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Case presentation

Born on June 1974
Moderate global developmental delay was noted early in life

12 years of age: Epilepsy — was commenced with Valproic acid
and Carbamazepine

At 41 years of age: moderate intellectual disability, seizures well
controlled

Recurrent hospitalizations to Neuro. Dep. since 11/2015

confusion, restlessness, changes of behavior (aggression, irritability,

and hyperactivity), lethargy
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Physical examination

Intermittent weakness

Normal abdominal examination

| @




Medication list

CARBAMAZEPINE

VIMPAT (lacosamide)— 4/2015
KEPPRA (levetiracetam)
DEPALEPT (valproate)




Blood work

Normal Glucose

| B 7
normal AST, ALT GGT.
ALP — mildly elevated
BILIRUBIN — not elevated

ALBUMIN — 3.2-2.7

CBC: HG 13, PLT 150K, WBC 6.5
COAG: INR - 1

VALPROIC ACID — not toxic




EEG

Encephalopathic tracing, general deceleration
Triphasic waves

No convulstve activity
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Lumbar Puncture

No pleocytosis
Normal glucose and protein

Sterile CSF culture




Medication list

TEGREEG
VIMPAT - 4/2015
KEPPRA
DERANERE

EPANUTIN - 27/11/15




Hyperammonemic |

Encephalop
athic EEG

“ncephalopathy
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primary sources and pathways of

ammonia production and secretion

Systemic accumulation of
ammonia escaping liver

Endogenous
Dietary protein

metabolism
‘ Usual sources of nitrogen
: System
I
saturated
! Endogenous
I Protein
catabolism

Hepatic
metabolism:

via the urea cycle Amino acids and

Excretion via the
kidneys

——————— Portosystemic shunt:
for example haemorrhoidal veins, iliac
veins, IMV, iatrogenic shunts

ammonia absorbed
into portal circulation
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Pathological sources
Additional nitrogen in

gut lumen
/ Gl bleed
]
] L XCESS
Urinary —LL AR
diversion 4 .
nitrogen

Urea-splitting
Gram negative
bacteria




Hyperammonemic Encephalopathy

Hepatic
Type A: acute liver failure

Type B: Portosystemic shunts (in the absence of liver
disease)

Type C: chronic & end-stage liver disease and portal
hypertension
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Further investigation...

Serologic tests
Viral
Immunologic
US
Doppler
CT — chest, abdomen, pelvis
Normal liver

No evidence for shunts




Further investigation...

Liver and spleen
scintigraphy
No colloid shift
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Interim summation
Non-hepatic hyperammonemic encephalopathy
No evidence of liver disease
What next?




Additional details on Hx:

born on June 1974

The first child of first-cousins Muslim Bedouin parents
Moderate global developmental delay was noted eatly in
life

12 years of age: Epilepsy — was commenced with Valproic

acid and Carbamazepine

At 41 years of age: moderate intellectual disability,
seizures well controlled

Diet: aversion to sugars, prefers high-protein food
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Additional labs:

Bacteruria, leukocyturia

Citrobacter Koseri
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Hyperammonemic Encephalopathy

T Non-
i IHepatic

Hepatic
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Hyperammonemic Encephalopathy

non-Hepatic

GI Bleeding

Inborn errors of metabolism
Proline metabolism disorders
Urea cycle defects
medications/toxins
Alcohol
Diuretics
hyperalimentaion
Narcotics

Valproic acid

@
o
Muscle exertion and ischemia
Bowel or Urinary tract infections
Technique and conditions of blood
sampling
Cigarette smoking
20 V%




STRUVEN HEALTH ANALYTICS ==

Non Hepatic Hyperammonemia

Valproic acid toxicity?

a-Ketoglutarate

MICROMEDEX"® SOLUTIONS
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Drug
Interactions

Severity:

Drug-Drug Interactions (1)

Drugs:
PHENYTOIN - VALPROIC ACID

|

Summary:
Concurrent use of PHENYTQIN and VALFROIC ACID may

Moderate result in altered valproate levels or altered phenytoin levels
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Non Hepatic Hyperammonemia
Valproic acid toxicity?

STOP: VIMPAT, VALPROATE,
PHENYTOIN
No convulsions were documented

Ammonia levels — intermittently elevated

Stop VALPROIC ACID




Non Hepatic Hyperammonemia
Urinary tract infection?

Urease producing bacteria

Proteus mirabilis
Corynebacterium species
Helicobacter pylori
Klebsiella sp.
Morganella sp.

Systemic Reabsorption of ammonia

Mild infection
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What next?
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Non Hepatic Hyperammonemia
Errors in metabolism?
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Patient outcomes

* The following morning she was found in a deep coma with

kussmaul breathing

* Severe hyperglycemia,hypertriglyceridemia, hypernatremia,
hypokalemia, metabolic acidosis and hyperammonemia

\ %
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What did we do wrong?



https://www.google.co.il/url?url=https://www.organicnutrition.co.uk/articles/is-sugar-bad-for-you.htm&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiXorDW7LjMAhWBB8AKHas9DDsQwW4IITAG&sig2=MfhWam_CIQF0MGxYhdltwg&usg=AFQjCNEm34IUtfB2V9xQOHrT9BWeYJPs2g
https://www.google.co.il/url?url=https://www.organicnutrition.co.uk/articles/is-sugar-bad-for-you.htm&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiXorDW7LjMAhWBB8AKHas9DDsQwW4IITAG&sig2=MfhWam_CIQF0MGxYhdltwg&usg=AFQjCNEm34IUtfB2V9xQOHrT9BWeYJPs2g

Non Hepatic Hyperammonemia
Errors in metabolism?
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C i D e hiciene

Inherited metabolic dis.

Mutations in the SLLC25A13 gene encoding
mitochondrial transporter citrin

Aspartate/glutamate transporter
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Citrin Deticiency

UREA CYCLE

AMINO ACIDS
AMMONIA
CPS
- + Aspartate
CARBAMOYL-PHOSPHATE Nt AS
. OoTC
ORNITHINE
rgininsuccinate
AL
ARGINASA ™ ARGININE
CYTOPLASM UREA AS: argininsuccinate

synthase 29
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o Citrin Deticiency
= =
e Clinical symptoms of citrin deficiency
J Neonatal hepatic
~ NICCD type cholestasis Z £

FTTDCD type

Hypoglycemia Growth retardation
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CTLN2 type
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Aggressiveness Delirium 30
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Type 1I (adult onset) citrullinaemia

AR, Male>female

age of onset: 11 to 72 years

“Hepatocerebral disease”

» aversion to carbohydrates
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Treatment

low carbohydrate diet, arginine supplementation, sodium

citrate, sodium benzoate, lactulose, and branched chain

amino acid infusion.

Liver transplantation

Protein-rich
Lactose-free diet

|2 tvpe MCT

Liver transplantation
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Circle of life

.0 LRL

* Early onset IEM (inborn error of metabolism) reaching
adulthood
* Adult patients with early onset IEM for whom diagnosis was

missed
* Late-onset forms of IEM presenting initially in adulthood
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Take Home Message

Hyperammonemia — Not necessarily hepatic origin

Consider IEM when:

Absence of hepatic/portal etiology
Family history

Food aversion
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