
R A C H N O I D cysts are nontumorous intra a ra ch n o i d
fluid collections that may develop throughout the
c e reb rospinal axis with a predilection for the syl-

vian regi o n .2 4 Most ara chnoid cysts are solitary lesions
t h at occur spora d i c a l ly. Multiple or bilat e ral ara ch n o i d
cysts are uncommon,5 – 7 , 2 0 , 2 6 , 2 8 and a familial occurre n c e
has been rep o rted in only a few cases.1 3 , 1 6 , 2 2 In re c e n t
ye a rs, an association between bilat e ral ara chnoid cy s t s
and glutaric aciduria type I (GA-I) has been sugge s t e d, bu t
clear ra d i o l ogical, surgical, or autopsy evidence of such an
a s s o c i ation has been lack i n g.1 2 In this rep o rt, we descri b e
the fi rst cases of surgi c a l ly confi rmed bilat e ral ara ch n o i d
cysts of the sylvian region in two sisters who suffe re d
f rom GA-I.

Case Reports

Case 1

This 6-ye a r-old gi rl was eva l u ated in our pediat ric cl i n-
ic because of delayed developmental milestones and diffi-
culty in wa l k i n g. She was born by induction of delive ry.
At birth, she was noticed to have a large head but was dis-
ch a rged from the hospital 3 days after a normal skull x-ray
film was obtained. The patient had no history of ex p o s u re
to infections, drugs, or trauma either in utero or after birt h .

She sat at 1 year and wa l ked at 3 ye a rs. Although she wa s
l ater able to walk up stairs and run, she continued to fa l l
e a s i ly. According to her parents, the ch i l d ’s language
d evelopment had been normal ex c ept for stutteri n g. She
was doing fa i rly well in kinderga rt e n .

Examination. On ex a m i n ation, the patient was alert and
o b eyed simple commands. She ap p e a red to be mentally
s l ow and bl u n t e d. She weighed 18.2 kg and was 106 cm
tall. Her head circ u m fe rence (54 cm) was large with
f rontal bossing and a fl at nasal bri d ge. Her mu s cle tone
was ge n e ra l ly decreased with lax and hy p e rmobile joints.
The results of routine lab o rat o ry tests we re within norm a l
l i m i t s .

C o m p u t e ri zed tomograp hy (CT) revealed a large (13 3
10 3 6 cm), sharp ly demarc at e d, nonenhancing cy s t i c
mass in the left sylvian region, causing a marked com-
p ression of the ve n t ricular system and a shift of the mid-
line stru c t u res. Another similar, but considerably smaller
(5 3 2 3 2 cm) lesion with no mass effect was also pre s -
ent in the right sylvian area. The at t e nu ation values of both
lesions we re similar to that of the cereb rospinal fl u i d
(CSF), suggesting bilat e ral ara chnoid cysts (Fi g. 1A).

Operation. The patient underwent placement of a left-
sided cy s t o p e ritoneal shunt with a low - p re s s u re Pudenz
va l ve. Cereb rospinal fluid analysis revealed normal cell
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U Two sisters, aged 6 and 2 1/2 years, presented with macrocephaly and delayed motor development and were found on
computerized tomography to have bilateral arachnoid cysts of the sylvian region. Cystoperitoneal shunting of the larger
cysts resulted in considerable neurological improvement in both children. Subsequent screening of the patients’ urine for
organic acids showed that the two sisters were suffering from glutaric aciduria type I (GA-I). To the best of the authors’
knowledge, this is the first report to provide clear radiological and surgical evidence of the association between GA-I and
bilateral arachnoid cysts of the sylvian region. The role of the shunting procedure used in these cases is discussed.
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count, protein, and suga r, and micro b i o l ogical tests we re
n egat ive. Her postoperat ive course was uneventful, and
she was disch a rged from the hospital on the 3rd day after
s u rge ry.

