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Abstract

Background: Obesity is a leading cause of mortality and morbidity in Prader-Willi syndrome
(PWS).

Objectives: To study weight loss and growth after laparoscopic sleeve gastrectomy (LSG) in
pediatric patients with PWS compared with those without the syndrome.

Setting: Academic center with a standardized care pathway for pediatric bariatric surgery as a
part of a prospective clinical outcome study on children and adolescents undergoing weight loss
surgery.

Methods: Clinical data of all PWS patients who underwent LSG were abstracted from our
prospective database, which included all pediatric patients who underwent bariatric surgery. These
data were then compared with a 1:3 non-PWS group matched for age, gender, and body mass
index (BMI). Data for up to 5 years follow-up were analyzed.

Results: The 24 PWS patients (mean age 10.7; 6 < 8 yr old, range 4.9-18) had a preoperative
BMI of 46.2 + 12.2 kg/m2. All PWS patients had obstructive sleep apnea (OSA), 62% had
dyslipidemia, 43% had hypertension, and 29% had diabetes mellitus. BMI change at the first,
second, third, fourth, and fifth annual visits was —14.7 (n = 22 patients), —15.0 (n = 18), 12.2 (n =
13), -12.7 (n = 11), and -10.7 (n = 7), respectively, in the PWS group, whereas the non-PWS
group had a BMI change of -15.9 (n = 67), —-18.0 (n = 50), -18.4 (n = 47), -18.9 (n = 26), and
-19.0 (n = 20), respectively. No significant difference was observed in postoperative BMI change
(P=.2-7) or growth (postoperative height zscore Pvalue at each annual visit = .2-.8); 95% of
co-morbidities in both groups were in remission or improved, with no significant difference in the
rate of co-morbidity resolution after surgery (P=.73). One PWS patient was readmitted 5 years
after surgery with recurrence of OSA and heart failure. No other readmissions occurred, and there
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were no reoperations, postoperative leaks, or other complications. No mortality or major morbidity
was observed during the 5 years of follow-up. Among the PWS patients who reached their follow-
up visit time points the total follow-up rate was 94.1%, whereas in the non-PWS group it was
97%. All patients who missed a follow-up visit were subsequently seen in future follow-ups, and
no patient was lost to follow-up in either group.

Conclusions: PWS children and adolescents underwent effective weight loss and resolution of
co-morbidities after LSG, without mortality, significant morbidity, or slowing of growth. LSG
should be offered to obese PWS patients with heightened mortality particularly because no other
effective alternative therapy is available.

Keywords

Prader-Willi syndrome; Sleeve gastrectomy; Bariatric surgery; Children and adolescents; Weight

loss

Prader-Willi syndrome (PWS) is a genetic disorder caused by loss of the paternal copy of
chromosome 15 q11.2-13. This syndrome has an estimated prevalence ranging from 1 in
8,000 to 1 in 50,000 individuals. It is characterized clinically by infantile hypotonia, learning
disability, short stature, and hypogonadotrophic hypogonadism followed by compulsive
hyperphagia with development of severe obesity as early as 2 years of age [1-3].

Obesity is the leading cause of death in patients with PWS [4,5]. Marked hyperphagia, food-
seeking, and other behavioral problems are the most significant factors contributing to severe
obesity and development of co-morbidities, including obstructive sleep apnea (OSA),
diabetes mellitus (DM), hypertension (HTN), heart failure, and others [5,6]. With the
insatiable appetite and the poorly controllable weight gain common in PWS, many patients
can die by adolescence and early adulthood as a result of obesity-related complications if not
treated.

Bariatric surgery is a solution that successfully alleviates obesity in different age groups. It
has been previously reported that children and adolescents who undergo laparoscopic sleeve
gastrectomy (LSG) experience well-tolerated, effective, and sustained reduction of body
weight, with resolution of the majority of their co-morbidities [7-9]. However, offering
bariatric surgery to patients with syndromic forms of obesity, let alone PWS, is still
controversial [10]. Questions are raised regarding the safety profile of bariatric surgery in
these patients, the degree and sustainability of weight loss and resolution of co-morbidities,
long-term results, and the effect on growth and skeletal maturity [11]. These concerns stem
from the fact that the pathophysiology of obesity in these patients is unique and differs from
what is observed in the general population. Additionally, bariatric procedures commonly
used in the past did not have favorable outcomes in PWS patients [12].

Considering the success of LSG in nonsyndromic forms of obesity [12], there is increasing
interest in evaluating the benefits of performing the procedure on patients with PWS
[10,11,13], particularly if other less invasive forms of treating the obesity such as diet,
exercise, and hormone replacement are unsuccessful and/or unavailable. In this study, we
compared the safety and efficacy of LSG in obese PWS children and adolescents (without
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previous growth hormone treatment) with what was observed in nonsyndromic pediatric
obese patients who underwent the same procedure.

