Interesting case (HHH syndrome)

A 2-year-old girl with drowsiness and elevated liver enzymes
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clonus - positive bilaterally, Babinski sign - dorsiflexion, DTR 3+ all

WA investigations

LFT: TB 0.4 mg/dL, AST 574 and ALT 176 U/L; PTT 40.5 sec, PT 37.2 sec, INR 3.69
Anti-HAV IgM, HBsAg, anti-HBc IgM, and anti-HCV: negative

CSF profile: glucose 70, protein 15.3 mg/dL; WBC 0, RBC 40/cu mm
CSF for H. influenzae, S. pneumoniae, N. meningitidis, E.coli K1: negative.
CSF (real time PCR) for enterovirus, enterovirus 71 and coxsackie virus: negative

CSF PCR for JE and Herpes virus: negative
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Physical examination
Vital signs: BT 37.5°C, PR 110/min, RR 28/min, BP 97/54 mmHg
Measurement: BW 9.4 kg (P3-10), height 86 cm (P50-75), HC 45 cm (P3)
General appearance: active and alert girl
Abdomen: no superficial vein dilatation, no abdominal distension, normal bowel sound,
liver - just palpable (span 6 cm), spleen - not palpable, no fluid thrill, no shifting duliness

Extremities: no flapping tremor
Neuro exam: hypotonia, motor power grade IV both sides, equal movement

DTR 3+ all, Babinski sign - dorsiflexion, ankle clonus - positive both sides

Other systems: unremarkable




Initial investigations

CBC: Hb 9.1 g/dL, Hct 28.8 %, MCV 63.6 fL, MCH 20.1 pg, MCHC 31.6 g/dL, RDW 17.5 %,
WBC 9,120/cu mm (N 25, L 62, M 10%), platelets 402,000/cu mm

Coagulogram: PTT 60.5 (N 21-30), PT 38.7 (N 10.1-12.1), TT 14.3 sec (N 15-22); and INR 3.81

Blood chemistry: BUN 6, Cr 0.15, sugar 68 mg/dL; Na 138, K 4.74, Cl 105.6, HCO, 18.8 mmol/L

LFT: AST 177, ALT 484, ALP 188 U/L; TP 6.8, albumin 4.1 g/dL, TB 0.55, DB 0.31 mg/dL

Plasma ammonia 124 kmol/L (N 12-66), lactate 25.4 mg/dL (N 4.5-18)

Urine and serum ketone: negative

Problem lists:

®  Acute liver failure with hepatic encephalopathy

®  Global developmental delay

®  Iron deficiency anemia

Discussion:
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Differential diagnoses:

1. Reye-like syndrome

®  Urea cycle defects

®  Organic acidemia

B Mitochondrial disorders

B Fatty acid oxidation defects

2. Other genetic disorder: Wilson disease

Further investigations:

Eye examination: no KF ring, no cataract

Serum ceruloplasmin 21 mg/dL, 24-hour urine copper 0.011 mg/dL

ANA < 1:80 (negative)

Abdominal ultrasound: hepatic parenchymatous disease, no focal hepatic lesion




Comprehensive metabolic test

Acylcarnitine profile: normal

Amino acids: methionine 47.4 pmol/L (N 7.57-32.29), ornithine 256.3 pmol/L (N 41.41-183.08)

Plasma amino acid: ornithine 377 nmol/mL (N 22-97)

Urine amino acid: homocitrulline 241 pmol/L (N 11-158), ornithine 148 umol/L (N <70)

Whole exome analysis: heterozygous variants in SLC25A15

Diagnosis:
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Treatment and progression:

lewnnislensniud . assanursuns faedAndaunntu bty Addnsinelutasssninase
1A investigation 1119 metabolic liver disease MedsilsyAulszaas Tnaaninesnguisaulinulunu
10 g/day (< 1 g/kg/day) Lﬁmmﬂmzﬁ“ﬂimmju urea cycle defect wazleNszing Lactulose 10 mL/day
(1 mL/kg/day) 3emaesnesiali 9. WAL AN NI U096 GA AR diloalddainimisanes

=2 Y o v a A o P o o { a a
asaynya linauiuuarAsninanisdlugilaauan Inedapalitiaaandnensngullsiu wasiiugn




3712 Lactulose siaiiiay  seuangdinsnuainiswudngilogldds wunldupin1sinanuaeafuanaauses
Tuindugening

: = 2 Y o 2 o =2 a

AaNINaNARIIAaRANLdT WAALTIA HHH syndrome (LU9eu14 11 12UNAIAINNT IW.) A9y
n3snelaali L-citrulline 250 mg/kg/day Waz sodium benzoate 250 mg/kg/day Ua9ANNIUAARINNNT
Y. . Y e a . v d
S 2 dlaniudaizuen wudnszal ammonia lwdenanad avliveaansyung Lactulose 16 wash
Uszanns 4 dlanviudaiuen Arnsvinauaesdunaunn IndiResAnlng  WinwnisiuwsliuEuma
Tnaannznneinu gross motor fileEuiaulanty Aanusydl ammonia luideanudnatluseauilng

WUz 3 1haw Asug AL sodium benzoate LATAARINANAEANAINEA sodium benzoate 1 1Aal

WUIFEAU ammonia lulaansipalng

v o o 1Y =X o v v . . ' o 0 a { = aa
1muﬂﬁLLuszm;gﬂﬂmmmmmmLflummvl,m L-citrulline faNfUaNR@11IngullsAunaantin
WAL UN AN ABINNININANEY WENLINNT FAINFLNITRAMINIEAL ammonia TARALALAINIINNNIY

gaasulusrey AandmlunIII9Fuanail

dourTyunias prolonged INR 1l laganisnsniu hematologist Anteavinansalsannudn
n13917 factor VII, X, XI wag anti-thrombin 1l §asdae s usiniasangthealdmeidymaenaantinilng

