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ABSTRACT

BACKGROUND AND PURPOSE: The pulvinar sign refers to exclusive T1WI hyperintensity of the lateral pulvinar. Long considered a
common sign of Fabry disease, the pulvinar sign has been reported in many pathologic conditions. The exact incidence of the pulvinar sign
has never been tested in representative cohorts of patients with Fabry disease. The aim of this study was to assess the prevalence of the
pulvinar sign in Fabry disease by analyzing T1WI in a large Fabry disease cohort, determining whether relaxometry changes could be
detected in this region independent of the pulvinar sign positivity.

MATERIALS AND METHODS: We retrospectively analyzed brain MR imaging of 133 patients with Fabry disease recruited through spe-
cialized care clinics. A subgroup of 26 patients underwent a scan including 2 FLASH sequences for relaxometry that were compared with
MRI scans of 34 healthy controls.

RESULTS: The pulvinar sign was detected in 4 of 133 patients with Fabry disease (3.0%). These 4 subjects were all adult men (4 of 53, 7.5%
of the entire male population) with renal failure and under enzyme replacement therapy. When we tested for discrepancies between Fabry
disease and healthy controls in quantitative susceptibility mapping and relaxometry maps, no significant difference emerged for any of the
tested variables.

CONCLUSIONS: The pulvinar sign has a significantly lower incidence in Fabry disease than previously described. This finding, coupled with
a lack of significant differences in quantitative MR imaging, allows hypothesizing that selective involvement of the pulvinar is a rare
neuroradiologic sign of Fabry disease.

ABBREVIATIONS: ERT � enzyme replacement therapy; FD � Fabry disease; HC � healthy controls; PS � pulvinar sign; qMRI � quantitative MRI; QSM �
quantitative susceptibility mapping; R1 � longitudinal relaxation rate; R2 � pure transverse relaxation rate

Fabry disease (FD) is a rare X-linked metabolic disorder caused

by insufficient/absent lysosomal �-galactosidase A activity.

This enzymatic defect leads to pathologic storage of glycosphin-

golipids, especially globotriaosylceramide, occurring in all tissues

and causing multiorgan progressive dysfunction, in the kidney,

heart, and central nervous system.1,2

Neurologic involvement is common in FD.3 Most prominent

manifestations include cerebrovascular events, such as transient

ischemic attacks and strokes, chronic cerebral vasculopathy, and

vessel ectasia, especially in the posterior circulation.4-7 Such clin-

ical manifestations translate, on brain MR imaging, in the pres-

ence of white matter hyperintensities3 and increased basilar artery

diameter,8,9 both nonspecific for FD.10,11

The pulvinar sign (PS), defined as the exclusive involvement of

the lateral pulvinar with symmetric hyperintensity on unen-

hanced T1-weighted brain MR imaging, has long been considered

a common neuroradiologic sign of FD.8,12-16 Originally thought

to be pathognomonic of FD,12,13 the PS has actually been reported

in other conditions, such as metabolic disorders (eg, Krabbe or

Tay-Sachs disease),17,18 CNS infections,19 or after chemoradia-
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tion therapy15; therefore, its pathognomonic role has been

largely rediscussed.20,21 In fact, the pulvinar nuclei are sensi-

tive to metabolic disturbances, and their MR imaging appear-

ance can be altered in a variety of conditions, especially in

patients in whom an abnormal renal function can be a relevant

confounding comorbidity.

Moreover, the prevalence of the PS among the FD population

has been reconsidered across the years.14-15,22 To date, the exact

incidence of the PS has never been tested in a large and represen-

tative cohort of patients with FD, because all studies conducted so

far were limited to small samples13 or performed only on affected

males.12

In this respect, quantitative MR imaging (qMRI) and, in par-

ticular, relaxometry are likely to provide unique insight into the

pathogenetic mechanisms of the PS. Indeed, a variety of micro-

structural conditions leading to a shorter longitudinal relaxation

rate (R1) (thus, to T1WI hyperintensity) are associated with a

faster free induction decay (ie, increase in R2*) and a rise of the

pure transverse relaxation rate (R2). As a result, competitive roles

of the longitudinal and transverse relaxation rates in MR signal

generation suggest that standard evaluations of signal intensity

are not the best choice for studying the incidence of PS-associated

changes. A thorough relaxometry study would disentangle the

contributions of several physical quantities to signal equation of

conventional sequences, therefore providing a more accurate in-

dication of the actual PS incidence.

