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Valproic Acid-Induced Hyperammonemic Encephalopathy: 
MR Appearance 

Mark D. Baganz and Peter E. Dross 

Summary: The authors report MR findings in a case of valproic 
acid-induced hyperammonemia showing high signal intensity on 
T2-weighted images in frontal, temporal, and insular cortex. 

Index terms: Seizures; Brain, magnetic resonance; Brain, dis

eases; Brain, metabolism; Drugs, toxicity; Iatrogenic disease or 
disorder 

Valproic acid currently is used as an anticon
vulsant medication with a broad spectrum of 
activity. It usually is used in seizures in children 
and adults that are not controllable by other 
anticonvulsants. A documented side effect of 
valproic acid therapy has been the elevation of 
the serum ammonia level , with the subsequent 
development of hyperammonemic encephalop
athy. We report the brain magnetic resonance 
(MR) findings of valproic acid-induced hyper
ammonemic encephalopathy. 

Case Report 

A 24-year-old man with a 17 -year history of a seizure 
disorder presented to our emergency room with a 2-day 
history of progressive confusion and disorientation. His 
seizure djsorder had been controlled with long-term val
proic acid therapy. While in our emergency room, the 
patient was noted to have shifting neurologic signs includ
ing rigidity, hyperreflexia, and intermittent asterixis. The 
patient quickly lapsed into a comatose state requiring 
intubation for respiratory support. Computed tomography 
(CT) of the brain at admission was normal. Hypoglycemia 
and hepatic encephalopathy were considered possible 
causes of the patient's coma, but serum glucose and liver 
function tests were normal. Serum ammonia was elevated 
at 388 J.Lmol/L, with the normal range being 11 to 35 
J.Lmol/L. Because of the elevation of serum ammonia , a 
defect in amino acid metabolism was considered. How
ever, blood carnitine, alanine, and glutamine levels were 
not elevated. Urinary amino acid assay demonstrated no 
evidence of a metabolic disorder, including no evidence of 
elevated urinary orotic acid. The serum valproic acid level 
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was found to be slightly elevated at 119 J,Lg/ml (therapeu
tic range at our institution is 50 to 100 J,Lg/ml). Toxicity 
was suspected, and valproic acid therapy was discontin
ued on the day of admission. The serum ammonia level 
peaked at 539 lU/L on the second hospital day and 
dropped to 52 lU/L by the third hospital day. Electroen
cephalography demonstrated a symmetric, high -voltage, 
slow wave pattern with a background disorganization con
sistent with a generalized encephalopathy. MR of the brain 
showed extensive areas of increased T2 signal intensity 
within the frontal, temporal , and insular cortical regions 
bilaterally (Fig 1A and B). There were no abnormalities 
noted on the T1-weighted images, either before or after the 
administration of intravenous gadopentetate dimeglu
mine. During hospitalization, the patient improved under 
conservative therapy, with mental status gradually return
ing to normal. The patient was discharged on the 27th 
hospital day in good condition. Follow-up MR of the brain 
was performed 1 year after discharge and revealed reso
lution of the previously noted areas of signal abnormality , 
although some diffuse cortical atrophy was present (Fig 
1C and D) . 

Discussion 

Valproic acid , first introduced in the United 
States in 1978, has since been used as an ef
fective anticonvulsant in a variety of adult and 
childhood seizure disorders. Although initially 
thought to be free of serious side effects, several 
reports have suggested an association between 
valproic acid use and the occurrence of hepati 
tis, a Reyelike syndrome, and hyperammone
mia (1 ). 

Ammonia is a product of protein and amino 
acid metabolism. Catabolism of amino acids 
occurs in the liver (in the cytosol and mitochon
dria of the hepatocytes) and, to a lesser extent, 
in the kidneys. The carbon skeletons of amino 
acids undergo oxidative degradation to com
pounds that can enter the Kreb's tricarboxylic 
acid cycle and later be converted into adenosine 
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Fig 1. A and B, A xial sections (spin 
echo 2800/ 80) show extensive signal 
changes of primarily gray m atter of fronta l, 
tempora l, and insular cortica l regions. 