Follow-Up Examinations. On fo l l ow-up ex a m i n ations at
3-month intervals, the gi rl ap p e a red mu ch improve d, as
c o n fi rmed by her parents. Her gait was steadier, and she
was more active than prior to the operation. These im-
p rovements we re also noticed by the teach e rs in her kin-
d e rga rten. A control CT scan obtained 9 months after the
shunting pro c e d u re showed a marked reduction in the size
of the left cyst and disap p e a rance of the midline shift (Fi g.
1B). Screening of the pat i e n t ’s urine for organic acids re -
vealed elevated glutaric acid and 3-OH glutaric acid lev-
els, ch a ra c t e ristic of GA-I. The venous ammonia level wa s
172 mmol/L (normal 11–48 mmol/L) and the lactate leve l
was 9.6 mmol/L (normal , 2.4 mmol/L). The pa-tient’s
c ap i l l a ry blood gases we re normal as was her ch ro m o s o-
mal analy s i s .

Case 2

This 2 1/2-ye a r-old gi rl was the yo u n ger sister of the
p atient described in Case 1. She also presented at the same
time with delayed motor development. Her pre n atal med-
ical history was unre m a rk abl e. She was delive red at our
hospital by induction of labor for ove rc a rri age. The gi rl ’s
Ap gar scores at 1 and 5 minutes had been 9 and 10,
re s p e c t ive ly. Her birth weight was 3200 g, length 47.5 cm,
and head circ u m fe rence 36 cm.

Examination. On ex a m i n ation, the child was alert and
fo l l owed visual cues purp o s e f u l ly. Her head circ u m fe r-
ence (51 cm) was slightly ab ove normal, wh e reas her
weight (11.9 kg) was within and her height (85 cm) slight-
ly below the expected ra n ge for her age. Her cranial nerve s
we re intact. She had full mu s cle power but the mu s cl e
tone was decre a s e d. She was able to sit and stand with
s u p p o rt, but unable to walk. Occasional ch o re o - at h e t o t i c
m ovements we re seen.

C o m p u t e ri zed tomograp hy of the ch i l d ’s head showe d
CSF-containing cysts in both sylvian regions measuri n g
10 3 4 3 3 cm on the left side and 5 3 2 3 1 cm on the
right (Fi g. 2A).

In view of the absence of a midline shift and focal neu-

ro l ogical signs, we initially elected to observe the pat i e n t .
A fo l l ow-up CT scan 6 months later showed no ch a n ge in
s i ze or shape of the cysts. Neve rtheless, the parents, being
i m p ressed by the re m a rk able postoperat ive improve m e n t
of her sister, insisted that an operation be perfo rmed on
this child as we l l .

Operation. At operation a left temporal, low - p re s s u re
cy s t o p e ritoneal shunt was insert e d. The child had a
smooth postoperat ive re c ove ry.

Follow-Up Examination. On fo l l ow-up ex a m i n ation 6
weeks lat e r, the parents rep o rted that the child was mak-
ing attempts to walk indep e n d e n t ly. A control CT scan
s h owed a considerable reduction in the size of the ara ch-
noid cyst on the left side (Fi g. 2B).

U rine analysis for organic acids showed elevated glu-
t a ric acid and 5-OH glutaric acid ex c retion. The ch i l d ’s
venous ammonia and lactate levels we re within norm a l
ra n ge, as we re her blood gases. Her ch romosomal analy-
sis was norm a l .

Family History

In addition to themselves, the patients’ immediate fa m-
i ly consisted of their parents (mother 34 ye a rs and fat h e r
37 ye a rs of age) who are fi rs t - d egree cousins, and two
a dditional sisters, aged 9 ye a rs and 6 months. Both of
these siblings as well as the parents we re healthy and their
heads we re normal in shape and size. Th ey all underwe n t
c ranial CT scans and urine organic acid scre e n i n g, wh i ch
revealed no ab n o rmalities. The fa m i ly lost a female ch i l d
(their fi rst child) who was delive red pre m at u re ly in the
8th month of ge s t ation and died at the age of 12 day s .
The cause of death was unknown. More ove r, between the
b i rths of patients described here the mother had two spon-
taneous ab o rtions that occurred during the 3rd and 4th
months of ge s t ation. Nothing is known about the sex of
the fetuses. The ch i l d re n ’s pat e rnal uncle had 9 ch i l d re n ,
most of whom ex p e rienced delayed wa l k i n g.