This study has dual aims: 1) to assess the prevalence of PS in a

large cohort of subjects with FD by retrospectively analyzing

T1WI of 133 patients, and 2) to determine, for the first time,

whether relaxometry modifications could be detected in the pulv-

inar, independent of the PS.

MATERIALS AND METHODS
Subjects
For the retrospective analysis, in this multicenter study, we

analyzed a group of 133 patients with FD (80 women, 60.1%;

mean age, 41 � 13.8 years; age range, 13–73 years) recruited in

the previous 5 years through the FD specialized care clinics of 6

different hospitals. Diagnosis of FD was based on reduced

plasma levels of � galactosidase A activity of less than average

normal values, then confirmed by genotyping tests. Clinical

and radiologic data were obtained in different centers as part of

the clinical work-up deemed necessary for each patient, and

authorization for transfer of data was formerly obtained from

the local ethics committee of the coordinating center. Activity

of the � galactosidase A enzyme was absent in 42 patients

(31.6%), while it showed a residual activity in 91 patients

(68.4%); distinct GLA gene mutations were represented, and

the clinical manifestations were different, with multiple organ

involvement. Finally, 85 patients were treated with enzyme

replacement therapy (ERT) (63.9%, with a mean duration of

39.9 � 61.6 months). Demographic and clinical information of

all patients with FD in the retrospective analysis are listed in

the On-line Table. For the qMRI analysis, a subgroup of 26

patients with FD (17 women, 65.4%; mean age, 43 � 12.4

years; age range, 20 – 68 years) underwent MR imaging at the

coordinating center, along with a group of healthy controls

(HC) of comparable age and sex, without a history of neuro-

logic, metabolic, or psychiatric disorders. Activity of the � ga-

lactosidase A enzyme was absent in 7 patients (26.9%), while it

had residual activity in 19 patients (73.1%), with 25 patients

treated with ERT (96.2%; mean therapy duration, 43.8 � 51.2

months). Demographic and clinical information of the qMRI

subgroup of patients with FD are also listed in the On-line

Table.

This study was performed in accordance with the ethical stan-

dards of the Declaration of Helsinki, and written informed con-

sent for the qMRI analysis was preliminarily obtained from the 26

patients with FD and the HC.

Inclusion criteria for patients with FD were the following: ge-

netically proved FD; availability of documentation of brain MR

images, including at least 1 spin-echo T1WI sequence indepen-

dent of the orientations with a section thickness �4 mm; and

signed informed consent for participation in the study for subjects

undergoing the qMRI analysis. Both adult male and female

subjects were approached to participate, without age limita-

tions. Diagnosis of FD was confirmed by biochemical or ge-

netic testing. Indications for brain MR imaging varied between

and within centers, including, but not limited to, routine MR

imaging, headache, transient neurologic symptoms, and eval-

uation of an acute cerebrovascular accident. Exclusion criteria

for all subjects were evidence of hypo- or hypercalcemia or the

presence of any other comorbidity that could have biased the

neuroradiologic examination.

From each specialized care center participating in this study,

demographic and clinical variables were extracted by a clinician

experienced in FD from the medical records or obtained in direct

interviews and recorded. These included age recorded at the time

of the brain MR imaging, sex, hypertension, diabetes mellitus,

cardiac arrhythmia, left ventricular hypertrophy, renal failure

(considered present when the estimated glomerular filtration rate

of the patient was �90 mL/min), proteinuria (considered present

when the patient scored a value �150 mg/24 hours), the presence

of neurologic symptoms (including stroke, cephalalgia, acropar-

esthesia, and so forth), gastrointestinal involvement, renal or car-

diac transplant, current use of tobacco or alcohol, as well as treat-

ment with ERT. About 63% of patients with renal failure showed

metabolic alterations of parathyroid hormone serum levels attrib-

utable to secondary hyperparathyroidism, with no significant

derangements of serum calcium levels. Renal function was ex-

pressed as the estimated glomerular filtration rate, calculated

with the Chronic Kidney Disease Epidemiology Collaboration

equation.23 Other laboratory values were measured using stan-

dard hospital laboratory techniques. Activity of the � galacto-

sidase A enzyme was reported as “absent” (when showing �1%

of normal values) or “residual” (for enzyme activity ranging

from 1% to 5% of normal values) because of the different

measurement methods used in the recruiting centers (plasma,

leukocytes, and so forth).

