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Introduction

Fabry disease (FD, OMIM # 301500) is a lysosomal 
storage disorder due to mutations in the GLA gene on the 
X chromosome, encoding the lysosomal enzyme alpha-
galactosidase A (1). These mutations lead to reduced 
or abrogated enzyme activity. To date, more than 1,000 
mutations in the GLA gene have been identified. In the 
lysosome, alpha galactosidase A cleaves the terminal 
galactose molecule from globotriaosylceramide (Gb3). 
Reduced enzyme levels lead to accumulation of Gb3 and 
its deacylated form globotriaosylsphingosine (lyso-Gb3) in 
virtually all cells of the body. Usually, FD is more severe 

in males, whereas in females the disease burden largely 
depends on the X chromosome inactivation pattern. 
Organs predominantly affected in FD are the kidneys, 
the heart and the central and peripheral nervous system. 
Although accumulation of storage material already starts 
pre-birth, symptoms of FD usually develop in early or late  
childhood (2). Children exhibit burning sensations in 
hand and feet as a sign of neuropathic pain. Hypohidrosis, 
recurrent fever episodes, pain crises, and angiokeratoma 
may also be present. Corneal sphingolipid depositions 
are detectable by slit lamp examination, called cornea 
verticillata. With increasing age organ dysfunction 
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becomes more and more apparent. Fabry patients develop 
proteinuria, albuminuria and decreasing kidney function 
which may progress to end-stage renal disease (ESRD) 
with need for dialysis or renal transplantation. Heart 
involvement is diverse, ranging from increasing left 
ventricular hypertrophy, mostly without hypertension, 
bradycardia, rhythm abnormalities and fibrosis, to cardiac 
insufficiency, the need for heart transplantation, and sudden 
cardiac death. Recurrent stroke episodes are a hallmark 
for central nervous involvement, often debilitating and 
decreasing quality of life. Due to major advances in treating 
renal involvement, cardiovascular disease has become the 
major cause of death in patients with FD (3).

For establishing the diagnosis of FD in males, enzymatic 
analysis from dried blood spots is used to determine low 
alpha-galactosidase A enzyme activity. In most males 
enzyme activity is reduced to less than 30% of the normal 
range with no activity present in some individuals. 
Diagnosis is confirmed by genetic testing revealing the 
underlying mutation. In heterozygous females genetic 
testing is mandatory to establish the diagnosis since alpha-
galactosidase A activity in leucocytes may be normal despite 
low levels in other organs.

Since 2001, enzyme replacement therapy (ERT) is 
available: agalsidase alfa (Replagal®, Takeda, dose 0.2 mg/kg 
body weight every 2 weeks) and agalsidase beta (Fabrazyme®, 
Sanofi-Genzyme, dose 1.0 mg/kg body weight every  
2 weeks). Recently, the first oral therapy became available: 
migalastat (Galafold®, Amicus Therapeutics, 123 mg 
every other day) (4,5). While ERT aims at replacing the 
defective enzyme by infusion of recombinant protein, 
migalastat is a chaperone enhancing residual patient enzyme 
activity. Thus, migalastat is only indicated in patients with 
mutations responsive to migalastat treatment (amenable 
mutations). Amenability is tested by a standardized  
in vitro assay and should be verified for the specific patient 
mutation before initiation of treatment (https://www.
galafoldamenabilitytable.com). Thirty-month results on the 
long-term efficacy and safety of migalastat have recently 
been published demonstrating stable kidney function and 
sustained reduction in left ventricular mass (ATTRACT 
study) (6).

The search for specific biomarkers in FD is ongoing (7). 
To date, Gb3 and lyso-Gb3 in dried blood spots, plasma, 
serum and urine can be measured by mass spectrometry 
(8,9). Lyso-Gb3 levels, although not ideal, are thought 
to be superior in estimating the burden of disease and in 
monitoring disease progression as well as effectiveness of 

Fabry therapy (9).
Fabry patients should be monitored regularly once 

every 6 to 12 months, with special interest in renal, heart 
and nervous system alterations. In this review, we focus 
on evaluation of renal involvement by the nephrologist. 
We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/cdt-20-981).

