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Introduction

Glutaric acidemia type 1 (GA1) is a rare autosomal recessive 
inborn error of metabolism characterized by a deficiency 
of the enzyme glutaryl‑CoA dehydrogenase  (GCDH). This 
deficiency leads to the accumulation of glutaric acid  (GA) 
and its metabolites in the body. GA1 is a rare condition, 
with an estimated global incidence ranging from 1/90,000 to 
1/120,000.[1‑3]

The genetic basis of GA1 involves the presence of two 
pathogenic variants in the GCDH gene located on chromosome 
19p13.13. Nearly 300 different mutations are identified in 
the GCDH gene, affecting the enzymatic function, stability, 
and formation of oligomers of GCDH.[4] These mutations 
result in abnormal metabolism of the amino acids lysine, 
hydroxylysine, and tryptophan, leading to the accumulation of 
toxic compounds, including GA and 3‑hydroxyglutaric acid. 
These substances can cause damage to the brain, particularly the 
basal ganglia, which is responsible for controlling movement.[5] 
Variable neurological manifestations include dystonia, seizures, 
and cognitive impairment. However, early diagnosis and 
initiation of treatment, including dietary lysine restriction and 
carnitine supplementation, significantly improve outcomes.

Clinical Types and Presentation

Clinical presentation and severity can vary among individuals 
with GA1. It can be classified into high excretor or low excretor 
types based on the concentration of GA in the urine.[6] High 
excretors typically have lower residual GCDH enzyme activity 
and exhibit a higher frequency of extrastriatal abnormalities, 
elevated intracerebral levels of GA and 3‑OH‑GA (detected 
through 1H‑MRS), larger head circumference, increased 
susceptibility to subdural hemorrhage, and poorer cognitive 
outcomes compared to low excretors.

The clinical manifestations can range from asymptomatic or 
mild chronic neurological symptoms to acute neurological 
crises, with the age of onset varying from infancy to adulthood. 
Early diagnosis and intervention are crucial for improving 
the prognosis of GA1, particularly when intervention occurs 
before the age of six, as it corresponds to a critical period of 
brain development, including myelination.

This review comprehensively summarizes key insights 
into prenatal diagnosis challenges and distinguishing 
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neuroimaging features of GA1 based on an in‑depth literature 
analysis.

Postnatal Neuroimaging Findings

Based on the literature review of postnatally diagnosed cases 
of GA1, there are a few possible distinctive neuroimaging 
findings.[2,7‑12] According to the guidelines, if distinctive 
neuroimaging features are observed, such as frontotemporal 
hypoplasia accompanied by the widening of anterior temporal 
cerebrospinal fluid (CSF) spaces and the Sylvian fissure (SF), 
it is advised to conduct a quantitative analysis of GA and 
3‑OH‑GA levels in urine and/or blood.[3]

Postnatal imaging features of GA1 include macrocephaly. 
Among asymptomatic infants, a highly specific neuroimaging 
characteristic is the symmetric incomplete opercularization 
of the SF, co‑occurring with normal cortical thickness and 
well‑developed gyral patterns.[8,9] In addition, there can be 
focal enlargement of the temporal fossa with frontotemporal 
hypoplasia.[8,9,12] Some cases may also display nonspecific 
subependymal cysts on imaging.[13] On the other hand, in 
cases with neurological symptoms, magnetic resonance 
imaging often reveals abnormal signals in the basal ganglia, 
encompassing structures such as the caudate nucleus, 
putamen, and thalamus while showing high signal intensity 
on T2‑weighted images.[2,10]

Prenatal Neuroimaging Findings

Compared to postnatal cases, there are relatively few published 
articles on prenatal cases.[14‑19] Prenatal genetic diagnosis 
is mainly based on past family medical histories.[14,15,17,19] 
The imaging findings of prenatal GA1 are mostly similar to 
those of asymptomatic patients postnatally. These imaging 
characteristics include symmetric widening of the SF, 
and incomplete operculization, yet with normal cortical 
thickness and other gyral patterns. In addition, there are 
localized or diffused accumulations of CSF around the brain 
parenchyma  (in the temporal fossa, mesencephalic cistern, 
and SF), along with the manifestation of macrocephaly in 
the third trimester of pregnancy or at birth.[15,18] In a limited 
number of prenatally detected cases of GA1, there are other 
imaging features such as subependymal cysts on ultrasound 
and abnormal T2 signals in the periventricular region on fetal 
magnetic resonance imaging (MRI).[15,18,20] These findings may 
indicate there is evidence of further stages of neurological 
degeneration. Next, we will break down the differentiation of 
different neuroimaging features.

