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a b s t r a c t 

Cerebral proliferative angiopathy is a rare cerebrovascular disorder characterized by diffuse 

abnormal vessels with intermingled brain parenchyma fed by many arteries and draining 

into many veins without high-flow arteriovenous shunts, which is usually confirmed by con- 

ventional digital subtraction angiography. However, dilution of the contrast medium due to 

the markedly increased blood flow and volume in cerebral proliferative angiopathy leads to 

low-contrast angiography. We report a 53-year-old man with cerebral proliferative angiopa- 

thy who underwent CT, MR imaging, MR angiography, digital subtraction angiography and 

4D-CTA. The 4D-CTA exhibited abnormal vessels without early venous filling between the 

atrophic brain parenchyma in higher contrast than the angiography due to high spatial and 

time resolution, whereas the left external carotid angiography visualized the characteristic 

transdural supply more clearly than the 4D-CTA due to high vascular selectivity. Therefore, 

novel 4D-CTA and conventional angiography plays a complementary role in the accurate di- 

agnosis of cerebral proliferative angiopathy. Taking invasiveness into account, 4D-CTA may 

be advantageous for the diagnosis of cerebral proliferative angiopathy based on the charac- 

teristic imaging findings. 
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Introduction 

Cerebral proliferative angiopathy (CPA) is a rare cerebrovascu-
lar disorder characterized by diffuse abnormal vessels with in-
termingled brain parenchyma fed by many arteries and drain-
ing into many veins without high-flow arteriovenous shunts,
which is distinct from cerebral arteriovenous malformation
(AVM) and arteriovenous fistula (AVF) [1–5] . CPA is usually con-
firmed by conventional digital subtraction angiography (DSA).
However, dilution of the contrast medium due to the markedly
increased blood flow and volume in CPA often leads to low-
contrast DSA. Although imaging findings and usefulness of
4D-CTA have been reported in cerebrovascular disorders in-
cluding AVM and AVF [6–10] , imaging findings in CPA are lim-
ited. We report a case of CPA with novel imaging findings on
4D-CTA and demonstrate the advantages of 4D-CTA for the
diagnosis of CPA. 

Case report 

A 53-year-old man was admitted to our hospital with left-
sided weakness for 2 months. His laboratory findings, med-
ical history and family history were not significant. He did
not have other symptoms, including headache and seizure, or
body surface abnormalities, including facial hemangioma. Un-
enhanced and contrast-enhanced CT (CECT) revealed brain at-
rophy of the right hemisphere, especially the frontal lobe, with
subcortical spotty calcification ( Fig. 1 A, arrow) and diffuse ab-
normal vessels ( Figs. 1 B, C, and D). On MR imaging and MR
angiography (MRA), the abnormal vessels were observed be-
tween the atrophic brain parenchyma, which mainly divided
into arterial components and venous components ( Fig 1 E-L).
The arterial components were fed by the right anterior cere-
bral artery (ACA), right middle cerebral artery (MCA) and right
posterior cerebral artery (PCA), with strong flow signal on MRA
( Figs. 1 K and L). The venous components were draining into
cortical veins and into deep venous systems, including the
great vein of Galen with slightly strong flow signal on MRA
( Fig. 1 K and L). Based on the CT and MR imaging findings, dif-
fuse arteriovenous shunts, such as AVM and diffuse pial/dural
AVF, were considered as differential diagnoses. On digital sub-
traction angiography (DSA), the abnormal vessels were fed by
the right ACA, right MCA, and right PCA without early ve-
nous filling ( Figs. 2 A-C). In addition, on left external carotid
angiography, characteristic transdural supply was observed
( Fig. 3 B, arrowhead). However, dilution of the contrast medium
due to the markedly increased blood flow and volume led to
low-contrast right internal carotid angiography despite power
injection ( Figs. 2 A-C). Therefore, 4D-CTA was performed us-
ing an Aquilion ONE/ViSION edition multidetector CT scan-
ner (Canon Medical Systems) equipped with 320 × 0.5 mm
detector rows covering 16 cm of volume per rotation. Imag-
ing was performed in the same manner as previously de-
scribed [6–10] . On 4D-CTA, the abnormal vessels were visu-
alized in high contrast, demonstrating no early venous fill-
ing in any phase of the 0.5-second time interval ( Figs. 2 D-
F and Figs. 3 D-F). Transdural supply from the left external
carotid artery was also observed ( Fig. 3 E, arrowhead). Perfu-
sion images generated on 4D-CTA revealed increased cere-
bral blood flow (CBF, Fig. 4 A) and cerebral blood volume (CBV,
Fig. 4 B), and a slightly decreased time to peak (TTP, Fig. 4 C)
and mean transit time (MTT, Fig. 4 D) in the lesion. Based
on these imaging findings, unlike AVM and AVF, the abnor-
mal vessels had no high-flow arteriovenous shunts, and the
patient was finally diagnosed with CPA in accordance with
the previously reported imaging findings [1–5] . His symptoms
and imaging findings remained unchanged 1 year after the
diagnosis. 