Discussion

G l u t a ric aciduria type I is an autosomal re c e s s ive ly in-
h e rited metabolic disorder caused by a defi c i e n cy of glu-
t a ryl–coenzyme A dehy d rogenase activ i t y.9 , 1 0 This mito-
ch o n d rial enzyme is re s p o n s i ble for the ox i d ation and

J. Neurosurg. / Volume 82 / June, 1995                                                                                                          

Arachnoid cysts and glutaric aciduria

1079

FI G. 1. Computerized tomography scans in the patient in Case
1 . A: Preoperative scan showing cystic lesions with cere-
brospinal fluid–like densities in both sylvian regions. The right cyst
exhibits signs of chronic pressure, including compression of the
ipsilateral ventricle and bulging of the overlying bone. B :
Postoperative scan demonstrating marked reduction in the size of
the shunted cyst.

FI G. 2. Computerized tomography scans in the patient in Case
2 . A: Preoperative scan showing bilateral cerebrospinal flu-
id–containing cysts of the sylvian regions. Note the straight medi-
al border of the lesion on the left side. B: Postoperative scan con-
firming considerable shrinkage of the shunted cyst.



c a r b ox y l ation of glutaryl–coenzyme A, an interm e d i at e
s t ep in the cat abolism of lysine and tryptophan. The con-
dition was fi rst re c og n i zed by Goodman, et al. ,9 in 1975;
since that time it has been rep o rted with increasing fre-
q u e n cy from va rious parts of the wo rl d.2 , 4 , 1 4 , 2 0 The disease
is ch a ra c t e ri zed by intermittent or ch ronic metabolic aci-
demia, ex t rapy ramidal movement disord e rs (pre d o m i n a n t-
ly dystonia and ch o re o athetosis), and the presence of large
amounts of glutaric and b- hy d rox y g l u t a ric acids in the
u ri n e,1 , 2 , 1 0 , 1 1 , 1 4 , 1 5 , 1 7 – 1 9 although some patients may not
exhibit acidosis during the course of illness.4 Other cl i n i-
cal manife s t ations include psychomotor re t a rd at i o n ,1 , 2 , 4 , 1 0 ,

1 1 , 1 4 , 1 7 m a c ro c ep h a ly,1 , 2 , 4 , 1 4 , 1 5 , 1 7 , 1 9 s e i z u re s ,1 , 1 1 , 1 7 , 1 8 and hy p o-
t o n i a .1 , 4 , 1 1 , 1 4 , 1 8 , 1 9 The symptoms usually start early in ch i l d-
h o o d, either insidiously or acutely, and may be associat e d
with feve r, vo m i t i n g, and diarr h e a .1 0 , 1 7 , 1 8 The subsequent
c o u rse of the disease va ries considerably, ra n ging from a
mild and rather static to a rap i d ly progre s s ive cours e, of-
ten with a fatal outcome.2 , 4 , 1 0 , 1 4 , 1 7 I n t e re s t i n g ly, this marke d
clinical va ri ability may exist even among homozygous in-
d ividuals within a fa m i ly who exhibit identical bioch e m i-
cal pro files. This suggests that some ep i genetic fa c t o rs or
e nv i ronmental influences play a role in the manife s t at i o n
of symptoms.2 , 1 4

