
GAUCHER DISEASE

SYNONYMS: GLUCOCEREBROSIDASE

DEFICIENCY, 

GLUCOSYLCERAMIDASE DEFICIENCY
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GENEREVIEW SCOPE
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GAUCHER DISEASE: INCLUDED PHENOTYPES

 Gaucher disease type 1

 Gaucher disease type 2 (acute)

 Gaucher disease type 3 (subacute/chronic)

 Gaucher disease, perinatal-lethal form

 Gaucher disease, cardiovascular form
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DIAGNOSIS
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SUGGESTIVE FINDINGS

 GD should be suspected in individuals (by 

age) with the following combinations of 

central nervous system, bony, hematologic, 

and other clinical findings.
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GAUCHER DISEASE: CLINICAL SUBTYPES
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ESTABLISHING THE DIAGNOSIS

 The diagnosis of Gaucher disease (GD) is 

established in a proband by the finding of 

0%-15% of normal glucocerebrosidase

enzyme activity in peripheral blood 

leukocytes (or other nucleated cells) or by 

the identification of biallelic pathogenic 

variants in GBA on molecular genetic 

testing. 
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NOTE:

 (1) Molecular analysis of GBA is complicated by the 

presence of a highly homologous pseudogene, GBAP.

 (2) The amino acid numbering for glucocerebrosidase

used in this GeneReview follows the HGVS-

recommended nomenclature, which includes the 

first39 amino acids, and differs from the traditional 

numbering system, which does not include the first39 

amino acids. 

 Using the HGVS-recommended nomenclature, the 

pathogenic variant p.Asn370Ser is named 

p.Asn409Ser and the pathogenic variant p.Leu444Pro 

is named p.Leu483Pro. 8



 Molecular testing approaches can include single-

gene testing or use of a multigene panel.
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SINGLE-GENE TESTING

 Sequence analysis of GBA is performed first and 

followed by gene-targeted deletion/duplication 

analysis if only one or no pathogenic variant is 

found.
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MULTIGENE PANEL

 That includes GBA and other genes of interest 

may also be considered.

11



NOTE:

 (1) Special consideration for the presence of the highly 
homologous pseudogene, GBAP, must be taken into account.

 (2) The genes included in the panel and the diagnostic 
sensitivity of the testing used for each gene vary by 
laboratory and are likely to change over time.

 (3) clinicians need to determine which multigene panel is 
most likely to identify the genetic cause of the condition 
while limiting identification of pathogenic variants while 
limiting identification of variants of uncertain significance 
and pathogenic variants in genes that do not explain the 
underlying phenotype.

 (4) Methods used in a panel may include sequence analysis, 
deletion/duplication analysis (possibly excluding GBA), 
and/or other non-sequencing-based tests. 12



PROPORTION OF INDIVIDUALS WITH GBA 

PATHOGENIC VARIANTS USING THE PANEL

OF FOUR COMMON VARIANTS
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CLINICAL CHARACTERISTICS
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CLINICAL DESCRIPTION

 Gaucher disease (GD) encompasses a spectrum of 

clinical findings from a perinatal-lethal form to 

an asymptomatic form. 

 However, for the purposes of determining 

prognosis and management, the classification of 

GD by clinical subtype is still useful in describing 

the wide range of clinical findings and broad 

variability in presentation.

 Three major clinical types are delineated by the 

absence (type 1) or presence (types 2 and 3) of 

primary central nervous system involvement. 15



TYPE 1 GD
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BONE DISEASE

 Clinical or radiographic evidence of bone disease 

occurs in 70%-100% of individuals with type 1 

GD. 

 Bone disease ranges from asymptomatic 

osteopenia to focal lytic or sclerotic lesions and 

osteonecrosis.

 Bone involvement, which may lead to acute or 

chronic bone pain, pathologic fractures, and 

subchondral joint collapse with secondary 

degenerative arthritis, is often the most 

debilitating aspect of type 1 GD. 17



 Acute bone pain manifests as "bone crises" or 

episodes of deep bone pain that are usually 

confined to one extremity or joint and are often 

accompanied by fever and leukocytosis but sterile 

blood culture. 

