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 Abstract 
  Background:  Fluid-attenuated inversion recovery hyperintense vessels (FHVs) are known to 
reflect stagnant or slow blood flow within the cerebral artery. FHVs are frequently observed 
in patients with acute cerebral infarction accompanied by arterial occlusion or significant ste-
nosis of the anterior cerebral circulation. However, FHVs have not been studied in the context 
of posterior cerebral circulation. Thus, we investigated the prevalence of FHVs and its clinical 
significance in patients with acute posterior cerebral artery (PCA) territory infarction.  Meth-
ods:  In this retrospective study, consecutive patients with PCA territory infarction who under-
went MRI within 1 week after symptom onset were enrolled. Two neurologists who were 
blinded to the angiographic findings read the images and determined the presence of FHVs. 
Afterwards, FHVs were graded according to the extent (subtle or prominent) and location 
(proximal or distal) of the hyperintense vessels. Neurologic deficits of the patients were as-
sessed by the National Institutes of Health Stroke Scale (NIHSS) upon admission and after 5 
days. The clinical outcome between patient groups based on FHVs grading was compared 
using the NIHSS. Among the patients with PCA occlusion, infarction volume on the diffusion-
weighted image was compared between the two groups with and without distal FHVs.  Re-
sults:  FHVs were observed in 25 of the 87 patients (28.7%) with PCA territory infarction and 
in 65.7% of the 35 patients with significant arterial stenosis (10 patients) or occlusion (25 pa-
tients) in the posterior cerebral circulation. Among the 18 patients with PCA occlusion, the 
NIHSS score was significantly improved in patients with distal FHVs compared to the others 
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(2.00 ± 2.18 vs. 0.56 ± 1.01, p = 0.04). The infarction volume was smaller in the distal FHV group 
than in the others (8.3 ± 8.7 vs. 16.8 ± 17.6 ml), but the difference was not statistically signif-
icant.  Conclusions:  FHVs are detected in patients with PCA territory infarction, especially in 
those with an occlusive lesion in the PCA. FHVs can be used as an imaging marker of PCA oc-
clusion. Although this study showed a better clinical improvement in patients with distal FHVs, 
further study is needed to elucidate the clinical meaning of FHVs in PCA infarction. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Fluid-attenuated inversion recovery hyperintense vessels (FHVs) are detected in the 
subarachnoid space due to suppression of the cerebrospinal fluid (CSF) signal, causing 
contrast between dark CSF and bright blood vessels. FHVs can be seen in ischemic stroke 
patients with arterial occlusion or significant stenosis  [1] . Sometimes they can be observed 
in patients with cerebral arterial occlusion but without infarction, i.e. those with moyamoya 
disease  [2] . FHVs have been reported in 10–97% of ischemic stroke patients  [1, 3–8] . Their 
prevalence varies according to the arterial status; moreover, FHVs are observed more 
frequently in patients with middle cerebral artery (MCA) or internal carotid artery occlusion 
(75–80%)  [5–7] , in contrast to 14% of patients without arterial occlusion  [8] . In most stud-
ies, FHVs are reported within the first 24 h after stroke onset, but they can be detected up to 
13 days after stroke  [9] .

  The mechanism of FHVs is known to be related to slow or stagnant blood flow  [1] . FHVs 
are radiological indicators of proximal arterial occlusion or severe stenosis  [8, 10–12] . 
Furthermore, they are reported to reflect collateral circulation and diffusion-perfusion 
mismatch on MRI  [4, 5, 13, 14] . However, controversy exists regarding the clinical implication 
of FHVs for acute severity of stroke and the functional outcome  [5, 7, 10, 15–17] .

  Previous studies have mostly focused on the anterior circulation. The prevalence of FHVs 
in the posterior circulation is unclear, and only a few cases of FHVs in the posterior cerebral 
artery (PCA) have been reported  [3, 8, 11] . In this study, we identified the prevalence and 
clinical significance of FHVs in acute PCA infarction.

  Patients and Methods 

 Patients 
 We retrospectively selected patients with acute PCA territory infarction from our stroke 

registry between October 2008 and July 2012 including all consecutive patients admitted to 
our hospital. Inclusion criteria were: (1) MRI within 1 week of symptom onset, (2) ischemic 
changes in the PCA territory confirmed by diffusion-weighted imaging (DWI), and (3) blood 
vessel study with MRA or CTA. We excluded patients with infarction in multiple territories 
other than the PCA territory. Neurologic deficit was assessed with the National Institutes of 
Health Stroke Scale (NIHSS) at admission and 5 days later. The stroke mechanisms were clas-
sified based on the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification  [18] .

