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Abstract. – Anderson-Fabry disease (FD) is 
a rare genetic, progressive, and multi-system-
ic condition, with X-linked inheritance. This is 
caused by pathogenic variants in the GLA gene, 
coding for the lysosomal enzyme called alpha-ga-
lactosidase A (aGLA), responsible for the cleav-
age of globotriaosylceramide (Gb3). The reduced 
or absent activity of aGLA causes the intracellu-
lar accumulation of Gb3, particularly in smooth 
and endothelial muscle cells, which causes cel-
lular dysfunction. The main organs involved are 
the central nervous system, heart, and kidneys. 
However, being a ubiquitous enzyme, FD disease 
must be considered a systemic disease involv-
ing the peripheral nervous system, ocular and 
audio-vestibular systems. Also, the vascular dis-
trict is damaged but the pathophysiology of vas-
culopathy in FD is not yet entirely understood. In 
literature, many vascular diagnostic tests were 
used to evaluate this specific involvement in FD, 
i.e., carotid intima media thickness (cIMT), arte-
rial stiffness (AS), flow-mediated dilation (FMD) 
and atherosclerotic plaques; evaluation of vas-
cular calcifications in FD patients is not present-
ly available. In this review, we examined the cur-
rent available literature on vascular aspects in 
FD. Moreover, we presented our global vascular 
evaluation, based on Radio Frequency Duplex Ul-
trasound (RF-DU), plaques, and vascular calcifi-
cations, to apply to FD patients.
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Introduction

Anderson-Fabry disease (FD) is a rare genetic, 
progressive, and multi-systemic condition, with 

X-linked inheritance. This is caused by patho-
genic variants in the gene GLA, coding for the 
lysosomal enzyme called  alpha-galactosidase A 
(aGLA), responsible for the cleavage of globotriao-
sylceramide (Gb3). The reduced or absent activity 
of aGLA causes the intracellular accumulation of 
Gb3, affecting endothelial cells in particular, in-
ducing cellular dysfunction1. However, the aGLA 
gene expresses itself in a ubiquitous way causing 
damage to many organs and systems, such as 
the central and peripheral nervous system, heart, 
kidneys, eyes, lungs, and audio-vestibular system. 
Compared to other lysosomal storage disorders, 
FD has a slower evolution and, although the onset 
of symptoms can present in childhood, it is consid-
ered a pathology of adulthood2. Progressive lyso-
somal Gb3 deposition causes oxidative stress, and 
therefore cellular apoptosis1. In the late stages of 
the disease, irreversible fibrosis with cellular dys-
function and organ failure occurs. Some authors 
demonstrated the presence of microcirculation 
damage3,4 and a pro-thrombotic state5. Moreover, a 
work published in 2017 showed a higher incidence 
of autoantibodies in FD patients6. Rozenfeld et al7 
have supposed that progressive accumulation of 
Gb3 could trigger inflammatory processes, con-
tributing to FD pathogenesis. In fact, the accumu-
lation of GB3 at the lysosomal level and higher re-
lease of glycosphingolipids, recognized as antigens 
by the natural killer cells, could lead to an altered 
capacity for autophagocytosis with altered release 
of different inflammatory mediators, as seen for 
other lysosomal storage disorders6. Despite these 
breakthroughs, there is no clear evidence for an 
autoimmune mechanism underlying FD and the 
pathogenesis of FD requires further clarification. 
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Clinically, FD patients present various signs 
and symptoms depending on the district involved. 
The progressive accumulation of Gb3 at the level 
of the myocardium occurs with EKG abnor-
malities in its initial phase, such as short PR 
interval and increased voltages, and then, with 
bi-ventricular concentric hypertrophy, valve ab-
normalities, angina, dyspnea, syncope, and se-
vere arrhythmias that often require pacemaker 
implantation. The first manifestations of kidney 
involvement are microalbuminuria and increase 
in the glomerular filtration rate, with the subse-
quent appearance of proteinuria and renal fail-
ure, until end stage renal disease (ESRD)4. The 
Central Nervous System (CNS) may be affected 
by the progressive accumulation of Gb3. FD pa-
tients can exhibit non-specific symptoms, such 
as headaches, and present high risk of ischemic 
strokes or transient ischemic attack (TIA) at 
young age8. The presence of white matter lesions 
is usual at radiological imaging, and sometimes it 
can resemble multiple sclerosis9,10. Regarding the 
peripheral nervous system (PNS), the progres-
sive accumulation of Gb3 causes damage to the 
small nerve fibers C and A-delta with progres-
sive reduction of the nerve endings,  impairing 
transmission of sensory and nociceptive signals. 
Pain is one of the most frequent symptoms and 
can be classified into four types: acute, chronic, 
neuropathic, and acute pain attacks, also called 
“Fabry crises”, which are often caused by expo-
sure to thermal and physical stress11. The accu-
mulation of Gb3 also determines an impairment 
of the sympathetic nerve fibers and sweat glands 
with altered regulation of heat dispersion and 
sweating. Clinically, hypo-anhidrosis and severe 
heat intolerance are the main symptoms. The 
involvement of the peripheral nervous system 
also presents with gastro-intestinal symptoms, 
such as diarrhea, vomiting, abdominal pain, and 
dyspepsia12. Aguilera-Correa et al13 showed that 
the accumulation of Gb3 could lead to a change 
in gut microbiota with a higher prevalence of 
Bacterioides spp. and a lower production of short 
chain fatty acids, such as butyric acid, perform-
ing a trophic function on the intestinal mucosa. 
Another possible clinical manifestation of FD 
is fever of unknown origin (FUO). On a retro-
spective analysis, our group found that about 
21% of FD patients presented unexplained fever 
attacks during their childhood14. For this reason, 
a consensus of experts has suggested to include 
FD among the possible causes of FUO15. Ocular 
involvement determines the appearance of the 

cornea verticillata caused by GB3 deposits and 
retinal vascular tortuosity. The main dermatolog-
ical manifestations are angiokeratomas, distrib-
uted at the periumbilical and genital regions. The 
audio-vestibular system is also affected, leading 
to tinnitus, dizziness, and sudden hearing loss 
with progressive deafness. These manifestations 
can be ascribed to damage caused to the cochlear 
region but also to vascularization defects of the 
acoustic nerve. Non-coronary circulation is also 
involved in FD, although poorly studied in litera-
ture16. However, FD patients must be considered 
at high cardiovascular risk17. 