 The affected region may be swollen and warm to 

touch

 Imaging studies may reveal signal abnormalities 

consistent with localized edema or hemorrhage. 

 X-rays may show periosteal elevation ("pseudo-

osteomyelitis") .
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 Conventional radiographs (x-rays) may reveal 

undertubulation (Erlenmeyer flask 

configuration)noted in the distal femur and 

endosteal scalloping as a sign of bone marrow 

infiltration.

 MRI reveals the extent of marrow involvement 

and the presence of fibrosis and/or infarction.
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 In general, marrow infiltration extends from the 

axial to the appendicular skeleton, and greater 

involvement is often seen in the lower 

extremities and proximal sites of an affected 

bone. 

 The epiphyses are usually spared, except in 

advanced cases. 

 Bone densitometry studies enable quantitative 

assessment of the degree of osteopenia.

 Bone disease in GD may not correlate with the 

severity of hematologic or visceral problems.
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SECONDARY NEUROLOGIC

DISEASE IN TYPE 1 GD

 Although individuals with type 1 GD do not have 

primary CNS disease, neurologic complications 

(spinal cord or nerve root compression) may occur 

secondary to bone disease (e.g., severe 

osteoporosis with vertebral compression; emboli 

following long bone fracture), or coagulopathy

(e.g., hematomyelia).

 The incidence of peripheral neuropathy may be 

higher than previously recognized.

21



HEPATOSPLENOMEGALY

 The spleen is enlarged (i.e., 1,500-3,000 cc in size, 

compared to 50-200 cc in the average adult) with 

resultant hypersplenism associated with 

pancytopenia (i.e., anemia, leukopenia, and 

thrombocytopenia).

 Infarction of the spleen can result in acute 

abdominal pain. 

 Rarely, acute surgical emergencies may arise 

because of splenic rupture.

 Liver enlargement is common, although cirrhosis 

and hepatic failure are rare.
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CYTOPENIAS

 Cytopenia is almost universal in untreated GD.

 Anemia, thrombocytopenia, and leukopenia may be 
present simultaneously or independently.

 The pattern of cytopenia in GD is dependent on spleen 
status.

 Low platelet count may result from hypersplenism, splenic
pooling of platelets, or marrow infiltration or infarction.

 Immune thrombocytopenia has also been reported and 
should be excluded in individuals with persistent 
thrombocytopenia despite GD-specific therapy.

 Thrombocytopenia may be associated with easy bruising or 
overt bleeding, particularly with trauma, surgery, or 
pregnancy.

 The risk for bleeding may be increased in the presence of 
clotting abnormalities. 23



 Anemia may result from hypersplenism, 

hemodilution (e.g., pregnancy), iron deficiency or 

B12 deficiency, and, in advanced disease, 

decreased erythropoiesis as a result of bone 

marrow failure from Gaucher cell infiltration or 

medullary infarction.

 Leukopenia is rarely severe enough to require 

intervention. 

 Deficient neutrophil function has been reported. 
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COAGULATION ABNORMALITIES

 Acquired coagulation factor deficiencies include 

low-grade disseminated intravascular 

coagulation and specific inherited coagulation 

factor deficiencies(e.g., factor XI deficiency among 

Ashkenazi Jews). 

 Abnormal platelet aggregation may contribute to 

bleeding diathesis in the presence of normal 

platelet counts.

25



PULMONARY INVOLVEMENT

 Interstitial lung disease

 Alveolar/lobar consolidation

 Pulmonary arterial hypertension (PAH); 

 >>well documented in individuals with liver 
disease and presumably the result of inability to 
detoxify gut-derived factors, which some how 
adversely affect the pulmonary endothelium with 
resultant pulmonary hypertension. 

 >>PAH can also occur in individuals with GD 
without liver disease 26



 Dyspnea and cyanosis with digital clubbing 

attributed to hepatopulmonary syndrome have 

been described in individuals with liver 

dysfunction, often caused by an intercurrent

disease (e.g., viral hepatitis).