  Imaging Studies 
 MRI examinations were performed utilizing three different 3.0T scanners (Discovery 

MR750 and Signa Excite, GE Medical Systems; Achieva, Philips Medical Systems). Fluid-atten-
uated inversion recovery (FLAIR) parameters for the three scanners, respectively, were as 
follows: TR/TE = 9,177/141 ms, 12,000/144 ms, 11,000/125 ms, TI = 2,200 ms, 2,519 ms, 
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2,800 ms, FOV = 21 × 21 cm, 21 × 21 cm, 22 × 22 cm, matrix size = 352 × 224, 352 × 224, 340 
× 299, slice thickness = 4 mm, inter-slice gap = 1 mm. DWI were obtained using the following 
parameters, respectively: TR/TE = 9,000/79.3 ms, 8,000/71.4 ms, 3,384/75.9 ms, FOV =
23 × 23 cm, 23 × 23 cm, 24 × 24 cm, matrix size = 160 × 160, 160 × 160, 128 × 128, slice thick-
ness = 4 mm, interslice gap = 1 mm, b value = 1,000 s/mm 2 . The resulting voxel volumes of 
FLAIR were 2.24 mm 3  (GE Medical Systems) and 1.90 mm 3  (Philips Medical Systems), respec-
tively. Extracranial contrast-enhanced MRA and intracranial time-of-flight MRA were 
performed. CTA was conducted in 3 patients at 50 and 150 min, and 24 h before the FLAIR 
images.

  The FLAIR images were reviewed by two neurologists to determine the presence of FHVs 
without knowing the angiographic findings. Two readers graded the FLAIR images indepen-
dently, and discordance was settled by a separate consensus reading. FHVs were defined as 
linear or serpentine tubular structures with a high signal intensity in the subarachnoid space 
and graded as subtle (observed in one or two axial slices) or prominent (observed in more 
than three continuous axial slices) ( fig. 1 a). We also divided patients with FHVs into two 
groups based on the location in patients with proximal PCA occlusion. Proximal FHV was 

  Fig. 1.  Example of FHVs grading in 4 different patients.  a  Both patients have a PCA occlusion and demonstrate 
different extents of FHVs on FLAIR imaging.  b  Both patients have a PCA occlusion and demonstrate different 
locations of FHVs on FLAIR imaging. 
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defined as FHVs seen at the level of the PCA occlusion, usually the perimesencephalic cistern. 
Distal FHV was present when FHVs were observed beyond the occlusion site, usually above 
the brainstem level on more than two continuous axial slices of FLAIR images ( fig. 1 b). MRA 
or CTA findings were classified into four categories according to the severity of stenosis: 
occlusion, significant stenosis ( ≥ 50%), mild stenosis (<50%), and normal. The degree of 
stenosis was measured as described  [19, 20] .

  We measured the infarction size on DWI in patients with PCA occlusion to compare the 
characteristics of patients with the same condition. The infarction area was defined as hyper-
intense lesions on DWI and corresponding hypointense lesions on apparent diffusion coeffi-
cient maps. Infarction volumes were measured in 18 patients using semi-automated comput-
erized software (Xelis; Infinitt, Korea).

  Statistical Analysis 
 We performed all statistical analyses with SPSS 19.0 software for Windows. Interob-

server agreement for the presence of FHVs was assessed by calculating the κ statistical 
analysis and the 95% confidence interval. We used the t test for numerical data and the χ 2  test 
for proportions of demographical data. In addition, the χ 2  test was performed to analyze the 
proportion of FHVs obtained by the three different devices. The Mann-Whitney U test was 
used to compare NIHSS score improvement between different groups of patients, the 
difference in infarction volume between the distal FHV group and the others, and the MRI 
time lag between patients with and without FHVs. The level of statistical significance was p < 
0.05.

  Results 

 Eighty-seven patients fulfilled the inclusion criteria. FHVs were detected in 25 patients 
(28.7%, κ = 0.748). Furthermore, FHVs were observed in 13 of the 51 patients who underwent 
MRI with Signa Excite, in 9 of the 23 patients with Discovery MR750 and in 3 of the 13 patients 
with Achieva, respectively. There was no difference in the proportion of FHVs detected by the 

Table 1.  Clinical characteristics of patients

 Patients p value

F HV (+) FHV (−)

Number of patients 25 (27.9) 62 (72.1)
Male gender 14 (56.0) 43 (69.4) 0.236
Age, years 61.1 ± 16.0 63.7 ± 13.2 0.449
Hypertension 12 (48.0) 34 (54.8) 0.638
Diabetes mellitus 8 (32.0) 17 (27.9) 0.8
Time interval from symptom onset to MRI, h 29.4 ± 38.7 39.5 ± 37.4 0.006
TOAST classification

LAA 9 12
CE 8 10
LAC 2 27
SUE (LAA+CE) 6 1
SUE (LAC+CE) 0 1
SUE (negative evaluation) 0 11