Wide Sylvian Fissure

The most distinctive imaging feature of GA1 is the formation 
of a wide SF due to frontotemporal hypoplasia and wide CSF 
space in the bilateral SF.[3]

A wide SF reflects an anomaly in the development of the 
insula. The development of the insula can be evaluated 

during fetal ultrasound. Literature suggests a graded 
method for subjective assessment of the degree of insular 
morphogenesis.[20,21] Between weeks 22 and 32 of gestation, 
the overriding of the insula by the temporal lobe initiates 
earlier in gestation and maintains stability across gestational 
stages compared to the frontal lobes. Therefore, we can obtain 
axial images of the fetal brain to display the SF and classify 
the developmental stages of the SF into five grades, further 
subdivided into 10 levels.[20,21] In summary, imaging markers 
were established to characterize the insular operculization 
process by considering the angle formed between the insula 
and temporal lobe, as well as the extent of insular coverage. 
At 24  weeks of gestational age, the angle between the 
insula and temporal lobe measures approximately 90°. By 
28 weeks of gestation, the angle becomes acute, and insular 
coverage  (operculization) reaches around 50%, whereas at 
30  weeks, the operculization surpasses 50%.[21] The study 
supports that fetal SF maturation (the degree of operculization) 
can be evaluated and scored using ultrasound imaging, 
providing a valuable tool for assessing normal fetal brain 
development during pregnancy.[22] The mentioned gestational 
ages (24, 28, and 30 weeks) serve as reference points for the 
expected progression of SF maturation in healthy fetuses.

On the other hand, we can assess the presence of a wide 
SF in the bilateral SF through measurements of the lateral 
craniocortical width.[23] In the clinical example below, at 
24 weeks of gestation, the SF presented atypically and was 
accompanied by an increased lateral craniocortical width. In 
addition, localized or diffused accumulation of CSF around the 
brain parenchyma (temporal fossa, mesencephalic cistern, and 
Sylvian cistern) might be observed. Fetal MRI also showed 
increased pericerebral space, especially in the temporal fossa 
and Sylvian cistern. The differential diagnosis includes GA1 
and opercular dysplasia. Despite this, no abnormalities were 
detected in the sulcation or brain volume.

Macrocephaly

Macrocephaly, defined as an occipitofrontal head circumference 
exceeding the 98th percentile or >2 standard deviations (SDs) 
above the mean for gestational age, holds varying clinical 
implications. Macrocephaly is present in approximately 2% 
of all pregnancies and 0.9% of neonates, with most cases 
being familial.[24] Its significance escalates notably when fetal 
macrocephaly is more than 2.5 SD and associated with other 
anomalies, indicating a higher likelihood of syndromic and 
neurogenetic disorders.[25‑28]

In postnatally diagnosed cases, macrocephaly emerges as a 
crucial hallmark of GA1.[7,8,29] However, the literature suggests 
varying rates of macrocephaly in confirmed GA1 cases at birth, 
ranging from around 45% to 100%.[2,7,30]

Metabolic disorders like GA1, contributing to macrocephaly, 
might arise due to metabolic substance accumulation in the 
brain, astrocyte swelling, or myelin vacuolization, whereas 
the neuronal cytoarchitecture remains relatively intact.[31] 
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Although initial presentations may feature macrocephaly, 
subsequent brain atrophy might occur later due to cell death 
or degeneration.