Patients and methods

Our academic center conducts an ongoing, prospective clinical outcome study for all
children and adolescents undergoing weight loss surgery [14]. The overarching aims are to
assess weight loss, complications, co-morbidities, and growth of children and adolescents
who undergo surgical weight loss procedures using a standardized care pathway and
research protocol. In our setting, all patients undergo a multidisciplinary nonsurgical weight
management program that includes close follow-up with a pediatric endocrinologist,
geneticist, behavioral therapist, physiotherapist, and dietician. Those who fail to achieve the
set target after at least 6 months in the program and fulfill the surgical criteria as defined in
Algahtani et al. [14] are offered bariatric surgery. Accordingly, all PWS patients who were
enrolled in our care pathway were eligible for bariatric surgery and had been subjected to it,
except 1 patient who expressed desire to defer surgery in spite of meeting our surgical
criteria [10].

For this study, each PWS patient who underwent LSG was matched with 3 non-PWS
patients for age, gender, and body mass index (BMI) at baseline from the group of patients
who underwent LSG. This study reports the analysis of the relevant weight loss, growth,
complications, and co-morbidity data that were collected from the inauguration of the
program in March 2008 to April 2015. Additionally, we analyzed the postintervention
growth of patients with PWS compared with those without the syndrome and with those who
did not undergo LSG.

PWS patient diagnosis and management

All patients who fulfilled the revised Holm et al. criteria for diagnosis of PWS [15,16] were
included in this study. The PWS patients underwent further genetic evaluation for
confirmation of the condition with DNA methylation analysis on chromosome 15, with no
further genetic testing [17-19]. All patients were managed under the standardized pediatric
bariatric surgery pathway implemented at the College of Medicine, King Saud University,
which is a multidisciplinary model encompassing pediatric endocrinology, bariatric surgery,
nutrition, nursing, psychology, and health education services with detailed outpatient,
preoperative, intraoperative, and postoperative protocols [20]. Ethical approval from the
Institutional Review Board of King Saud University was granted for this management
methodology. No PWS patient was on growth hormone therapy before the bariatric surgical
procedure or during the follow-up period. No PWS patient had documented thyroid or
adrenal gland dysfunction.

Weight assessment and calculations

Weight measures were obtained to the nearest .1 kg using calibrated electronic scales and
height measures were obtained to the nearest .1 cm using standing stadiometers. Adiposity
was assessed by BMI and BMI zscore, the change in those 2 variables from baseline, as
well as %BMI change. All zscores were calculated using Cole’s [21] equation. For PWS
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children and adolescents, the LMS-Box-Cox power (L), median (M), and coefficient of
variation (S) growth percentile parameter values developed by Butler et al. [22] from
children and adolescents with Prader-Willi syndrome who were not on growth hormone
were used. For the nonsyndromic control group, the same method was employed using
growth percentile parameters developed by the Centers for Disease Control and Prevention
(CDC) [23]. Percent excess weight loss was calculated as: (Baseline weight — follow-up
weight) / (Baseline weight — weight corresponding to 85th percentile for age and gender on
CDC weight for age growth chart). Percent total weight loss was calculated as: (Baseline
weight — follow-up weight) / Baseline weight.

Growth assessment

For assessment of growth, we calculated height and height zscore and the change of those
variables from baseline. The height zscore was calculated using the method described
previously.

Co-morbidity assessment

All co-morbidities were assessed relying on internationally accepted pediatric-specific
guidelines [6]. The co-morbidities included were obstructive sleep apnea (OSA), diabetes,
prediabetes, dyslipidemia, hypertension, and prehypertension. Response to treatment was
assessed by observing the remission and improvement in the co-morbidities diagnosed
preoperatively. The criteria for remission, improvement, and recurrence were those used in
the report by Algahtani et al. [9]. Accordingly, OSA was evaluated using the Pediatric Sleep
Questionnaire (PSQ) and confirmed through polysomnography. Postoperative surveillance
of OSA remission, improvement, and recurrence was done using the PSQ, and patients who
had postoperative symptom recurrence after complete resolution underwent repeat
polysomnography. Diabetes, prediabetes, dyslipidemia, hypertension, and prehypertension
were diagnosed using pediatric-specific guidelines. Complete remission was defined as
attaining levels within the normal range at any postoperative visit, whereas improvement
was defined as attaining levels closer to the normal range without evidence of remission at
subsequent visits (Table 1).

Postoperative management

Follow-up research visits were scheduled at 2 weeks and 3, 6, and 12 months postoperatively
and annually thereafter. The visits included evaluations of complaints, weight change,
complications, co-morbidity status, and height change. Complete clinical and biochemical
assessment was performed at each visit, and the PSQ was repeated at the 6-month visit and
at each annual visit (Table 1). Data were collected using standardized case report forms
(CRFs) specifically created for our custom-developed database. The surgical technique has
been standardized as published previously, and all patients underwent routine intraoperative
assessment for presence of a hiatal hernia [14].

Complication surveillance

A CRF was used to capture data from the in-hospital course. This CRF contains questions
about the length and reason for stay in ward, the high-dependency unit, and the intensive
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care unit (if applicable); pain management; intraoperative complications; and postoperative
complications. Another CRF was used for the intraoperative course. It included questions
about the procedure type, method, time, any planned or unplanned concomitant procedure
performed, blood loss, any testing for leak, and subjective surgeon assessment of procedure
difficulty. A separate CRF was used to collect postdischarge complications occurring within
the first 30 days and again to collect information on complications suffered beyond the first
30 days after surgery. Patients who missed a visit were contacted via telephone, interviewed,
and offered a rescheduled visit.

