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Abstract

Background: Trichohepatoenteric syndrome (THES) is a very rare disorder that is characterized by intractable
congenital diarrhea, woolly hair, intrauterine growth restriction, facial dysmorphism, and short stature.
Our knowledge of THES is limited due to the small number of reported cases.

Methods: Thirty patients diagnosed with THES, all molecularly confirmed by whole exome sequencing (WES)
to have biallelic variants in TTC37 or SKIV2L, were included in the study. Clinical, biochemical, and nutritional
phenotypes and outcome data were collected from all participants.

Results: The median age of THES patients was 3.7 years (0.9-23 years). Diarrhea and malnutrition were
the most common clinical features (100%). Other common features included hair abnormalities (96%), skin
hyperpigmentation (87%), facial dysmorphic abnormalities (73%), psychomotor retardation (57%), and hepatic
abnormalities (30%). Twenty-five patients required parenteral nutrition (83%) with a mean duration of 13.34 months,
and nearly half were eventually weaned off. Parenteral nutrition was associated with a poor prognosis. The vast
majority of cases (89.6%) had biallelic variants in SKIV2L, with biallelic variants in TTC37 accounting for the remaining
cases. A total of seven variants were identified in TTC37 (n = 3) and SKIV2L (n = 4). The underlying genotype
influenced some phenotypic aspects, especially liver involvement, which was more common in TTC37-related THES.
Conclusion: Our data helps define the natural history of THES and provide clinical management guidelines.
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INTRODUCTION

Syndromic diarrhea (SD) was first described by Stankler
in 1982, who reported two cases with intractable
diarrhea, dysmorphic features, and hair abnormalities.
Subsequently, Giraulat reported eight cases with similar
clinical features and evidence of immunodeficiency.”
Additional cases associated with neonatal hemochromatosis
were also reported, and SD was eventually renamed to
Tricho-hepato-entetic syndrome or THES.P-!

THES is a rare autosomal recessive disease caused
by pathogenic variants in two genes: (1) the
tetratricopeptide repeat domain—containing protein 37
gene (TTC37) (MIM 614589) and (2) SKI2 Like RNA
Helicase (SKIT72L) (MIM 600478).1 The two genes encode
the cofactors of the human SKI complex involved in RNA
degradation.” Hartley sequenced TTC37 in 12 patients and
identified homozygosity or compound heterozygosity for
deletetious variants.! Fabre also analyzed TTC37 in nine
patients with THES and identified 11 novel variants.” In
2012, Fabre identified SKII"2L as the second gene for
this condition based on unrelated patients with biallelic
deletetious variants in this gene.!"”

THES is a multisystem disorder incorporated in
congenital diarrheal diseases known as enterocyte
epithelial alteration disorders, such as tufting enteropathy
and microvillus inclusion disease. THES is classified
into type 1 (TTC37-related, OMIM#222470) and
type 2 (SKIT"2L-related, OMIM#614602).1“"1 THES
features include intrauterine growth retardation (IUGR)
or small for gestational age, congenital intractable
diarrhea, abnormal hair (uncombable, brittle, with featutes
of trichorrhexis nodosa), facial dysmorphism, skin
hyperpigmentation, chronic liver disease with cirrhosis in
severe cases, and immunodeficiency (recurrent infection,
hypogammaglobulinemia, lack of antibody response to
vaccines, and/or increased immunoglobulin A and/or
T-cell production)."" Less common featutres include
congenital heart disease and abnormal platelets."”!

The primary management currently involves parenteral
nutrition, enteral feeding, and supportive management
for other involved organs. In some cases, cortico steroids,
immunosuppressant medications, and immunoglobulin
are also used."*"!

The variability of clinical features, lack of familiarity
due to extreme rarity, clinical management difficulty,
and uncertainty of prognosis are challenging aspects of
THES management. Only 58 cases have been reported
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worldwide (France, Italy, Australia, India, Japan, and
South Africa) including 6 cases from Saudi Arabia.l'"*!
Reported cases reveal a wide range of clinical phenotypes
and management strategies with some patients achieving
long-term survival after being removed from parental
nutrition and others succumbing to the disease in early
infancy despite intensive management.['*1¢2!]

