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Abstract

Invasive surgical procedures for gastric volume reduction or bypass have
been considered the most effective approach to sustainable long-term weight
reduction. However, non-invasive techniques for dynamic volume reduction
from inside the stomach are lacking. The aim of this study was to
propose temporary, permeable, controllable pseudobezoars for non-invasive,
long-term sustainable gastric volume reduction and to test them in pilot
human studies. Permeable sac-like carriers made from biocompatible and
biodegradable material were filled with expandable superabsorbent fiber and
polymer granules. The implements were designed to prevent the expulsion of
the pseudobezoars through the pylorus for a controlled time period. The
pseudobezoars were administered transorally to two human patients (2M,
78.9 kg/174 cm, girth 88.1 cm, and 89.7 kg/175, girth 95.2 cm). Body
weight dynamics, girth, level of satiety, stools, bowel regularity and notable
side effects were monitored in three distinct 1 month periods: baseline, therapy
and washout. Sonographic verification of the presence of pseudobezoars in
the stomachs of both subjects was performed at the end of the therapy month
and was repeated at the end of the washout period to examine the clearance
of the implements. During the therapy month, both individuals exhibited
significant weight and girth reduction (p < 0.05), and substantially increased
satiety levels. The patients retained their bowel regularity and did not report
any notable side effects. The temporary pseudobezoars were clearly noticeable
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sonographically in both patients at the end of the therapy month and cleared
after its discontinuation. Controllable temporary pseudobezoars were designed
and tested in pilot studies.

Keywords:  besoars, food intake, satiety, obesity, bariatric surgery, gastric
volume reduction

1. Introduction

1.1. The worldwide problem of obesity

Recent comprehensive statistics for the year 2005 from across the globe (106 countries,
covering approximately 88% of the world population) indicate that more than 22% of the
citizens of the world are overweight and more than 9% are obese, with these percentages
rapidly growing. Moreover, projections for the year 2030 reveal an alarming trend, particularly
for the countries with established market economies. It is projected that more than 36% of
the population in these countries will be overweight, and more than 22% will be obese (Kelly
et al 2008). In the USA alone obesity encompassed more than 30% of the adult population,
and the trends are alarming (Baskin er al 2005, Wang and Beydoun 2007, James 2008). This
is particularly significant since obesity has been implicated as the leading cause of various
clinical conditions, including cardiovascular diseases, hypertension, arthritis and diabetes
(Guh et al 2009).

Five major streams of research and development related to new treatments for obesity
are currently being explored: (1) diets, dietary regiments, supplements and related treatments
(Katz 2005, Dubnov-Raz and Berry 2008), including oral administration of fiber- or polymer-
based substances that expand in the stomach, thus introducing temporary sensation of
fullness and satiety (Matulka et al, Willman et al 2002); (2) pharmacological treatment
using specifically developed medications (Bray 2008, Vincent and le Roux 2007); (3) gastric
stimulation using implantable electronic devices (Wang et al 2006, Aelen et al 2008); (4)
invasive surgical procedures related to gastric volume reduction (Smith et al 2008, Bult et al
2008, Miller and Hell 2003), and (5) intragastric balloons for reducing gastric volume and
introducing a sensation of satiety and fullness (Genco et al 2008, Dumonceau 2008).

1.2. Diets, dietary regimens and dietary supplements

Currently, there are many various diets, dietary supplements, regimens and combinations
thereof, and their numbers are growing dramatically (Malik and Hu 2007). However, as a
rule, even the best of these weight loss strategies work in the short term only, their success
often varies widely between individuals, and they are not sustainable long-term (Katz 2005,
Dubnov-Raz and Berry 2008, Malik and Hu 2007, Tsai and Wadden 2005).

Combining diets and dietary supplements is a recent trend in obesity treatment which aims
atimproving the long-term sustainability of diets using a variety of natural supplements ranging
from fibers or fiber-based substances (Eastwood 1992) to exotic plant (Cefalu et al 2008) and
animal-based extracts (Perez-Torres and El Hafidi 2008). Of these, of particular interest are
emerging dietary supplements that expand in the gastrointestinal tract and are believed to
induce early satiety resulting in a diminished food intake in the framework of consistently
maintained overall diet plans (Matulka et a/, Willman er al 2002). Although pursuing this
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avenue could be interesting, the available commercial products Appesat (sodium alginate-
based, Goldshield, Croydon, Surrey, UK), and PREE (sodium acrylate-based, Wellosophy
Corp., Folsom, CA) to date fail to demonstrate significant and long-term sustainable weight
loss in any systematic clinical studies of a reasonable number of patients, despite the fact that
an initial, double-blind, randomized, placebo-controlled study showed promising results for
the first product (Willman et al 2002).