Patient characteristics

Weight loss

LSG was performed on 24 patients with PWS, of whom 10 (42%) were female. Mean age
was 10.7 years, ranging from 4.9 to 18 years. Nineteen patients were < 14 years of age.
Mean preoperative BMI was 46.2 kg/m? (range: 30.1-78.1) and the mean height zscore
was .6 (range: —2.3 to 2.5).

In both groups, BMI decreased on average by 8 kg/m? in the first 3 months after surgery (P
=.2). Mean BMI change for the PWS group at 3 (n = 25), 6 (n =25), 12 (n =23),24 (n =
18), 36 (n = 13), 48 (n = 11), and 60 (n = 7) months was -8, -12, -15, =15, =12, -13, and
-11 kg/m2, respectively (Table 2).

Co-morbidities

All PWS patients had at least 1 co-morbidity, with 66.7% having 3 or more co-morbidities.
All PWS patients had obstructive sleep apnea (OSA) as diagnosed by the Pediatric Sleep
Questionnaire [25] and formal polysomnography [26] at baseline. Excluding 2 patients with
an apnea/hypoapnea index (AHI) of 34 and 37, mean AHI was 10.5 + 3.7 (range: 2.2-13).
On average, each severely obese PWS patient suffered 2.75 co-morbidities. Postoperatively,
81.8% of co-morbidities were in complete remission, with an overall remission and
improvement rate of 97.0% (Table 3). However, 1 patient experienced recurrence of
dyslipidemia, manifesting as a rise in triglycerides and a drop in HDL cholesterol at 4 years
after surgery. This patient also developed recurrence of OSA, which was diagnosed at the 5-
year follow-up visit, and continuous positive airway pressure (CPAP) was reinstated. He was
subsequently readmitted with type 2 respiratory failure secondary to OSA and
cardiovascular-related morbidity (Table 4, patient 24). No other patient in either group
developed a recurrence in any co-morbidity, and there was no significant difference in the
rate of co-morbidity resolution comparing the 2 study groups (P=.72).

Regarding functional status, 5 PWS patients were wheelchair bound; 4 were unable to walk
unassisted because of lower limb deformities in the form of Blount disease, and 1 patient
would develop shortness of breath on walking short distances because of excessive weight
(heart failure ruled out through electrocardiographic and echocardiography analyses).
Furthermore, 2 patients were referred to us with history of life-threatening events including
cardiac arrest before surgery.
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Complications

No reoperations or short- or long-term complications occurred in any patient in the study
group, and no patient had a hospital stay of more than 3 days. One patient was readmitted 5
years after surgery because of the co-morbidity recurrence described earlier. Otherwise,
there were no readmissions or complications after surgery in our cohort throughout follow-

up.

Compliance to follow-up

Growth

All patients attended their scheduled follow-up visits up to the first year after surgery.
Afterwards, 4 patients missed their 2-year visit, 3 patients missed their 3-year visit, and 1
patient missed the 4- and 5-year visits. Of 152 visits for PWS patients who reached their
follow-up time points, 143 visits were attended, bringing the overall compliance to follow-
up rate to 94.1%. The non-PWS patients missed a total of 8 annual visits. All patients who
missed their visits were in contact through phone and were being seen in their primary
facilities. None of the patients who missed their visits were readmitted at another hospital,
and no patient was lost to follow-up.

According to the non-growth hormone-treated PWS-specific growth charts recently reported
by Butler et al. [22], our PWS patients had a mean height zscore of .6 at baseline compared
with .8 for the patients in the nonsyndromic control group, whose zscores were calculated
according to the parameters generated from the CDC growth charts (P=.8). At 1 year
postoperatively, the mean height zscore of the PWS group was .5, with a mean change in
height zscore of —.1. Mean height z score of the PWS group was lowest at the third year
postoperatively compared with all postoperative milestones, whereas mean change in height
zscore reached a nadir of —.1 at the 2-year visit (Table 5). No significant difference was
observed comparing height zscore of the PWS and the control groups at baseline with the
annual visits (P value for PWS = .2-8; Pvalue for the control group = .1-.7). For the
nonsyndromic group, height zscore was lowest at the 4-year visit, with the change in height
zscore averaging —.6 at that visit (Fig. 1).

Discussion

The results of the present study indicate that LSG induces loss of 60% of excess weight in
both PWS and nonsyndromic children and adolescents within the first year after surgery,
with no significant difference in weight loss throughout the follow-up period (Table 2).
Additionally, there was no significant decline in the rate of growth in either group; the mean
height zscore of the PWS group reached a nadir of —.05 before catching up and reaching an
average of 1.1 at the 5-year follow-up visit. The height zscore at this visit was accompanied
with a height gain of 12.8 cm, and similarly, more than 14 cm of height were gained in the
nonsyndromic group (Table 5). Regarding co-morbidities, 88% of the PWS patients with
OSA experienced complete symptom resolution, 9 (60%) cases of dyslipidemia returned to
normal levels, and all other co-morbidities were in complete remission. This resolution was
maintained throughout the 5 years of follow-up, except for the patient who experienced
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recurrence of dyslipidemia at the 4-year visit and recurrence of OSA at the 5-year visit
(Table 3).