Diagnosis of FD is difficult due to the presence 
of non-specific symptoms, especially in its early 
disease stages. For this reason, the diagnostic 
delay of this rare pathological condition is often 
considerable, helping to fuel FD’s reputation as 
a “Great Imposter”18. In males, the diagnosis is 
based on the determination of the enzymatic ac-
tivity on leukocytes or fibroblasts on whole blood, 
which is absent or markedly reduced. Molecular 
analysis, then, confirms FD diagnosis, revealing 
the presence of mutations on the GLA gene. In 
females, the diagnosis is based exclusively on a 
genetic test which highlights the heterozygous 
state, as the determination of enzyme activity 
is not considered reliable, producing potentially 
misleading results. 

The treatment of FD is based on two main op-
tions: enzyme replacement therapy (ERT) with 
the infusion of recombinant enzymes, agalsi-
dase alfa and agalsidase beta, and oral chaper-
one therapy19. Agalsidase alfa is administered 
at a dosage of 0.2 mg/kg, while agalsidase beta 
is administered at 1 mg/kg. Both molecules are 
administered intravenously every 14 days. The 
goal of intravenous therapy is to provide the 
body of the affected patient with the missing 
enzyme. On the other hand, chaperone therapy 
is taken orally at a dosage of 123 mg every other 
day. This treatment is only eligible for patients 
with amenable mutations (i.e., mutations with 
residual enzyme activity). It is estimated that 
only 30% of patients are candidates for chaperon 
therapy20. It is essential to underline the impor-
tance of early treatment, before non-reversible 
damage has occurred, regardless of the thera-
peutic choice21.

Vascular Involvement in Fabry Disease
In August 2020, we performed a literature 

search through PubMed, Medline, and Google 
Scholar to understand the latest information about 
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FD and related vascular features. We used many 
combinations of keywords: Fabry Disease, vascu-
lopathy, Intimal-Medial Thickness, Flow-Medi-
ated Dilatation OR Pulse Wave Velocity OR mi-
cro-angiopathy OR calcifications. These search 
terms had to be identified anywhere in the article 
text. We selected main scientific studies conduct-
ed on humans, published in international journals 
in English on any date16,22,23. We excluded single 
patient case reports focusing on studies with a 
larger number of patients, always considering that 
FD is a rare disease. Abstracts were reviewed to 
assess if the article met the inclusion criteria and, 
in case this could not be determined from the 
abstract, we reviewed the full article when it was 
available online. 

At present, the pathophysiology of vasculopa-
thy in FD remains uncertain. As reported above, 
the lysosomal accumulation of Gb3 in the cells 
of the arterial wall is considered the basis of this 
process and its main complications, including 
stroke, hypertrophic cardiomyopathy, and renal 
failure. On the contrary, venous involvement in 
FD is not known in literature, and is certainly 
less involved than arteries. Frustaci et al24, de-
scribing a case of a 54-year-old man affected by 
FD, underwent a double aorto-coronary by-pass, 
one from the saphenous vein (SV) and the other 
from the left internal mammary artery (LIMA). 
It was concluded that veins are more suitable 
for grafts than arteries in FD patients, due to 
the histological absence of Gb3 accumulation in 
the veins. Usually, in patients with advanced or 
severe disease, ERT is not able to stabilize FD 
nor prevent its further progression. These facts 
suggest that the accumulation of Gb3 is not the 
unique way of vascular damage, but that there 
are other mechanisms, such as the formation 
of reactive oxygen species (ROS).  We know 
that the accumulation of Gb3 occurs in vari-
ous layers of vascular tissue, causing different 
alterations in endothelial and smooth muscle 
cells, with thickening of the neo-intimal fi-
brotic structures, consequent loss of vascular 
compliance, and endothelial dysfunction25. The 
result is an enhanced activation of the local 
renin-angiotensin system with overexpression 
of adhesion molecules, cytokines, chemokines 
and pro-thrombotic factors, and a decrease in 
the synthesis of nitric oxygen (NO).  Some au-
thors suggest that storage of Gb3 is sufficient to 
induce ROS, activate Rho-Kinase (ROCK), and 
dysregulate the activity of endothelial NO syn-
thase (eNOS)1,26,27. This mechanism predisposes 

to muscle hyper-contractility and vasospasm, 
and it may represent the initial phase in the 
cascade that leads to FD vasculopathy. In the 
end, calcium/vitamin D metabolism could also 
interfere with cardiovascular health. Although 
an alteration in serum calcium levels is not de-
scribed, FD patients are at high risk for vitamin 
D deficiency. In fact, they tend to have low expo-
sure to sunlight due to heat intolerance and are 
at risk of malabsorption or reduced nutritional 
intake due to the FD itself. Drechsler et al28, in 
2014, found a vitamin D deficiency in 73% of FD 
patients. We know that vitamin D deficiency has 
a negative impact on cardiac outcomes. In 2010 
Pilz et al29 showed that vitamin D metabolites 
may have anti-hypertrophic and anti-prolifera-
tive actions, and its deficiency is related to worse 
phenotype of FD cardiomiopathy29. Moreover, 
Chen et al30 evidenced a higher expression of 
Vitamin D Receptor (VDR) in cardiac myocytes 
and fibroblasts of hypertrophic hearts. Teitch-
er et al31 evidenced a correlation between FD 
and the presence of vitamin D receptor (VDR) 
polymorphisms, showing a potential protective 
effect of some haplotypes on cardiovascular out-
come. We know that vitamin D plays a protec-
tive role for the vascular system. Its deficiency 
is associated with early atherosclerotic damage 
and with increased cardiovascular-related mor-
bidity and mortality, although in absence of 
clear evidence32,33. 