1.3. Pharmacological treatment

Weight-loss-related pharmacological treatment based on specifically developed and clinically
tested drugs has also not led to any significant success. Numerous therapies have been
associated with various side effects (Powers and Bruty 2008, Fernstrom and Choi 2008, Bray
and Ryan 2007), some of which have been considered quite serious and even life-threatening
(Kolanowski 1999), leading to suspension of market distribution even after governmental
approvals. After numerous attempts to introduce various anti-obesity drugs to the US and
the EU markets, presently only two medications remain approved for sales in the USA,
orlistat (Xenical, Roche Laboratories, Nutley, NJ, USA), and sibutramine (Meridia, Abbott
Laboratories, Abbott Park, IL, USA) (Gupta 2007). However, the range of side effects recently
included potential liver damage for Xenical (Umemura e al 2005) and cardiovascular problems
for Meridia (Florentin et al 2007).

1.4. Gastric electrical stimulation

Recently developed techniques for gastric stimulation (Hasler 2009), involving surgical
implantation of miniature microelectronic devices have been proposed as an avenue to tackle
more severe cases of obesity, and particularly morbid obesity. The devices can administer
electrical signals to the stomach and adversely affect normal propulsive gastric peristalsis.
However, the procedures used for the positioning of the stimulating electrodes as well as for
the implantation of the devices are invasive, and the long-term effect of the treatment remains
unknown both in terms of sustainability and safety (Aelen et al 2008).

1.5. Bariatric surgery and gastric banding

Surgical procedures related to significant gastric volume reduction are invasive measures
to address the problem of obesity, and to date are considered the most reliable avenue
for sustainable weight reduction (Snow et al 2005, Varela et al 2008). With respect to
the modification of gastrointestinal anatomy, the intervention can be permanent (Roux-en-Y
bypass, biliopancreatic diversion, sleeve gastrectomy, etc (le Roux and Bloom 2005, Encinosa
et al 2009)) or temporary (gastric banding (Chau ef al 2005)). Important changes in gut
hormone profiles have been reported and have been associated to a various extent with each of
these surgical procedures (le Roux er al 2006, 2007, Karamanakos et al 2008, Shak et al 2008,
Borg et al 2006, Wang and Liu 2009, Diker et al 2006, Rubino et al 2004). Roux-en-Y gastric
bypass and biliopancreatic diversion can be considered the most successful weight reduction
techniques, reporting the highest percentage of sustainable weight loss compared to other
methods, but with the price of higher mortality and morbidity (te Riele et al 2008, Lancaster
and Hutter 2008). At the other end of the spectrum, laparoscopic gastric banding has been
reported to result in more modest weight loss, but has been associated with a significantly
reduced mortality and morbidity (Lancaster and Hutter 2008). Despite the relative success
of these surgical methods, risk-normalized mortality rates associated with some of them can
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exceed 1% (Tanner and Allen 2008), and the patients have to undergo prolonged recovery
periods and dramatically abrupt changes in lifestyle, eating habits and dietary regimens (Ernst
et al 2009). In addition, all surgical interventions and subsequent patient management can be
quite expensive (Carvalho et al 2009).

1.6. Intragastric balloons

In the last 20 years, various designs of intragastric balloons have been proposed as an avenue
to reduce gastric volume from inside the stomach and thus promote sustainable weight loss
superior to diets (Genco et al 2008, Dumonceau 2008). Although the balloons have been
found effective in promoting short-term weight loss in about two-thirds of the patients with
a mean weight loss of over 17 kg, evidence for the long-term sustainability of this technique
(over 2 years) is still lacking, and early digestive intolerance precludes its wider applicability
(Dumonceau 2008). In addition, it has been demonstrated that the balloon positions itself in
the fundus of the stomach, and thus a rather large volume is needed for any serious effect to
be achieved (Carvalho et al 2009). Moreover, serious adverse side effects associated with the
technique include cases of cardiac arrest, esophageal and gastric perforations, and even death,
putting a substantial question mark over the safety of this method (Cubattoli et al 2009, Ruiz
et al 2009, Koutelidakis et al 2009).