 Data are expressed as the mean ± SD or as n (%). SUE = Stroke of undetermined etiology. 
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three different devices (p = 0.448). Demographic characteristics are shown in  table 1 . There 
was no difference in gender, age, or prevalence of diabetes mellitus and hypertension between 
the two groups. One patient with PCA occlusion received intra-arterial thrombolysis and 2 
patients with basilar artery occlusion received intravenous and mechanical thrombolysis, 
respectively. Of the 25 patients with FHVs, 23 had etiologies such as large artery atheroscle-
rosis (LAA) or cardioembolism (CE) classified by the TOAST classification. Only 2 of the 29 
patients with lacunar infarction (LAC) classified by the TOAST classification showed FHVs. 
MRI was performed at a mean time of 36.6 ± 37.8 h (range, 4 to 160) after symptom onset. 
Nineteen patients (76%) with FHVs and 26 patients (42%) without FHVs underwent MRI 
within 24 h after symptom onset. The time lag from stroke onset to MRI was shorter in 
patients with FHVs (29.4 ± 38.7 h) than in patients without FHVs (39.5 ± 37.4 h) (p = 0.006). 
Twenty-five patients had occlusion in the posterior circulation (vertebral artery = 3, basilar 
artery = 4, and PCA = 18), and 10 patients had severe stenosis in the posterior circulation. 
Twelve patients had mild stenosis in the PCA, and the remaining 40 patients had no occlusion 
or stenosis. FHVs were detected in 20 of the 22 patients (90.5%) with occlusion of the PCA or 
basilar artery, and 3 of 10 patients (30%) showed significant stenosis ( table 2 ). Initial and 
follow-up NIHSS scores were significantly higher in patients with FHVs (5.76 ± 7.71 and 4.32 
± 6.92) than in those without FHVs (1.98 ± 2.44 and 1.52 ± 2.54) (p = 0.001, p = 0.003, respec-
tively). The improvement in NIHSS scores from baseline to 5 days was significantly greater in 
patients with FHVs than in patients without FHVs. Among the patients with FHVs, 19 patients 
were classified as having prominent FHV, and 6 patients had subtle FHV. Initial and follow-
up NIHSS scores were similar in both groups. There was no significant difference in the 
improvement in NIHSS scores between the two groups ( table 3 ). Eighteen patients with PCA 
occlusion were divided into two groups of 9 patients with distal FHVs and 9 others (7 with 

Total FHV (+) FHV (−)

Occlusion
VA 3 0 3
BA 4 4 0
PCA P1 8 7 1
PCA P2 10 9 1

Significant stenosis (>50%)
BA 5 2 3
PCA 5 1 4

Mild stenosis (<50%) 12 0 12
No stenosis 40 2 38

VA = Vertebral artery; BA = basilar artery.

Table 2. Relationship between 
FHVs and artery status

Table 3. Comparisons of NIHSS scores between groups of patients

FHV (+) FHV (−) p value Prominent FHV Subtle FHV p value

Number 25 62 19 6
Initial NIHSS 5.76 ± 7.71 1.98 ± 2.44 0.001 6.95 ± 8.52 2.00 ± 1.41 0.069
Follow-up NIHSS 4.32 ± 6.92 1.52 ± 2.54 0.003 5.21 ± 7.75 1.50 ± 1.05 0.198
Difference in NIHSS 1.44 ± 2.93 0.47 ± 0.90 0.022 1.74 ± 3.26 0.50 ± 1.23 0.08

Data are expressed as the mean ± SD or as number.
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proximal FHVs and 2 with none). Both groups had an equal number of patients with P1 
segment of PCA (4 patients) and P2 segment occlusion (5 patients). Initial and follow-up 
NIHSS scores were similar in both groups. The NIHSS score was significantly improved in 
patients with distal FHVs compared to the others. The infarction volume in the distal FHV 
group (8.3 ± 8.7 ml) was smaller than in the other group (16.8 ± 17.6 ml) ( fig. 2 ), but the 
difference was not statistically significant (p = 0.387) ( table 4 ).

  Discussion 

 Detecting FHVs within the PCA is difficult because of the small number of patients with 
infarction in the PCA territory compared to infarction in the MCA territory and the anatomical 
characteristics of the PCA that include a short and tortuous pathway compared to that of the 
MCA. The diameter of the PCA vessel is also smaller than that of the MCA vessel. Moreover, 
the cerebral blood flow distribution of the PCA is smaller than that of the MCA. In this study, 
FHVs were detected in 28% of patients with acute PCA territory infarction. Patients with 
FHVs reportedly demonstrated large arterial occlusions in a previous study  [3] . FHVs were 
detected in most patients with PCA (89%) or basilar artery (100%) occlusion in this study as 

  Fig. 2.   a  MRA shows P2 occlusion and DWI reveals large left PCA territorial infarction in the patient with 
proximal FHVs. This patient has no distal FHVs.  b  MRA shows P2 occlusion and DWI reveals small right tha-
lamic infarction in the patient with distal FHVs. 
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well. However, FHVs were not detected in patients with vertebral artery occlusion. We spec-
ulate that sufficient blood flow to the basilar artery and PCA from another vertebral artery 
are the main causes of the absence of FHVs in vertebral artery occlusion.

