared the POSE procedure (Primary Obesity 
Surgery, Endoluminal) (Figs. 35.1 and 35.2) to sham surgery 
and demonstrated a statistically significant difference in 
weight loss with treatment group experiencing an average of 
4.5% total body weight loss at 12 months after intervention. 
The groups were intentionally not enrolled in intensive life-
style programs which help highlight the efficacy of the pro-
cedure in absence of any other therapy. Fifty-six percent of 
the treatment group also benefited from improvement or 
resolution of diabetes at 12 months, further demonstrating 
the therapeutic effect of endoluminal therapy on weight loss 
and hormonal changes [8].

While the endoluminal devices do not stand up to bariat-
ric surgery in terms of durability and total amount of weight 
loss, long-term data is available that supports their use for 
revision of gastric pouches as opposed to operative revision 
of the pouch. There is a well-described correlation between a 
small gastrojejunal stoma (<1 cm) and superior % EBW loss 
[9, 10]. Overeating leads to gastric pouch distension and 
dilation of the GJ anastomosis which accommodates increas-
ing amounts of food leading to potentially rapid weight 
regain. The goal of many endoscopic pouch revision thera-
pies is to halt weight regain and attempt to restore initial 
pouch dimensions (pouch length 3 cm, stoma size 1 cm) to 
induce further weight loss. Techniques to accomplish this 
range from partial-thickness plication of gastric folds, argon 
plasma coagulation of the GJ anastomosis, to injection of 
sclerosing substances to induce stomal narrowing. Most data 
gathered on these studies are small retrospective series; how-
ever overall experience has been increasing and long-term 
follow-up data is becoming more available.

Restorative Obesity Surgery Endoscopic (ROSE) 
approach is a safe and effective endoscopic technique that 
plicates elongated gastric pouch tissue to re-create a smaller 

gastric pouch and narrowed GJ anastomosis. The technique 
utilizes the Incisionless Operating Platform (USGI Medical), 
a flexible multi-lumen device that allows multiple working 
instruments to be intraluminal under endoscopic visualiza-
tion. Excess tissue is grasped with a grasper, and expandable 
tissue fasteners are deployed through the tissue to plicate the 
gastric pouch, narrow a widened anastomosis, and close 
gastro-gastric fistulae. In a small series by Raman et  al., 
ROSE was shown to halt weight regain in 90% of patients 
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Fig. 35.1  (a) Incisionless Operating Platform™ with TransPort® 
Endoscopic Access Device; (b) g-Cath EZ™ Suture Anchors; (c) sche-
matic of anchors holding plicated tissue permitting serosal approxima-
tion. (From: Espinós et  al. [28]. Reprinted with permission from 
Springer Nature)
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and produce 25% of EBW loss at 5 months after intervention 
[11]. Long-term results with this platform are questionable, 
with several studies demonstrating a return to pre-procedure 
pouch size and stoma diameter, as well as weight regain [12].

StomaphyX (EndoGastric Solutions) is a device that per-
forms endoscopic full-thickness gastric plication in a similar 
fashion to the ROSE technique (Figs. 35.3, 35.4, and 35.5). 
Data shows that the procedure is safe and effective at halting 
weight regain, and some studies show acceptable amounts of 
weight loss (mean weight loss 7.3 kg) up to 12 months later 
[13]. Results are variable, however, and several other studies 
show no change in long-term weight loss and demonstrate 
high rates of pouch re-expansion due to failure of the sutures 
and their fasteners [14]. In a retrospective review of 59 
patients undergoing StomaphyX, Goyal et al. noted that 12 
patients undergoing endoscopy at 18 months demonstrated 
no sustained reduction in pouch or stoma size [15]. This 
device is no longer on the market.