Renal involvement in FD

Clinical presentation

In most patients, proteinuria and albuminuria are the 
earliest clinical signs of Fabry renal involvement in 
males and females (10,11). The degree of proteinuria 
is an independent risk factor for the extent of declining 
renal function over time (12). Patients with more severe 
proteinuria progress more rapidly to ESRD compared to 
patients with only mild proteinuria (13). Thus, treatment 
of Fabry renal disease should aim at reducing proteinuria. 
Measuring albuminuria instead of proteinuria is even more 
precise in establishing renal involvement of FD. Albumin 
is only detectable in the urine if the renal glomerular filter, 
consisting of glomerular podocytes, endothelial cells and the 
glomerular basement membrane, is damaged. In contrast, 
proteinuria can also occur without renal damage, e.g., with 
urologic diseases, and be falsely measured in the urine 
with gynecological disease. The prevalence of proteinuria 
in Fabry patients ranges between 44–54% in hemizygous 
males and 33–41% in heterozygous females (14). Hematuria 
may also be detectable in Fabry patients although this 
finding is rather uncommon (12,15). If hematuria is present 
in a patient with FD other causes of hematuria must be 
excluded. Blood pressure is usually low in Fabry patients 
with only mild or no kidney involvement, although they 
may present with left ventricular hypertrophy due to storage 
material. With progression of kidney disease to higher 
stages, blood pressure increases and hypertension may 
develop (16). In these patients, treatment of hypertension is 
important because elevated blood pressure levels contribute 
to further decline of kidney function.

Proteinuria in the nephrotic range (>3.5 g/day) is 
rather uncommon in FD. In these patients renal biopsy is 
recommended in order to exclude additional underlying 
renal pathology independent of FD.

Using renal ultrasound, kidney cysts, mostly parapelvic 
cysts, can be detected in up to 50% of patients (17,18). The 
etiology of these parapelvic cysts is not known.

https://www.galafoldamenabilitytable.com
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Urinalysis may reveal typical birefringent lipid globules 
representing tubular cells full of storage material.

Renal involvement in female Fabry patients is also 
clinically detectable although it may be less overt and less 
severe compared to males. In a Fabry database adult females 
(n=638) had an estimated glomerular filtration rate (eGFR) 
<90 mL/min/1.73 m2 in 62.5% of cases and an eGFR  
<60 mL/min/1.73 m2 in 19.0% of cases (10). Proteinuria 
was detected in 30–35% of females, 13% of females 
had chronic kidney disease stage 3 and 1–4% exhibited  
ESRD (12).

Renal FD may progress to ESRD in untreated males 
by the third to fifth decade, with age ranging from as 
early as 16 years to 63 years (19,20). The degree of renal 
function decline varies in affected males and females, even 
within the same family exhibiting the same underlying 
GLA mutation. It has been shown that the severity of 
alpha-galactosidase A deficiency contributes, at least in 
part, to the rate of progression (20). However, additional 
factors such as modifier genes or environmental influences 

may be involved in the degree of progression to ESRD. 
The reason for progression to renal failure is not clear. 
Glycosphingolipid deposits are already detectable at a 
very young age in children despite normal renal function 
(11,21). Declining renal function may be determined by the 
severity of intrarenal vascular damage as a consequence of 
storage material deposition in endothelial cells of the renal 
vasculature eventually leading to ischemic nephropathy (19).

In ESRD, dialysis and renal transplantation are the 
options of treatment. Several publications revealed that 
Fabry patients on dialysis exhibit a reduced life-span 
compared to dialysis patients with other underlying  
diseases (22). Thus, kidney transplantation should be the 
first choice in Fabry patients (23). Renal transplantation 
prolongs life-span of Fabry patients compared to Fabry 
dialysis patients and yields excellent results (24,25). 
However, life-span has been shown to be reduced in Fabry 
transplant patients compared to transplant patients having 
received a kidney due to alternative reasons (Figure 1) (26).

Fabry-specific depositions usually do not recur in 

Figure 1 Graft survival, dialysis-free (death-censored) survival, and patient survival for patients with Fabry (n=197), other causes of end-
stage renal disease (other) and a 10:1 matched cohort of transplant recipients with other causes of ESRD (26). ESRD, end-stage renal 
disease.
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the transplant since the transplant kidney expresses 
normal levels of alpha-galactosidase A. Occasionally, 
glycosphingolipid material was detected in the transplant, 
mainly in non-resident immune cells and endothelial cells 
(25,27,28). In the era before ERT was available severe 
deposition of storage material was reported 14 years after 
transplantation (29). In the context of living kidney donation 
several case reports discuss accidental kidney donation of 
Fabry patients, mostly females (19,30). Thorough work-up 
of the kidney donor is mandatory if renal abnormalities are 
detectable, including a renal biopsy. Even with an extensive 
clinical work-up FD in female donors may be missed since 
renal involvement is absent in a substantial subgroup of 
female patients.