Both large and small vessels can have mor-
phological and structural alterations, i.e., vas-
cular tortuosity of the retina24, skin34, and 
dolichoectasia of intracranial arteries35,36. The 
accumulation of glycosphingolipids in the en-
dothelial and smooth muscle cells in FD caus-
es microcirculatory dysfunction and Raynaud 
phenomenon.  Some recent studies noticed an 
increased frequency of Raynaud phenomenon in 
FD patients,  using capillaroscopy to assess the 
presence of capillary changes in affected sub-
jects. These studies22,37,38, although numerically 
limited, highlighted the presence of capillaro-
scopic abnormalities in FD patients. Costanzo 
et al39 examined a cohort of FD patients without 
left ventricular hypertrophy by carotid ultra-
sound, FMD, and nail capillaroscopy. Compared 
to the healthy subjects, FD patients had higher 
mean values of IMT, significantly lower FMD, 
and irregular nailfold architecture. They found 
significant presence of dystrophic capillaries, 
especially ramified dystrophic capillaries.  FD 
vasculopathy is basically different from prema-
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ture atherosclerosis. In FD there is more fibrotic 
structure formation and the smooth muscle cells 
are primarily involved with enhanced arterial 
stiffness. Rombach et al16 reviewed twenty-four 
studies about histopathology of arteries in FD 
and only three investigations indicated athero-
sclerosis as a major finding. In FD arteries, 
smooth muscle cell involvement with stored 
Gb3 is one of the most prominent and early fea-
tures. Instead, in females and atypical cardiac 
variants,  no significant endothelial storage is 
found. The smooth muscle cells are also hy-
pertrophic;  the proliferation of smooth muscle 
cells and Gb3 storage results in higher carotid 
Intimal-Medial Thickness (cIMT). 

The increase in cIMT is probably the most 
specific FD vessel wall alteration compared to 
the more traditional cIMT changes seen in pre-
mature atherosclerotic diseases16. Boutouyrie et 
al40,41 showed that FD patients had a higher cIMT 
and distensibility of the radial artery than healthy 
controls. Barbey et al42  provided evidence for 
a marked thickening of the cIMT wall in FD 
patients, compared with 120 age-matched con-
trols with a low cardiovascular risk profile. The 
smooth muscle cells hypertrophy occurred to the 
same extent in men and women, which indicates 
that the vascular remodeling is independent of 
residual alfa-galactosidase A activity. Atheroscle-
rotic plaques were not observed in the common 
carotid artery (CCA) of any FD patient, while 
ultrasound signals revealed homogeneous thick-
ening of cIMT. Most of the FD patients have one 
or more traditional cardiovascular risk factor, 
which could contribute to the marked thickening 
of the CCA wall. cIMT was only correlated with 
age, confirming data on elastic arteries previous-
ly reported by Boutouyrie et al40,41. Kalliokoski et 
al43 showed a statistically significant increase not 
only in cIMT, but also in the brachial artery and 
abdominal aorta IMT in 17 FD patients, com-
pared to 34 health controls matched by age, sex, 
and smoking. 

Barbey et al42 have shown a correlation be-
tween cIMT and left ventricular hypertrophy in 
the absence of arterial hypertension. Based on 
these results, the authors hypothesized that the 
presence of common pathogenic factors under-
lying both processes suggest the use of cIMT as 
a clinically relevant indicator of LV mass; more-
over, they suggest cIMT as a potential marker for 
clinical follow-up and intervention studies. As 
indicated above, increased cIMT in both sexes is 
not related to residual alfa-galactosidase activity. 

This suggests that there was an additional patho-
genic mechanism other than the mere accumula-
tion of Gb3, as confirmed by some histological 
surveys44. 

In another study45 conducted in male patients 
with typical FD, brachial FMD was decreased 
(p=0.01) and cIMT was increased (p=0.01) com-
pared to healthy matched controls. Pulse wave 
velocity (PWV) was not different. In this study, 
IMT and flow-mediated dilation FMD have not 
shown remarkable improvement after ERT. 

Puccio et al46 showed an impaired FMD after 
reactive hyperthermia in FD patients. Collin et 
al47 also demonstrated an increase in aortic stiff-
ness, expressed as PWV, in FD patients prior 
to the onset of ERT. In 2013, Bensalah et al48 
used cardiovascular magnetic resonance (CMR) 
to analyze the stiffness of the aortic arch in 29 
FD males, highlighting a significant increase 
of pulse wave velocity (PWV) compared to 58 
healthy controls. Patients with FD also had a 
marked decrease in distensibility and an increase 
in the beta-stiffness index in the ascending aorta. 
Instead, Kalliokoski et al23 found that patient FDs 
have FMD values that are superimposable com-
pared to healthy controls, although FD patients 
have higher minimal coronary resistance val-
ues and decreased coronary reserve than healthy 
controls. This data seems to be concordant, but 
to our knowledge, cIMT, arterial stiffness (AS), 
plaques, and vascular calcification have never 
been evaluated together by ultrasound radiofre-
quency (RF-US) data technology in FD patients. 
We summarized the results of our investigation 
in Table I. 

Diagnosis of Subclinical Atherosclerosis 
by (RF-US) Data Technology in Different 
Scenarios 

Cardiovascular diseases (CVD) are a major 
health problem in Western Countries, due to their 
slow and often asymptomatic progression, and 
the unavoidable impact on morbidity and mortal-
ity49. Every possible means should be used to pre-
vent CV events, ranging from the identification 
and control of the cardiovascular risk factors, to 
the early diagnosis of subclinical atherosclerosis. 
As stated by American Heart Association since 
2009, a noninvasive assessment of subclinical 
atherosclerosis is advisable even in children and 
adolescents, because precise and reliable non-in-
vasive tests for atherosclerosis in youth could im-
prove our ability to estimate future risk of heart 
attack and stroke50.
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Continued

Table I. Principal studies in Literature which analyzed vascular aspects of Fabry Disease.

