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Abstract

A number of disorders have been described to cause
protein losing enteropathy (PLE) in children. Primary
intestinal lymphangiectasia (PIL) is one mechanism
leading to PLE. Few syndromes are associated with
PIL; Hennekam syndrome (HS) is one of them. The
principal treatment for PIL is a high protein, low fat
diet with medium chain triglycerides supplementation.
Supportive therapy includes albumin infusion. Few
publications have supported the use of octreotide to
diminish protein loss and minimize hypoalbuminemia
seen in PIL. There are no publications on the treat-
ment of PIL with octreotide in patients with HS. We
report two children with HS and PLE in which we used
octreotide to decrease intestinal protein loss. In one
patient, octreotide increased serum albumin to an ac-
ceptable level without further need for albumin infu-
sions. The other patient responded more dramatically
with near normal serum albumin levels and cessation
of albumin infusions. In achieving a good response to
octreotide in both patients, we add to the publications
supporting the use of octreotide in PIL and suggest
that octreotide should be tried in patients with PIL
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secondary to HS. To the best of our knowledge, this
is the first case report on the use of octreotide in HS-
associated PIL.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Protein losing enteropathy (PLE) occurs in a variety of
intestinal disorders leading to excessive loss of proteins
into the gastrointestinal (GI) tract'”. There are two dif-
ferent mechanisms through which intestinal protein loss
can occur: lymphatic system abnormalities and mucosal
injury. Primary intestinal lymphangiectasia (PIL) is a
congenital disorder of the lymphatic system resulting in
impaired lymphatic drainage. In the intestines, impaired
lymphatic drainage leads to excessive protein-rich chyle
loss, hypoalbuminemia and peripheral edema. Mucosal
edema leads to malabsorption and steatorrhea. The diag-
nosis of PIL is based on typical endoscopic and/or his-
tological findings plus exclusion of a secondary cause of
intestinal lymphangiectasia such as cardiac disease, ma-
lignancy or post-abdominal surgical complicationsmj. A
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number of disorders have been described to cause PLE
in children. Few syndromes are associated with PIL;
Hennekam syndrome (HS) is one of them. HS (OMIM
235510) is an autosomal recessive disorder comprising
intestinal lymphangiectasia, severe lymphedema of the
limbs, genitalia and face, facial dysmorphism and mental
retardation”. Several authors have reported additional
symptoms of HS. The frequency of HS is uncertain
with widespread occurrence of the gene. There is inter-
familial variability in the phenotype. HS is characterized
by generalized maldevelopment of the lymphatic system.
PIL and PLE ate reported in most patientsw’]. Pheno-
typic abnormalities are due to impaired lymphatic flow
resulting from insufficient CCBET gene function during
lymphangiogenesis. The CCBE1 protein plays a direct
role in the formation of lymphatic vessels and venous
sproutingm. Mutations in the CCBET7 gene have been
identified as a cause of HS™. The principal treatment
for PIL is a high protein, low fat diet associated with me-
dium chain triglycerides (MCT) supplementation. Sup-
portive therapy includes albumin infusion and paracen-
tesis, when required. In patients not responding to such
therapy, other options, such as octreotide, antiplasmin,
tranexemic acid and surgical resection of segmental or
P19 Soma-
tostatin and its synthetic analogue, octreotide, have been
used to treat secretory diarrhea and other GI and pan-
creatic disorders'"". The mechanism of action of octreo-
tide in diminishing protein loss through the GI tract is
still unclear. Both somatostatin and octreotide decrease

localized disease may be a therapeutic option

splanchnic blood flow »iz splanchnic vasoconstriction.
They also decrease intestinal motility, gastric empty-
ing, gallbladder contraction and pancreatic secretion.
Octreotide inhibits GI hormone secretion and results
in decreased chloride sectretion, increased chloride and
sodium absorption and decreased water loss. Therefore,
octreotide has been used in the treatment of secretory
diarrhea associated with Zollinger-Ellison syndrome,
acquired immunodeficiency syndrome, graft versus host
disease, carcinoid syndrome, and multiple endocrine
neoplasia—ZAm. Octreotide inhibits triglycerides absorp-
tion"”. Little is known about its action on chyle produc-
tion and pressure regulation in the lymphatic system.
Somatostatin inhibits thoracic lymph flow in dogsm.
Reports of somatostatin and its analogues on reduc-
ing lymphatic fluid outflow in both pediatric and adult
patients were described in surgically created thoracic