C and D, Follow-up axial sections (spin
echo 2800/ 80) at the sam e levels 1 year 
after discharge show resolution of cortical 
signal changes, although now demonstrat 
ing m ild atrophy. 

A 
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triphosphate energy sources. The amino groups 
are removed from amino acids via transamina 
tion and oxidative deamination (2 , 3) , yielding 
ammonia. The ammonia so formed is metabo
lized by the hepatic ornithine urea cycle or by 
detoxification with glutamic acid to form glu
tamine. The exact mechanism of valproic acid 
hyperammonemia is unknown, but it appears to 
be independent of hepatotoxicity ( 4 , 5). Pro
posed mechanisms include propionic acid (a 
valproic acid metabolite) inhibition of the urea 
cycle enzyme carbamoyl phosphate synthetase 
I (1 , 6) or the formation of valproic acid-coen
zyme A esters , which prevents the formation of 
N-acetyl-L-glutamate , the obligate activator of 
carbamoyl phosphate synthetase I (7 ). 
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The pharmacokinetics of valproic acid are 
complex and demonstrate a great degree of in
terpatient variability. Serum concentration and 
the development of adverse reactions are influ
enced by such factors as a variable degree of 
plasma protein binding and comedication with 
other anticonvulsants , specifically phenobarbi
tal and phenytoin, which are known to exagger
ate the hyperammonemic response in valproic 
acid-treated patients (8). Dietary protein intake 
also has been shown to aggravate valproic 
acid-induced hyperammonemia (7) . Patients 
with congenital or acquired defects of urea syn
thesis , including ornithine carbamoyl trans
ferase , carbamoyl phosphate synthetase, and 
argininosuccinate synthetase deficiency are 
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particularly prone to valproic acid-induced hy
perammonemia (9, 10). 

Hyperammonemia appears to affect primar
ily cerebral astrocytes with secondary brain pa
renchymal damage (9). Astrocytes have been 
shown to be responsible for brain ammonia de
toxification and initially respond to hyperam
monemia by increasing metabolic activity 
through the proliferation of mitochondria and 
rough endoplasmic reticulum (9, 11 ). Metabolic 
exhaustion ensues whereby the astrocyte cyto
plasm becomes watery and glycogen laden. 
Disturbance in the composition of the extracel
lular fluid and osmotic gradients eventually re
sults in cerebral edema. Elevated levels of glu
tamine have been found in the cerebrospinal 
fluid of patients with hyperammonemia and 
may contribute to brain damage (3). The end 
stage of the disease is severe cortical and white 
matter atrophy with Alzheimer type II glia (9, 
10, 12). 

The CT appearance of hyperammonemic en
cephalopathy, other than valproic acid induced, 
has been described previously (9 , 10, 13, 14) . 
During an episode of acute encephalopathy, CT 
findings may be normal or show diffuse brain 
edema with cerebral white and/or gray matter 
hypodensities, sparing the basal ganglia. The 
MR appearance of hyperammonemic encepha
lopathy has been reported in patients with orni
thine transcarbamylase deficiency ( 15-17) and 
in a patient with uretersigmoidostomy (18). The 
MR appearance in two of the cases resembled 
infarcts (16, 17), with the remaining two cases 
showing variable white matter changes ( 15, 
18). Initial and 4-month follow-up MR in our 
case support the histopathologic changes de
scribed above in the acute encephalopathic and 
in the chronic (recovered) stages of hyperam
monemic brain injury. The MR findings for val 
proic acid-induced hyperammonemic enceph
alopathy in our case do not match the changes 
observed in non-valproic acid-induced hyper
ammonemic encephalopathy. This suggests 
that perhaps a varying duration of hyperam
monemia, as well as differing serum ammonia 
concentrations, will result in varying degrees of 
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severity and location of brain injury. Cerebral 
hypoperfusion secondary to elevated intracra
nial pressure also may play an important role in 
affecting brain injury. 
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