Currently, the medical community and the caregivers are struggling to find a solution that
can alleviate the suffering of PWS patients and save their lives. Patients with PWS have a
risk of death that is 6 times higher than those with other intellectual disabilities and 20 times
higher than the general population [27]. Worldwide, 70% of PWS deaths are due to obesity-
related complications, with most of those deaths occurring during adolescence and early
adulthood [28]. In all forms of obesity, let alone obesity associated with PWS, lifestyle
management (dieting, physical activity, behavioral change) does not generally result in
significant weight loss and is associated with a high rate of weight regain. This is especially
the case with PWS patients, because the pathophysiology of the syndrome is associated with
significant hyperphagia and food-seeking behavior, making efforts at dietary control
extremely challenging [29]. Interestingly, the families of the PWS patients reported better
control of hyperphagia and food-seeking behavior postoperatively. Monitored meal intake in
the postoperative period by families indicated that the PWS patients stopped eating on their
own, often before finishing their prescribed meal according to the postoperative dietary
program. Detailed results regarding meal patterns and quality of life are the subject of future
research.

Results with bariatric surgery in PWS were not always encouraging; mortality and life-
threatening complications were encountered, rendering the use of many of those procedures
controversial at best. In 1 study, the BioEnterics® Intragastric Baloon (BIB) was placed in
12 patients with PWS for a mean period of 8 months. The overall complication rate was
33.3% (4 of 12) with 1 death and 2 early removals. BIB did result in weight loss (albeit low),
but such significant morbidity and mortality render its use controversial and not
recommended [30]. Anderson et al. reported on 11 patients who underwent gastric bypass,
of whom 1 child died 50 months after surgery. The cause of death in this patient was
congestive heart failure secondary to severe obesity after weight regain [31]. In another
study by Marinari et al., biliopancreatic diversion was performed on 15 PWS patients. Two
deaths were reported in the series, with 1 of the deaths caused by respiratory failure
exacerbated by severe obesity [32]. Although the weight loss results of other bariatric
procedures were encouraging, any death or serious adverse event occurring after a bariatric
procedure leads the scientific community to question the risk-benefit of the procedure. For
this reason, our protocol initially included routine postoperative admission to the intensive
care unit (ICU) for 24-hour observation. However, we concluded that having a syndrome on
its own does not necessitate ICU admission [10], and PWS patients were then followed
under the standardized protocol without amendment [14].

The PWS patients who underwent LSG in our institution experienced significant weight loss
and resolution of co-morbidities without mortality or surgery-related morbidity, and their
weight change was not significantly less than their matched nonsyndromic counterparts.
Although 1 patient did experience a recurrence in co-morbidities after more than 4 years of
remission, the overall experience is a reassuring indicator of a positive long-term
postoperative safety profile and success of LSG in this selected population.
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Recently, hopes were placed on growth hormone (GH) as an option that reduces weight and
improves growth, lean mass, and bone density of PWS patients [33]. In some societies,
where starting growth hormone therapy is not conditioned by the presence of growth failure
(as is the case in the United States), evidence suggests benefit from its initiation early in life
based on genetic testing during infancy. Marked obesity may be avoided with strict dietary
control and the use of growth hormone. However, growth hormone is contraindicated in
severe obesity and in those with OSA (which was present in all of the PWS patients in the
study group) because of the increased risk of sudden death [34-37]. For this reason, none of
our patients were on growth hormone. Nevertheless, we believe that the effects of growth
hormone therapy, including lean mass and bone density improvement, are important to the
health of PWS patients. Future studies may suggest benefit from growth hormone after
bariatric surgery because the vast majority of our PWS patients were relieved from
contraindications (severe obesity and OSA) to initiation of growth hormone therapy. We
believe that the evidence presented in this paper should be considered together with data
from the Safety and Appropriateness of Growth Hormone Treatments in Europe (SAGhE)
study, which reported an increased long-term mortality rate after the use of growth hormone
treatment in childhood in conditions with an intermediate risk level, including PWS [38].
Thus, the importance of close surveillance and monitoring of growth hormone therapy in
PWS into adulthood is emphasized with the importance of early diagnosis and treatment
during infancy.

All patients in our study group had remission or improvement in OSA as well as significant
weight loss, paving the way for growth hormone therapy in PWS patients when indicated to
maintain weight loss and resolution of obesity-related complications. The acceleration in the
growth rate (denoted by a positive change in height zscore) of patients in our study group by
the third year after surgery suggests that some children with PWS had growth acceleration
without the use of growth hormone. Further studies are needed to confirm this observation as
well as the possibility of benefit from introducing growth hormone therapy after LSG in
PWS patients with confirmed remission of OSA and severe obesity.