Trans-oral reduction (TORe) is an endoscopic suturing 
technique that is a safe and effective way to reduce the size 
of a dilated GJ anastomosis with the Overstitch Endoscopic 
Suturing System from Apollo Endosurgery (Fig.  35.6). In 
comparison to a sham procedure in 2013, Thompson et al. 
demonstrated weight loss or stabilization in 96% of patients 
undergoing the procedure, and successful GJ reduction and 
associated weight loss have been reported with few adverse 
events [16–18]. The device slides over the endoscope and 
uses multiple ports to introduce a tissue grasping corkscrew 
and a needle passing device. The tissue is grasped on one 
side of the stoma and pulled into the scope while deploying 
the needle across the tissue. This is repeated on the other side 
of the stoma, and the suture is cinched down, and anchors 
deploy to fix the suture in place. Prior to suturing, it is rec-
ommended to use argon plasma coagulation to ablate the 
stoma as this promotes scarring and more reliable stomal ste-
nosis. Full-thickness suturing has demonstrated superior 
weight loss results compared to superficial thickness and 
full-thickness sutures in addition to APC demonstrate better 
weight loss at long-term follow-up [19–21]. The newer plat-
forms allow purse-string sutures to be placed which have 
proven to be more durable and associated with greater weight 
loss at 12 months than interrupted sutures. Current studies 
report a total weight loss of around 10 kg at 12 months cor-
responding to 40% or regained weight lost [22].

Sclerotherapy has emerged as a successful endoscopic 
therapy for treating weight regain in those with dilated gas-
trojejunostomy. It was first used as a treatment of bleeding 
esophageal varices causing scarring and collapsing of 
injected veins. Treatment was associated with a 10% risk of 
esophageal stricture due to injection of sclerosing agent into 
the muscular layer of the esophagus. In 2003, Spaulding first 
described the use of sclerotherapy in bariatrics to decrease 
the size of dilated anastomosis [23]. This technique was per-
formed endoscopically by injecting a sclerosant, often 
sodium morrhuate, at the gastrojejunostomy site resulting in 
decreased size and compliance of the stoma. There have 
been multiple publications documenting the safety and feasi-
bility of sclerotherapy in the treatment of weight regain after 
Roux-en-Y gastric bypass.

The initial series by Spaulding reported a 3% incidence of 
dilated gastrojejunostomy. Twenty patients underwent intra-
muscular injection of 5% sodium morrhuate circumferen-
tially around the gastrojejunostomy site. Sclerotherapy 
treatment resulted in a gastrojejunostomy of 9–10 mm in all 
20 patients with an average of 1.3 treatments with six 1 cc 
injections per treatment. Seventy-five percent of patients 
experienced an average weight loss of 5.8 kg at 2 months 
post-procedure. Spaulding showed that sclerotherapy was a 
safe treatment to restore gastric bypass anatomy but also 
reinforced the need for active exercise and diet to treat weight 

Fig. 35.2  Endoscopic view of fundal and distal body plications imme-
diately post-POSE. (From: Espinós et al. [28]. Reprinted with permis-
sion from Springer Nature)
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Fig. 35.3  StomaphyX™ device main body. (From Mikami et al. [13]. Reprinted with permission from Springer Nature)

Fig. 35.4  StomaphyX™ 
mechanism of tissue 
approximation. (From 
Mikami et al. [13]. Reprinted 
with permission from 
Springer Nature)
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Fig. 35.5  (left) Pre StomaphyX™ anastomotic diameter; (right) Post StomaphyX™ anastomotic diameter. (From Mikami et al. [13]. Reprinted 
with permission from Springer Nature)

Fig. 35.6  Application of Overstitch Endoscopic Suturing System, 
Apollo Endosurgery. (a) Ablation of anastomosis with argon plasma 
coagulator. (b) Intraoperative suturing with OverStitch device. (c) 

Results of surgery: Distinct constriction of anastomosis. (From: Stier 
and Chiappetta [29]. Reprinted with permission from Springer Nature)

recidivism. The main complications of this procedure were 
postoperative pain and occasional vomiting that resolved 
within 2 weeks [23]. In 2007, Spaulding et al. published a 
long-term series of patients who underwent sclerotherapy. 
Of 147 patients who underwent sclerotherapy from 1999 to 
2006, 32 patients were available for follow-up after 1 year 
with 56.3% of patients losing weight, 34.4% stabilizing their 
weight, and 9.4% gaining weight [24].