			   Subjects	 Age (years)	 Gender			   Results	
		  Design	 included	 mean ± SD or	 (case vs.			   (case vs.	 Used Method
	 Authors	 study	 (case/control) 	 range and group	 control)	 Vessel type	 Outcome	 control %)	 (instrument)

Rombach et al16	 Case control	 67/55	 38.4 ± 14.3 M	 27M-40F	 CCA	 Increased IMT	 IMT: +9% M,	 DUS (B-mode DICOM),
2012			   45.7 ± 13.3 F	 vs. 20M-35F	 and femoral 	 in CCA	 +8% F	 Sphygmo Cor
					     arteries	 increased PWV	 PWV:	
						      reduction in FMD	 +7% M, +4% F	
							       FMD: -30%	  
							       M, -5%	  

Wasik et al22 	 Obser- vational	 25	 37.1 years	 17M-8F	 Nailfold	 Morphological	 Bushy capillaries	 Capillaroscopy
2009			   (mean age) M		  Capillaries	 and functional	 (62% vs. 10%)	 (Fluorescence video
			   41.8 years 			   microangiopathy	 presence of	 microscopy)
			   (mean age) F			   +	 others pathological	
							       patterns	

Costanzo et al39	 Case control	 19/19	 30.1 ± 14.8	 3M-16F vs.	 CCA	 Increased IMT	 IMT: +23%	 DUS (GE Vivid E) 
2014				    6M-13F	 Nailfold 	 in CCA, reduction	 FMD: -32%	 and
					     capillaries	 in FMD, alteration	 Significative	 capillaroscopy
						      of capillaries	 micro-	
							       angiopathy	
							       of nailfold	
							       capillaries	
							       in case	

Boutouyrie et al40	 Case control	 21/21	 31 ± 13 	 21M vs.	 Radial	 Increased IMT	 +2.3-fold	 DUS (high precision
2001				    21M	 artery	 in radial artery	 higher (case)	 NIUS 02)

Boutouyrie et al41	 Case control	 21/24	 32 ± 13 M 	 21M vs.	 CCA	 Increased IMT	 CCA: +18%	 High definition
2002				    24M	 Radial artery	 in CCA and	 Radial artery:	 echotracking
						      radial artery 	  +2.3-fold higher	 systems
							       (case)	 (not reported)

Barbey et al42	 Case control	 53/120	 45.0 ± 1.7 M	 24M-29F vs.	 CCA	 Increased IMT	 +13% M	 DUS (not reported)
2006			   55.0 ± 2.2 F	 83M-37F		  in CCA, no	 +18% F	
						      atherosclerotic		
						      plaques		

Kalliokoski et al43	 Case control	 17/34	 38 ± 14	 7M-10F vs.	 CCA,	 Increased IMT	 CCA IMT: 	 DUS (Acuson)
2006				    16M-18F	 aortic and	 in CCA, aortic	 +11%	
					     brachial artery	 and brachial	 Aortic IMT:	
						      artery, reduction	 +27%	
						      in FMD	 Brachial IMT:	
							        +16%	
							       FMD: -33%	
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CCA: Common Carotid Artery, DUS: Duplex UltraSound, IMT: Intimal-media Thickness, FMD: Flow mediated dilation, PWV: Pulse Wave Velocity, CALC-Score: Carotid Aortic 
Lower-limbs Calcification Score, CMR: Cardiac Magnetic Resonance.

Table I (Continued). Principal studies in Literature which analyzed vascular aspects of Fabry Disease.

			   Subjects	 Age (years)	 Gender			   Results	
		  Design	 included	 mean ± SD or	 (case vs.			   (case vs.	 Used Method
	 Authors	 study	 (case/control) 	 range and group	 control)	 Vessel type	 Outcome	 control %)	 (instrument)

Barbey et al44	 Case control	 68/324	 40.7 ± 10.9 M	 30M-38F vs.	 CCA	 Increased IMT	 +13% M	 DUS (Toshiba
			   44.7 ± 2.8 F	 208M-116F		  in CCA	 +8% F	 PowerVision 6000)

Moore et al45	 Case control	 7/8	 22-42 years	 7M vs. 8M	 Radial artery	 Increased IMT	 IMT: +32%	 Intra- arterial
2002						      Increased PWV	 PWV: +2%	 pressure transducer 

Puccio et al46	 Case control	 6/12	 Mean age 37 years 	 4M-2F vs.	 Brachial	 Reduction in	 FMD: -44%	 DUS (instrument
2005				    8M-4F	 artery	 FMD		  not reported)

Collin et al47 	 Case control	 46/30	 33 ± 12	 43M-3F vs.	 CCA, 	 Increased IMT	 CCA IMT:	 DUS (WTS, Pie
2012				    28M-2F	 Radial artery, 	 in CCA and	 +23%	 MEdical)
					     Aorta	  radial artery, 	 Radial artery	
						      increased PWV	 IMT: +28%	
						      in aorta	 PWV: +29%	
							        	
Bensalah et al48	 Case control	 29/58	 Not reported	 29M vs. 58M	 Aortic Arch	 Increased PWV	 +24%	 CMR 
2013

Kalliokoski	 Case control	 15/30	 35 ± 12 years	 9M-6F vs. 30M	 Brachial	 Reduction in	 No difference	 Acuson XP 128/10 US
et al23 2005					     artery	 FMD	 in rest and 		
							       after hyperaemia	
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The importance of obtaining a complete eval-
uation of the atherosclerotic burden was recently 
provided from Näslund et al51. For these authors, 
an open dialogue with both primary care physi-
cians and individuals about silent atherosclerosis 
may be useful for improving patient’s adher-
ence to a healthy lifestyle, enhancing primary 
prevention of CV diseases. In this pragmatic, 
open-label, randomized, and controlled trial the 
simple presentation of an atherosclerosis picture 
to patients could reduce the CV disease burden by 
the 1-year follow-up.