In this study, we report a much more comprehensive cohort
based on a multicenter study on the clinical presentation,
management, and long-term outcomes in molecularly
confirmed THES patients in Saudi Arabia, that were
genetically confirmed with the disease between 2003 and 2019.

PATIENTS AND METHODS

This study comprises multicenter retrospective chart reviews,
whereby we invited all pediatric gastroenterologists in Saudi
Arabia to enroll their patients of the country with THES. The
diagnosis must have been confirmed by identifying biallelic
pathogenic variants in TTC37 or SKII"2L.. Responding
gastroenterologists and their eight tertiary hospitals covered
all major regions in Saudi Arabia, including their enrolled
patients who were diagnosed between 2003 and 2019.

We collected data related to demographics, clinical features,
presence of diarrhea, dysmorphic features, growth parameters,
skin pigmentations, laboratory investigations (liver enzymes
and immunoglobulins level), abdominal ultrasound results,
parenteral nutrition duration, and outcome data.

Whole exome sequencing (WES) was performed for
all THES patients enrolled in this study. In all patients,
excluding three (see below), biallelic variants were
identified in TTC37 or SKIV'2L.. In these three patients
(P17, P23, and P24), clinical WES was reported negative;
however, the underlying causal variant was subsequently
identified in one of the two genes by reanalysis as described
in a study by Maddirevula ez a/*

This study was approved by the Institution Research Board
of King Fahad Medical City (Ethics Policy 19-511). Parental
consent was obtained to publish clinical photographs in
this article.

Statistical analysis was performed using SPSS. Epidemiologic
data and results were expressed as means, ranks,
percentages, and Chi-square test.

RESULT'S

Thirty-five genetically confirmed THES patients (27 families)
were referred to us, and five cases were excluded due to
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insufficient clinical data. Of the remaining 30 patients
who fulfilled the inclusion criteria, 24 patients were
newly diagnosed, and 6 patients had been previously
reported. Most cases (22/30) were diagnosed over the last
10 years (2009-2019). The annual number of live births in
Saudi Arabia according to the General Authority for Statistics,
Demogtaphic Survey 2016 is 432,000 (https:/ /wwwi.stats.gov.
sa/en/). Accordingly, we estimate the minimal incidence of
THES in Saudi Arabia to be 1 per 196,364 live births.

WES showed that all patients were homozygous for the
causal variants in TTC37 or SKIV"2L, except P7 who was
compound heterozygous in SKII"2L. Twenty-six patients
had variants in SKIIVZL (four unique variants) and only
three patients in TTC37 (three unique variants) as shown
in Table 1. The carrier frequency of the founder variant in
SKIV2IL. was 0.0003743, so we could estimate the minimum
disease burden based on the the carrier frequency (CF) for
variant X. CF was calculated as CF(X)= qF based on the
method desctibed previously™ in which q s the probability
of the mutant allele and F is the average inbreeding
coefficient in our population (0.0241) as 1 per 221,714.

Demographic characteristics are shown in Tables 1 and 2.
Seventeen (57%) females and 13 (43%) males were
included in our group. The gestational age was term
except for two patients born at 36 weeks and none
had a history of polyhydramnios. IUGR was observed
in 22 (66.7%) patients, and all but two had a birth
weight of =3 kg (mean birth weight 2.3 kg and the
median 2.2 kg). The median age of the patients was
3.75 years (0.9-23 years old). All but two of the 27
families were consanguineous.

All patients presented with diarrhea albeit of variable
severity. Some patients had very mild diarrhea. The mean
age at onset of diarrhea was 28.6 days, and the median
was 14 days. One patient presented with late-onset
diarrhea at 6 months. Twenty-six patients (86.7%) had
skin hyperpigmentation (café au lait macules) mainly
over the lower limbs and pelvis, and two patients had
hypopigmentation. Hair abnormalities (z = 28, 96%)
included woolly, hypopigmented, brittle, uncombable,
or positive for trichorrhexis nodosa. Dysmorphic
facial features were seen in 22 patients (73%). The
dysmorphic features of our cohort patients were
hypertelorism, broad nose bridge, depressed nose bridge,
prominent and broad forehead, low set ears, prominent
checks, and largemouth, which were similar to those
reported before [Figure 1]. Surprisingly, chronic liver
disease, as shown by high liver enzymes or evidence
of cirrhosis, was only seen in nine patients (30%), and
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Figure 1: A patient with skin hyperpigmentation (café au lait macules)
over the lower limbs, woolly, brittle hair and dysmorphic facial features