The effect of LSG on the growth of PWS patients was an important objective in the present
study. The use of growth charts derived from healthy children and adolescents [23] for those
with genetic syndromes invariably yields misleading results (Fig. 2). For this reason, it is
ideal to rely on growth charts developed from children and adolescents with the respective
syndrome to accurately assess whether the growth of the children being followed is
progressing normally. In this study, non-growth hormone-treated PWS-specific growth
charts developed by Butler et al. [22] were used to assess whether LSG causes a deviation in
the growth of patients in our study group, and the data of the nonsyndromic patients were
analyzed against the CDC growth charts [23]. With the mean change of height zscore in the
PWS group ranging between -.1 and .2 throughout the 5 years after surgery, it is evident that
the children and adolescents with PWS grow as well as, or better than, PWS children who do
not undergo the surgery. Additionally, the similarity in height zscore in the 2 study groups
confirms that PWS does not affect the post-LSG growth course of children and adolescents.

Although bariatric surgery has had an excellent record of long-term tolerability and efficacy
in adults, and although similar results are emerging from children and adolescents [7-10],
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the same may or may not be true with PWS patients. The unique features in PWS are
presented in a special form of obesity with a unique pathophysiology [39,40]. The abnormal
concentrations in ghrelin, peptide-YY (PYY), and other gut peptides is implicated in the
satiety defect observed in PWS patients, and autonomic dysfunction may also play a role in
the impaired satiety [41-44]. The current knowledge about LSG confirms that it is not
merely restrictive, but rather that it plays a significant role in metabolic and neuroendocrine
modulation [45]. Increased postprandial serum levels of GLP-1 and PYYY (appetite reducing)
have been documented within 6 weeks after LSG, and those peptides are observed to remain
elevated for at least 1 year postoperatively [46]. More importantly, and especially in relation
to PWS patients, are the changes in ghrelin after LSG. Ghrelin is an orexigenic (appetite-
stimulating) hormone predominantly secreted from the gastric fundus [41-43]. Its
concentrations rise before meals, stimulating the appetite, and decrease shortly after food
ingestion. LSG appears to permanently inhibit ghrelin production within days of surgery.
Fong et al. [47] reported those findings in 2 PWS patients who underwent LSG, in which
both patients experienced a significant drop in ghrelin levels after 1 year of surgery. At King
Saud University, families of the PWS patients anecdotally reported fewer episodes of food-
seeking behavior after LSG, which might be explained by the previously mentioned
hormonal modulation.

With LSG, our PWS patients experienced significant weight loss unmatched by any other
treatment and with no major complications. We observed that most of the weight loss
occurred within the first 2 years after surgery, with a plateau that lasted another year, then
weight regain began to occur (Fig. 3). Nevertheless, no patient in our study group reached
their preoperative BMI z score during the 5 years of follow-up (Table 4). Whether these
observed positive results in terms of weight loss and co-morbidity resolution will be
maintained long term is a valid question, and additional research is needed.

Conclusions

In our experience, LSG is a well-tolerated, effective treatment option for severely obese
PWS patients. The surgical procedure similarly resulted in significant weight loss and
maintained resolution of co-morbidities in both study participant groups (PWS and
nonsyndromic obese patients), particularly with limited other options for treatment of
marked obesity. Nevertheless, long-term studies are needed to confirm the durability of this
weight loss, the co-morbidity resolution, and long-term complications.
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Fig. 1.

Mean height zscore change after laparoscopic sleeve gastrectomy (LSG) in Prader-Willi
syndrome (PWS) patients and the matched group of nonsyndromic children and adolescents
who underwent the procedure.
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Fig. 2.

Height zscore of Prader-Willi syndrome (PWS) patients after laparoscopic sleeve
gastrectomy (LSG) comparing zscore values obtained using the Centers for Disease Control
and Prevention reference for healthy children and adolescents [37] with those obtained using
non-growth hormone—treated PWS-specific growth charts developed by Butler et al. [22].
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Fig. 3.

Body mass index (BMI) zscore of each Prader-Willi syndrome (PWS) patient after
laparoscopic sleeve gastrectomy (LSG) for up to 5 years of follow-up.

Surg Obes Relat Dis. Author manuscript; available in PMC 2019 November 20.



Page 16

Algahtani et al.

Author Manuscript

‘[72] 1odas Arewiwins :sjusdsajope pue UaJp|Iyd Ul UOIdNPal ¥SLI pue Ljeay JejnaseAolpaed 1oy sauljapinb pajelBaiul uo jaued Ladx3 wouy paydepe
pue [6] e 19 1WeIyeb| Ul Pasn Se BLIBIIID ‘SIUSISI|OPY PUB UAIPILD Ul 81NSSAld POOJS YbIH JO JUSLLIL3L[ pUe ‘UoRENIEAT ‘SISoubeId dy] Lo 11003y (1IN0 auy1 0) Buipioode sajnuadiad uoisuauadAH

v

“JISIA [enuUR Yoea Je pue ‘ISIA Yluow-9 syl ‘UsIA anneadoisod yoes e pue ‘Ajeaireladoaid pawioyiad aiam sisal ||
*