Fabry-specific therapy should be continued after renal 
transplantation since FD is a multi-systemic disorder not 
only affecting the kidney but many other organs. It is safe 
to maintain Fabry dialysis and renal transplant patients on 
ERT with the same dosing regimen.

Histopathology

The pathology of Fabry renal disease is not fully  

understood (12). Initial deposition of Gb3 in renal cellular 
lysosomes leads to impaired lysosomal function, intracellular 
changes and histopathological damage (Figure 2). 

In advanced Fabry nephropathy histological alterations 
are already detectable on light microscopy (31,32) (Figure 3).  
Glomeruli show prominent vacuolization of podocytes, 
mesangial cells and endothelial cells, reflecting inclusion 
of storage material, mainly Gb3. Storage material is also 
present in distal tubular cells, cells of the loop of Henle and 
collecting duct, and, to a lesser extent, in parietal epithelial 
cells. Depositions in proximal tubular cells are uncommon 
(33). Hyaline deposits are found in the media of renal 
arteries and arterioles. During routine paraffine histology 
processing cytoplasmic Gb3 depositions are removed. 
With disease progression podocyte foot process effacement 
becomes apparent, a hallmark for increasing proteinuria 
(34-36). Endothelial fenestration decreases and duplication 
of the glomerular basement membrane is detectable. These 
alterations lead to inflammatory reactions resulting in 
thickening of vascular walls, focal segmental and global 
glomerulosclerosis, interstitial fibrosis and tubular atrophy. 
This is a common final path and a “point of no return” 
for the development of ESRD also present in other renal 
pathologies.

An adequate method to demonstrate Fabry-specific 
deposits on light microscopy is toluidine blue staining 
(Figure 3F,G) (31,32). This method is not part of routine 
pathological workup and has to be requested if Fabry 
nephropathy is a differential diagnosis. This staining yields 
dark blue cytoplasmic inclusions in glomerular podocytes, 
tubular cells and renal arterioles. Fogo et al. developed a 
Fabry renal histology classification system to determine 
prognosis and to quantify treatment response (33). Specific 
characteristics of Fabry nephropathy are readily detectable 
on electron microscopy showing intracellular lamellated 
membrane structures called zebra bodies or myelin bodies 
(Figure 3A,B,C). These findings are not only pathognomonic 
for FD but are also detectable upon hydroxychloroquine 
treatment (31,37). For diagnosing FD renal histologic 
evidence is usually not required if clinical, biochemical and 
genetic diagnosis is well established. In some patients FD is 
diagnosed by chance in a renal biopsy.

Renal involvement in children

In children the first clinical presentation of FD is mainly 
neuropathic pain with burning sensations in hands and feet. 
In the early stages of the disease gastrointestinal symptoms, 

Figure  2  P a t h o g e n e s i s  o f  F a b r y  n e p h r o p a t h y.  G b 3 , 
globotriaosylceramide; lyso-Gb3, globotriaosylsphingosine (12).
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Figure 3 Kidney biopsy electron microscopic images of GL-3 inclusions (A,B,C). (A) Glomerulus with inclusions in podocytes, mesangium 
cells (circle), endothelial cells (arrowhead) and parietal epithelial cells (arrow). (B) Inclusions in distal tubules (arrow), endothelial cells of 
peritubular capillaries (arrowhead) and interstitial cells (circle). Proximal tubules are spared. (C) Arteriole with inclusions in endothelial cells 
(arrowhead) and smooth muscle cells (arrow). Light microscopy of glomeruli with Fabry disease (D,E,F,G). GL-3 deposits are dissolved 
when biopsy tissue is processed and embedded in paraffin. Periodic acid Schiff-stained sections (D,E) from paraffin-embedded renal biopsies. 
(D) Vacuolization of all podocytes. (E) Only one podocyte shows some vacuoles (arrow). GL-3 deposits are preserved when embedded in 
semi-thin plastic-embedded toluidine blue-stained sections (F,G). (F) Most podocytes are expanded by GL-3 deposits. (G) Podocytes show 
rare inconspicuous deposits (arrows). Modified from reference (32). 
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hypohidrosis, and fever are also common. Clinical signs are 
reported as early as 3 years in boys and 6 years in girls with 
a mean age at presentation of 10 years in boys and 15 years  
in girls. Fabry nephropathy remains clinically silent for 
many years. Histologic evidence of deposition of storage 
material is already detectable at a very young age and 
precedes development of albuminuria (11,21). Albuminuria 
may be present below 10 years of age although, in most 
patients, renal involvement becomes clinically apparent later 
in life (11,21). Tøndel et al. identified the combination of 
neuropathic pain, mild albuminuria, glomerular endothelial 
cell deposits, and arteriopathy in children to present a risk 
factor for potentially progressive kidney disease (11). In 
a cohort of 14 children (age ranging from 4 to 19 years) 
sphingolipid inclusion volume of podocytes was shown to 
increase with age (35). Progression to ESRD in children is 
uncommon although it was reported as early as 16 years of 
age (38).