Each center received a dedicated case report form in which

demographic and clinical information were recorded, and then

forms were entered into a central data base at the coordinating

center according to Good Clinical Practice guidelines.
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qMRI Data Acquisition
All studies for the qMRI analysis were performed on the same 3T MR

imaging scanner (Magnetom Trio; Siemens, Erlangen, Germany).

The acquisition protocol included a dual-echo spoiled gradient-echo

(FLASH) sequence (TR � 32 ms, TE1 � 7.38 ms, TE2 � 22.14 ms,

flip angle � 20°) and a single-echo FLASH sequence (TR � 16 ms,

TE � 7.38 ms, flip angle � 2°). Both sequences were acquired on an

FOV of 230 � 194 � 160 mm3, with a voxel size of 0.5 � 0.5 � 1.0

mm3 and a receiver bandwidth of 100 Hz/pixel.

The acquired data were saved as complex datasets recon-

structed in magnitude and phase representation for further

analyses.

MR Imaging Data Analysis
For the retrospective analysis, MR imaging brain scans were

visually assessed by 2 neuroradiologists in consensus, who

rated the presence of a clear unilateral or bilateral T1WI hy-

perintensity at the level of the posterior thalami.

For the qMRI analysis, all magnitude datasets underwent

a preliminary multispectral denoising as described in Borrelli

et al,24 using a multi-graphics processing unit implementation of

the non-local means algorithm previously introduced.25 Quanti-

tative susceptibility mapping (QSM) and R2* maps were derived

from the dual-echo FLASH.26 Conversely, given the signal equa-

tion of FLASH with FA � �

S � K�sin ��
1 � E1

1 � E1 cos �
e�TER

2
*
,

E1 � e�TRR1,

it can be shown that assuming a T1 � 3

ms, the actual settings of the acquisition

parameters (TR � 16 ms, �1 � 2°, �2 �

20°) allow R1 computation as

R1 �
1

TR
log

R � �R2 � 4C�r � k	

2C
,

where

r �
S1

S2
,

k �
�sin �1�
�sin �2�

,

R � r�1 � cos �1	,

and

C � r cos �1 � k cos �2.

For each study, 2 irregular bilateral ROIs

were hand-drawn in consensus by 2 ex-

perienced neuroradiologists on axial

sections of the gradient recalled-echo

images with the best representation of

pulvinar nuclei (Fig 1), according to a

human anatomy atlas.27 Mean R1, R2*,

and QSM values were automatically ob-

tained from the corresponding maps.

Statistical Analysis
Statistical analyses were performed with the Statistical Package

for the Social Sciences (Version 17.0; IBM, Armonk, New

York). An independent 2-sample t test was used for comparing

ages and mean values obtained from qMRI analysis, while a �2

test was used to determine differences in terms of sex. A P � .05

indicated a statistically significant difference. Finally, no Co-

hen coefficient was needed to evaluate the performance of the

evaluation because the 2 neuroradiologists performed the

analysis in consensus.

RESULTS
For the retrospective analysis, a clear T1WI hyperintensity of the

pulvinar was detected in 4 of 133 patients with FD (3.0%). All 4

patients with positive PSs underwent MR imaging examinations

in 2 of the 6 hospitals involved; they all were adult male subjects

with an age ranging from 38 to 59 years (mean, 46.5 � 9.4 years)

under ERT and showing signs of renal failure. An example of the

PS is shown in Fig 2.