one case improved after being successfully weaned off
parenteral nutrition. One case developed hepatocellular
carcinoma. Sixteen patients (57%) had psychomotor
delays. The only evidence of immunodeficiency was
hypogammaglobulinemia in five patients who received
immunoglobulin supplementation [Table 2]. None of
our patients tested for platelet disorders, while three were
tested for B-cell function and were normally found. Sixteen
patients were examined for T-cell defect, which was
normal; however, the CD8 number was non-significantly
low for six patients (37.5%), and one patient had a
non-significant increase in CD8-T cell (6.25%).

Two out of nineteen patients (10.5%) had feeding disorders,
and one patient had a gastrostomy tube. Different formulas
and diets were tried (lactose-free, extensively hydrolyzed,
amino acids base, fructose base, medium-chain base, and
diet for age), but none had a significant response. However,
most of them were on a diet for age and amino acid formula.

Parenteral nutrition and outcome details are shown in Table 3.
Twenty-five patients (83%) received parenteral nutrition.
Nearly half of the parenteral nutrition group (# = 14, 56%)
were successfully weaned off parenteral nutrition over
a mean duration of 13.34 months, whereas five patients
remained dependent on parental nutrition for a median
duration of 3.5 years (one patient remained dependent for
12 years). There were no significant differences between
several clinical presentations and outcome results between
patients who received and did not receive parenteral
nutrition [Table 4|. Twenty-four patients remain alive at the
time of recruitment accounting for an overall survival of
80%. The oldest is now 23 years of age, while six patients
passed away at a mean age of 1.7 years. Three of the
deceased died due to sepsis, whereas the other three died
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Table 1. Summary of clinical and molecular findings in the study cohort

Patient Gender Age Facial Hair Skin Chronic Alive/ TPN duration Variant

Number Dysmorphism abnormality pigmentation liver disease Dead (months)

P1 M 1.5 No Yes Yes No Dead 5 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P2 F 1.25 No Yes Yes No Alive Still SKIV2L: NM_006929.5:c.
1297C>T (p.Argd33Cys).

P3 F 1.33 Yes Yes No No Alive 0 SKIV2L: NM_006929.5:c.
1201G>A (p.Glu401Lys).

P4 F 4 Yes Yes No Yes Alive 0 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P5 M 9 Yes Yes Yes No Alive 3 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

Pé F 2 Yes Yes Yes No Dead 24 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P7 M 1.67 No Yes Yes No Alive 16 SKIV2L: NM_006929.5:[c.

3561_3581del (p.Ser1189_
Leu1195del)];[c. 2479C>T
(p-Arg827*)]

P8 F 1 No Yes Yes No Alive 2 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P9 F 0.9 No Yes Yes No Alive 6 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P10 F 4 Yes Yes Yes No Alive 40 SKIV2L: NM_006929.5:c.
2479C>T (p.Arg827Ter).

P11 M 5 Yes Yes Yes Yes Alive 32 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P12 M 4 Yes Yes Yes No Alive Still SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P13 F 1.67 Yes Yes Yes Yes Dead 20 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P14 M 24 Yes Yes Yes No Dead 24 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P15 M 7 Yes Yes No Yes Alive 12 TTC37:NM_014639.4:c.
4175_4176dupCA
(p-Val1393GInfsTer24)

P16 F 10 Yes Yes Yes Yes Alive 12 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P17 M 1.67 Yes Yes Yes No Dead 16 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P18 M 2 Yes Yes Yes Yes Dead 22 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P19 F 1 No Yes Yes No Alive 0 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P20 F 1.1 Yes Yes Yes Yes Alive Still SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P21 F 2.42 Yes Yes Yes No Alive 0 TTC37: NM_014639.4:c.
2181_2182delGT
(p-Tyr728CysfsTer6)

P22 M 12.5 Yes Yes Yes No Alive 12 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

Contd...
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Table 1. Contd...