1.7. Temporary controllable pseudobezoars

The present limitations of non-invasive obesity treatments such as diets, dietary regiments,
dietary supplements and pharmaceuticals on one hand, and invasive procedures such as
bariatric surgery, laparoscopic gastric banding, gastric electrical stimulation and intragastric
balloons on the other hand, leave a substantial gap in obesity research. However, a common
theme could be found between these often seemingly opposing methods, and this theme
inevitably leads to gastric volume reduction. Dramatically achievable surgically or with
intragastric balloons, substantial volume reduction has not been reported using non-invasive
techniques.

Historically, gastric bezoars, foreign bodies in the stomach formed either by tangled fruit
or vegetable fibers (phytobezoars, (Zissin et al 2004)) or hair (trichobezoars, (Malhotra et al
2008)) have been reported to be difficult to diagnose, manage or remove. On the other hand,
more severe cases of large intragastric bezoar formations have led to anemia, malnutrition and
wasting, related to often substantial weight loss, which is usually resolved after the removal
of the bezoar (Bernstein et al 1973, McGehee and Buchanan 1980). Although the formation
of intragastric bezoars is a rare medical phenomenon, it is the focus of the present study.

It could be speculated that if we had the ability to design non-nutritional, non-invasive,
ingestible implements which upon oral intake can rapidly grow in the stomach to a size and
stiffness precluding their expulsion through the pylorus, substantial gastric volume reduction
could be achieved without surgical or endoscopic intervention. However, several issues related
to this concept emerge that need to be examined: (1) these pseudobezoar implements should
retain their volume and relative stiffness for a relatively long time period (5-15 days) so that
they cannot exit through the pylorus during a pre-determined time period; (2) they should
remain soft enough not to injure gastric mucosa while residing in the stomach; (3) they
should be permeable to fluids and gases to avoid possible gastrointestinal obstructions, and
(4) they should be relatively quickly disintegratable on demand for safety reasons, a feature
that we refer to as controllability. Thus, even if the individual volume of such implements
is relatively small (10-50 cc), with proper and regular long-term daily intake, a dynamic but
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permanent gastric volume reduction can be achieved in a far less invasive way compared to
surgical interventions and intragastric balloons. The controlled disintegration and subsequent
expulsion of a given pseudobezoar after residing in the stomach for several days can be
compensated by the continuous intake of additional pseudobezoar capsules, thus dynamically
maintaining a volume of non-nutritional pseudofood chunks in the stomach, which would
stimulate the mechanoreceptors located on the mucosal side of the gastric wall. It can be
hypothesized that the presence of these pseudofood chunks would lead to early satiety, the
feeling of fullness and, respectively, to long-term sustainable weight loss and a gradual, but not
dramatic change in the eating habits of the patient. More importantly, such an approach could
lead to a wide-ranging and safe gastric volume reduction treatments accessible to far greater
percentage of the population compared to the surgical gastric volume reduction techniques
available today.

1.8. Aim of the study

The aim of the present study is to propose a design of temporary, permeable, controllable
pseudobezoars for non-invasive but long-term sustainable gastric volume reduction and to test
this design in preliminary pilot human experiments.

