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Summary: The authors report MR fmdings in a case of valproic
acid-induced hyperammonemia s howing high signal intens ity on
T2·weighted Images in frontal, temporal, and insular cortex .
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Va lproic acid currently is used as an anticon
vulsant medication with a broad spectrum of
activity. It usually is used in seizures in children
and adu lts that are not controllable by other
anticonvulsants. A documented side effec t of
valproic acid therapy ha s been the elevation of
the serum a mmonia level, with the subsequent
development of hyperammonemic encephalop
athy. We report the brain magnetic resonance
(MR) findings of valproic acid-indu ced hyper
ammonemic encephalopathy .

Case Report
A Za -yeer-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 disorder 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, hyperre flexia, and intermittent asterixis. The
patient quickly lapsed into a comatose state requiring
intubatio n for respiratory support. Com puted tomography
(CT) of the brain at admiss ion was normal. Hypoglycemia
and hepatic encepha lopathy were cons idered possible
causes of the patient's coma, but serum glucose and liver
function tests were normal. Serum ammonia was elevated
at 388 " mol/L, with the normal range be ing II to 35
J.Lmol/L. Because of the elevation of serum ammonia, a
defect in amino acid metabolism was considered. How
ever, blood camitine, 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

was found to be slightly elevated at Ilg "g/mL (therapeu
tic range at our institution is 50 to 100 "g/mL). To xicity
was suspected, and valproic acid therapy was disconti n 
ued on the day of admission. Th e serum ammonia level
peaked at 539 lUlL on the second hospital day and
dropped to 52 lUlL by the third hospita l da y. Electroen
cephalogra phy demonstrated a symmetric, high-voltage ,

1~
slow wave patte rn with a background disorganization con
sistent with a generalized encephalopathy. MRof the brain
showed extensive areas of increased T2 signal intensity
within the frontal, temporal, and insular cortical regions
bilaterally (Fig I A and B). There were no abnorm alities
noted on the T1 -weighted image s, eithe r 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 discharge d on the 27th
hospita l 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 abnonnality ,
although so me diffuse co rtical at rophy was present (Fig
ic and D).

Discussion

Valproic acid, fi rst 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 initia lly
thought to be free of serious side effects, several
reports have s uggested an association between
valprolc acid use and the occurrence of hepati
tis , a Reyelik e 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, Axial sections {spin 
echo 2800/80) show extensive signal
changes of primarily gray matter of frontal,
temporal, and insular cortical regions.

C and D. Follow-up axial section s (spin
echo 2800/80) at the same levels 1 year
after disches rge show resolution of cortical
signal changes, although now demonstrat
ing mild atrophy.
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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 ).

D

The pharmacokinetics of valproic acid a re
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 kno wn 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 orn ithine carbamoyl tra ns
ferase , carbamoyl phosphate synthetase, and
arginin osuccinate synthetase deficiency a re
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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 bra in ammonia de 
toxification and initially respond to hyperarn
monemia by increasing metabolic activity
through the proliferation of mitochondria and
rough endoplasmic reticulum (9, 11). Metabolic
exhaustion ensues whereby the as trocyte cyto
plasm becomes watery and glycogen laden.
Disturbance in the com posi tion 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 pati ents with hyperammonemia and
may contribute to bra in damage (3). The end

(
I stage of the disease is severe cortical and white
\ matter atrophy with Alzheimer type II gila (9,

10, 12j':'-.......:.....=---------'-':....-~

The CT appearance of hyp erammonemic en 
cephalopathy, other than valproic acid induced,
has been described previously (9, 10, 13 , 14) .
During an episod e of acute encephalopathY,.cT
findmgs may be normal or sh ow diffuse brain
edema . cerebral white an d/or ra matter

o e sparing t e basal ga nglia. ' he
appearance of hyperammonemic encepha 

lopathy ha s been rep orted in patients with orni
thine tran scarbamylase deficie ncy (15-17) and
in a patient with uretersigmoidostomy (18) . The
MR a earance in two of the cas es resembled
in arcts , , wit the remaining two ca ses
showing va riable white matter changes (15 ,
18) . Initial and 4-month follow-up MR- in our
ca se SlIpport the histopathologic changes de
scribed above in the acute encephalopathic and
in the chronic (reco vered ) stages of hyperam
monemic brain injury. The MR findings for va l
pro ic acid-induced hype rammonemic en ceph
alopathy in our ca se do not match the changes
observed in non-valproic acid-induced hyp er
ammonemic encephalopathy. This suggests
that perhaps a varying durat ion of hyperam
monemia, as well as differing serum ammonia
concentrations , will result in varying deg rees of

seve rity and location of bra in injury. Cerebral
hypoperfusion secondary to elevated intracra
nial pressure also may play an important role in
affecting bra in injury.
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