Coronary Artery Calcification (CAC) score, 
introduced by Agatston et al52, is the gold stan-
dard to predict future cardiovascular events. A 
limitation of CAC score is that CT imaging 
follow-up is not widely suitable due to the risk 
related to radiation exposure; moreover, it may 
have a considerable economic impact on public 
health costs. Currently, flow-mediated dilation, 
arterial stiffness, intima media wall thickness, 
ankle-brachial index, atherosclerotic plaques, and 
vascular calcification evaluation are the most 
widely used diagnostic tools to assess preclinical 
atherosclerosis53,54. 

Evaluation of subclinical atherosclerosis by ul-
trasound radiofrequency data technology (RF-US) 
has gained popularity in experimental and clinical 
conditions recently55,56. The availability of vascular 
ultrasound instruments, implemented with RF-
US, allows an automatic measurement of far-wall 
arterial QIMT (quality intima-media thickness), 
inter-adventitial diameter, and distension over the 
cardiac cycle (QAS, quality arterial stiffness). It 
provides feedback on the measurement’s quality 
with high accuracy. RF-US technology allows 
precise and quantitative measurements of both 
IMT elevation and decreases in vascular elastici-
ty.  For example, in rheumatologic patients, some 
authors found stiffness values and cIMT measure-
ments higher than in healthy controls, especially 
in phases of active diseases57,58. RF-US technology 
was also used to evaluate a cohort of children 
with increased body mass index (BMI), compared 
with healthy peers. These studies documented an 
increased Q-IMT in overweight and obese chil-
dren compared to those with normal weight59.  In 
conclusion, many reports contributed to providing 
evidence in the usefulness of atherosclerosis early 
diagnosis in different scenarios. 

Flore et al60 published by our group RF-US 
data technology, associated with a new ultra-
sound-based score for non-coronary arterial 
calcifications (CALCs), represented a non-in-

vasive and complete method with great utility 
in subjects with subclinical atherosclerosis. In 
another report61 we found, QAS, QIMT and 
CALCs were highly correlated in subjects at 
low cardiovascular risk  without previous car-
diovascular events. 

Our hypothesis is that QIMT, QAS and 
CALCs together could also be a useful tool to 
evaluate  the “vascular age” in FD patients. In 
Figure 1, 2, 3 several paradigmatic examples of 
these diagnostic purposes are presented (images 
from personal archive). We believe that such 
pictorial representations could maximize the 
chances of identification.

Conclusions

A comprehensive evaluation of the cardiovas-
cular system must be performed in all subjects 
to identify initial changes, stratify the patient’s 
CV risk, and lower the number of CV events 
in the general population. The importance of 
this goal is greater in FD patients. Determining 

Figure 1. Framingham score of a Fabry patient at low 
cardiovascular risk and stiffness parameters. QAS: quality 
arterial stiffness; DIST: distensibility; SBP systolic blood 
pressure; DBP: diastolic blood pressure; CD Distensibility 
coefficient; CC: compliance coefficient; PWV: pulse-wave 
velocity (a). Quality arterial stiffness B-mode image. Pres-
sure-dependent vessel wall movement amplification curve 
(blue dot) of common carotid artery have a standard devia-
tion 20 which define the term “Quality” (b). (Images from 
personal archive, see 52 for better explanation).
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CV risk in FD patient is very complex, since 
some authors claim that FD is itself a CV risk 
factor16. The reduction of the overall CV risk in 
this category of patients is one of the objectives 
to be pursued, considering the high risk that they 
have. A fortiori, FD patients should undergo pe-
riodic assessments of atherosclerotic involvement 
of the arteries, through non-invasive and eco-
nomic techniques. Ultrasound could be the most 
accurate choice, although most studies describe 
the absence of characteristic plaque formation20. 
More frequently we find traces of subclinical ath-
erosclerosis, such as an increase in IMT. There-
fore, it is very important to find parameters 
that can constitute milestones in the evaluation 
of vascular involvement. Average intimal wall 
thickness and arterial stiffness have gained popu-
larity in several scenarios and could be useful for 
this purpose. One of the future perspectives for 
this area is to perform simultaneous assessments 

of QAS, QIMT and CALC to study their role in 
the early diagnosis of atherosclerosis, and in the 
prediction of cardiovascular risk in FD.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
This article was created thanks to the logistical support of 
InGenomics Srl and Dr. Favalli V

Authors’ Contribution
Passaro G, Sicignano LL, and Flore R conceived and de-
signed the study. Passaro G, Sicignano LL, Flore R, Gerardi-
no L, Verrecchia E, Crasti M, Santoro L, Massaro MG con-
sulted literature and collected data. Passaro G and Sicignano 
LL wrote the paper. Sicignano LL and Massaro MG drew up 
the bibliography. MR and TP reviewed and edited the manu-
script. All authors read and approved the manuscript.

Figure 2. Pressure-distensibility arterial waveform SIC: 
start of isometric contraction; AVO: aortic valve opening, 
PLs Local Systolic Pressure, CVAO aortic valve closure. T1: 
inflection point (a). “Vascular age” based on Quality Intima-
Media Thickness (QIMT) (b). (Images from personal 
archive, see reference 60 for better explanation). 

Figure 3. RF-DU image of augmented Intima-Media 
Thickness (IMT) in the same FP of Figure 2. The standard 
deviation 0.006 mm of IMT in 6 successive cardiac cycles 
define the term “Quality” (a). Augmented IMT and vascular 
calcifications in Anterior Tibial Artery (ATA) of the same 
Fabry Patient (b). (Images from personal archive, see 52 for 
better explanation).



Arterial involvement in Fabry disease: state of the art and future diagnostic purposes

853

References

  1)	 Shen JS, Meng XL, Moore DF, Quirk JM, Shay-
man JA, Schiffmann R, Kaneski CR. Globotriao-
sylceramide induces oxidative stress and up-reg-
ulates cell adhesion molecule expression in Fab-
ry disease endothelial cells. Mol Genet Metab 
2008; 95: 163-168.

  2)	 Germain DP. Fabry disease. Orphanet J Rare Dis 
2010; 5: 30.

  3)	 Schiffmann R. Fabry disease. Pharmacol Ther 
2009; 122: 65-77.