'sajaqelp g adA) = INQZL ‘einssaid poojq 21j01sAS = 4gS ‘eaude das|s aA1oNIsqo = SO ‘ulsloidodi) Aisusp-mo| = 1@ ‘utsrododi Aususp-ybiy =
T1aH ‘uigojbowiay pa1edk|h = ITygH ‘asoon|h ewseld Bunsey = 944 ‘ainssald poojq a1joiselp = 49 ‘AydesbouwosAjod woly parejnaed ‘xapul eaudodAysesude = |HY {1s8] 9dueI9|0) 8509N|6 |20 = 1 190

Aianss wordwAs ul uswanoadw)  swoidwAs [[e Jo uonn|josay IHV + swoydwAs VSO
an9| anljesadoald | ajnuadiad a|nuadiad
[8A8] aAIY y n po6 4 n yi06> dad
Jo/pue ‘|ans] aniresadoald xm_:cmemg 106 km__Emsoa y06> 4gs  uosustadAyaig
ana| aniresadoald | ajnusalad a|nuadlad
[8A8] aAlY y n &6 4 n 166> dad
Jo/pue ‘1ana| annesadoaid km_:cmoaa ys6 km__Emema yig6> J. woIsuaLIadAH
1on8] aAnteladoaid 0°T 01>
1A 6T-0T 9By
19n8] anjesadoald g 8>
UA6—0 8By /j0ww ‘|ans] apLIBdAIBL]  SeapLIBdA|BIIL
19n8] annresadoald ¢y P'y>  1/j0Www ‘[9Ag] |0J81s8|0YD |oJ81saj04yD
18n8] aAnjesadoald 2'T 1< /10w ‘|9As] 1aH 1aH
18n3] an1lesadoald gz 8C> /10w ‘|9As] a1 aan
elwapidisAg
1ons] annesadoaid /g 1G> % “TvaH
18n3] an1jesadoald g° g'/> /10w ‘1190 4Yy-2
19n8] an1resadoald 9°g 9'G> /0w ‘9d4 saraqelpald
1on8] annesadoaid g9 pue ‘g9 > % “TwaH
lo/pue ‘|ans] anresadoaid T'TT pue ‘T'TT> TJ/l0ww ‘1190 4Yy-2
1o/pue ‘|1ana| annesadoald 0°L pue ‘0°/> /10w ‘9d4 NazL
JuswaAodw| uoISSILIRY S9L fupigaow-0D

JusWaAoIdwi pue uoissiwal Bululgsp Joy siulod JJoInd pue ‘s)usosajope pue UaJp[Iyd Ul SaNIpIQIOW-09 JO suoniuladg

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Surg Obes Relat Dis. Author manuscript; available in PMC 2019 November 20.



Page 17

Algahtani et al.

L T6F€82- €L¥y8Z-  owg
g €9F 28I~ 79F68T-  owg
auljaseg % dm:mco ING
T G'6F06T- GTTFL0T-  JKg
) 9'8 ¥ 68T~ T6FL.2T- My
z 78 F ¥'8I- LLFTTT- Ke
z 6'LF08T- §LF0GT- K
) TLF6ST- VSFLYI- AT
L EYF6TI- OV FrIT-  owg
z 0EF6L- LEFT8- ow g
— — — auljeseg ZW/B ‘abueyo NG
g 9°FGT STFL Kg
0} 9 FGT ZTFE Ky
100" > €FLT TT¥0 Ke
100 > vF6T 0TF0 K
100> §FTT 0TFE KT
100> §FGT TT*8 owg
100> v ¥87¢ 0TFGT owe
6 ETFTE YTFTE auljeseg 310052 |ING
S0’ (0doLF1Sc (gerF6se  IAg
80 (90)esFvse (TNOTIF6Se My
) (v esFege (e1)66F80c A€
L (0g)gLF68c (8T)L6Fvee IAe
€ (L9)gvFee6e (ca)86FTee AT
) (o)oL¥62e  (F2)LOTFLvE owg
6 (e)9oL¥18e (FQ)O'TTF98¢ owe
6 (e L1TFvoy  (¥2) 02TF¥'9y  auldseg 2W/Bx ‘INg
L (u) sionuod (u) sMd
UoIlRIASD pJepueRlS F UedlN dnouf Apnis

$101U09 957 Jo dnoub paydlew e yum pasedwiod ST JUSMIBPUN OYM SAA YL SIUSISS|0pR puR Ualp|Iyd ul sajqelien Alisodipy

¢ 9lqeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Surg Obes Relat Dis. Author manuscript; available in PMC 2019 November 20.



Page 18

Algahtani et al.

‘[e2] uonuanaid pue |0J3u0D aseasiq 40} SIaIUD 8y} Aq padojanap sislewesed ajnuadiad yimoih
Buisn pakojdwa sem poyiawl awes ay} ‘BWopUAS auyl) INOYIIM 3SOU) 104 ‘dUOWLIOY YIMOoIB UO 10U 819M OUM SLIOIPUAS 1]]IM-18peId YIIM SIUSIS3|0pe pue ualp|iyo wody [zz] ‘[e 18 Jejing Aq padojansp sanjea
Ja1awelted ajuadiad yimolb (S) uonielieA Jo 1UaI01809 pue ‘() ueipaw ‘() Jamod X0D-x0g—SIA ] 8yl pue uoirenba [Tz] s.8]0D Buisn parejnajed a1am $8103s Z ‘SMd UM SIU3ISa|Ope pue ualp[iyd 1o4