Early diagnosis of Fabry nephropathy is crucial 
since early initiation of therapy may halt progressive 
renal dysfunction more effectively compared to late 
initiation. By the time kidney disease becomes clinically 
evident, irreversible lesions in the kidney may already 
have developed. In the absence of sensitive early, non-
invasive biomarkers of renal involvement in children and 
adults, establishing the diagnosis of Fabry nephropathy is 
challenging. It has been demonstrated that glycospingolipid 
deposition in the kidney, to date only detectable by renal 
biopsy, precedes clinical evidence of renal involvement. 
Thus, providing evidence for early Fabry renal involvement 
in children may only be possible by renal biopsy. In the 
future, testing urinary cells including podocytes of children 

with FD might be a less invasive option (39,40). To date, 
techniques to assess pathology in urinary podocytes are not 
standardized and only available in research laboratories. 
Timing of initiation of treatment is important considering 
the burden of intravenous administration of ERT and the 
high costs of therapy.

How to evaluate renal involvement in FD

To date, proteinuria, albuminuria and progressive reduction 
of glomerular filtration rate (GFR) are the only established 
markers of renal dysfunction in Fabry patients. These 
parameters are necessary to evaluate renal disease and to 
monitor disease progression.

Renal function

Renal function is usually assessed by repeated measurements 
of serum creatinine. Creatinine values are the basis for 
calculating estimated glomerular filtration rate (eGFR). 
In adults, the formula currently used by nephrologists 
worldwide is the CKD-EPI (2009) formula since this 
equation proved to be superior to the MDRD formula 
used previously. In children, the Schwartz formula is 
currently used. Normal eGFR values should range above 
90 mL/min/1.73 m2. eGFR yields a more precise picture 
of declining renal function, especially between 50– 
90 mL/min/1.73 m2 where creatine values may still be 
within the normal range. Today, the degree of renal 
impairment, regardless of the underlying disease, is 
categorized according to GFR values, combined with the 
level of albuminuria (KDIGO 2012, Table 1).

Table 1 Definition of chronic kidney disease (CKD) stages by glomerular filtration rate (GFR) and albuminuria (A)

CKD stage Level Description

G1 GFR >90 mL/min/1.73 m2 With other evidence of chronic kidney damage

G2 GFR 60–89 mL/min/1.73 m2 Mild impairment

G3a GFR 45–59 mL/min/1.73 m2 Moderate impairment

G3b GFR 30–44 mL/min/1.73 m2 Moderate impairment

G4 GFR 15–29 mL/min/1.73 m2 Severe impairment

G5 GFR <15 mL/min/1.73 m2 or on dialysis Established renal failure

A1 Albuminuria <30 mg/g creatinine (ACR, albumin-to-creatinine ratio)

A2 Microalbuminuria 30–300 mg/g creatinine

A3 Albuminuria >300 mg/g creatinine
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Proteinuria

Proteinuria is a frequent indicator of Fabry renal 
involvement, present in 44–54% of males and 33–41% 
of females (14,41). Measuring albuminuria is even 
more precise since albuminuria is detectable only in the 
presence of glomerular podocyte damage. Proteinuria is an 
independent risk factor for the extent of renal involvement. 
It is a valuable tool in assessing the degree of renal disease, 
monitoring renal function with time and determining the 
effects of Fabry treatments.

Proteinuria as well as albuminuria should be monitored 
regularly and treated appropriately, if present.