Po s t m o rtem studies reveal bilat e ral shri n k age and gray
d i s c o l o ration of the putamen as the main stru c t u ral ab n o r-
mality in patients with GA-I. Micro s c o p i c a l ly, there is
ex t e n s ive neuronal loss and astro cytic gliosis in the puta-
men and lat e ral part of the caudate nu cleus, together with
s p o n gi fo rm ch a n ges in the white mat t e r.4 , 1 0 , 1 7 This neu-
ronal loss is pro b ably re s p o n s i ble for the decreased leve l s
of g- a m i n o bu t y ric acid in the brain and CSF of pat i e n t s
with GA-I and may account for the ex t rapy ramidal symp-
t o m s .1 7 , 1 8 The exact mechanism of the neuronal dege n e ra-
tion is still obscure. Based on the stru c t u ral similari t y
b e t ween glutaric and glutamic acids, it has been sugge s t-
ed that accumu l ation of glutaric acid may exe rt ex c i t o t ox-
ic effects on neurons that norm a l ly respond to glutamic
a c i d.1 7

The diagnosis of GA-I is based on the detection of a
high concentration of glutaric acid in the urine and a low
plasma carnitine level. Modern neuro i m aging tech n i q u e s ,
i n cluding CT scanning and magnetic resonance (MR) im-
agi n g, are indispensable in detecting associated intra c ra-
nial ch a n ge s .2 1 An early ra d i o l ogical finding that may
p recede clinical symptoms consists of the widening of
ex t e rnal CSF spaces in the fro n t o t e m p o ral regions, pre-
s u m ably resulting from frontal and temporal lobe at ro-
p hy.1 , 2 , 4 , 1 4 , 1 9 A l t e rn at ive ly, some patients show bilat e ra l
s u b d u ral eff u s i o n s .2 , 1 2 , 1 7 M o re ch a ra c t e ristic ab n o rm a l i t i e s ,
h oweve r, include diffuse symmetrical lucencies on CT
scans and increased signal intensities on T2- weighted MR
i m ages involving white matter and basal ganglia. Th e s e
ch a n ges are best seen during phases of acute illness and
p ro b ably indicate demye l i n ation and edema.1 , 1 4 , 1 8 , 1 9 I n
m o re ch ronic cases, there is shri n k age of the putamen and
the lat e ral aspect of the caudate with “straightening” of the
i n t e rnal cap s u l e.1 4

M a ny patients with GA-I display bilat e ral fluid collec-
tions in the sylvian regions that may take a peculiar con-
fi g u ration of “bat - w i n g s .”1 9 The exact nat u re of these fl u i d
collections is not cl e a r. In most ra d i o l ogical rep o rts, they
h ave been interp reted as rep resenting dilated sylvian cis-

t e rns as a result of poor operc u l i z ation or advanced fro n-
t o t e m p o ral at ro p hy.2 , 4 , 2 0 This view has been supported by
the absence of pre s s u re effects exe rted by these collections
on their surroundings, and the occasional concomitant
e n l a rgement of other basal cisterns and the ve n t ri cl e s .

In contrast, Hald and colleag u e s1 2 h ave re c e n t ly sug-
gested that the sylvian fluid collections pro b ably rep re s e n t
a ra chnoid cysts. These authors based their assumption
p u re ly on ra d i ographic considerations, pri m a ri ly the ab -
sence of CT findings sugge s t ive of temporal lobe hy p o -
genesis, such as undulations of the temporal lobe margi n s
adjacent to the cistern ,2 5 and the common association with
s u b d u ral hemat o m a s .2 6 To the best of our know l e d ge, no
s u rgical or autopsy proof has thus far been provided to
s u b s t a n t i ate this assumption.