For the qMRI analysis, the FD and HC groups were compara-

ble for age and sex. No subject with a positive PS was found in the

qMRI subgroup. When we tested for possible differences between

these 2 clusters in relaxometry and QSM maps in the FD and HC

groups, no significant differences emerged. A complete list of the

results obtained by relaxometry and susceptibility analysis, along

with the comparison of P values, is shown in the Table.

FIG 1. R1 (A), R2* (B), and QSM (C) maps showing the 2 hand-drawn irregular bilateral ROIs placed
in consensus by 2 experienced neuroradiologists on the axial section of the gradient recalled-
echo images with the best representation of the pulvinar nuclei.

FIG 2. Unenhanced T1WI axial (A) and sagittal (B) images showing bilateral, symmetric, and well-
circumscribed hyperintensity of the pulvinar nuclei in a 47-year-old male patient with FD (A). Axial
T2* gradient echo image (C) shows bilateral and symmetric hypointensity corresponding exactly
to the T1 hyperintensity, supporting the current hypothesis of focal calcium deposition in both
pulvinar nuclei.
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DISCUSSION
Our findings support the hypothesis that the true incidence of the

PS is considerably lower than previously reported. No significant

qMRI differences emerged when testing for possible alterations in

subjects without positive PSs, allowing us to speculate that this

sign is poorly sensitive for FD.

Exclusive involvement of the lateral pulvinar was first ob-

served by 2 separate groups.12,13 Since then, this sign has been

considered as distinctive of FD. Independent from its diagnostic

value, the exact incidence of the PS has changed across time,14,15

with a clear downward trend going from 70%13 of earlier studies

(though reported in a very small group of patients without any

ascertainment data) to complete absence in recent works.20 How-

ever, the real incidence of the PS has never been tested in an

ample-sized group of patients with FD. Here we expand this

knowledge by performing a retrospective analysis of a large and

representative population of patients with FD. We observed a

prevalence of the PS in FD of 3.0%, significantly lower than pre-

viously reported.8,12-16 A possible explanation for this discrep-

ancy could reflect the relatively small sample size of some of the

previous studies.15

Nevertheless, when considering the study by Moore et al,12

which included a number of subjects comparable with ours, a

higher incidence of the PS was observed. However, the above-

mentioned study included only male patients with FD,12 in whom

the PS is known to be more frequent,21 and this could have some-

how biased the real prevalence of the PS in the global FD popula-

tion. Supporting this speculation, we were able to replicate such

findings when we selected only males with renal function impair-

ment,28 showing a PS prevalence similar to the one reported in

Moore et al (4/25, 16.0%).

Another explanation of the previously reported high incidence

of a positive PS in patients with FD may be related to possible

gadolinium deposition in this structure. Indeed, recent evidence

suggests that in subjects with normal renal function receiving

multiple contrast administrations, the dentate nuclei and other

deep gray matter structures, including the globus pallidus and the

pulvinar, could accumulate gadolinium, leading to changes de-

tectable on both conventional and quantitative imaging.29-31 It

may, therefore, be hypothesized that the reduced glomerular fil-

tration rate in patients with FD could have influenced the gado-

linium clearance, leading to its accumulation in the pulvinar nu-

clei with subsequent T1WI shortening. However, in patients with

FD, T1WI hyperintensity was not observed in the dentate nuclei,

which is the preferred site of gadolinium accumulation, and con-

trast media are rarely administered in these patients, due to their

usually impaired renal function. Even though this evidence miti-

gates the hypothesis of gadolinium accumulation in patients with

FD, further properly designed studies may better address the pos-

sible relationships between impaired renal function and metal

buildup in the pulvinar.

In line with literature data,21 no affected females with the PS

were found, considered a rare event16 due to partial/residual en-

zyme activity. The mean age of our PS-positive patients was 46.5

years, confirming the current hypothesis that the PS could be the

neuroradiologic epiphenomenon of a long-term accumulation,

whose manifestations only appear progressively.15

Other literature data indicate the poor prognostic value of the

PS. Indeed, it has been demonstrated that the PS is somehow

independent of major cerebrovascular events, which may occur at

any stage of disease.21 Furthermore, no changes in the pulvinar

nuclei occurred after long-term ERT, and no association between

the PS and a specific genotype has been demonstrated.15

Aside from the incidence of the PS, we aimed to evaluate

whether possible changes in susceptibility maps could occur in the

pulvinar of patients with FD.