*

"3WOIPUAS 1]IM-1apeld = S ‘Awoloanseb ansa|s a1doosolede] = 93T {9ST Juamiapun oym sjusiied o dnolb 013U0D J1IWOIPUASUOU PAYIIRIAl = S|0JIUOD ‘XBpul Ssew Apog = |ING

Author Manuscript

Author Manuscript

10 €82 F ¥'SL 9GeFree  IAg
Y0 802 ¥2'99 6'€F Y Ky
L0 SZIF6'€9 TETFEIS Ke
L0 9YT ¥ 169 v'6T ¥ 6°LG he
A YYTFLT9 L'8T ¥ 1'6S K1
6 LTIF6'8y 68T FL6y  OWQ
z TTIF182 6YTFEEE  OWE
— — — auljaseg % ‘sso] ybBiam ssaax3
S0° TCTF6'LE- 9¥TF2ze- Mg
T ST F¥ e rerFEGe- My
T v'ET ¥ 8°'56- GZIFyoe-  JAeg
€ 6'TT FEGE- 00TFSTE- M2
g Z0T F0'5e- 96F0Te- T
X (u) sjonu0d (u) smd

UOITRIASP PJBpURIS F UBSIA

dnoub Apnis

Author Manuscript

Author Manuscript

Surg Obes Relat Dis. Author manuscript; available in PMC 2019 November 20.



Page 19

Algahtani et al.

"3WOIPUAS 1]]IM-18peld = S ‘eaude das|s aA1aNIIsqo = SO ‘Awoidansed anaals aldoasolede] = 957 ‘uoisuauadAy = NLH

(0o (0o (001) § (001) § (0o (802) g (%) u ‘sereqeIpaId

(0o (0o (001) 9 (001) 9 o (s2) 9 (%) u ‘uoisuapiadAyaid

(o (o (001) 9 (0o1) 9 (o (G2)9 (o) u 'smujow sa3aqeI

(0o (0o (o0T) 0T (00) L (0g) e (L1v) o1 (%) U 'NLH

(z9)tT (een)e (298) €T (09) & (L9 v (se9) g1 (%) u "erwspidisia
(vt (o (oM vz (928) 12 (sene (001) ¥2 (%) U 'vsO
80uUaLINday  abueyd ON  UOISSIWAJ J0 Juswanoddw]  uoIsSiwey  Juswanoadw| dous|enald Aupigaow-0D
annedadolsod  annedadoaid abe1g

ainpadoud ay Jaige snyeis pue 957 ButoBispun 8108 S YIM SIUSISB|0pPE PUR USIP]IYD Ul SBIIPIGIOW-02 JO 80Us|eARId

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Surg Obes Relat Dis. Author manuscript; available in PMC 2019 November 20.



Page 20

Algahtani et al.

*(63) 1yBram = 1\ BWOIPUAS 11]IM-18peld = SMd ‘Awoydansedh anss|s a1dodsosede| = 957 H(wod) wbiay = 1H xNE\mv_v xapul ssew Apoq = |ING

1S vLT €Ll ¢S ELT 99T - - - 8¢ ¢lT VIl 6 691 <CIT 09 99T 9T W 08T ¢
- - - 9y 9l 86 - - - 244" 96 e vl 88 1L ovT oYl W ¢LT €
- — - - — - - - - 9¢€ G/T 60T gy v.1 6cT 19 ¢1 181 W T.T ¢
- - - 2N 44" 68 v Evl 68 e Il 98 vy 6ET ¥8 6y GET 68 W 60T T¢
- - - - — - - - - - - - 6e 8El SL ¥S  9€T 00T N 90T 0¢
- — - - — - - - - e TYT ¥S 0g  TvT 65 ovl 08 N v0T 6T
- - - - - - 9¢ LET 8y 9¢ SET Ly 0€ ¢ET €5 ¥S  O€T c6 W €01 8T
- - - - - - ve vl 67 9¢ o1 0§ 9¢ Oov1 4] v 6€l 8L W €01 LT
- — - - — - - - - - - - - — - 6 ¢yl 8L N e 91
¢ 0€T S5 1€ 8¢l 4] 1€ vl 8y 0 vel 9 6¢ 81T 114 ¥y 60T 4] Al 08 GI
- - - - — - 0c S€T 9€ G¢  ¢el o174 ve TET [474 ¢e  0€l §S Al €L Vi
e LET 0§ Le SET 8y ve TET 144 v¢  0ET oy 0c et 43 0 TcT 144 N ¢9 €1
- - - - - - - - - - - - v vl 89 05 c¢cl <72 Al 79 <1
- - - - - - - - - - - - 8¢ 9¢1 Sy <l 19 Al Ts 11
15 <¢ST 61T 1§ ¢ST  LTT 15 TST  LTT €5 6vT 8IT 86 9vT €¢T 8L Tyl GST 4 <291 0T
1€ 191 98 ¢ 991 L8 8¢ <91 66 L& 19T 96 §€ 69T 68 8y /ST 8TT 4 /9T 6
- - - ve Wl 0L € i 89 ve vl 69 ve vl 69 VAN 44" 96 4 871 8
- — - 9¢ Wyl €5 G¢ vl 1§ 9¢ vl 18 9¢ Oovt 0§ €7 6El ¥8 4 ¢t L
1€ 191 6L 1€ 6S1 LL 0€ 89T 1A 8¢ /ST 0L G¢ 99T 19 €e 8yl cL 4 /0T 9
- - - - - - - - - - - - (01 53A 4 ¥9 o vl 16 4 907 S
- — - - — - - - - [431i4) €9 G€  6ET 19 Ly 9El 18 4 €01 14
¢ 9€l 114 ¢c Vel 6€ € CEl 6€ T¢  0€T 9¢ 0c O0€T 123 g€ 9¢l 99 E| §'6 €
- - - - - - - - - - - - - - - L SIT (514 E| L'S 4
- — - - — - € TET 6€ ¢c 8¢l 9¢ LT 921 LZ §¢ 0cT 9y E| 6'v T