145 The most commonly reported adverse

duct injuries
reactions in clinical trials following octreotide adminis-
tration were diarrhea, abdominal pain, nausea, flatulence,
headache, cholelithiasis, hyperglycemia and constipa-
tion. Other commonly reported adverse reactions were
pruritus, rash, alopecia, dizziness, localized pain, biliary
sludge, thyroid dysfunction, loose stools, vomiting, as-
thenia, and hypoglycemia. In very rare instances, acute
pancreatitis has been reported within the first hours or
days of sandostatin treatment. Cardiac adverse effects
include bradycardia and less commonly tachycardia'.
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CASE REPORT

Case 1

A male baby was born at term with a normal birth
weight. There were no antenatal or postnatal complica-
tions. The infant was born with generalized anasarca
and was found to have low serum total protein and
serum albumin. There was a history of consanguinity
and a family history of a 15-year-old maternal cousin
with generalized edema diagnosed to have HS and man-
aged at a different center. The infant was referred to our
hospital at the age of 1 mo for evaluation of general-
ized edema. He had a history of diarrhea, occasional
vomiting, abdominal distension and poor feeding. He
was not thriving well. There were no symptoms of heart
failure. He had normal urine output. Physical examina-
tion revealed generalized pitting edema of the lower
limbs and non-pitting edema of the hands. There were
dysmorphic features manifested as down slanting pal-
pebral fissure, broad nasal bridge, flat stubby nose with
midface hypoplasia, long philtrum and hypoplastic low
set ears. Chest and cardiovascular examinations were
unremarkable. The abdomen was distended and non-
tender with ascites and no hepatosplenomegaly. He
had scrotal edema. Investigations revealed normal full
blood count (FBC), renal function, liver enzymes and
liver function. He had low serum total protein (23 g/L),
low setum albumin (16 g/L), and low serum immuno-
globulin levels (immunoglobulin A of 0.09 g/L, IgG
of 0.9 g/L and immunoglobulin M of 0.26 g/L). Urine
analysis was negative for protein and 24-h urine protein
was low (0.2 g/24 h). Human serum albumin scintigra-
phy revealed loss of protein into the intestinal tract. An
upper GI endoscopy study revealed widespread whitish
patches with snowflake appearance seen in the second
and third parts of the duodenum. The stomach showed
slight gastric wall edema. Histological examination of a
biopsy specimen from the duodenum showed marked
edema in the lamina propria. There were no dilated lym-
phatics observed on the examined specimens. Gastric
biopsy revealed congestion and edema of the lamina
propria. The lack of dilated lymphatics on histological
examination of the intestinal biopsies was due to the
patchy distribution of lymphangiectasia in the intestinal
mucosa. The child was diagnosed with PLE due to PIL.
Given the family history of HS, clinical features and
dysmorphism, and a biochemical diagnosis of PLE, we
suspected a diagnosis of HS. We performed a genetic
test for mutation in the CCBET7 gene. He was found to
have homozygous mutation ¢.305G>C (p.Cys102Ser) in
the CCBET gene which confirmed the diagnosis of HS.
He was started on MCT-based formula, a low fat, high
protein diet, fat soluble vitamin supplements and intra-
venous infusion of albumin every few days due to the
occurrence of severe pericardial effusion and recurrent
ascites. However, his serum albumin continued to be on
the low side. Given the severity of hypoalbuminemia
and his requirement for frequent albumin infusions, he
was started on octreotide subcutaneous (s/c) injections,
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Number of  Age of Etiology of PLE Dose of octreotide Pre octreotide Post octreotide serum Ref.

patients patients serum albumin albumin

6 0-24 mo PIL 15-20 pg/kg twice daily 14-25g/L Normal in 3/6 [2]

1 38 yr 1L 100 pg twice daily 12g/L Above 40 g/L [17]

1 21 yr PIL 150 pg twice daily 22g/L 39g/L [18]