 Those individuals with type 1 GD without 

evident lung involvement who limit physical 

exertion because of easy fatigability may have 

impaired circulation.
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PREGNANCY AND CHILDBIRTH

 Except in women with significant pulmonary 

arterial hypertension, pregnancy is not 

contraindicated in GD.

 In some women the diagnosis of GD is first made 

in pregnancy because of exacerbation of 

hematologic features.
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MALIGNANCY

 Epidemiologic studies have suggested elevated risk of 
certain malignancies in GD including the following:

 Multiple myeloma 

 Hepatocellular carcinoma 

 Non-Hodgkins lymphoma, malignant melanoma, and 
pancreatic cancer 

 Except in the case of multiple myeloma, other reports 
have failed to find these associations.
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IMMUNOLOGIC ABNORMALITIES

 Children or adults may have polyclonal 

gammopathy.

 An increased incidence of monoclonal 

gammopathy has been reported in adults.

 Affected individuals also exhibit altered cellular 

immune profiles with increased peripheral blood 

NKT lymphocytes and reduced numbers of 

functionally normal dendritic cells.
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METABOLIC ABNORMALITIES

 GD is associated with metabolic abnormalities including high resting 
energy expenditures (possibly the result of elevated cytokine levels) 
and low circulating adiponectin and peripheral insulin. 

 The hypermetabolic state is not associated with altered thyroid 
hormone resistance.

 Serum concentrations of angiotensin-converting enzyme, tartrate-
resistant acid phosphatase, ferritin, chitotriosidase, and 
PARC/CCL18 are usually elevated. 

 Serum concentrations of total and HDL cholesterol are often low.

 Abnormalities in the concentration of certain bone markers have been 
found in some individuals with GD in serum (e.g., osteocalcin, bone-
specificalkaline phosphatase, macrophage inhibitory protein-1 alpha 
and beta) and urine (e.g., urinary hydroxyproline, free 
deoxypyridinoline, calcium);

 However, the routine utility of these findings in clinical practice is 
not established .
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PSYCHOLOGICAL COMPLICATIONS

 Persons with GD exhibit moderate to severe 

psychological complications including somatic 

concerns and depressed mood.
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OTHER

 Cholelithiasis occurs in a significant proportion of 
adults with GD.

 Those with GS were more likely to be asplenic
(p<0.0001) and older (p<0.0001); and have higher 
low-density lipoprotein (LDL) cholesterol 
concentrations (p=0.002) and more severe GD1 
disease than those without GS .

 Additional risk factors include age, family history 
of GS, higher body mass index values, disease 
severity, and splenectomy .

 Cardiac and renal complications are rare.
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 Failure to grow and delayed onset of puberty may 

also occur in patients with disease presentation 

in childhood.

 Proteinuria, hematuria, skin hyperpigmentation, 

and ocular vasculitis also may be occure.
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TYPE 2 GD / TYPE 3 GD 

(PRIMARY NEUROLOGIC

DISEASE)
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NEUROLOGIC DISEASE

 Previously, affected individuals were classified 

into type 2 or type 3 GD based on the age of onset 

of neurologic signs and symptoms and the rate of 

disease progression. 

 Children with onset before age two years with a 

rapidly progressive course, limited psychomotor 

development, and death by age two to four years 

were classified as having type 2 GD.
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 Individuals with type 3 GD may have onset 

before age two years but often have a more slowly 

progressive course, with life span extending into 

the third or fourth decade in some cases.

 However, these distinctions are not absolute and 

it is increasingly recognized that neuropathic GD 

represents a phenotypic continum, ranging from 

abnormalities of horizontal ocular saccades at the 

mild end to hydrops fetalis at the severe end.
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 Bulbar signs include stridor, squint, and 

swallowing difficulty.

 Pyramidal signs include opisthotonus, head 

retroflexion,spasticity, and trismus.

 Oculomotor apraxia, saccadic initiation failure, 

and opticokinetic nystagmus are common. 

 Oculomotor involvement may be found as an 

isolated sign of neurologic disease in individuals 

with a chronic progressive course and severe 

systemic involvement (e.g., massive 

hepatosplenomegaly).
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 Generalized tonic-clonic seizures and progressive 

myoclonic epilepsy have been observed in some 

individuals.

