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Abstract
Purpose  Several underlying conditions of moyamoya syndrome (MMS) are well established, but so far, D-2-hydroxyglutaric 
aciduria (D-2-HGA) has not been mentioned. We are the first to describe a case of a patient suffering from D-2-HGA devel-
oping MMS.
Methods  The co-occurrence of D-2-HGA and MMS in a patient is reported. Furthermore, we describe the neurosurgical 
revascularization procedure performed and report on the follow-up.
Results  A 7-year-old girl suffering from D-2-HGA developed two transient ischemic attacks (TIAs). Using MRI/MRA and 
invasive angiography MMS was diagnosed. We performed an encephalo-duro-arterio-myo-synangiosis (EDAMS) as an 
indirect revascularization procedure first on the right and 2 months later on the left hemisphere. We have followed her up 
until the age of 10. Since the second surgery, she has not suffered further TIAs and is in a better general medical condition.
Conclusion  Even though children with D-2-HGA often suffer epileptic attacks, every new (transient) neurological deficit 
should be followed up by an MRI/MRA so as not to oversee a possible underlying MMS. After diagnosis, EDAMS in com-
bination with acetylsalicylic acid (ASA) is recommended to prevent further ischemic events.
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Introduction

Moyamoya disease (MMD) was first described in 1957 and 
named by Suzuki et. al in 1961 [1]. While moyamoya angi-
opathy is most common in Japan (incidence rate 0.54 per 
100,000) the occurrence in Western countries is 10 times 
less frequent [2]. Autopsy studies revealed a thickened 
intima in affected arteries leading to stenosis of their lumen 
[3]. The Japanese term moyamoya is translated as “puff of 
smoke,” which refers to the angiographic appearance of 
collaterals sprouting to compensate for the reduced blood 
supply to the brain tissue [4]. These characteristic vessels 
can appear idiopathically (this is called MMD), but they 
have also been found in connection with several underly-
ing extrinsic and/or intrinsic conditions (the disease is then 

called moyamoya syndrome (MMS)) [5–7]. In the literature, 
the rare D-2-hydroxyglutaric aciduria (D-2-HGA, incidence 
rate < 1:1,000,000 [8]) has not yet been described in the con-
text of MMS.

Case

Our patient is a 7-year-old girl with a weight of 22.8 kg. 
Prenatal sonography showed enlargement of the bowel, the 
left kidney, and the ventricles. While in postnatal sonog-
raphy, the ventricles were not enlarged anymore and she 
developed microcephaly within 3 months. At five months, 
she presented persisting vomiting due to a gastric empty-
ing disorder. A laparotomy showed pylorus hypertrophy 
and an annular pancreas. This constellation led to further 
testing. Urine tests showed elevated levels of 2-hydroxy-
glutaric acid and a skin biopsy verified D-2-HGA type II 
with p.Arg140Gln mutation in the IDH2 gene. The parents 
did not show the mutation. She suffers from global retar-
dation and primary generalized tonic–clonic seizures and 
visits a school for mentally disabled children. At the age 
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of 7 1/2 years, she developed two episodes of sudden onset 
hemiparesis affecting the arms. The strokes ceased sponta-
neously after a few minutes—first a left-sided hemiparesis 
and later on a (weaker) right-sided hemiparesis. A seizure 
was excluded by electroencephalography (EEG). An MRI/
MRA scan in an external hospital showed bilateral stenosis 
of the distal internal carotid arteries with moyamoya suspect 
vessels. In addition, a digital subtraction angiography was 
performed which confirmed the suspected diagnosis (Fig. 1).

As a result of the clinical presentation with transient 
ischemic attacks (TIAs) and the radiographic diagnosis, we 
decided to perform bilateral revascularization surgery—first 
on the right hemisphere, since the left hemiparesis had been 
more pronounced. Encephalo-duro-arterio-myo-synangio-
sis (EDAMS) as an indirect revascularization procedure 
has been performed. The surgery was uneventful. Seventy-
five milligrams of acetylsalicylic acid (ASA) a day was 
prescribed after surgery. Two weeks after surgery, the girl 
developed again a transient right-sided hemiparesis lasting 
3 min, accompanied by a reduction of vigilance and fol-
lowed by headache and vomiting. The neurological symp-
toms subsided spontaneously. The patient was admitted to 
an external hospital close to home. Cranial MRI showed 

no new infarction or bleeding, and the EEG excluded a sei-
zure. Using Doppler sonography and MRA stenosis of the 
recently transposed right superficial temporal artery was 
excluded so that a third TIA was diagnosed. Two months 
after the first surgery, we performed the left-sided EDAMS. 
The second surgery was uneventful as well.

At the last follow-up, at the age of 10 years, the girl 
showed no new neurological symptoms and a better gen-
eral medical condition compared to her preoperative state. 
A follow-up cerebral MRI with non-invasive angiography 
showed no signs of new infarction. The mother did not 
observe further TIAs.

