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RESULTS

iogs were indistinguishab le from hepatic encephalopathy with
severe dep letion of myoinositol and choline and with glutami ne
excess. N-Acetylaspartate levels were moderately decreased.
Quan tita tive MRS gave detailed insight into alterations of brain
metabolism in VPA-induced encephalop athy. Key words:
Magnetic resonance imaging- Magne tic resonance spectros­
copy- Valproate-Encephalopathy- Hyperarnmonemia.

MRI dep icted old conrusion defects in the basal frontal
lobes. Tzw images showed promi nent bila teral symmetric

11-35), and gradually norm alized after discontinuation
of VPA . EEG showed generalized slowing of back­
ground activity characterized by slow alpha and theta
activi ty. In addition, continuous the ta and rare della
waves were visible bilaterally over frontal and fron to­
basal regions. Within I month, these findings resolved,
with improvement of clinical sym ptoms and decreasin g
NH 3 se rum levels.

MRI and IH-MRS were performed on a 2-T whole
body sy stem (Bruker MEDSPEC S200) by using a qua­
drature head coil. Transversal T, w spin-echo and trans­
verse and coronal T2w RARE sequences of the who le
brai n were acquired . For IH-MRS we used a short echo
time PRESS sequ ence (TR 1,500, TE 3D, 256 averages).
Eight-milliliter voxe ls were placed in the occ ipital lobe
covering predo rainantly gray matte r and in the left pari­
etal lobe including mainly whi te matter .

For quantification of the metabolite concentrations,
the signal from an external water reference was mea­
sured, omitting the wa ter suppression with o therwi se
identical acquisition parameters (eight averages). Spec­
tra l analysis was performed with the LCModel algorithm
(5). The program uses in vitro spectra of the expecte d
metabolites as model functions. The concentrations were
compared with results from a group of 25 normal control
subjects.
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'"unimary: The anticonvulsant agent valproare (VPA) may
Jse hyperarrunonemic encephalopathy. Magnetic resonance
"ging (MRl) and proton MR spectroscopic (MRS) findings
. patient with Vl'Adnduced hyperammon emic encephalop­
~ are describe d. tvlRI 'showed a metabolic-toxic lesion pat­

em-with bilateral Tj-hyperin tense lesions in the cerebeUar
ijhematter and in the globus pallidus . lvlR spectroscopic fwd-

A 32-year-old patient had bee n treated with 3 x 500­
mg VPA daily because of epileptic seizures since trau­
matic brain injury 6 years ago . The patien t was admitted
with vertigo, di sturbance of concentration, slight gai t
ataxia, and as terixis . Laboratory findings and sonogra­
phy excluded liver disease. Serum VPA level was within
the therapeuti c rang e (68 mglL). Amm onia serum level
was mark edly elevated , with 152 JL!v1 (no rmal rang e,
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. 'falproate (VP A) is an antiepileptic drug (AED) for
- R¢ treatment of both gene ralized and part ial seizures in
" r.• dren and adults. Besides this classic indica tion, the

g is increasingly used for therapy for bipolar and
;.i!i hizoaffective psychi atric disorders, neuropathic pain,
'iDd prophylac tic treatment of migraine (I ). Possible ad­
~rse effects are idiosyncratic fa tal hepatotoxici ty, tera ­

."Jfogenicity, inhibited catabolism of other AEDs, such as
~,phennbarbital (PB), and hyperammo nemic encephalopa­
5li~fby without hepatic dysfunction (2,3) .
ifj. '\}, We describe MR imaging (!vIR!) and proton MR spec ­
!lli ifroscnpic etH-MRS) ftndings in a patient with VPA-

j_:! bduced hyperamrnonemia and encephalopathy without
; bepatic dysfunction. There is only one report on lVIRI

.,f; ,findings in VPA encephalopathy in the literature (4).
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hyperintense signal of the cerebellar whi te matter. These
changes abutted the dentate nucleus from laterally (Fig.
1). Bilateral T 2 hyperintense lesio ns in the glo bus pulli­
dus were shown in addition (Fig. 2).' H-MRS showed
marked abnormalities of the choline (Cho ), rnyoinosi tol
(My!), and glutama te/glutamine (Glu/G ln) resonances
(Fig. 3; Table I l.