 Dementia and ataxia have been observed in the 

later stages of chronic neurologic disease.

 Brain stem auditory evoked response (BAER) 

testing may reveal abnormal wave forms (III and 

IV).

 MRI of the brain may show mild cerebral 

atrophy. (A normal EEG, BAER, or brain MRI 

does not exclude neurologic involvement.)
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PERINATAL-LETHAL FORM
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 The perinatal-lethal form is associated with 
hepatosplenomegaly, pancytopenia, and microscopic 
skin changes (i.e., abnormalities in the stratum 
corneum attributed to altered glucosylceramide-to-
ceramide ratio) and may present clinically with 
ichthyosiform or collodion skin abnormalities or as 
nonimmune hydrops fetalis.

 Arthrogryposis and distinctive facial features are seen 
in 35%-43% .

 Another rare severe variant of GD is associated with 
hydrocephalus, corneal opacities, deformed toes, 
gastroesophageal reflux,and fibrous thickening of 
splenic and hepatic capsules .
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CARDIOVASCULAR FORM
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 Individuals homozygous for the p.Asp448His 

allele present with an atypical phenotype 

dominated by cardiovascular disease with 

calcification of the mitral and aortic valves.

 Additional findings include mild splenomegaly, 

corneal opacities, and supranuclear

ophthalmoplegia.
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GENOTYPE-PHENOTYPE

CORRELATIONS
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 The level of residual glucocerebrosidase enzyme 
activity as measured in vitro from extracts of 
nucleated cells does not correlate with disease type or 
severity.

 Genotype-phenotype correlations in GD are imperfect. 

 Significant overlap in the clinical manifestations 
found between individuals with the various genotypes 
precludes specific counseling about prognosis in 
individual cases. 

 At present the factors that influence disease severity 
or progression within particular genotypes are not 
known.

 Discordance in phenotype has been reported even 
among monozygotic twins. 47



TYPE 1 GD

 Individuals with at least one p.Asn409Ser allele 

do not develop primary neurologic disease.

 However, the presence of an p.Asn409Ser allele 

does not eliminate the risk for Parkinson disease 

among individuals with GD.

 In general, individuals who are homozygous for 

the p.Asn409Ser or p.Arg535His variant tend to 

have milder disease than those with other 

genotypes. 
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PRIMARY NEUROLOGIC DISEASE (TYPE 2 

AND TYPE 3 GD)

 Individuals who are homozygous for the 

p.Leu483Pro variant tend to have severe disease, 

often with neurologic complications (i.e., types 2 

and 3), although several individuals (including 

adults) with this genotype have had no overt 

neurologic problems.

 This variant results in an unstable enzyme with 

little or no residual activity.
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 In individuals with GD and myoclonic epilepsy, 
identified14 genotypes (including the variants 
p.Val433Leu [commonly known as V394L], 
p.Gly416Ser [commonly known as G377S], and 
p.Asn227Ser [commonly known as N188S]) 
previously associated with non-neuronopathic
GD, in combination with the variant p.Leu483Pro 
and recombinant alleles that have been 
previously associated with neuropathic GD.

 Homozygosity for the p.[Asp448His;His255Gln] 
allele has been associated with type 2 GD. 50



PERINATAL-LETHAL FORM

 Genotypic heterogeneity is significant in this rare 
subset of individuals. 

 The following have been observed:

 Homozygosity for recombinant alleles 

 The mutated alleles p.Ser235Pro (S196P), 
p.Arg170Leu (R131L), p.Arg159Trp (R120W), and 
p.Arg296Gln 

 Compound heterozygosity for an insertion-type 
pathogenic variant and the pathogenic missense
variant p.Arg159Gln (R120Q), previously reported in 
an individual with type 1 GD 
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CARDIOVASCULAR FORM

 This phenotype has been described only in 

individuals who are homozygous for the 

p.Asp448His (commonly known as D409H) allele.

 The biochemical basis for the unique clinical 

features associated with this form is not fully 

delineated.