Discussion

2-HGA is a very rare medical condition with elevated lev-
els of D-2-hydroxyglutarate acid in the urine, plasma, and 
cerebrospinal fluid. This causes neurometabolic disorders 
which can be classified by their stereo-isometric geometry 
into three types that share similarities but refer to different 
diseases due to different genetic mutations [9–12]. Each of 
the following entities is caused by mutations of genes coding 

Fig. 1   Preoperative MR-
imaging of our patient 
A demonstrates periventricular 
lesions of the white matter as a 
common finding in D-2-HGA. 
The lesions are hyperintense in 
T2-weighted sequences (A1) 
and hypointense in T1-series 
without contrast enhancement 
(A2). B shows the non-invasive 
angiography (TOF-MRA) of the 
left (B1) and of the right (B2) 
hemisphere. Note the moy-
amoya typical changes in the 
marked areas
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mitochondrial proteins [9]: the more common L-2-HGA [13, 
14], the rare D-2-HGA [10, 15, 16], and the combined D, 
L-2-HGA [17]. D-2-HGA can be further divided into two 
subtypes due to different mutations: homozygous mutations 
of D-2-hydroxyglutarate dehydrogenase (type I) [16] or het-
erozygous mutations of isocitrate dehydrogenase 2 (type II) 
[8]. While type II, which affected our patient, is commonly 
more severe and has a neonatal onset, clinical manifesta-
tion varies tremendously and includes developmental delay, 
hypotension, and epilepsy [9, 18].

Our patient with D-2-HGA type II developed at the age of 
7 recurrent TIAs with hemiparesis on both sides as clinical 
symptoms of MMS.

One autopsy case of a child suffering D-2-HGA described 
multiple vascular anomalies in several organs [19]. In the 
central nervous system, there were multiple bilateral aneu-
rysms of the middle cerebral arteries, as well as occasional 
thickening of the walls of some arterioles in the white mat-
ter of the brain. Arteries of the lung and kidneys showed a 
loss of smooth muscle cells and fibrosis in the intima and 
media. Even though the exact histology of vascular lesions 
in D-2-HGA patients and MMD patients differ, high levels 
of D-2-hydroxyglutaric acid seem to affect vessels patho-
logically. This might be a pathophysiological link between 
D-2-HGA and MMS. It is likely that the change in hemo-
dynamics caused by MMS affects the brains of D-2-HGA 
patients even more as a result of the above-mentioned pos-
sibly pre-existing macro- and microvascular pathologies. 
Clinically, this could result in more and earlier ischemic 
events or hemorrhages in D-2-HGA patients.

There is no curative therapeutical approach to MMS [20]. 
Usually, it is reasonable to treat the underlying disease, but 
in the special case of D-2-HGA, this is not possible [9]. 
Secondary prophylactic measures include ASA and neuro-
surgery [21]. Even though data show continuous uncertainty 
over the benefits and risks of antiplatelet therapy, the expert 
consensus of the European Stroke Organization suggests 
the use of ASA and assesses it as safe during surgery [2]. 
Surgical techniques can be categorized into direct and indi-
rect procedures [23]. Looking at the Japanese guidelines on 
the management of MMD in adults, indirect vasculariza-
tion alone is considered inferior to direct vascularization or 
combined procedures [20, 22]. Up to now, in children, there 
is no superior method to improve clinical outcomes [20, 23]. 
In line with the Japanese guidelines on the management of 
MMD, we chose a surgical approach, because of the recur-
ring bilateral TIAs with high-grade hemiparesis and a high 
risk of recurrence.

While evaluating the appropriate surgical method (direct 
vs. indirect) in 2-HGA patients, possible pre-existing mac-
rovascular abnormalities (e.g., aneurysms) should be consid-
ered and detected radiologically. We performed an EDAMS 
as a multi-layered indirect revascularization procedure, 

in which part of the temporalis muscle and branches of 
the superficial temporal artery are directly laid down on 
the brain surface and dural/cortical vessels. We chose the 
EDAMS procedure, because we are very familiar with the 
surgery and have had very favorable clinical outcomes in our 
patients. Finally, we would like to emphasize that this indi-
rect procedure is based on several kinds of tissues (muscles 
and vessels) that start collateralization.

After surgery, the TIAs ceased, and an improvement in 
activity was observed, which is known to be associated with 
moyamoya surgery in children [24].

Recommendations and conclusion

D-2-HGA type II is a neurometabolic disorder with a broad 
spectrum of symptoms. It is often impossible to distinguish 
whether a new neurological event (e.g., epilepsy) is due 
to the underlying condition or is a symptom of a second 
neurological disease, like MMS. We suggest that the basic 
diagnostic procedures for patients suffering from D-2-HGA 
with new neurological symptoms should include MRI scans 
with non-invasive angiographic techniques. Diagnosing 
MMS after the first symptomatic event and thus initiating 
secondary prophylactic measures are crucial to prevent fur-
ther brain damage. Performing bilateral EDAMS surgery in 
two separate procedures and initiating ASA treatment were 
safe for our patient and prevented a recurrence of TIAs. 
Moreover, an improvement in activities was observed by 
her pediatric caregivers.
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