1 25yr 1L Slow release octreotide 20 mg every 4 wk 20g/L 35g/L [19]

1 27 yr Type I IL 200 pg twice daily then SR octreotide 30 mg 19¢g/L NA (graph indicates [20]
every 4 wk 30-40 g/L)

1 47 yr Cirrhosis induced IL 0.1 mg three times daily 2¢g/L 28¢g/L [21]

1 17 yr PIL 200 pg twice daily 15g/L 22-26 g/L [24]

2 2-12 mo HS associated IL 100 pg twice daily 16 g/L 28-36 g/L Current report

IL: Intestinal lymphangiectasia; PLE: Protein losing enteropathy; PIL: Primary intestinal lymphangiectasia; SR: Slow release; NA: Not available; HS: Hen-

nekam syndrome.

which gradually reached 100 mg twice daily. A few weeks
later, the patient was discharged home on s/c octreotide
injections. Albumin infusion requirement was reduced to
once monthly 2 mo after starting octreotide therapy, and
subsequently stopped. Total serum protein increased to
49 ¢/L and serum albumin to 28 g/L. He is now 3 years
old, tolerating octreotide with no complications.

Case 2

A term male baby was born to a primi mother with a
normal birth weight. There were no antenatal or post-
natal complications. The infant was noted to have gen-
eralized edema from day 1 of life with low serum total
protein and serum albumin. There was a history of
consanguinity and 2 maternal cousins were diagnosed
with HS (patient in case 1 and his older cousin). He was
referred to our hospital at the age of 6 wk. There was no
weight gain. There was no history of diarrhea, vomiting
or jaundice. He was passing urine normally. There were
no signs of heart failure or ascites. Physical examination
revealed dysmorphic features in the form of hyper-
telorism, broad flat nasal bridge and a long hypoplastic
philtrum. There was generalized edema, periorbital ede-
ma, bilateral non-pitting edema of the upper limbs and
bilateral pitting edema of the lower limbs with scrotal
edema. The remainder of the systemic examination was
unremarkable.

Investigations revealed normal FBC, renal function,
liver enzymes and liver function. He had low serum total
protein (26 g/L) and low serum albumin (16 g/L). Urine
analysis was negative for proteinuria. Twenty-four hour
urine protein was normal. His bone profile revealed rick-
ets with low 1, 25 hydroxyvitamin D and 25 hydroxyvi-
tamin D. Stool alpha 1 antitrypsin was high at 2.34 g/L.
Given the family history of HS, clinical features and dys-
morphism, and a biochemical diagnosis of PLE, we sus-
pected a diagnosis of HS and performed a genetic test
for familial mutation in the CCBE7 gene. He was found
to have homozygous mutation ¢.305G>C (p.Cys102Ser)
in the CCBET gene using sequence analysis. This con-
firmed the clinical diagnosis of HS. The patient was
managed conservatively with MCT-based formula, fat
soluble vitamins, and rickets treatment with frequent
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albumin infusions and diuretics. Following albumin infu-
sions, his generalized edema improved. The infant was
left with genital, periorbital and lower limb non-pitting
edema. Serum albumin decreased to very low levels of
12-16 g/L within a few days of albumin infusions. At the
age of 8 wk, we started him on octreotide subcutane-
ous injections of 80 mg twice daily and increased this to
100 mg twice daily at the age of four months. His serum
albumin levels increased to 36 g/L a few months later
with no further albumin infusions required. He is now
11 mo old with a good response to octreotide in terms
of reducing hypoalbuminemia and cessation of albumin
infusions with no noted complications to octreotide.