2. Methods

2.1. Design of the temporary controllable pseudobezoars

Although seemingly simple, the requirements for such non-nutritional pseudobezoars have
proven to be quite demanding. Initially, our vision was to utilize permeable sac-like carrier
or carriers, in which granules of superabsorbent fibers or polymers that rapidly swell in acid
would be placed with disintegration control from outside the body and on demand (Mintchev
and Yadid-Pecht 2009). Immediately after ingestion, the implement would swell to a size
precluding its expulsion through the pylorus, while retaining dimensions higher than 1.5 cm
in all directions even if forces higher than 1.5 N were applied on it. It has been suggested
previously that gastric peristaltic forces do not exceed 1 N (Kong and Singh 2008) and that
sufficiently rigid spherical particles larger than 1.5 cm in diameter cannot exit the pylorus
(Kong and Singh 2008, Cargill ef al 1988). We eventually simplified the controllability by
sourcing a biocompatible, biodegradable and pH-dependent gauze carrier material for timed,
pH-based disintegration, in which superabsorbent polymer granules were to be positioned.
Appropriately permeable carboxy cellulose gauze was custom-manufactured and cut into
5 x 8 cm rectangular pieces. Separately, the same manufacturer provided a 12-tex continuous
suture also made from carboxy cellulose which was utilized to enclose the rectangular carboxy
cellulose gauze piece into a pyramid-like sac. Two granulated superabsorbent products were
mixed in an optimized volume ratio to fill this carboxy cellulose sac, the PolyGlycopleX®
(PGX®) granules by Natural Factors (Vancouver, BC, Canada), a novel viscous dietary
polysaccharide fiber (Matulka et al), and FAVOR PAC (Evonik Degussa, Krefeld, Germany),
an inert sodium polyacrylate polymer (carbomer) (Haselbach et al 2000a, 2000b, 2000c).
Ultimately, the carboxy cellulose carrier containing the granulated superabsorbents was
packed in a 000 gelatin capsule (Capsugel, Peapack, NJ, USA). Two thousand such capsules
were manufactured in an ISO 9001 certified dietary supplement manufacturing facility and the
product was registered as a dietary supplement under the name Zalak® with the Capital
Inspectorate for the Protection of Public Health in Bulgaria according to the European
Union and Bulgarian legislation. The product is a four-component implement, including
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(a) permeable carboxy cellulose gauze sutured into a sac-like carrier using (b) carboxy cellulose
sutures and containing a proprietary mixture of (c) swellable PGX® granulated fibers and
(d) carbomer granules.

2.2. Laboratory testing

The pseudobezoars were laboratory tested in HCl-based solution simulating gastric liquids
and were optimized for (a) maximal swelling in pH 1-2; (b) optimal hardness so that lateral
forces of 1.5 N from any direction would not compress them to dimensions of less than
1.5 cm, while preventing them from bursting, and (c) maximal swelling speed. The
optimization was performed by blending PGX and carbomer granules and exploring different
dimensions and shapes for the carboxy cellulose gauze carrier, given the volume constraints
of a standard 000 gelatin capsule.

In addition, the controllability of the pseudobezoars was examined in pH solutions of 1,
1.5, 2,3, 4 and 5, testing the integrity of the gauze when pulled from different directions with
a force of 1 N, simulating gastric peristaltic forces. Altogether, ten pseudobezoars were tested
in each pH solution.

2.3. Pilot human testing

Two overweight healthy male adults (subject 1: 78.9 kg/174 cm, BMI 26.06 kg m~2, girth
88.1 cm, and subject 2: 89.7 kg/175 cm, BMI 29.29 kg m~2, girth 95.2 cm) consented in
writing to try the registered dietary supplement Zalak® for a period of 1 month, taking two
capsules half an hour before meals with 300 to 500 ml of water, three times a day. During
the therapy month, the subjects were asked not to change their daily routines, eating habits
and diets, and to record their weight and girth daily. During the baseline and the washout
months, the volunteers monitored their weight and girth once a week. The subjects were also
asked to regularly fill a sheet with the satiety scale of Haber (Haber et al 1977) after each
meal during the therapy and for 1 month after its discontinuation. The results for each month
(baseline, therapy and washout) were averaged, standard deviation was measured and the level
of significance was examined using MS Excel-based two-tailed Student’s r-test, with p <
0.05 considered significant. In addition, the individuals were advised to estimate, record and
report any notable changes in their food and water intake patterns. In this pilot human testing,
we aimed at mimicking the way an average patient would be initiated into the pseudobezoar
therapy.

It has been reported before (Newman and Girdany 1990) that abdominal ultrasound can
detect the presence of bezoars in the stomach. Therefore, at the end of the therapy month, and
at the end of the washout month, the patients underwent a routine 3D abdominal ultrasound
examination after an overnight fast, which sought to reveal the presence or the absence of the
pseudobezoars in the stomachs of both subjects. The 3D feature of the ultrasonic machine
(GE Voluson ES8, Fairfield, CT, USA) was utilized to estimate gastric volume.

The tests were approved by the Ethics Committee of the University of Forestry in Sofia,
Bulgaria.

3. Results

3.1. Laboratory tests

The optimized pseudobezoar implement swelled in simulated gastric acid (pH 1-3) in less
than 10 min to a size ranging from 12 to 15 cc (figure 1), with such stiffness that a force of
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Figure 1. The 5 x 8 cm carboxy cellulose gauze piece (above, left) was sutured into a pillow-like
carrier filled with a proprietary mixture and quantity of fiber and polymer granules and placed into a
000 gelatin capsule (above, right). Immediately after submerging in body temperature HCI solution
(pH of 2), the gelatin capsule started disintegrating, and the permeable gauze began moisturizing
(below, left). After 10-15 min, the pseudobezoar expanded fully to a 12-15 cc implement.