It is widely accepted that the pulvinar is a sensitive region

where alterations could develop, independent from the cause. Se-

lective modifications of pulvinar nuclei have been described in

other pathologic conditions, such as Wernicke encephalopa-

thy32,33 and Creutzfeldt-Jakob 34,35 and Tay-Sachs diseases.17 In

particular, T1WI hyperintensity in the pulvinar has also been de-

scribed in patients who received chemotherapy/radiation ther-

apy, in patients with neurofibromatosis type 1, and in subjects

with Fahr disease or disturbances of the calcium-phosphorus me-

tabolism or even laminar necrosis.36-38

To date, the real pathogenesis of the PS in FD is still unclear.

The most reliable hypothesis is the development of subtle dystro-

phic calcification, confirmed by CT brain scans, probably related

to chronic hypoperfusion secondary to microvascular altera-

tions.6,14,39-41 These alterations have been reported not only in

the pulvinar but also in other deep gray nuclei such as the globus

pallidus, even if in a lower percentage of cases.12-14

Quantitative MR imaging can allow early detection of changes

not appreciable on conventional MR images,42 possibly providing

additional information in understanding PS physiopathology.

However, we found no differences in the pulvinar in any of the

examined qMRI maps of patients with FD compared with HC.

This absence of significant differences, however, should not lead

to the superficial deduction that the PS is not linked to abnormal

mineral deposition. Unfortunately, in our qMRI FD subgroup, no

subjects with clear PSs were present because of the low incidence

of this sign. On the other hand, in patients positive for the PS, a

clinical T2*WI FLASH sequence was available and showed clear

hypointensity corresponding to T1WI hyperintensity, corrobo-

rating the current hypothesis of calcium deposition in the poste-

rior thalami when the PS is present. A possible explanation for the

absence of sensitive mineralization in the PS-negative group

might be related to the ongoing therapy, since the FD subgroup

with available qMRI sequences almost entirely consisted of sub-

jects under ERT (25/26 patients). Indeed, due to the current

Results of the relaxometry analysisa

HC FD P Value
Right pulvinar area 49 � 7 46 � 6 .14
Left pulvinar area 53 � 7 51 � 10 .41
Right pulvinar R1 1.31 � 0.11 1.33 � 0.09 .45
Left pulvinar R1 1.41 � 0.14 1.44 � 0.12 .32
Right pulvinar R2* 19.9 � 1.7 20.6 � 3.4 .35
Left pulvinar R2* 19.9 � 1.9 20.3 � 2.8 .55
Right pulvinar QSM 40 � 19 41 � 19 .75
Left pulvinar QSM 38 � 17 35 � 18 .56

Note:—R1 indicates the longitudinal relaxation rate (1/T1), expressed in second�1; R2*,
transverse relaxation rate (1/T2*), expressed as second�1.
a QSM is expressed in parts per billion. Areas are expressed in square millimeters. P
values refer to an independent 2-sample t test, with a significance level of P � .05.
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pathogenetic assumption that microvascular changes are respon-

sible for PS development, it can be hypothesized that early diag-

nosis of FD, coupled with the availability of effective treatment

options, could have directly or indirectly improved local micro-

vascular homeostasis. Nonetheless, this speculation should be

corroborated by further longitudinal evaluations of qMRI, to

clarify the relationship between these measures and ERT.

CONCLUSIONS
We showed a significantly lower incidence (only 3%) of the PS in

FD compared with what has been previously described, coupled

with no significant qMRI differences in these regions between

those with FD and HC. Our results, taken together, allow hypoth-

esizing that selective pulvinar involvement with well-circum-

scribed T1-hyperintensity, though easy to identify, is a rare neu-

roradiologic sign whose presence is detectable in only a few

exceptional cases of FD. Moreover, because this finding has also

been reported in other conditions of metabolic dysfunction, it

should not be considered specifically related to globotriaosylcer-

amide accumulation and its role as a sensitive sign of this disease

should be reconsidered.
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