DISCUSSION

To date, no publications have supported the use of
octreotide to diminish protein loss and minimize hypo-
albuminemia seen in PIL. These publications are sum-
marized in Table 1. Most clinical research on the use of
octreotide in humans has been limited to adults. One of
the first experiences of using octreotide in PIL was by
Bac et al'” in 1995. They reported a patient with PLE
due to intestinal lymphangiectasia. The patient was treat-
ed with and responded to octreotide with normalization
of serum albumin and a decrease in fecal protein loss.
Few subsequent case reports have supported this experi-
ence™. The suggested dose of octreotide ranges from
100 pg two or three times a day to 200 pg two times a
day or the slow release formulation which can lead to
clinical, biochemical and histological improvement“o’w’zol.
The first use of somatostatin in pediatric patients was
for non-GI conditions such as excessive growth hor-
mone release, hyperinsulinism and others™. Almost
all the experience in pediatric patients with PIL is in
the form of case reports“”. In 1998, Ballinger ez al™?
reported the use of octreotide in an adolescent with
PIL. Enteric protein loss was decreased and serum albu-
min levels were stabilized with resolution of peripheral
edema and cessation of re-accumulation of recurrent
pleural effusions. A recent study of a series of 6 pediat-
ric parjentsl2J suggested that octreotide might be useful
in controlling findings and maintaining serum albumin
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at normal levels. Serum albumin level was maintained at
normal levels in 3 patients. The requirement for albumin
infusions decreased in all 6 patients. This study conclud-
ed that octreotide should be considered in the long-term
treatment of PIL when other options are ineffective.
They also suggested weighing the benefits of octreotide
against the risk of adverse effects. Pediatric case reports
have shown that octreotide decreases stool output in

. 2
a vatiety of cases'

> 1n these case reports, there was
no standardization of dose or duration of octreotide
use to achieve the required effect. The specific use of
octreotide in diarrhea secondaty to chemotherapyps’ml,
GVHD"" and immunodeficiency™ has been reported
in adults. Despite this, there are reports on the failure
of octreotide to diminish stool output in a variety of
cases”*”. In one case report, octreotide failed to induce
a clinical response and a study performed on an estab-
lished guinea pig showed that octreotide did not alter
lymphatic function®”,

We report 2 children who were genetically diagnosed
as having HS and associated PIL with PLE, who suf-
fered from generalized mixed edema secondary to hypo-
albuminemia and lymphangiectasia. By using octreotide
in both patients, we eliminated the need for albumin
infusions with resolution of pericardial effusion and as-
cites in one patient. The other younger patient’s serum
albumin increased dramatically to a normal level with
resolution of pitting edema. In both patients, scrotal
edema and non-pitting edema were still present. This is
likely to be related to generalized maldevelopment of
the lymphatic system seen in HS and the possibility that
lymphatic function is not altered by octreotide.

In conclusion, our 2 children with genetically proven
HS and PIL leading to PLE responded well to octreo-
tide. In both patients, non-pitting edema was still pres-
ent. This was attributed to lymphangiectasia and a prob-
able reduced effect on the lymphatics in HS compared
with other reports in the literature. Octreotide has been
used in various GI disorders associated with PIL and
PLE. To the best of our knowledge, this is the first case
report on the use of octreotide to diminish PLE in HS-
associated PIL. The lack of clinical data based on ran-
domized trials in the pediatric population makes it dif-
ficult to confirm a positive effect of octreotide on PIL
and PLE from the literature. There is a need for multi-
center pediatric trials in this regard.

REFERENCES

1  Braamskamp M]J, Dolman KM, Tabbers MM. Clinical prac-
tice. Protein-losing enteropathy in children. Eur | Pediatr
2010; 169: 1179-1185

2 Sari S, Baris Z, Dalgic B. Primary intestinal lymphangiecta-
sia in children: is octreotide an effective and safe option in
the treatment? | Pediatr Gastroenterol Nutr 2010; 51: 454-457

3 Proujansky R. Protein-losing enteropathy. In: Walker WA,
Goulet O, Kleinman RE, Sherman PM, Shneider BL, Sander-
son IR, editors. Pediatric Gastrointestinal Disease. Ontario:
BC Decker, 2004: 194-202

4 Hennekam RC, Geerdink RA, Hamel BC, Hennekam FA,
Kraus P, Rammeloo JA, Tillemans AA. Autosomal recessive

(4 9

Boishidengs  WIG | www.wjgnet.com

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

intestinal lymphangiectasia and lymphedema, with facial
anomalies and mental retardation. Am | Med Genet 1989; 34:
593-600