M a c r o c e p h a l y  i n d u c e d  b y  G A 1  d i f f e r s  f r o m 
hydrocephalus‑linked macrocephaly as it lacks internal brain 
structural anomalies or clastic lesions, which cause severe 
ventriculomegaly.[26,32] In contrast to macrocephaly attributed 
to overgrowth syndromes, or skeletal dysplasias, GA1 typically 
does not present with extrabrain anomalies.[26,28] Besides, 
distinguishing macrocephaly linked to CSF expansion in GA1 
from benign enlargement of subarachnoid spaces (BESS) is 
crucial. BESS, more common in infancy, involves increased 
subarachnoid space along frontal convexities with minimal 
lateral ventricle enlargement.[33] Unlike BESS, GA1 tends to 
accumulate CSF focal in the temporal fossa and bilateral SF 
rather than the frontal interhemispheric fissure followed by 
frontal subarachnoid space expansion.[28]

In a pathological context, macrocephaly caused by GA1 is 
characterized by a gradual progression. This occurs due to a 
normal brain volume alongside the increased accumulation 
of CSF in areas such as the mesencephalic cistern, temporal 
fossa, and bilateral Sylvian cistern. As shown previously, 
the head circumference might not exceed 2 SDs during 
midpregnancy followed by a steep growth slope in the late 
second and third trimesters and then present postnatally.[15] 
Furthermore, varying mutations in the GCDH gene causing 
GCDH deficiency may lead to different toxin accumulations 
and phenotypic expressions, resulting in not all GA1 cases 
exhibiting macrocephaly at birth.[4]

Cerebrospinal Fluid Buildup

One of the characteristic imaging features of GA1 is the 
localized or diffused accumulation of CSF around the 
brain parenchyma, which may occur in the temporal fossa, 
mesencephalic cistern, and Sylvian cistern. According to the 
literature review, the accumulation of CSF in the Sylvian 
cistern or temporal fossa could have been mistaken for an 
arachnoid cyst.[34] As in our clinical example, serial prenatal 
ultrasound and MRI identified enlarged spaces filled with 
CSF in the quadrigeminal cistern. CSF accumulation in the 
mesencephalic cistern may be mistaken for an arachnoid 
cyst in the quadrigeminal cistern, making it challenging to 
distinguish between the two. Therefore, when encountering 
localized CSF accumulation on neuroimaging, it becomes 
crucial to differentiate between normal arachnoid membrane 
and arachnoid cyst.

From the pathological structure of arachnoid cysts, two 
distinctive features stand out compared to normal arachnoid 
membranes: first, the cyst wall contains proliferative arachnoid 
cells, which may contribute to collagen synthesis and possess 
a thick layer of collagen; second, the absence of transverse 
trabeculations within the cyst.[35,36]

Reviewing the ultrasound images in the case of CSF buildup, 
one can observe some hyperechoic vague lines within the 

hypoechoic cystic space [Figure 1]. Moreover, the boundary 
of the cystic space does not exhibit the strong and coarse 
echogenicity typically seen in arachnoid cysts.

Clinical Example

A 33‑year‑old woman (gravida 1, para 0), with unremarkable 
medical history visited our clinic for a detailed ultrasound 
second‑trimester anatomical screening at 23 weeks of gestation. 
The ultrasound showed no abnormalities except for the dilated 
ambient cistern and quadrigeminal cistern  [Figure  2]. The 
woman returned for follow‑up at 24 and 29 weeks of gestation. 
The ultrasound revealed the same dilatation of the ambient 
cistern and quadrigeminal cistern, the equivocal shape of 
bilateral SFs, and increased pericerebral space around the 
Sylvian cistern  [Figure  3]. The fetal head circumference 
showed a significant increase in measurements from 
23 weeks (34th percentile) to 24 weeks (82nd percentile) and 
further to 29  weeks  (96th  percentile). Fetal MRI arranged 
at 25 and 30  weeks of gestation showed the presence of 
cystic space in the quadrigeminal cistern  [Figure  4] and 
mildly increased pericerebral CSF space, especially in the 
temporal fossa and Sylvian cistern with cerebral volume 
within the normal range [Figure 5]. The baby was delivered 
at 40 weeks by cesarean section, with a head circumference 
of 37.5 cm (Z‑score = 3.1, 99.9th percentile).