 It should be noted that homozygosity for the 

p.[Asp448His;p.His294Gln] allele is associated 

with neuropathic type 2 GD and not the 

cardiovascular form
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C.84DUPG AND C.115+1G>A

 Despite the observed allele frequencies for the 

pathogenic variants c.84dupG and c.115+1G>A, 

no live-born homozygote for either variant has 

been identified.

 Thus,it is presumed that these genotypes are 

lethal.

 Children who are compound heterozygotes (i.e., 

c.[84dupG]+[115+1G>A]) have a subacute disease 

course with progressive pulmonary involvement 

and death in the first to second decade.
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PREVALENCE
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 A study from Australia reported a disease frequency of 
1:57,000 ; 

 a similar study from the Netherlands reported 1.16:100,000. 

 In the Czech Republic, the birth prevalence was reported as 
1.13 per 100,000.

 A founder effect for specific alleles underlies the observed 
occurrence of GD in specific populations:

 Ashkenazi Jewish, Spanish, and Portuguese (p.Asn409Ser)

 Swedish (p.Leu483Pro)

 Jenin Arab, Greek, and Albanian (p.Asp448His). Among 
Greeks and Albanians, p.Asp448His has been found in cis
with p.His294Gln. 55



 Non-neuropathic GD (type 1) is prevalent in the 

Ashkenazi Jewish population, with a disease 

prevalence of 1:855 and an estimated carrier 

frequency of 1:18.

 The prevalence of neuropathic GD (types 2 and 3) 

varies across ethnic groups but appears to be 

higher among those who are not of European 

origin.
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 Gaucher disease type 3 accounts for about 5% of 

all cases of Gaucher disease in European derived 

populations.

 Type 3 is a much more frequent variant in the 

Middle East (excluding Israel), Pakistan, India, 

China, and Japan.
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GENETICALLY RELATED

(ALLELIC) DISORDERS
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PARKINSONIAN FEATURES

 Have been reported in a few individuals with 

type 1 GD; studies suggest a possible cause-and-

effect relationship rather than mere coincidence, 

although the underlying basis remains 

incompletely understood.

 The following findings suggest that pathogenic 

variants in GBA and/or alterations in 

glucosylceramide metabolism may be a risk factor 

for parkinsonism.
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 The precise risk to individuals with Gaucher disease 
of developing Parkinson disease (PD) is not known, 
but has been variously estimated at 20- to 30-fold the 
risk to an individual in the general population.

 GBA pathogenic variants have been identified in 5%-
10% of individuals with PD. 

 PD associated with pathogenic variants in GBA (GBA-
PD) is clinically, pathologically, and 
pharmacologically indistinguishable from idiopathic 
"sporadic" PD, although GBA-PD is associated with 
slightly earlier onset (~5 years earlier) and more 
frequent cognitive dysfunction. 60



 Estimated age-specific risk for PD at 60 and 80 

years of age was 4.7% and 9.1% among those 

with GD, 1.5% and 7.7% among heterozygotes, 

and 0.7% and 2.1% among non-carriers, 

respectively.
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DIFFERENTIAL DIAGNOSIS
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SAPOSIN C DEFICIENCY OR

PROSAPOSIN DEFICIENCY

 Saposin C is a cofactor for glucocerebrosidase in the 
hydrolysis of GL1. 

 Individuals with saposin C deficiency or prosaposin
deficiency may present with symptoms characteristic 
of severe neuropathic Gaucher disease (GD) (i.e., 
progressive horizontal ophthalmoplegia, pyramidal 
and cerebellar signs, myoclonic jerks, and generalized 
seizures) or non-neuronopathic disease.

 These individuals demonstrate GL1 accumulation 
and visceromegaly but have normal 
glucocerebrosidase enzyme activity measured in vitro.