  4)	 Ro LS, Liao MF, Chen CJ, Lau YT, Lu KT, Chen 
WH. Peripheral microcirculation dysfunction eval-
uated by computed tomography perfusion study 
in Fabry patients. Eur J Neurol 2011; 19: e4-e6.

  5)	 DeGraba T, Azhar S, Dignat-George F, Brown E, 
Boutiere B, Altarescu G, McCarron R. Schiffmann 
R. Profile of endothelial and leukocyte activation 
in Fabry patients. Ann Neurol 2000; 47: 229-233.

  6)	 Rigante D, Cipolla C, Basile U, Gulli F, Savastano 
MC. Overview of immune abnormalities in lyso-
somal storage disorders. Immunol Lett 2017; 188: 
79-85.

  7)	 Rozenfeld P, Feriozzi S. Contribution of inflam-
matory pathways to Fabry disease pathogenesis. 
Mol Genet Metab 2017; 122: 19-27.

  8)	 Banerjee TK. Fabry disease with special refer-
ence to neurological manifestations. Eur Rev 
Med Pharmacol Sci 2004; 8: 275-281.

  9)	 Jurašić MJ, Kes VB, Zavoreo I. Multiple sclerosis 
and Fabry disease--diagnostic mixup. Mult Scler 
Relat Disord 2019; 34: 112-115.

10)	 Russo C, Riccio E, Pontillo G, Cocozza S, Te-
deschi E, Centonze D, Pisani A. Multiple sclero-
sis and fabry Disease two sides of the coin? The 
case of an Italian family. Mult Scler Relat Disord 
2018; 26: 164-167.

11)	 Üçeyler N, Ganendiran S, Kramer D, Sommer C. 
Characterization of Pain in Fabry Disease. Clin J 
Pain 2014; 30: 915-920.

12)	 Hilz MJ, Arbustini E, Dagna L, Gasbarrini A, 
Goizet C, Lacombe D, Liguori R, Manna R, Politei 
J, Spada M, Burlina A. Non-specific gastrointesti-
nal features: could it be Fabry disease? Dig Liver 
Dis 2018; 50: 429-437.

13)	 Aguilera-Correa JJ, Madrazo-Clemente P, Del 
Carmen Martinez-Cuesta, Pelaez C, Ortiz A, San-
chez-Nino MD, Esteban J, Requena T. Lyso-Gb3 
modulates the gut microbiota and decreases bu-
tyrate production. Sci Rep 2019; 9: 12010.

14)	 Verrecchia E, Zampetti A, Antuzzi D, Ricci R, Fer-
ri L, Morrone A, Feliciani C, Dagna L, Manna R. 
The impact of fever/hyperthermia in the diagno-
sis of Fabry: A retrospective analysis. Eur J Intern 
Med 2016; 32: 26-30.

15)	 Manna R, Cauda R, Feriozzi S, Gambaro G, Gas-
barrini A, Lacombe D, Livneh A, Martini A, Ozdo-
gan H, Pisani A, Riccio E, Verrecchia E, Dagna L. 
Recommendations for the inclusion of Fabry dis-

ease as a rare febrile condition in existing algo-
rithms for fever of unknown origin. Intern Emerg 
Med 2017; 12: 1059-1067.

16)	 Rombach SM, van den Bogaard B, de Groot E, 
Groener JE, Poorthuis BJ, Linthorst GE, van den 
Born BJ, Hollak CE, Aerts JM. Vascular aspects 
of Fabry disease in relation to clinical manifes-
tations and elevations in plasma globotriaosyl-
sphingosine. Hypertension 2012; 60: 998-1005.

17)	 Wanner C, Wanner C, Arad M, Baron R, Burlina 
A, Elliott PM, Feldt-Rasmussen U, Fomin VV, 
Germain DP, Hughes DA, Jovanovic A, Kanto-
la I, Linhart A, Mignani R, Monserrat L, Nam-
dar M, Nowak A, Oliveira JP, Ortiz A, Pieroni 
M, Spada M, Tylki-Szymańska A, Tøndel C, Vi-
ana-Baptista M, Weidemann F, Hilz MJ. Euro-
pean expert consensus statement on therapeu-
tic goals in Fabry disease. Mol Genet Metab 
2018; 124: 189-203.

18)	 Lidove O, Kaminsky P, Hachulla E, Leguy-Se-
guin V, Lavigne C, Marie I, Maillot F, Serratrice C, 
Masseau A, Chérin P, Cabane J, Noel E. Fabry 
disease ‘The New Great Imposter’: results of the 
French Observatoire in Internal Medicine Depart-
ments (FIMeD). Clin Genet 2011; 81: 571-577.

19)	 Ortiz A, Germain DP, Desnick RJ, Politei J, Mau-
er M, Burlina A, Eng C, Hopkin RJ, Laney D, Lin-
hart A, Waldek S, Wallace E, Weidemann F, Wil-
cox WR. Fabry Disease Revisited: Management 
and Treatment Recommendations for Adult Pa-
tients. Mol Genet Metab 2018; 123: 416-427.

20)	 Felis A, Whitlow M, Kraus A, Warnock DG, Wal-
lace E. Current and Investigational Therapeutics 
for Fabry Disease. Kidney Int Rep 2020; 5: 407-
413.

21)	 Arends M, Wijburg FA, Wanner C, Vaz FM, van 
Kuilenburg ABP, Hughes DA, Biegstraaten M, 
Mehta A, Hollak CEM, Langeveld M. Favourable 
effect of early versus late start of enzyme re-
placement therapy on plasma globotriaosylsphin-
gosine levels in men with classical Fabry disease. 
Mol Genet Metab 2017; 121: 157-161.

22)	 Wasik JS, Simon RW, Meier T, Steinmann B, 
Amann-Vesti BR. Nailfold capillaroscopy: specific 
features in Fabry disease. Clin Hemorheol Micro-
circ 2009; 42: 99-106.

23)	 Kalliokoski RJ, Kalliokoski KK, Sundell J, Engb-
lom E, Penttinen M, Kantola I, Raitakari OT, Knu-
uti J, Nuutila P. Impaired myocardial perfusion re-
serve but preserved peripheral endothelial func-
tion in patients with Fabry disease. J Inherit Me-
tab Dis 2005; 28: 563-573.