Alders M, Hogan BM, Gjini E, Salehi F, Al-Gazali L, Hen-
nekam EA, Holmberg EE, Mannens MM, Mulder MF, Of-
ferhaus GJ, Prescott TE, Schroor EJ, Verheij JB, Witte M,
Zwijnenburg PJ, Vikkula M, Schulte-Merker S, Hennekam
RC. Mutations in CCBE1 cause generalized lymph vessel
dysplasia in humans. Nat Genet 2009; 41: 1272-1274

Van Balkom ID, Alders M, Allanson J, Bellini C, Frank U,
De Jong G, Kolbe I, Lacombe D, Rockson S, Rowe P, Wijburg
F, Hennekam RC. Lymphedema-lymphangiectasia-mental
retardation (Hennekam) syndrome: a review. Am | Med
Genet 2002; 112: 412-421

Hogan BM, Bos FL, Bussmann ], Witte M, Chi NC, Duckers
H]J, Schulte-Merker S. Ccbel is required for embryonic lym-
phangiogenesis and venous sprouting. Nat Genet 2009; 41:
396-398

Connell F, Kalidas K, Ostergaard P, Brice G, Homfray T,
Roberts L, Bunyan DJ, Mitton S, Mansour S, Mortimer P, Jef-
fery S. Linkage and sequence analysis indicate that CCBE1
is mutated in recessively inherited generalised lymphatic
dysplasia. Hum Genet 2010; 127: 231-241

Takahashi H, Imai K. What are the objectives of treatment
for intestinal lymphangiectasia? | Gastroenterol 2001; 36:
137-138

Vignes S, Bellanger J. Primary intestinal lymphangiectasia
(Waldmann’s disease). Orphanet | Rare Dis 2008; 3: 5
Heikenen JB, Pohl JF, Werlin SL, Bucuvalas JC. Octreotide
in pediatric patients. | Pediatr Gastroenterol Nutr 2002; 35:
600-609

Reichlin S. Somatostatin. N Engl ] Med 1983; 309: 1495-1501
Nakabayashi H, Sagara H, Usukura N, Yoshimitsu K, Ima-
mura T, Seta T, Yanase E, Kawato M, Hiraiwa Y, Sakato S,
Takeda R. Effect of somatostatin on the flow rate and triglyc-
eride levels of thoracic duct lymph in normal and vagoto-
mized dogs. Diabetes 1981; 30: 440-445

Markham KM, Glover JL, Welsh RJ, Lucas R], Bendick PJ.
Octreotide in the treatment of thoracic duct injuries. Am Surg
2000; 66: 1165-1167

Collard JM, Laterre PF, Boemer F, Reynaert M, Ponlot R.
Conservative treatment of postsurgical lymphatic leaks with
somatostatin-14. Chest 2000; 117: 902-905

Available from: URL: http: //www.sandostatin.com/about-
sandostatin-lar/sandostatin-larsafety-information jsp

Bac DJ, Van Hagen PM, Postema PT, ten Bokum AM,
Zondervan PE, van Blankenstein M. Octreotide for protein-
losing enteropathy with intestinal lymphangiectasia. Lancet
1995; 345: 1639

Kuroiwa G, Takayama T, Sato Y, Takahashi Y, Fujita T, No-
buoka A, Kukitsu T, Kato ], Sakamaki S, Niitsu Y. Primary
intestinal lymphangiectasia successfully treated with octreo-
tide. | Gastroenterol 2001; 36: 129-132

Filik L, Oguz P, Koksal A, Koklu S, Sahin B. A case with
intestinal lymphangiectasia successfully treated with slow-
release octreotide. Dig Liver Dis 2004; 36: 687-690
Klingenberg RD, Homann N, Ludwig D. Type I intestinal
lymphangiectasia treated successfully with slow-release oc-
treotide. Dig Dis Sci 2003; 48: 1506-1509

Lee HL, Han DS, Kim JB, Jeon YC, Sohn JH, Hahm JS. Suc-
cessful treatment of protein-losing enteropathy induced by
intestinal lymphangiectasia in a liver cirrhosis patient with
octreotide: a case report. | Korean Med Sci 2004; 19: 466-469
Tauber MT, Harris AG, Rochiccioli P. Clinical use of the
long acting somatostatin analogue octreotide in pediatrics.
Eur ] Pediatr 1994; 153: 304-310