Since this original series, there have been larger studies 
documenting the efficacy and safety of sclerotherapy in the 
treatment of weight regain. The largest study was completed 
by Dayyeh et  al. and included 231 consecutive patients 
undergoing 575 sclerotherapy sessions. The median weight 
regain from nadir weight loss was 36%, and the average gas-

trojejunostomy stoma was 19  mm. Seventy-six percent of 
patients undergoing sclerotherapy had stabilized their weight 
at 12 months. This review also showed that those who under-
went two or more sclerotherapy sessions were more likely to 
stabilize their weight regain compared to those who only 
underwent one procedure, 90% vs 58% [25]. Data from 
Giurgius et al. provided long-term results with a mean fol-
low-up at 22 ± 14  months with the longest follow-up at 
60 months. Forty percent of their 48 patients followed up for 
2 years or longer. This study provided more modest results 
with 58% noted to have weight stabilization at 2 years [26]. 
Of recent series, the most aggressive sclerotherapy was per-
formed by Catalano et al. His group injected sclerosant until 
the tissue became deep purple. In 28 patients, 64% lost at 
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least 75% of their regained weight. This study also noted that 
large pre-stoma diameter was a risk for treatment failure 
[27]. Sclerotherapy seems to be an effective, minimally inva-
sive method for treating weight regain after bariatric 
surgery.

Sclerotherapy also seems to be a relatively safe procedure 
when compared to gastrojejunostomy revision. The most 
common complication is postoperative pain with studies 
showing up to 75% post-inject pain for 12–23 h. Catalano 
et al. showed that 10 of 28 patients had shallow ulcerations 
which all healed with 8 weeks of PPI [27]. Dayyeh et al. fur-
ther went on to show that only 1% of patients had ulceration 
on repeat endoscopy [25]. Overall, sclerotherapy is a safer 
option when compared to operative revision.

�Conclusion

Endoluminal gastric pouch revision may offer a safe option 
for patients with weight recidivism, but long-term studies 
need to be done to evaluate the durability of these proce-
dures. The key principles to treat weight regain still include 
the psychological and behavior aspects of obesity, and a 
thorough workup needs to be completed before undergoing 
any type of procedure. Mechanical causes of weight regain 
include gastric pouch enlargement, GJ anastomotic dilation, 
and gastric-gastric fistula which may be amenable to endo-
scopic interventions. Future directions in this exciting field 
will rely on the advancement of endoluminal platforms to 
make endoluminal surgery easier, safer, and more durable.

�Question Section

	1.	 What is the goal pouch size (length) and stoma diameter 
following endoluminal pouch revision therapy?
	A.	 6 cm long, 2 cm stoma
	B.	 3 cm long, 1 cm stoma
	C.	 5 cm long, 1 cm stoma
	D.	 1 cm long, 1 cm stoma
	E.	 3 cm long, 2 cm stoma

	2.	 With regard to trans-oral reduction of the gastric pouch, 
which of the following techniques have demonstrated 
best long-term weight loss results?
	A.	 Partial-thickness purse-string suturing
	B.	 Interrupted full-thickness suturing
	C.	 Argon plasma coagulation
	D.	 Argon plasma coagulation + full-thickness purse-

string suturing
	E.	 Argon plasma coagulation + full-thickness inter-

rupted suturing

	3.	 Sclerotherapy is an endoluminal therapy associated with 
which of the following:
	A.	 Frequent ulceration
	B.	 Perforation at injection sites
	C.	 Weight stabilization due to narrowing a dilated GJ 

anastomosis
	D.	 No lasting weight loss in patients with weight regain 

after gastric bypass
	E.	 Weight stabilization only with a normal GJ diameter

	4.	 Endoluminal gastric pouch revision is preferred to revi-
sional surgery for which of the following reasons:
	A.	 Superior long-term weight loss
	B.	 Lower morbidity
	C.	 Fewer interventions required
	D.	 Longer procedural times
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