Patient Gender Age Facial Hair Skin Chronic Alive/ TPN duration Variant

Number Dysmorphism abnormality pigmentation liver disease Dead (months)

P23 M 3.5 No Yes Yes No Alive Still SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P24 F 3.25 No Yes No No Alive 0 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P25 F 23 Yes Yes Yes Yes Alive 4 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P26 M 14 Yes Yes Yes Yes Alive 24 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P27 F 10 Yes Yes Yes No Alive 7 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P28 F 12 Yes Yes Yes No Alive still TTC37: NM_014639.4:c.
4102C>T (p.GIn1368Ter)

P29 M 12 Yes No Yes No Alive 7.5 SKIV2L: NM_006929.5:c.
3561_3581del (p.Ser1189_
Leu1195del).

P30 F 1 Yes NA Yes No Alive 12 SKIV2L: NM_006929.5:c.

3561_3581del (p.Ser1189_
Leu1195del).

secondary to postbowel transplant, hepatoblastoma, or liver
cirrhosis [Figure 2].

Malnuttition was common in our group; 16/24 patients (67%)
were less than - 2 SD for weight, (mean - 3.5 SD, and the
median - 2.84 SD). A similar trend was observed for stature with
11/24 patients (46%) being less than - 2 SD (mean - 2.28 SD,
median - 1.78 SD). All five patients who remained dependent
on parenteral nutrition were short and malnourished [Table 5].
There was no significant difference in growth parameters
regardless of parenteral nutrition status (P values were 0.72
and 0.77 for weight and height, respectively).

DISCUSSION

To the best of our knowledge, this is the most
comprehensive series of THES from the Middle East.
Fabre et al. reviewed THES®!'! and concluded that the

Table 2: Frequency of clinical features all patients (n=30)

Clinical features No. of positive patients (%)

Diarrhea 30/30 (100)
FTT on first presentation 30/30 (100)
Hair abnormality 28/29 (96)

Low birth weight/small for
gestational age
Skin pigmentations

20/30 (66.7)

26/30 (86.7)

Dysmorphic features 22/30 (73)
Peg Teeth 5/28 (18)
Term Baby 28/30 (93)
Psycho motor retardation 16/28 (57)
Chronic liver disease 9/30 (30)
Immunodeficiency/low IgG 5/24 (21)
Congenital heart disease 1/30 (3.3)
Hypothyroidism 2 (6.7)
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incidence was 1 in 1,000,000 in France based on the
15 patients born in France over 20 years. We estimate
a much higher incidence of THES in Saudi Arabia of
around 1:200,000 births, which can be explained by the
high rate of consanguineous marriages in Saudi Arabia,
as this is an autosomal recessive disease. Indeed, 10 out
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Figure 2: Survival by year and age in years by parenteral weaning
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Table 3: Total parenteral nutrition (TPN) and outcomes
global (n=30)

Items No. of positive
patients (%)
Alive 24/30 (80)
Died 6/30(20)
Not received TPN at all and still alive 5/30 (17)
Received TPN 25/30 (83)
Off TPN 14/25 (56)
Patient still on TPN 5/25 (20)
Died (received TPN) 6/25 (24)

of 15 patients in the case series reported by Fabrel'!

were originally from the MENA Maghreb and Middle
East region in which consanguinity is common. Taking
advantage of the founder nature of one common
SKIV2L variant (NM_006929.5:c. 3561_3581del
(p-Ser1189_Leul195del)), we corroborated the higher
THES incidence in Saudi Arabia. Even this variant-driven
figure is undoubtedly an underestimation because it does
not take into account all the other private variants that
have no carrier frequency in the population, and this
particular variant is very challenging to detect. We know
several cases that tested “negative” on WES only to be

found by Sanger sequencing to have this variant, which
means that the carrier frequency is underestimated. We
should point here that the skewed ratio of type 1 to
type 2 THES, compared to previous cohorts, is most
likely related to this common founder in SKIIV2L.. For
comparison, Fabre and Bourgeois reported 40 TTC37
versus 14 SKI172L and 38 versus 21, respectively.'>'%