Discussion 

We report novel imaging findings of CPA on 4D-CTA. Simi-
lar to the previously reported 4D-CTA of AVM and AVF [6–10] ,
4D-CTA of CPA visualized the hemodynamics as well as DSA.
Moreover, 4D-CTA exhibited the abnormal vessels in higher
contrast than right internal carotid angiography due to high
spatial and time resolution, whereas the left external carotid
angiography visualized the transdural supply, which is one of
the characteristic findings of CPA [ 1 ,3–5 ], more clearly than
4D-CTA due to high vascular selectivity. Therefore, the high
contrast of 4D-CTA and the high vascular selectivity of DSA
play complementary roles in assessing the hemodynamics
of CPA. In addition, 4D-CTA is less invasive than DSA. The
examination processes of 4D-CTA include intravenous infu-
sion of the contrast medium, whereas those of DSA include
catheter insertion, intra-arterial administration of the con-
trast medium and perioperative patient care. Moreover, the
examination time of 4D-CTA is shorter than that of DSA. In
terms of radiation exposure, the CTDIvol of 463.6 mGy for 4D-
CTA was lower than the calculated total radiation exposure of
892.3 mGy for DSA in this case. Taking invasiveness into ac-
count, 4D-CTA may be advantageous for the diagnosis of CPA
based on the characteristic imaging findings. 

Perfusion images generated on 4D-CTA demonstrated in-
creased CBF and CBV, and a slightly decreased TTP and
MTT in the lesion. These findings suggested that a large
amount of blood passes through the abnormal vessels rela-
tively quickly, which is consistent with dilution of the con-
trast medium due to the markedly increased blood flow
and volume on DSA. Increased CBF and CBV are simi-
lar to the previously reported findings on MR perfusion
imaging, whereas slightly decreased TTP and MTT are not
[ 1 ,4 ,11–14 ]. Moreover, acetazolamide-stressed N -isopropyl- p -
[ 123 I] iodoamphetamine single-photon emission computed
tomography ( 123 I-IMP-SPECT) demonstrated decreased CBF
and cerebrovascular reactivity [ 3 ,4 ,13 ,15–17 ], and 

99m Tc-
ethylcysteinate dimer single-photon emission computed to-
mography ( 99m Tc-ECD-SPECT) [ 4 ,18 ] suggested hypoperfusion
over the affected brain parenchyma. Reported findings on 

18 F-
fluorodeoxyglucose positron emission tomography ( 18 F-FDG-
PET) included hypometabolism in the lesion [ 4 ,19 ]. These dis-
crepancies mainly result from the perfusion images generated
by 4D-CTA reflecting the abnormal vessels themselves, not the
brain parenchyma, although the permeability of the tracer, the
degree of disease progression, impaired blood brain barrier,
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Fig. 1 – On CT, the right hemisphere, especially the frontal lobe, exhibited atrophy with subcortical spotty calcification (A, 
arrow). On contrast-enhanced CT (CECT), abnormal vessels were enhanced (B). The maximum intensity projection (MIP) 
images revealed the overall picture of the abnormal vessels, which consisted of many arteries and veins (C and D). On MR 

imaging, atrophic brain parenchyma was observed between the abnormal vessels (G-K). The affected right hemisphere did 

not show restricted diffusion (E and F) or hemorrhagic change (J). On MR angiography (MRA), the arterial component of the 
abnormal vessels showed strong flow signal and venous component of the abnormal vessels exhibited slightly strong flow 

signals (K and L). 

Fig. 2 – On right internal carotid angiography, abnormal vessels were observed without early venous filling (A, B, and C). Due 
to a markedly increased blood flow and volume, right internal carotid angiography had lower contrast than 4D-CTA despite 
power injection. On 4D-CTA, the abnormal vessels were visualized in higher contrast than on right internal carotid 

angiography (D, E, and F). 
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Fig. 3 – On left external carotid angiography, characteristic transdural supply was observed (B, arrowhead). On 4D-CTA, 
transdural supply was also observed (E, arrowhead). Left external carotid angiography more clearly visualized the 
transdural supply than 4D-CTA. 

Fig. 4 – Perfusion images generated by 4D-CTA showed increased cerebral blood flow (CBF, A) and cerebral blood volume 
(CBV, B), and slightly decreased time to peak (TTP, C) and mean transit time (MTT, D) in the lesion. These findings suggested 

that a large amount of blood passed through the abnormal vessels relatively quickly. 
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and treatment are also considered candidate causes. The cal-
culated apparent blood perfusion increased on 4D-CTA, but
the net amount of blood perfusing the brain parenchyma is
considered to be lower. 

In summary, we reported imaging findings, including those
on 4D-CTA, in a rare case of CPA. The utility of 4D-CTA in the
diagnosis of CPA was demonstrated. The higher contrast and
lower invasiveness of 4D-CTA will facilitate the accurate diag-
nosis of CPA. 

Patient consent 

Written and informed consent was received from the patient.
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