Cbo signal was diminished by - 50%. Absolute con­
centrations were 0.6 nunollkg wet weight (mmollkg ww)

in both locations (normal value. IA). My! was markedly
depleted, with a co ncentratio n of 0.9 mm ollkg ww in

occipital gray matt er (normal value . 4 .4 ). Myl \Vas un,
detectable in the parieta l mainly white -maner voxe] .~

IH-MRS showed prominent signal amplitUdes at i7S~
and between 2.1 and 2.5 ppm, correspond ing 10 the a":':
and the Wy pro tons of Glu and Gin, respecti vely (6)..

At the time the patient was examined, we were no~

able to establish normal values for G lu and Gin for tech_ ;
nical reasons. In comparison with results from the litera_;
ture (7 ), Gin concentrations were elevated about fourfol ~.

(occ ipital) to sevenfold (parie tal) above the mean norrnnj
value . Glu co ncentrations were decre ased by - 30% in,;:

FIG. 1. Coron al T.2 weighted maqneuc resonance image showing prominent cerebellar white matter hyperintensities.
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quently, patients with gene tic defec ts of urea cycle en­
zymes are pro ne [Q VPA-induced hyperammonernia wi th
encephalopathy. Undete cted heterozygote and atypical
late -onset cases may develop severe hyperamrn one rnia
with VPA administration (9,10),

HQwever. in the majoJity of patient s with VPA en­
cepha lopa thy, enzyma tic abnormalities are absen t. In
the se pat ient s, VPA-mediated inhibition of ammoni a
e liminatio n throug h the hepatic urea cyc le seems to be­
com e relevant with high nutri tional amino acid load.

Patients with VPA-induced hypcrammonernia are seen
with co nfusion, lethargy, coma, atax ia, and asrerix is. Se-

\':4.LPROATE-INDUCED ENCEPHALOPATHY

DISCCSSI O N

VPA red uce s hepatic citru llinogenesis thro ugh inhibi­
tion of hepat ic carbamyl pho spha te synthe tase act ivity,
therefore act ing as an urea cycle inhibitor (8) . Co use-

~FJG. 2. Transverse T2w magnetic resonance image. The bifrontal contus ion defects extend to this level on the right side only. Relatively
~ inconspicuous hyperintense lesions in the globus pallldus .

~
'..~
&1 both locations, G lu + GIn C'Glx") was twice the mean
r:: norma l level.
F.' The LCM odel algorithm determined ,v-acetylaspartate
" (NAA) co nce ntra tion s of7.3 (occipi tal) and 7, 1 (pari etal )

rnmol/kg ww . Th ese values indicated a 30C::C red uct ion of
NAA in comp arison with that o f normal contro l subjects.
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FIG. 3. Occipital magnellc resonance spectrum predominantly
covering gray matterin valproate encephalopathy (A) compared
with a normal control spectrum (B). Diminished signal amplitudes
of choline and myoinositoJ. Elevated signals corresponding to Q

and f3/'Y protons of glutamate and glutamine.

rum ammonia levels are elevated, usually at least about
fourfold of the upper normalleve!. In contrast to hepatic
encephalopathy-another hyperammonemic encepha­
lopathy. with similar central nervous system symp­
toms-laboratory. imaging, or histopathologic signs of
hepatic damage are lacking.

Baganz and Dross (4) described MRl findings in a
patient with VPA encephalopathy. Extensive cortical
brain areas with increased Tz signal were demonstrated
in frontal, temporal. and insular locations. These signal
changes were reversible, and mild atrophy of the affected
cortex was noted on I-year follow-up .

In contrast, our patient did not show cortical changes;
apart from old frontobasal contusion defects . We found
bilateral abnormal T2-hyperintense signal in the globus
pallidus and in cerebellar white matter. It is possible that
differing serum ammonia levels result in a different pat­
tern of brain injury . In rhe patient of Bagan> et al. (4).
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serum ammonia peaked to a value IS-fold above the
upper normal limit, and in our patient; only sixfold.