Figure 2. After expanding, Zalak® did not reduce its dimensions to less than 1.5 cm in any
direction under force of 1.5 N (shown as a weight load on top) regardless of the pH dynamics of
the simulated gastric medium.

1.5 N applied to it from any direction and on any portion of the surface area would not reduce
any of its post-expansion dimensions to less than 1.5 cm (figure 2).

The swelling of the pseudobezoar started at 2—3 min after capsule submersion in the
simulated gastric environment, immediately after the gelatin dissolved. The three parameters
characterizing the pseudobezoar in the simulated gastric medium were monitored: the swelling
velocity, the steady-state value of the expanded volume and the compliance response to external
force of 1.5 N.

The longevity of the pseudobezoars in pH between 1 and 2 (typical for the stomach)
ranged from 6 to 9 days. In pH of 3—4, it was reduced to 3—4 days, and in pH of 5-6 the
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Table 1. Results from the pilot chronic human tests of carboxy cellulose/PGX/FAVOR PAC
pseudobezoars. Significance is denoted by an asterisk () with respect to the first letter of the
period (B = baseline, T = therapy, W = washout). Arrows denote whether the significant change
was incremental or decremental.

Volunteer 1 (M) Volunteer 2 (M)
Haber satiety scale (baseline) 6.4+0.7 6.1 +£09
Haber satiety scale (therapy) 88+ 1.1,'Bf, "Wt  9.0£0.8, B}, "Wt
Haber satiety scale (washout) 6.7+07,"T} 62+1.1,"T}
Girth (baseline) 88.0 = 0.3 cm 952+ 0.14cm
Girth (therapy) 855+ 1.3cm, ‘B 91.8 +£2.1 cm, 'B}
Girth (washout) 85.74+ 0.6 cm, ‘B, 90.9 + 1.7 cm, ‘B
Weight (baseline) 787 £ 0.4 kg 89.2 +£0.15kg
Weight (therapy) 76.0 £ 1.7 kg, 'B} 85.8 +2.2kg, ‘B|
Weight (washout) 75.5 £ 0.4 kg, B} 839+ 1.4kg, 'B|

gauze carrier weakened and could not withstand 1 N pulling forces after 2-3 h, indicating
an excellent pH-based controllability on demand. In other words, if the therapy was to be
discontinued for whatever reason (patient concerns, discomfort, or any other possible issue),
the administration of a strong antacid raising the pH in the stomach to above 5 would result in
the destruction of the pseudobezoars in a matter of hours. Similarly, the pseudobezoars would
disintegrate rapidly in the gut, where the pH is between 4 and 6, thus ensuring the safety of
the method.

3.2. Pilot human tests

Both subjects exhibited significant weight loss and girth reduction during the therapy period,
and high satiety scores on the satiety scale of Haber. These diminished gradually during
the washout period. It is important to note that the subjects retained their regularity and
did not report any constipation or diarrhea. Only on one single occasion during the therapy,
one of the volunteers reported morning nausea, which, however, did not result in vomiting
and disappeared after the breakfast meal. Otherwise, both patients reported the feeling
of ‘something is in my stomach’, particularly during the night and in the morning, and
substantially reduced appetite and volume of food consumed at mealtimes. However, they
did not report any significant or notable side effects or discomfort, although they constantly
experienced ‘feeling full’ sensation when going to bed during the therapy month. One of
the subjects (initial BMI of 29.29 kg m~?) started the therapy with a weight of 89.7 kg, to
end it at 82.1 kg (a 1 month weight reduction of 8.5%, new BMI of 26.8 kg m~2). In terms
of girth, this individual started the therapy with 95.4 cm to end it with 88.6 cm, a 1 month
reduction of 7.1%. The other subject started the therapy with a BMI of 26.03 kg m~2,
initial weight of 78.9 kg, and girth of 87.9 c¢m, to end it at a new BMI of 24.61 kg m~2,
weight of 74.5 kg (5.6% reduction), and girth of 84.5 cm (3.5% reduction). Both individuals
also reported substantially diminished occurrences of incidental food consumption between
meals, and substantially diminished food quantity intake during the therapy period, without
any other dietary changes. Table 1 summarizes the results from the pilot chronic human
tests.