Our patients’ primary clinical features [Figure 1] are
similar to those reported in the literature: (1) intractable
diarrhea albeit of variable severity, (2) dysmorphic
features, and (3) intrauterine growth failure/small birth
weight were high in frequency as seen in other reported

DAL However, the skin abnormalities, mainly

patients.
the hyperpigmented macules that preferentially appear on
the lower limbs, were very common in our cohort (86.7%)
in contrast to the reports by Fabre!! and Bourgeois!" of
50% and 51%, respectively. We hypothesize that a Saudi
infant with intractable diarrhea, small birth weight, and
hyperpigmented macules most likely has THES syndrome

until proven otherwise.

Table 4: Clinical features and outcome difference between the patients who received and did not receive TPN

Patients receiving TPN

Factor No (n=5) Yes (n=25) Total P

Birth weight (Kg) Mean+SD 2.3+0.3 2.3+0.6 2.3£0.5 0.965
Median (min - max) 2.3(2-2.7) 2.2(1.3-3.9) 2.2(1.3-3.9)

Age (month) Mean+SD 53+46 39+38 41+39 0.47
Median (min - max) 39 (16 - 132) 24 (11-150) 24 (11-150)

Onset of diarrhea (Days) Mean+SD 26+38 29+35 29+35 0.858
Median (min - max) 8 (1-90) 14 (2 - 180) 14 (1-180)

Last Weight Mean+SD 10.7+2.1 10.6+4.3 10.6+3.8 0.971
Median (min - max) 10.8 (8.6 - 12.7) 8.4(5.6-19.4) 9.4(5.6-19.4)

Last Height Mean+SD 87.8+5.8 83.4£16.6 84.4+14.9 0.666
Median (min - max) 88 (82-93.5) 80 (64 - 116) 84 (64 - 116)

Alanine aminotransferase Mean+SD 39+25 39+38 39+35 0.978
Median (min - max) 30 (22 -83) 20 (12 - 151) 25 (12 - 151)

Aspartate transaminase Mean+SD 37+26 43£26 42+26 0.659
Median (min - max) 30(17-72) 42 (14 -129) 40 (14 - 129)

Gamma-glutamyl transferase Mean+SD 91.5+154.7 57.1+80.7 63.4+94.2 0.522
Median (min - max) 18.5 (6 - 323) 15.5 (1-315) 15.5 (1-323)

Alkaline phosphatase Mean+SD 190+46 300£233 270+204 0.318
Median (min - max) 209 (130 -231) 220 (116 - 847) 216 (116 - 847)

Total Bilirubin Mean+SD 3.9+1.7 24.5+58.4 19.1£50.5 0.449
Median (min - max) 3.9(2.3-6.4) 5.2 (2.6-220.9) 4.8(2.3-220.9)

Direct Bilirubin Mean+SD 1.35+1.17 21.1+51.25 16.16+44.77 0.464
Median (min - max) 1.15(0.3-2.8) 2.25(0.4-176.39) 1.9 (0.3-176.39)

International normalized ratio Mean+SD 1.07+0.06 1.25+0.23 1.22+0.22 0.203
Median (min - max) 11(1-1.7) 1.2 (0.87-1.7) 1.17 (0.87 - 1.7)

Albumin on First time Mean+SD 37+9 36+6 36+7 0.776
Median (min - max) 40 (27 - 45) 37 (28-43) 39 (27 -45)

Albumin (Last one) Mean+SD 36.7+2.7 32.7£9.4 33.7+8.3 0.365
Median (min - max) 36.1(33.5-41) 37 (17 - 46) 37 (17 - 46)

white blood cells MeanSD 9.5+2.86 14.07+5.07 12.73+4.93 0.081
Median (min - max) 9.1(6.1-12.71) 14.93 (5.6 - 23.6) 12.71 (5.6 - 23.6)