Bilareral basal ganglia lesions are common in toxic-,
metabolic encephalopathies. In addition, cerebellar white
matter may be involved in several metabolic disorders
(I I). The MRl pattern in our patient was consequently
compatible with a toxic-metabolic encephalopathy.

To our knowledge this is the first report On 'H-MRS
findings in VPA encephalopathy in the literature. Patho­
logic MRS features of VPA encephalopathy were a sig­
nificant decrease of Cho and MyI resonances and Gin
excess. This MRS pattern has been described in other
hyperammonemic encephalopathies like acute (12) and
chronic (13) bepatic encephalopathy.

Because of the strong overlap of the resonances of Gin
and Glu in the spectral domain, contributions from the
two metabolites are difficult to difterenuate at a mag­
netic field strength of 2 T. The corresponding peak areas
are therefore commonly assigned as the sum of both
components , "Glx ."The time domain fittgilr.ll1g6ritbm
LCModel is able to separate the signals of GIll aDd Gin
with a high level ofsignificance; and their concentrations
can be determined quantitatively (7).

Our MRS results reflect pathobiochemical consider­
ations of Glu/Gin metabolism during hyperammonemia.
The excitatory neurotransmitter Glu, once released to
synaptic space, undergoes astrocytic uptake and metabo­
lism to Gin through glutamine synthetase (GS). This step
consumes equimolar ammonia. Gin is transported into
nenrons and converted to Glu by the neuronal enzyme
glutaminase. Hyperammonemia has been shown to
stimulate GS and to inhibit glutaminase. This leads to an
accumulation of GIn and a moderate but significant
depletion of Glu, as alternative sources of Glu synthesis
fail to replenish the Glu pool (14). However, the total
amount of Glu + GIn increases in hyperammonemic en­
cephalopathies ; producing elevated "Glx" iIi MRS; '

VPA encephalopathy simulates MRS findings of he­
patic encepbalopathy with regard to Cbo and My! deple­
tion. Reduction of My! reflects its role as. an organic - !

cerebral osmolyte compensating for osmotically active
Gin excess (14). The mechanisms of Cho depletion are
still to be elucidated (14).

TABLE 1. Results of JH-MRS in patient with VPA encephalopathy compared with normal controls

Brain metabolite concentration
in mmo1lk:g wet weight- NAA Cbo 010 Glu Gli + Glu Crea Myl

Patient, occipital gray matter (GM) 7.3 0.74 16.Z 6.5 22.7 5.6 0.9
Patient, parietal white matter (WM) 7.1 0.74 13.3 4.1 17.4 3.8 0
Normal controls. occipital GM (n = 25) ' II.S ± 1.1 1.6 ± 0.2 4.1 ± 1.3" 8.8 ± 1.1" 12.9" 6.9 ± 0.8 4.4 ± 0.7
Normal controls. parietal WM (n = 24) 10.7± 0.7 2.05 ± 0.21 l.8 ± 1.2" 5.8 ± 1.2" 7.6" 5.4 ± 0.5 5.1 ± 0.7

MRS. magnetic resonance spectroscopy; NAA, N-acery1aspanate; Cbo. choline;Gin,glutamine; Glu,glutamate; Crea, creatinine; Myl, myoinositol­
"Values from Pauwels P, et al. 1999 (7).
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We found a 30% reduction of cerebral NAA concen­
trations in VPA encephalopa thy. In the spectroscopic lit­
erature, NAA is assigned as a neuronal marker indicating
viability and den sity of neuronal tissue. However, in our
patien t. M RI did not depict cerebral morphologic
changes sugge stive of neuronal loss. There is accurnu­

.f laung evidenc e for a role of NAA as il neuronal molecu­
lar water pump (l 5). We speculate that reduction of
NAA resonances in VPA encephalopathy could indicate
disturbance of osmotic homeostasis on a cellular level.

In conclus ion, MRl findings of our patient with VPA­
induced hyperamm onemia are compatible with a toxio­
metabolic ence phalopathy. Th e results of ' H- l\'IRS
reflect the effects of hyperamrnonemia on Glu/Gln me­
tabolisrn and ce rebral osmoregulation. IH-rvIRS offers
the opportunity to monitor cerebral metabolic alterations
related to VPA therapy.
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