Additional urine assessments

Urine microscopy reveals vacuolated epithelial cells filled 
with storage material, yielding the appearance of a Maltese 
cross using polarized light microscopy (42). Mulberry 
cells may also be observed in the urinary sediment being 
strongly suggestive of FD. These cells are believed to 
represent tubular cells filled with sphingolipids (43). In 
specialized laboratories, podocyte excretion can be assessed, 
which is increased in Fabry patients and decreases with 
Fabry therapy (35,44). Urine diagnostics, apart from 
measurements of proteinuria and albuminuria, are usually 
not included in routine diagnostics and follow-up.

Gb3 and Lyso-Gb3

Gb3 and lyso-Gb3 are widely used as biomarkers in FD, 
determined in plasma, serum, urine and tissue. Serum levels 
of lyso-Gb3 are higher in male patients with classical GLA 
mutations compared to patients with late-onset mutations 
and in males with frame-shift mutations or deletions 
compared to missense mutations (9). Yet, prediction of 
clinical outcome using these molecules is still difficult. 
Urinary Gb3 is elevated in Fabry patients and decreases 
upon initiation of treatment. However, the level of urinary 
Gb3 does not correlate with the degree of renal damage 
and does not predict renal outcome (45). Lyso-Gb3 in 
serum is a more suitable parameter to monitor disease  
progression (9).

Cystatin C

Cystatin C is a small protease produced at a constant rate 
by nucleated cells. It is freely filtered by glomeruli and 

completely absorbed and catabolized in proximal tubular 
cells. The concentration of cystatin C in serum is sensitive 
to changes in GFR, especially in the early phases of renal 
function impairment. Cystatin C is a more sensitive 
parameter compared to creatinine to detect small decreases 
in GFR. Cystatin C levels do not depend on age, sex or 
muscle mass. In Fabry patients, cystatin C is a reliable 
marker of renal function (46).

Renal ultrasound

In up to 50% of Fabry patients renal cysts are detectable, 
mostly in the parapelvic region. Parapelvic renal cysts are 
unspecific and can also be seen in other renal diseases. The 
underlying pathomechanisms of Fabry parapelvic renal 
cysts are not known. Renal ultrasound abnormalities in FD, 
if present, resemble alterations also found in other chronic 
kidney diseases.

Hypertension

Analyzing data from international Fabry registries indicate 
that hypertension (blood pressure 130/80 mmHg) is 
detectable in up to 57% to 67% of patients (16,41). 
Importantly, the presence of hypertension is closely related 
to declining renal function. In general, Fabry patients with 
normal renal function exhibit blood pressure levels lower 
than normal as a consequence of autonomic dysfunction 
influencing vascular and cardiac structures (12,47). Low 
blood pressure levels complicate therapeutic intervention 
with ACE inhibitors or AT1 receptor antagonists in 
proteinuric patients.

Clinical management of Fabry renal disease

Once renal involvement of FD is established, regular 
monitoring of glomerular filtration rate (GFR) and 
proteinuria is important in order to assess disease status. 
The long-term goal is to slow progressive decline of renal 
function. General nephroprotective recommendations such 
as control of blood pressure levels, decreased salt intake and 
avoidance of nephrotoxic substances are important measures 
and have to be discussed with the patient. Particularly, the 
use of non-steroidal anti-inflammatory drugs (NSAID) such 
as ibuprofen may lead to acute kidney injury and should be 
avoided. Many Fabry patients take these agents to alleviate 
their neuropathic pain. In the presence of renal involvement 
NSAIDs should be replaced by alternative drugs such 
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as paracetamol. By adhering to these recommendations 
slowing the gradual loss of renal function is possible. The 
success of these measures is largely dependent on the timing 
of their initiation. If they are initiated early in the course 
of renal disease, success rates are higher compared to late 
initiation when renal scarring has already occurred. The 
presence of Fabry-associated kidney involvement is a trigger 
for initiation of Fabry therapy.

As in all other kidney diseases proteinuria as well as 
albuminuria in Fabry patients should be treated with 
inhibitors of the renin-angiotensin-aldosterone system, 
such as ACE inhibitors or AT1 receptor blockers. These 
agents reduce intraglomerular pressure leading to reduced 
protein leakage into the urine. A combination of both drugs 
is not recommended. Usually, when starting ACE inhibitor 
or AT1 receptor blocker therapy, the dose should be slowly 
titrated to the maximal tolerable level. Many Fabry patients 
are normotensive and do not tolerate high doses of ACE 
inhibitors or AT1 receptor antagonists. Administering these 
agents at bedtime is a valuable option.