The abdominal 3D ultrasound examination at the end of the therapy month revealed the
presence of the pseudobezoars in the stomachs of both subjects (figure 3). In one of the
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Figure 3. Abdominal ultrasonic images taken at the end of the therapy revealed the presence of
the pseudobezoars in the stomachs of both subjects (A and B), which echographically manifested
themselves as cast shadows (denoted with arrows). The pseudobezoars positioned themselves
along the lesser curvature of the stomach in the antral and corporal area and away from the fundus.

subjects, the 3D feature of the ultrasonic machine (GE Voluson ES8, Fairfield, CT, USA)
estimated the gastric volume at 124 cc. In both subjects, the pseudobezoars were located in
the lower half of the stomach, in the area of the lesser curvature. Otherwise, the stomachs were
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Figure 4. Abdominal ultrasonic images taken 30 days after the end of the therapy revealed the
absence of pseudobezoars in the stomachs of both subjects (A and B). The lack of shadowing under

the lesser curvature of the stomach is obvious.

not distended but were collapsed around the pseudobezoars. At the end of the washout month
(i.e. 30 days after the discontinuation of the therapy), pseudobezoars were not identified in

any of the subjects (figure 4).
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4. Discussion

In the quest for new and effective treatments for obesity, non-invasive alternatives to bariatric
surgeries represent a challenging but luring possibility. However, diets and drugs have provided
only limited alternatives to patients, and even these have been recommended to specific patient
groups only (Katz 2005, Dubnov-Raz and Berry 2008, Bray 2008, Vincent and le Roux 2007).

In this pilot study of temporary controllable pseudobezoars as an alternative to bariatric
surgery for the treatment of obesity, we tested this innovative concept on two patients with
excellent results.

Naturally, much work needs to be done before the concept of temporary, controllable
gastric pseudobezoars becomes a real and proven alternative to bariatric surgery. First and
foremost, further clinical studies on a significant number of gender- and age-diversified patients
are needed, which should include comparative assessment of hormonal changes that have been
demonstrated with bariatric surgeries (le Roux et al 2006, 2007, Karamanakos et al 2008, Shak
et al 2008, Borg et al 2006, Wang and Liu 2009, Diker et al 2006, Rubino et al 2004, Lenz and
Diamond 2008), and the effect of the therapy on gastric motility and emptying, particularly
with respect to the possible modifications that this pseudofood therapy would induce on the
Migrating Motor Complex (MMC) in the stomach during fasting (Malagelada 1990).

A key question stemming from this line of research and development is whether this
method is yet another dietary option, or it is truly a volume-reduction therapy closer to its
surgical counterparts. It is also possible that the method could be a combination of both,
depending on the dosage and the administration patterns.

It is worth mentioning also, that in addition to pH-based controllability being an important
safety feature of this technology, the carboxy cellulose material used for the gauze carrier
has proven anti-inflammatory properties (Zhu et al 2001), which probably would not only
prevent injuring gastric mucosa after prolonged therapy, but may also have secondary benefits
for gastric and even bowel mucosa, particularly if impregnated with beneficial therapeutic
excipients. Naturally, on a long run, the benefits of fiber-like granules passing through the
gut after the disintegration of the pseudobezoars should not be underestimated as well. In
that respect, it is important to note that both subjects did not report excessive gas, bloating,
diarrhea or constipation.

The present study clearly demonstrates that administration and long-term sustainability
in the stomach of non-invasive, temporary, controllable pseudobesoars is entirely possible.
In both subjects, this has been verified echographically, just as it has been reported for
actual bezoars (Newman and Girdany 1990). It is our firm belief, therefore, that with the
provided controllability of the volume, the number and the presence of such pseudobezars
in the stomach, achieving the effects that have been reported for actual bezoars, including
weight loss, are entirely possible, while avoiding in a controlled fashion the negative effects
of naturally formed bezoars.

5. Conclusion

Controllable temporary pseudobezoars have been designed, optimized and tested in pilot
chronic human trials as an alternative to bariatric surgery for the treatment of obesity. The
results clearly demonstrated the feasibility of this novel alternative approach in obesity
management. Studies on more patients using this technique are needed to confirm these
findings.
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