  FHVs were detected in 2 patients without a steno-occlusive lesion in the PCA. This obser-
vation is contradictory to the suggested mechanism of FHVs, which is slow or stagnant arteri-
al blood flow  [1] . Similar to our study, Cheng et al.  [8]  reported that FHVs are observed in 2% 
of LAC patients. Although we interpreted our images as FHVs because the tubular signal on 
FLAIR was matched with the PCA on contrast-enhanced T1-weighted images, it is possible 
that we misidentified a CSF flow artifact or other structures such as cranial nerves and venous 
structures.

  The imaging time from symptom onset was short in patients with FHVs compared to the 
other group in our study. This time-dependent appearance of FHVs in ischemic stroke can be 
explained by spontaneous recanalization of the occluded artery during the late period of 
ischemic stroke  [9] . In addition, parenchymal ischemic changes with brain edema prevent 
discrimination between FHVs and ischemic brain tissue in the late period. In a previous study 
 [9] ,   FHVs disappeared after recanalization of the intracranial artery.

  There is a correlation between stroke mechanisms according to the TOAST classification 
and FHVs. FHVs were observed more frequently in the LAA and CE group than in patients with 
LAC. This phenomenon is comparable to a previous study and reasonable when considering 
the known mechanism of FHVs  [8] .

  With regard to the clinical meaning of FHVs, we must consider the arterial occlusion 
status. The difference in initial and follow-up NIHSS scores depends on the presence or 
absence of FHV, which is a radiological indicator of large arterial occlusion. If we only compare 
the clinical severity in patients with FHVs and those without FHVs, an important bias emerges 
when adding the meaning of arterial occlusion to the FHV group. Therefore, in this study, we 
investigated the clinical significance of FHVs in a homogeneous group of patients with PCA 
occlusion. In addition, we used distal FHVs as a marker of clinical significance because we 
believe that proximal FHVs are simply a marker of arterial occlusion  [5, 7] . The number of 
patients with different PCA occlusion sites was identical in the two groups. In 3 patients of 
the prominent FHV group, FHVs were limited to the area around the perimesencephalic 
cistern or were observed in one slice of FLAIR imaging beyond the brainstem level. These 
patients were classified into the proximal FHV group. The NIHSS scores of the distal FHV 
group were significantly decreased compared to the other group. Although nonsignificant, 
the infarction volume was small in the distal FHV group compared to the other group. This 

Distal FHV Proximal FHV 
and others

p value

Number 9 9
Male gender 6 (66.7) 3 (33.3) 0.346
Age, years 60.6 ± 13.9 61.6 ± 19.3 0.901
Hypertension 4 (44.4) 6 (66.7) 0.637
Diabetes mellitus 3 (33.3) 3 (33.3) 1.00
Initial NIHSS 5.89 ± 6.27 3.00 ± 2.00 0.395
Follow-up NIHSS 3.89 ± 5.49 2.44 ± 1.67 0.892
Difference in NIHSS 2.00 ± 2.18 0.56 ± 1.01 0.04
Infarction volume, ml 8.3 ± 8.7 16.8 ± 17.6 0.387

Data are expressed as the mean ± SD or as number (%).

Table 4. Comparisons of clinical 
characteristics, NIHSS scores and 
infarction volume between the 
distal FHV group and other 
groups with PCA occlusion
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result suggests a possible clinical meaning of FHVs as a prognostic factor. It corresponds to a 
previous study showing that distal FHVs appear to reflect the collateral circulation and that 
their outcome is good  [5] .

  There are limitations to our study. First, the number of patients with PCA infarction was 
not sufficient to obtain statistically significant differences. As a result, we could not demon-
strate infarction volume differences between the patients with distal FHVs and those without. 
Second, the imaging protocol varied due to the retrospective study design. The time lag from 
stroke onset to MRI was not constant, and FLAIR images from three different MRI scanners 
were used.

  Conclusions 

 This study showed that FHVs could be detected in a substantial portion of patients with 
PCA infarction, especially in the case of arterial occlusion or significant stenosis, as already 
reported for MCA infarction. The finding of better improvement in the initial neurologic 
deficit in patients with distal FHVs suggests the possibility that FHVs will be a good prognos-
tic indicator. Further large clinical studies are needed to confirm our findings.
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