24)	 Chimenti C, Morgante E, Critelli G, Russo M.A, 
Frustaci A. Coronary artery bypass grafting for 
Fabry’s disease: veins more suitable than arter-
ies? Case Reports Hum Pathol 2007; 38: 1864-
1867.

25)	 Rombach SM, Twickler TB, Aerts JMFG, Linthorst, 
GE, Wijburg FA, Hollak CEM.Vasculopathy in pa-
tients with Fabry disease: current controversies 
and research directions. Mol Genet Metab 2010; 
99: 99-108.



G. Passaro, L.L. Sicignano, R. Flore, M.G. Massaro, E. Verrecchia, et al

854

26)	 Matoba T, Nakano Y, Tsutsui H. Unexpected, But 
reasonable association between Anderson-Fab-
ry disease and coronary vasospasm. Circ J 2019; 
83: 283-284.

27)	 Ravarotto V, Carraro G, Pagnin E, Bertoldi G, Si-
mioni F, Maiolino G, Martinato M, Landini L, Da-
vis PA, Calò LA. Oxidative stress and the altered 
reaction to it in Fabry disease: A possible target 
for cardiovascular-renal remodeling? PLoS One 
2018; 13: e0204618.

28)	 Drechsler C, Schmiedeke B, Niemann M, Schmie-
deke D, Krämer J, Turkin I, Weidemann F. Poten-
tial role of vitamin D deficiency on Fabry cardio-
myopathy. J Inherit Metab Dis 2014; 37: 289-295.

29)	 Pilz S, Tomaschitz A, Drechsler C, Dekker JM, 
Marz W. Vitamin D deficiency and myocardial dis-
eases. Mol Nutr Food Res 2010; 54: 1103-1113.

30)	 Chen S, Glenn DJ, Ni W, Grigsby CL, Olsen K, 
Nishimoto M, Law CS, Gardner DG. Expression 
of the vitamin d receptor is increased in the hy-
pertrophic heart. Hypertension 2008; 52: 1106-
1112.

31)	 Teitcher M, Weinerman S, Whybra C, Beck M, 
Sharon N, Elstein D, Altarescu, G. Genetic poly-
morphisms of vitamin D receptor (VDR) in Fabry 
disease. Genetica 2008; 134: 377-383.

32)	 Dobnig H, Pilz S, Scharnagl H, Renner W, Seel-
horst U, Wellnitz B, Kinkeldei J, Boehm BO, 
Weihrauch G, MaerzW. Independent association 
of low serum 25-hydroxyvitamin d and 1,25-dihy-
droxyvitamin d levels with all-cause and cardio-
vascular mortality. Arch Intern Med 2008; 168: 
1340-1349. 

33)	 Wang TJ, Pencina MJ, Booth SL, Jacques PF, 
Ingelsson E, Lanier K, Benjamin EJ, D’Agostino 
RB, Wolf M, Vasan RS. Vitamin D deficiency and 
risk of cardiovascular disease. Circulation 2008; 
117: 503-511. 

34)	 Orssaud C, Dufier J, Germain D. Ocular manifes-
tations in Fabry disease: a survey of 32 hemizy-
gous male patients. Ophthalmic Genet 2003; 24: 
129-39.

35)	 Manara R, Carlier RY, Righetto S, Citton V, Lo-
catelli G, Colas F, Ermani M, Germain DP, Burlina 
A. Basilar artery changes in Fabry disease. AJNR 
Am J Neuroradiol 2017; 38: 531-536.

36)	 Kong DZ, Lian YH, Wang LJ, Wang CM, Meng 
YY, Zhou HW. Central nervous system vascu-
lopathy caused by Fabry disease: a case report. 
BMC Neurol 2019; 19: 115.

37)	 Jansen W, Lentner A, Genzel I. Capillary changes 
in angiokeratoma corporis diffusum Fabry. J Der-
matol Sci 1994; 7: 68-70.

38)	 Deshayes S, Auboire L, Jaussaud R, Lidove O, 
Parienti JJ, Triclin N, Imbert B, Bienvenu B, Aou-
ba A. Prevalence of Raynaud phenomenon and 
nailfold capillaroscopic abnormalities in Fabry 
disease: a cross-sectional study. Medicine (Balti-
more) 2015; 94: e780.

39)	 Costanzo L, Buccheri S, Capranzano P, Di Pino 
L, Curatolo G, Rodolico M, Leggio S, Blundo A, 

Tamburino C, Monte I. Early cardiovascular re-
modelling in Fabry disease. J Inherit Metab Dis 
2014; 37: 109-116.

40)	 Boutouyrie P, Laurent S, Laloux B, Lidove O, 
Grunfeld JP, Germain DP. Non-invasive evalua-
tion of arterial involvement in patients affected 
with Fabry disease. J Med Genet 2001; 8: 29-631.

41)	 Boutouyrie P, Laurent S, Laloux B, Lidove O, 
Grunfeld JP, Germain DP. Arterial remodelling in 
Fabry disease. Acta Paediatr 2002; 91: 62-66.

42)	 Barbey F, Brakch N, Linhart A, Jeanrenaud X, 
Palecek T, Bultas J, Burnier M, Hayoz D. In-
creased carotid intima-media thickness in the ab-
sence of atherosclerotic plaques in an adult pop-
ulation with Fabry disease. Acta Paediatr 2006; 
95: 63-68.

43)	 Kalliokoski RJ, Kalliokoski KK, Penttinen M, Kan-
tola I, Leino A, Viikari JS, Simell O, Nuutila P, Rai-
takari OT. Structural and functional changes in 
peripheral vasculature of Fabry patients. J Inherit 
Metab Dis 2006; 29: 660-666.

44)	 Barbey F, Brakch N, Linhart A, Rosenblatt-Velin 
N, Jeanrenaud X, Qanadli S, Steinmann B, Burni-
er M, Palecek T, Bultas J, Hayoz D. Cardiac and 
vascular hypertrophy in Fabry disease: evidence 
for a new mechanism independent of blood pres-
sure and glycosphingolipid deposition. Arterio-
scler Thromb Vasc Biol 2006; 26: 839-844.