Hemoglobin Mean+SD 11.9+0.8 10.9+1.8 11.2£1.6 0.243
Median (min - max) 121 (11-13) 11.1(7-13.7) 11.6 (7 - 13.7)

Platelet Mean=SD 430493 394+174 403+157 0.701
Median (min - max) 441 (326 - 513) 379 (138 -760) 379 (138 - 760)
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Table 5: Nutrition status of the study participants*

Patient Number Age (year) Sex Weight Z score Weight Height/Length Z score Height/Length
P1 1.5 M 5.1 -8.18 57 -9.05
P2 1.25 f 5.6 -6.4 65 -3.85
P3 1.33 F 8.6 -2.03 82 1.21
P4 4 F 12.7 -1.89 93.5 -1.11
P5 9 M 19.4 -3.05 116 -0.86
P6 2 F 8.4 -3.85 80 -1.65
P7 1.67 m 8.3 -3.44 87 0.95
P8 1 F 7.8 -1.88 70.5 -1.12
P9 0.9 F 7.7 -1.66 64 -2.90
P10 4 f 13 -1.59 97 -1.54
P11 5 m 16 -1.15 104 -1.05
P12 4 m 10.2 -4.83 86 -2.68
P13 1.67 f 714 -5.06 73 -2.75
P14 2.1 m 13.1 0.21 75 -3.68
P15 7 M 17 -2.52 107 -0.52
P16 10 F 18 -4.03 115 -1.46
P17 1.67 M 7.8 -4.17 81 -0.85
P18 2 M 5.8 -7.17 60 -6.44
P19 11 F 26.3 -1.98 128 -2.23
P20 1.1 F 3.4 -11.02 58 -5.4
P21 2.42 F 9.8 -2.72 81 -1.61
P22 12.5 M 26.5 -2.96 135 -2.28
P23 3.5 M 13.5 -1.10 99 -1.90
P24 3.25 f 10.8 -2.70 88 -2.06

*Patients 25-30 are previously published

Chronic liver disease was found in nine patients (30%)
and 30.7% of those with SKI1"2]. mutation in our cohort,
which is low compared to 70% and 85% in the Fabre
and Bourgeois groups, respectively!™'! and 88% in the
SKI172L ~related THES.'" Liver disease was a direct cause
of death in a single patient in our group compared to 40%
of patients with liver disease in the literature.>* One patient
developed hepatocellular carcinoma, and we note that a
hepatoblastoma case was previously reported by Bozzette.*!
Our data suggests that chronic liver disease is not more
prevalent in patients with the SKIT"2L. mutation than in
those with TTC37, and that SKIT2I - and TTC37-related
THES are indistinguishable clinically, although we
caution that the very small number of TTC37-related
patients in our cohort is a study limitation. Other than
five patients with hypogammaglobulinemia who received
immunoglobulin supplementation, there were no apparent
immunological abnormalities noted in our patients. Our
study is retrospective and we consider an immune workup
for such patients, especially T-cell defects.!'”

The incidence of parental nutrition in our cohort (83%) is
similar to the Bourgeois ez al. group (85%).I" Five patients
in our cohort did not require parenteral nutrition and are
still surviving, compared to only nine patients worldwide
reported to have had no parenteral nutrition."*!! About
half of our patients achieved enteric autonomic control,
and parenteral nutrition was weaned off, in contrast to
30%-50% in other studies." Unfortunately, most of our
patients exhibited malnutrition (66.7%) and many (45.8%)
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had short stature regardless of parenteral nutrition use.
Barabino ¢# al. reported two patients who were severely
malnourished after stopping patenteral nutrition.” It
seems that parenteral nutrition does not improve growth
and may actually worsen the prognosis for some patients.
Our data emphasizes the importance of reviewing the
necessity of parenteral nutrition on a case-by-case basis.
We suggest that parenteral nutrition is unnecessary if the
patient does not have severe diarthea and/or electrolyte
imbalance.

In conclusion, we report a large cohort with detailed clinical
delineation of THES, which we show is more common in
Saudi Arabia. We define the natural history of the disease
and stress that parenteral nutrition should only be used
judiciously to minimize the adverse outcome in THES
patients.
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