The two cases presented here re s e m ble prev i o u s ly re -
p o rted cases of GA-I in all clinical aspects, and their bio-
chemical findings leave no doubt about the diagnosis of
GA-I. In addition, both patients displayed bilat e ral fl u i d
collections in the sylvian regions, but unlike the cases
d e s c ribed thus far in the literat u re, one lesion (on the left
side in Case 1) was cl e a rly space-occupying and caused
c o m p ression of the ipsilat e ral ve n t ri cl e, shift of the mid-
l i n e, and bu l ging of the ove rlying temporal bone. Th e s e
fe at u res pre clude the possibility that an at rophic pro c e s s
was the only cause of the fluid collection and favo r, in-
s t e a d, the diagnosis of an ara chnoid cyst. The diagnosis of
an ara chnoid cyst was also justifi able in the second pat i e n t
b e c a u s e, despite the absence of clear space-occupy i n g
p ro p e rties, the CT scan showed that the left temporal fl u i d
collection had a straight medial bord e r, a finding often
c o n s i d e red to be ch a ra c t e ristic of an ara chnoid cy s t .3 I n
both patients, other diagnoses of cystic intra c ranial space-
o c c u pying lesions, such as pore n c ep h a l i c, neoplastic, or
hy d atid cysts, seem to be suffi c i e n t ly ex cluded by the typ-
ical location and ch a ra c t e ristics of the lesions on CT, and
the normal biochemical and cy t o l ogical ex a m i n ation of
the CSF-like fluid content of the cysts. The re m a rk abl e
reduction in the size of both cysts fo l l owing cy s t o p e ri-
toneal shunting provides for the fi rst time surgical confi r-
m ation of the diagnosis of ara chnoid cysts. It is deb at abl e
whether a histopat h o l ogical ex a m i n ation of the cyst wa l l
is mandat o ry for the diagnosis of an ara chnoid cy s t .2 2 , 2 3

B i l at e ral ara chnoid cysts in siblings have been rep o rt e d
p rev i o u s ly in only three families, but none of these cases
was surveyed for metabolic disord e rs .1 3 , 1 6 , 2 2 Based on our
p resent observations, we believe that all cases of fa m i l i a l
or bilat e ral ara chnoid cysts should be screened for meta-
bolic and genetic diseases.

Patients with GA-I have thus far been tre ated with low
p rotein diets, special fo rmulas low in lysine and try p t o-
phan, and supplementation of ri b o fl avin and L- c a rn i t i n e.
These therapeutic measures have had limited effects in
s y m p t o m atic individuals, wh e reas their value as a pro -
p hylaxis in asymptomatic carri e rs remains to be deter-
m i n e d.2 , 1 8 The postoperat ive improvement in both the
motor and mental functions of our fi rst patient shows that
n e u ro l ogical deteri o ration in patients with GA-I is not
a lways caused by the underlying metabolic dera n ge m e n t ;
at the same time, it emphasizes that early re c ognition and
t re atment of associated lesions, such as ara chnoid cysts or
s u b d u ral hy gromas, should be an integral part of the man-
agement of GA-I. Because the clinical symptoms and
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signs caused by these additional pat h o l ogies are often in-
d i s t i n g u i s h able from those resulting from the pri m a ry
m e t abolic disord e r, rep e ated cranial CT scans or MR im-
aging are indispensable for a timely diagnosis of any
evolving lesion, especially during episodes of deteri o ra-
tion. Furt h e rm o re, in view of the frequent incidence of
s eve re neuro l ogical disability in individuals with GA-I,
fa m i ly members of affected persons should be scre e n e d
to detect the carri e rs among them. Pa rents who have one
a ffected child should be offe red genetic counseling and
p re n atal diagnosis by determining the glutaric acid con-
c e n t ration in amniotic fluid or glutaryl–coenzyme dehy-
d rogenase activity in cultured amniotic cells.2

M a ny questions remain to be answe red concerning the
re l ationship between GA-I and the fo rm ation of ara ch n o i d
cysts. It is widely accepted that ara chnoid cysts rep re s e n t
d evelopmental anomalies arising from splitting or dupli-
c ation of the pri m i t ive ara chnoid membrane during early
e m b ryonal life.5 , 8 , 2 4 , 2 7 , 2 9 H oweve r, nothing is known ab o u t
fa c t o rs that can invo ke such erroneous development. Wi t h
rega rd to GA-I, the location of the ara chnoid cysts coin-
cides ve ry well with the predilection areas of brain at ro-
p hy, namely the fro n t o t e m p o ral regions. It is, there fo re,
p o s s i ble that splitting or duplication of the deve l o p i n g
a ra chnoid membrane would be indire c t ly induced by early
at ro p hy or hypoplasia of the adjacent brain rather than
being a direct sequela of the enzyme defi c i e n cy per se.
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