INE  IH W\ ING H WA INE IH W IING MH WM TINE S IH W TN IH W xes #fy

1K G 1Ky 1Kg 1K ¢ KT auljeseg usned

ST Juamlapun oym juaned S Yyoea Jo sluawiainsesw dLaswodolyiue aaneladoisod pue aaneladosid

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Surg Obes Relat Dis. Author manuscript; available in PMC 2019 November 20.



Page 21

Algahtani et al.

"3WO0IPUAS 1][IM-1apeld = S ‘Awo1oased ansals a1doasolede] = 95T (95T wamIapun oym syuaiied Jo dnoib 1013u0d d1WoIpuAsSUOU PaydIeA = S|0U0D

“UsIA dn-mojjo4 aAdadsal ay) 1e sdnoub [013u0d pue SAMG Burredwod 1se)7

*

T G FG- §FO hg
T 9Fo- 8FT Ky
4 G Fy- L F50- e
€ §FC- 9FT- he
4 9FT EFT- K
— — — auljeseg  abueyd 9109s-z bIaH
8 YTFL STFTT Kg
4 eTFE- 9TFE Ky
L YTFT- eTFT- Ke
4 STFE eTFC Ke
g STFL ZTFS K1
g T 7159 auljaseq Neoomw 1ybi1aH
4 8GFOVT 097F87¢T Kg
9 0SF2CTT 67 ¥ 90T Ky
6 67 F28 8EFEB e
6 0¥ ¥59 8'EF8G Ke
90 L'EFTS £TFCE KT
— — — auljaseg wo ‘abueyd ybiaH
G (00 v8¥8e9r (D TITF02ST  JKang
G0 (90)8L*GT9T  (TT)6¥T+G8yT  JAunog
10 (P e6FL6ST  (ET)GETF8eyT  JAdauyL
700 (0S) 80T ¥5'85T  (8T) L'ET F ¥'2vT Ke
200 (19)z8r¥2SST () THIFOTHT K1
20 (21 e6TF08yT (¥2) O'STFEQET  dullesed wo ‘WB1aH
4= (u) slenu0d (u) smd
uoleINep pAepuels F Ues|A dnouf Apnis

$1043U09 Jo dnoJb paydrew e Yum pasedwod ST JUSMIBPUN OYM S YIIM SJUSISS|0pR pue uaip[iyd ul sabueyd palejal-1ybiaH

Author Manuscript

G 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Surg Obes Relat Dis. Author manuscript; available in PMC 2019 November 20.



Page 22

Algahtani et al.

‘[e2] uonuanaid pue |013u0) aseasiq 40} s1duUsD) ayl Aq padojanap siarswedled ajusdiad ymolb
Buisn pakojdwia sem poylaw swes sy} ‘sWOoIPUAS 8y} INOYIIM 8SOU} 04 "BUOWLIOY YIMOIB UO JOU 818M OYM BWIOIPUAS I[]IM-19PpeId UM SJuadsajope pue ualpjiyd woly [gz] ‘1e 18 Jajing Aq padojanap sanfen
Ja1awelted ajnusdsad yimolb (S) uoneLIeA Jo 1UaI01809 pue ‘() uelpaw ‘() Jamod X0D-x0g—-SIAT 8y} pue uoirenba [Tz] s.8]00 Buisn pajejnajed a1am $8103s Z ‘SAd UM S)UaISajope pue uaipjiyd EH_N‘F

(21" :dnoJb |013U0d By} 1o} aNfeAd ‘8'—T" :SMd 10} aNJeA ) SHSIA [enuue 8yl YiIM auljaseq Je sdnoub j013u0d ay) pue SA 8yl 40 8109s Z 1ybiay Buriedwod paniasqo sem aouaIaplp Juediubis ozuN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Surg Obes Relat Dis. Author manuscript; available in PMC 2019 November 20.



	Abstract
	Patients and methods
	PWS patient diagnosis and management
	Weight assessment and calculations
	Growth assessment
	Co-morbidity assessment
	Postoperative management
	Complication surveillance

	Results
	Patient characteristics
	Weight loss
	Co-morbidities
	Complications
	Compliance to follow-up
	Growth

	Discussion
	Conclusions
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