Effect of ERT on kidney involvement

Evidence for renal involvement in FD (eGFR <80 mL/min, 
albuminuria >300 mg/g creatinine) is a clear indication to 
start therapy. If microalbuminuria is present, ACE inhibitors 
or AT1 receptor antagonists are the initial treatment 
of choice. If renal involvement is questionable and/or 
microalbuminuria cannot be reduced by this intervention 
alone renal biopsy may be helpful to detect sphingolipid 
deposition (12). The therapeutic goal for initiation of 
therapy is stabilization of renal function. To date, ERT or 
chaperone therapy are available with chaperone therapy 
being possible for only a subset of patients depending on 
their underlying mutation. Is has been shown during the last 
decade that ERT has clear beneficial effects on Fabry kidney 
disease. Enzyme administration once every 2 weeks leads to 
a reduction of eGFR decline, thus stabilizing renal function 
(13,48-51). It has been shown upon analysis of renal biopsies 
that ERT is capable of substantially clearing sphingolipid 
load in the kidney (21). Early initiation of therapy is more 
beneficial for preserving kidney function compared to 
initiation later in the course of the disease. In a multivariate 
regression analysis from the Fabry registry of 151 male 
and 65 female patients, adults with proteinuria >1 g/g 
creatinine exhibited further renal function decline despite 
ERT (13,21). Male patients with only little proteinuria 
and patients who received ERT earlier after the onset 

of symptoms had stable renal function. Banikazemi et al.  
reported a better renal benefit if therapy was started at 
eGFR >55 mL/min/1.73 m2 (52). These data suggest that 
early initiation of ERT is important because therapy seems 
to be less effective in more advanced renal disease (53).  
Allergic reactions and antibody formation against the 
infused ERT protein are observed especially in males with 
severely reduced or no alpha-galactosidase A activity (54). 
These antibodies may be of clinical relevance since they 
may have abilities to neutralize infused enzyme activity. 
A survival benefit for patients treated with ERT has been 
demonstrated (50).

These data, although mostly acquired within registry 
observations and comparisons with historic controls, 
are valuable in discussing ERT initiation with the newly 
diagnosed Fabry patient. 

Effect of chaperone therapy on kidney 
involvement

Recently, the pharmacological chaperone migalastat was 
approved as first oral treatment option for FD. Resembling 
in structure the terminal galactose molecule of Gb3 it was 
designed to increase the patient’s own enzyme activity 
by stabilizing misfolded protein in the endoplasmic 
reticulum and stimulating regular trafficking to the 
lysosome. Approximately 30–35% of patients are treatable 
with migalastat according to their underlying mutation 
(amenable mutation). The efficacy of migalastat was 
demonstrated in a six-month, placebo-controlled clinical 
trial in 50 adult patients with FD. In this trial, patients with 
migalastat treatment had a more prominent reduction in 
sphingolipid depositions in the kidney compared to patients 
on placebo (4). In general, migalastat was well-tolerated, 
with headache, nausea and nasopharyngitis being the 
main complaints. Measurements of eGFR demonstrated 
a stabilization of renal function (4,5). Before initiation of 
chaperone therapy the prescribing physician has to verify 
the amenability of a patient’s mutation to migalastat (https://
www.galafoldamenabilitytable.com).

Conclusions

Early detection of renal involvement in FD is crucial 
since timely therapeutic intervention has the potential of 
changing the course of the disease. Regular determination 
of serum creatinine, eGFR, cystatin C, proteinuria and 
albuminuria is important to detect renal abnormalities in 

https://www.galafoldamenabilitytable.com
https://www.galafoldamenabilitytable.com
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all patients, male and female. Although kidney involvement 
in Fabry patients can be highly variable even with the same 
underlying mutation, both males and females may progress 
to end-stage renal failure. Treatment options include ACE 
inhibitors or AT1 receptor antagonists to treat proteinuria 
and albuminuria. Early intervention with ERT or chaperone 
therapy may help to stabilize renal function or slow the 
decline to ESRD. New therapeutic options on the horizon, 
such as substrate reduction therapy and gene therapy, will 
reveal their potential to improve renal outcome.
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