45)	 Moore D, Altarescu G, Pursley R, Campia U, Pan-
za JA, Dimitriadis E, Schiffmann R. Arterial Wall 
Properties and Womersley Flow in Fabry Dis-
ease. BMC Cardiovasc Disord 2002; 2: 1.

46)	 Puccio D, Coppola G, Corrado E, Muratori I, Pis-
tone G, Buongiorno MR, Arico M, Novo S. Non-
invasive evaluation of endothelial function in pa-
tients with Anderson–Fabry disease. Int Angiol 
2005; 24: 295-299.

47)	 Collin C, Briet M, Tran TC, Beaussier H, Beni-
stan K, Bensalah M, Mousseaux E, Froissart 
M, Bozec E, Laurent S, Boutouyrie P, Germain 
DP. Long-term changes in arterial structure and 
function and left ventricular geometry after en-
zyme replacement therapy in patients affected 
with fabry disease. Eur J Prev Cardiol 2012; 19: 
43-54.

48)	 Bensalah ZM, Collin C, Redheuil A, Boutouyrie P, 
Germain D, Mousseaux E. Aortic arch stiffness in 
Fabry disease. J Cardiovasc Magn Reson 2013; 
15: 124.

49)	 Stone GW, Maehara A, Lansky AJ, de Bruyne B, 
Cristea E, Mintz GS, Mehran R, McPherson J, 
Farhat N, Marso SP, Parise H, Templin B, White 
R, Zhang Z, Serruys PW. A prospective natu-
ral-history study of coronary atherosclerosis. N 
Engl J Med 2011; 364: 226-235.

50)	 Urbina EM, Williams RV, Alpert BS, Collins RT, 
Daniels SR, Hayman L, Jacobson M, Mahoney 
L, Mietus-Snyder M, Rocchini A, Steinberger J, 
McCrindle B.Noninvasive assessment of subclin-
ical atherosclerosis in children and adolescents: 
recommendations for standard assessment for 



Arterial involvement in Fabry disease: state of the art and future diagnostic purposes

855

clinical research: a scientific statement from the 
American Heart Association. Hypertension 2009; 
54: 919-50.

51)	 Näslund U, Ng N, Lundgren A, Fhärm E, Grön-
lund C, Johansson H, Lindahl B, Lindahl B, Lind-
vall K, Nilsson SK, Nordin M, Nordin S, Nyman 
E, Rocklöv J, Vanoli D, Weinehall L, Wennberg 
P, Wester P, Norberg M. Visualization of asymp-
tomatic atherosclerotic disease for optimum car-
diovascular prevention (VIPVIZA): a pragmatic 
open-label, randomised controlled trial. Lancet 
2019; 393: 133-142.

52)	 Agatston AS, Janowitz WR, Hildner FJ, Zusmer 
NR, Viamonte Jr M, Detrano R. Quantification of 
coronary artery calcium using ultrafast computed 
tomography. J Am Coll Cardiol 1990; 15: 827-832.

53)	 Giannarelli C, Bianchini E, Bruno RM, Magagna 
A, Landini L, Faita F, Gemignani V, Penno G, Tad-
dei S, Ghiadoni L. Local carotid stiffness and inti-
ma-media thickness assessment by a novel ultra-
sound-based system in essential hypertension. 
Atherosclerosis 2012; 223: 372-377.

54)	 Bruno RM, Bianchini E, Faita F, Taddei S, 
Ghiadoni L. Intima media thickness, pulse wave 
velocity, and flow mediated dilation. Cardiovasc 
Ultrasound 2014; 12: 34.

55)	 Mu Y, Wu J, Liu L, Guan L. Experimental Study on 
quality on quality intima-media thickess and qual-
ity arterial stiffness in early atherosclerosis in rab-
bits. Heart 2012; 98: E310.1-E310.

56)	 Martineli O, Caparra A, Valente L, Mandilakis 
E, Irace L, Germano G. Surrogate markers of 
atherosclerosis in hypertensives: intima-media 

thickness (IMT) RF-Quality intima-media thick-
ness (RFQIMT) and RF-Quality arterial stiff-
ness (RFQAS): PP.31.231. J Hypertens 2010; 28: 
e518-e519.

57)	 Ozisler C, Kaplanoglu H. Evaluation of subclinical 
atherosclerosis by ultrasound radiofrequency da-
ta technology in patients with primary Sjögren’s 
syndrome. Clin Rheumatol 2019; 38: 709-717.

58)	 Mendonça JA, de Andrade BB, de Aquino JLB, 
Leandro-Merhi VA, Damian GB. Spectral Dop-
pler and automated software-guided ultrasound 
assessment of bilateral common carotid inti-
ma-media thickness in spondyloarthritis: is there 
a correlation with clinical findings? Drugs Context 
2018; 7: 1-9.

59)	 Jalbout RE, Cloutier G, Roy Cardinal MH, Hen-
derson M, Lapierre C, Soulez G, Dubois J. Ca-
rotid artery intima-media thickness measurement 
in children with normal and increased body mass 
index: a comparison of three techniques. Pediatr 
Radiol 2018; 48: 1073-1079.

60)	 Flore R, Ponziani FR, Tinelli G, Arena V, Fonne-
su C, Nesci A, Santoro L, Tondi P, Santoliquido A. 
New modalities of ultrasound-based intima-me-
dia thickness, arterial stiffness and non-coronary 
vascular calcifications detection to assess cardio-
vascular risk. Eur Rev Med Pharmacol Sci 2015; 
19: 1430-1441.

61)	 Flore RA, Zocco MA, Ainora ME, Fonnesu C, 
Nesci A, Gasbarrini A, Ponziani FR. A nov-
el ultrasound-based vascular calcification score 
(CALCS) to detect subclinical atherosclerosis. 
Eur Rev Med Pharmacol Sci 2018; 22: 736-742.