The newborn was subsequently screened for metabolic 
disorders, including GA1, as a part of routine screening 
protocols. The results showed elevated GA levels in dried 
blood spots, leading to further confirmatory tests, including 
urine organic acid analysis and genetic testing. The results 
confirmed a diagnosis of GA1. Subsequent postnatal MRI 
demonstrated the specific neuroimaging pattern associated 
with GA1 [Figure 6].

Discussion

In cases of GA1 without a family history, prenatal diagnosis is 
challenging. This is primarily because the incidence of GA1 
is relatively low compared to other conditions. In addition, 

Figure 1: The cerebrospinal fluid buildup has a distinctive appearance 
on fetal ultrasound, (a) Coronal ultrasound image at 24 + 6 weeks of 
gestation reveals hyperechoic vague lines (arrow) within the hypoechoic 
cystic space, (b) Ultrasound image at 29 + 6 weeks of gestation shows 
persistent hyperechoic vague lines (arrow) within the hypoechoic cystic 
space

ba
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ultrasound and MRI features of GA1 can overlap with other 
conditions, leading to diagnostic uncertainties.

Unlike other congenital structural abnormalities, GA1 
progresses slowly during fetal development due to the gradual 
accumulation of toxins. The imaging features become more 
evident over time, causing delays in diagnosis.

Pathophysiological Insights

Based on our experience and considering the pathological 
mechanisms of GA1, we can infer that the accumulation of 
toxic substances may lead to the prenatal accumulation of 
CSF in specific regions of the fetal brain during midterm 
development. These regions may include the mesencephalic 
cistern, temporal fossa, and Sylvian cistern. Although the 
overall brain volume remains consistent with gestational age, 
the accumulation of CSF results in a steeper slope for the fetal 
head circumference growth curve.

In addition, abnormalities in the development of the frontal 
and temporal lobes may become more apparent after 30 weeks 
of gestation, leading to incomplete brain gyration (abnormal 
Sylvian operculization). When these three neurological imaging 
features become apparent simultaneously, prenatal sequencing 
of the GCDH gene can be conducted for a definitive diagnosis.

It is important to note that the variety of mutations in 
the GCDH gene can result in varying degrees of GCDH 

Figure 4: Fetal magnetic resonance imaging at 25 weeks of gestation in axial (a), coronal (b), and sagittal (c) planes and at 30 weeks of gestation in 
axial (d), coronal (e), and sagittal (f) views. Planes show persistent enlarged cystic space in the quadrigeminal cistern (*)
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Figure  2:  (a and b) Depict axial and sagittal ultrasound images at 
23 + 2 weeks of gestation, illustrating an overall normal fetal anatomy. 
Notably, there is observed dilatation in both the ambient cistern and 
quadrigeminal cistern (*)

ba

Figure 3: (a) Axial ultrasound image at 24 + 6 weeks of gestation shows the persistent dilatation of the ambient cistern (*), along with an equivocal 
shape of the Sylvian fissure and dilation of the Sylvian cistern (arrow), (b) Axial ultrasound image at 29 + 6 weeks of gestation displays continued 
dilatation of the ambient cistern (*), along with an equivocal shape of the Sylvian fissure and dilation of the Sylvian cistern (arrow), (c) Axial ultrasound 
image at 29 + 6 weeks of gestation reveals an equivocal shape of bilateral Sylvian fissures and dilation of the Sylvian cistern (arrow)
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activity deficiency, leading to differences in phenotypes. 
This includes a rare subset of cases that are missed by 
newborn screening and diagnosed at a later age due to the 
occurrence of acute encephalopathy.[37,38] Upon reviewing 
neuroimaging, different levels of CSF accumulation or 
abnormal opercularization may be observed, with the 
primary feature being abnormal basal ganglia signaling or 
subependymal cystic lesions.