A A Y = o o A a4 a PR ' o o
NIBLRRARDNLAINELAEN ‘-NLLu::u’]mLﬂ[ﬁl‘ﬂ’mﬁﬁ‘LL@::M@ﬂL@ﬂx‘]ﬂ@ﬂ?ﬁ‘ll‘lnL@ﬂx‘llﬁlﬂﬂ’]ﬂmuwmw‘]_l




Hyperornithinemia-hyperammonemia-homocitrullinuria syndrome

Synonym:

®  HHH syndrome

Triple H syndrome

®  ORNT1 deficiency

Ornithine carrier deficiency

®  Ornithine translocase deficiency
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®  Neonatal onset (~8%)
®  Hyperammonemia - begin 24-48 hours after the first feeding

®  lethargy, somnolence, food refusal, vomiting, tachypnea with respiratory

alkalosis, and/or seizures




B |nfantile, childhood, and adult onset (~92%)

®  Chronic neurocognitive deficits (limb hyperreflexia with Babinski sign, spastic
gait, cerebellar signs, myoclonic seizures, muscle weakness, buccofaciolingual

dyspraxia and psychiatric disorders, cognitive defect (74%))

®  Acute encephalopathy: secondary to hyperammonemic crisis

®  Chronic liver dysfunction: unexplained elevation of liver transaminases

®  with or without coagulopathy

®  with or without hyperammonemia and protein intolerance

MsnsAaLAzINARY
®  Biochemical diagnosis
®  Episodic or postprandial hyperammonemia
®  Persistent hyperornithinemia
®  Persistent urinary excretion of homocitrulline**
®  Molecular diagnosis
® |dentification of biallelic pathogenic variants in SLC25A15

®  Other investigations

®  Blood coagulation studies
®  deficiency of factor VII, X, XI, and anti-thrombin Il
®  Study of intracellular mitochondrial transport of radiolabelled 14C-ornithine in cultured
skin fibroblasts

B 75%-80% reduction in ornithine transport
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- Sodium benzoate, begins with 250 mg/kg, then 250-500 mg/kg/24 h
- Sodium phenylacetate 250 mg/kg

- Arginine 200-600 mg/kg/24 h
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2. Msaualuszazen (Whvnng: Wiszdy ammonia lwdene uszaulng)
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2.2) Medications: L-Citrulline 100-250 mg/kg/day (Max 6 g/day) ¥138
L-Arginine 100-200 mg/kg/day (Max 6 g/day)

2.3) @unrnnuetn IS AT un NS e e




2.4) Wiayaaauiinaaiusalan waznisquadihamniniazidutlavranulades souneld

AN T1N17 89N ARIN1IN9ANDY

2.5) wzt g uasnnuiy avunwnel laun uwnelaniznieaanlsAnIamnua I sLasFL

UNNELRNIZN AN INTUINE T Laslnnelan1Zn1ea1an L’J‘T]Wuﬁﬂqmlﬂﬁf

. 45
Prognosis

v = o v Yo . . . A R 1 o o o

Qﬂfmmmmmﬂummimu ammonia scavengers (L-citrulline #1798 L-arginine) $94NUNN9ANA

1 = aa L2 ndl Yo o o 1 1 1 dl 1 1
mmanqu‘iﬂimummmm Iﬂ?;lB;llﬂﬂ]ﬂ%iﬂ?ﬂﬂﬂ?ﬁ‘ﬂﬂﬁﬂdﬂ@ﬁ’]@ﬁl%ﬁLMN’]ZZWLL@ZM@L‘H@\‘I ’W$WUQW1§J§Jﬁﬂ&IM’1
= oA e 5 o &, o o o I, Al Y o oa o
L3789 hyperammonemia Vlﬂm_lLﬂWH’]ﬂﬂ UANINU ﬂ’]ﬂ’?ﬁ‘%’]ﬂ'ﬁu‘ﬂﬂﬂMUNﬂ@ZﬂZ\]U@]ﬁ’]ﬂﬂMVLQM@GL‘J‘N?T]HW

TNy d91a7N1INNTELLLsT A Az At ALeIAan1IS N LANANN AWl LLAR AL

suuanmstFaLazAunieaNNlalnfvaslsa HHH syndrome’




References
1. Gosalakkal JA, Kamoiji V. Reye syndrome and Reye-like syndrome.

Pediatr Neurol 2008; 39: 198-200.

2. Pugliese A, Beltramo T, Torre D. Reye and Reye-like syndrome.

Cell Biochem Funct 2008; 26: 741-6

3. Haberle J, Burlina A, Chakrapani A, Dixon M, Karall D, Lindner M, Mandel H, et al. Suggested

guidelines for the diagnosis and management of urea cycle disorders: First revision.

J Inherit Metab Dis 2019; 42: 1192-230.

4. Martinelli D, Diodato D, Ponzi E, Monné M, Boenzi S, Bertini E, Fiermonte G, et al.

The hyperornithinemia-hyperammonemia-homocitrullinuria syndrome.

Orphanet J Rare Dis 2015; 11; 10-29.

5. Camacho J, Rioseco-Camacho N. Hyperornithinemia-Hyperammonemia-Homocitrullinuria

Syndrome. 2012 May 31 [Updated 2020 Feb 13]. In: Adam MP, Ardinger HH, Pagon RA, et al,

editors. GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 1993-2020.

Available from: https://www.ncbi.nim.nih.gov/books/NBK97260/

6. Wijdicks EF. Hepatic encephalopathy. N Engl J Med 2016; 375: 1660-70.