Glaser B, Hirsch HJ, Landau H. Persistent hyperinsulinemic
hypoglycemia of infancy: long-term octreotide treatment
without pancreatectomy. | Pediatr 1993; 123: 644-650
Ballinger AB, Farthing MJ. Octreotide in the treatment of
intestinal lymphangiectasia. Eur | Gastroenterol Hepatol 1998;

November 21, 2012 | Volume 18 | Issue 43 |



25

26

27

28

29

30

10: 699-702

Smith SS, Shulman DI, O’Dorisio TM, McClenathan DT,
Borger JA, Bercu BB, Root AW. Watery diarrhea, hypo-
kalemia, achlorhydria syndrome in an infant: effect of the
long-acting somatostatin analogue SMS 201-995 on the dis-
ease and linear growth. | Pediatr Gastroenterol Nutr 1987; 6:
710-716

Lamireau T, Galpérine RI, Ohlbaum P, Demarquez JL,
Vergnes P, Kurzenne Y, Hehunstre JP. Use of a long acting
somatostatin analogue in controlling ileostomy diarrhoea in
infants. Acta Paediatr Scand 1990; 79: 871-872

Couper RT, Berzen A, Berall G, Sherman PM. Clinical re-
sponse to the long acting somatostatin analogue SMS 201-995
in a child with congenital microvillus atrophy. Gut 1989; 30:
1020-1024

Pai V, Porter K, Ranalli M. Octreotide acetate is efficacious
and safe in children for treating diarrhea due to chemo-
therapy but not acute graft versus host disease. Pediatr Blood
Cancer 2011; 56: 45-49

Cascinu S, Fedeli A, Fedeli SL, Catalano G. Octreotide ver-
sus loperamide in the treatment of fluorouracil-induced di-
arrhea: a randomized trial. | Clin Oncol 1993; 11: 148-151
Gebbia V, Carreca I, Testa A, Valenza R, Curto G, Cannata
G, Borsellino N, Latteri MA, Cipolla C, Florena M. Subcuta-
neous octreotide versus oral loperamide in the treatment of
diarrhea following chemotherapy. Anticancer Drugs 1993; 4:

(49

TR
JBaishideng®

WJG | www.wjgnet.com

6337

31

32

33

34

35

36

Sinani SA et a/. Octreotide in Hennekam syndrome

443-445

Ely P, Dunitz ], Rogosheske ], Weisdorf D. Use of a soma-
tostatin analogue, octreotide acetate, in the management of
acute gastrointestinal graft-versus-host disease. Am | Med
1991; 90: 707-710

Crouch MA, Restino MS, Cruz JM, Perry JJ, Hurd DD.
Octreotide acetate in refractory bone marrow transplant-
associated diarrhea. Ann Pharmacother 1996; 30: 331-336
Fiiessl HS, Zoller WG, Kochen MM, Bogner JR, Heinrich B,
Matuschke A, Goebel FD. Treatment of secretory diarrhea
in AIDS with the somatostatin analogue SMS 201-995. Klin
Wochenschr 1989; 67: 452-455

Geller RB, Gilmore CE, Dix SP, Lin LS, Topping DL, Da-
vidson TG, Holland HK, Wingard JR. Randomized trial of
loperamide versus dose escalation of octreotide acetate for
chemotherapy-induced diarrhea in bone marrow transplant
and leukemia patients. Am | Hematol 1995; 50: 167-172
Simon DM, Cello JP, Valenzuela ], Levy R, Dickerson G,
Goodgame R, Brown M, Lyche K, Fessel W], Grendell ]J.
Multicenter trial of octreotide in patients with refractory
acquired immunodeficiency syndrome-associated diarrhea.
Gastroenterology 1995; 108: 1753-1760

Makhija S, von der Weid PY, Meddings ], Urbanski SJ,
Beck PL. Octreotide in intestinal lymphangiectasia: lack of a
clinical response and failure to alter lymphatic function in a
guinea pig model. Can | Gastroenterol 2004; 18: 681-685

S- Editor Cheng JX L- Editor Webster JR E- Editor Xiong L

November 21, 2012 | Volume 18 | Issue 43 |