Prenatal Diagnosis Timing

Prenatal diagnosis of GA1 is facilitated by recognizing the 
distinctive neuroimaging pattern associated with this disorder. 
Localized CSF accumulation appears the earliest among the 
fetal imaging features, typically evident after 20  weeks of 
gestation based on limited prenatal case reports.[15,18] Abnormal 
SF maturation grading and incomplete opercularization of 
the insula may be noted around 24  weeks and incomplete 
opercularization of the insula usually becomes apparent after 
30 weeks.[15,16,18,20,22] Early prenatal MRI (as early as 22 weeks) 
can reveal characteristic findings suggestive of GA1, such as focal 
reduction of the anterior pole of the temporal lobes and widening 
of the liquoral space.[18] Observations from limited prenatally 
diagnosed cases show that not all exhibit macrocephaly.[18] If 
macrocephaly was present, fetal head circumference was often 
below 2 SDs prenatally; instead, an accelerated growth rate was 
noted, leading to macrocephaly at birth.[15]

Employing a comprehensive systematic approach of fetal 
anatomical screening and both qualitative and quantitative 
evaluations of brain structure, sequential ultrasounds 
play a vital role in detecting the evolution of findings. 
This involves assessing midline structures, ventricles, 
brain sulcation, pericerebral space, and monitoring head 
circumference with growth rate. Fetal MRI provides additional 
information, particularly in the third trimester, which assists 
in differentiating and diagnosing brain abnormalities.[15,39] It 
is important to highlight that the spatial resolution of fetal 
MRI may be restricted by slice thickness.[40] Ultrasound, 
which provides better resolution, is crucial for discerning the 
arachnoid complex in the quadrigeminal cistern, aiding in 
the distinction between an arachnoid cyst and localized CSF 
accumulation in the quadrigeminal cistern.[41]

In summary, prenatal ultrasound and MRI can reveal 
characteristic findings of GA1 as early as the second trimester, 
with the earliest signs being localized CSF accumulation 
and abnormal SF maturation. Recognizing the distinctive 
neuroimaging pattern, particularly the temporal lobe findings, 
is essential for prompting genetic testing and enabling 

Figure 5: (a‑d) Fetal magnetic resonance imaging (MRI) at 25 weeks of 
gestation in the axial plane (a), and coronal plane (b), and Fetal MRI at 
30 weeks of gestation in the axial plane (c), and coronal plane (d), show 
mildly increased pericerebral cerebrospinal fluid (CSF) space, particularly 
notable in the temporal fossa and Sylvian fissures (e and f). Note normal 
pericerebral CSF space and Sylvian fissure in a fetus at 30 weeks of 
gestation in the MRI axial plane (e) and coronal plane (f)
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Figure 6: Postnatal brain magnetic resonance imaging at 7 days old  (a and b), and 14 months old  (c). Axial T2‑weighted images revealed the 
widening of the Sylvian fissure (arrows in a), dilatation of the subarachnoid space in the quadrigeminal cistern (arrowheads in a) and bilateral temporal 
fossa (asterisks in b). On the follow‑up examination, an axial T2‑weighted image showed persistence of the widening of the Sylvian fissure. Note 
the high signal changes in the bilateral lentiform nuclei (arrowheads in c) and thalami. These findings are compatible with glutaric acidemia type 1

ba c
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timely prenatal diagnosis, which is crucial for appropriate 
management and counseling.

Conclusion

Prenatal ultrasound findings indicative of GA1 can evoke 
concerns and prompt further examinations. However, 
ultrasound characteristics associated with GA1 can overlap 
with other conditions. Notably, distinct features such as wide 
SF and macrocephaly often become more evident in the third 
trimester of pregnancy, leading to diagnostic uncertainties. 
Understanding prenatal neuroimaging for GA1 allows for 
raising awareness during midterm pregnancy screenings, 
enabling follow‑ups. When observing specific features, such 
as symmetric widening of the SF and focal accumulation of 
CSF in mesencephalic cistern or temporal fossa and Sylvian 
cistern, considering GA1 for differential diagnosis, especially 
in primiparous women or cases lacking a family history, can 
facilitate early detection through prenatal genetic sequencing 
of the GCDH gene. Newborn screening also plays a pivotal 
role in early and accurate confirmation, enabling immediate 
medical intervention and appropriate management.
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