 Saposin C deficiency is caused by biallelic pathogenic 
variants in PSAP and inherited in an autosomal
recessive manner.
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LYSOSOMAL STORAGE DISEASES (LSDS)

 Findings in GD may overlap with some lysosomal

storage diseases;

 however, the distinctive clinical features 

associated with these lysosomal storage diseases, 

the availability of biochemical testing in clinical 

laboratories, and an understanding of their 

natural history should help distinguish between 

them.
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HEPATOSPLENOMEGALY

 >> Is observed in:

 Niemann-Pick disease types A and B,

 Niemann-Pick disease type C, 

 Wolman disease (lysosomal lipase deficiency),

 the mucopolysaccharidoses (including 

mucopolysaccharidosis type I and 

mucopolysaccharidosis type II),

 and the oligosaccharidoses.
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 The following features are not found in individuals with 
GD and should direct further investigations to these 
alternative diagnoses:

 Coarse facial features

 Dysostosis multiplex on skeletal radiographs

 Vacuolated lymphocytes on peripheral blood smear 
examination

 The presence of a cherry-red spot on fundoscopy

 White matter changes (leukodystrophy) on brain MRI 67



GAUCHER CELLS

 The characteristic storage cells of GD should be 

distinguished from those found in other storage 

disorders such as Niemann-Pick disease type C.

 "Pseudo Gaucher cells," which resemble Gaucher

storage cells at the light microscopic but not 

ultrastructural level, occur in a number of 

hematologic conditions including 

myeloproliferative and myelodysplastic disorders.
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LEGG-CALVÉ-PERTHES DISEASE

 Osteonecrosis may be a presenting feature of GD, 

which should be considered in the differential 

diagnosis of children with suspected Legg-Calvé-

Perthes disease. 

69



CONGENITAL ICHTHYOSES AND COLLODION

SKIN CHANGES
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HYDROPS FETALIS

 May be encountered in other LSDs, including:

 > GM1 gangliosidosis,

 > sialidosis type 1,

 > Wolman disease, 

 > mucopolysaccharidosis type VII 

 > mucopolysaccharidosis type IV 

 > galactosialidosis ,

 >  Niemann-Pick disease type C,

 > disseminated lipogranulomatosis (Farber disease),

 > infantile free sialic acid storage disease (ISS)

 > mucolipidosis II (I-cell disease) 71



MYOCLONIC SEIZURES

 Are also observed in:

 > hexosaminidase A deficiency,

 > sialidosis type 1 

 > alpha-N-acetylgalactosaminidase deficiency

 > fucosidosis

 In addition to the LSDs, several genetic disorders 

are known to be associated with progressive 

myoclonic epilepsy. 
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MANAGEMENT
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TREATMENT GOALS
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EVALUATIONS FOLLOWING INITIAL

DIAGNOSIS

 Factors that may influence the extent of clinical 
testing at the time of diagnosis:

 > Age

 > Mode of ascertainment (e.g., family screening 
vs disease signs and symptoms)

 > Presence/absence of primary neurologic 
involvement

 Baseline (pre-treatment) assessments may be 
useful in selecting treatment modality and 
regimen (i.e., enzyme dose and frequency of 
infusion).
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 The following evaluations may be considered, if they 
were not performed as part of the diagnostic 
assessment:

 > Hemoglobin concentration and platelet count

 > Baseline spleen and liver volumes by MRI

 > EKG and echocardiography to identify elevated 
pulmonary artery pressure

 > Plain radiographs of the femur (anterior-posterior 
view), spine (lateral view), and any symptomatic sites

 > Bone age in individuals with growth and pubertal 
delay

 > Consultation with a clinical geneticist 79



DIAGNOSIS AND EVALUATIONS FOR

GAUCHER DISEASE
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TREATMENT OF MANIFESTATIONS

 Enzyme replacement therapy and substrate 

reduction therapy are available options for this 

condition 
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DISEASE-DIRECTED TREATMENT
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 Although enzyme replacement therapy (ERT) has 

changed the natural history of GD and 

eliminated the need for splenectomy in 

individuals with hypersplenism, persons not 

receiving ERT and certain other individuals may 

require symptomatic treatment, including the 

following:
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PARTIAL OR TOTAL SPLENECTOMY

 for individuals with massive splenomegaly

with significant areas of infarction and 

persistent severe thrombocytopenia with 

high risk of bleeding 
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TRANSFUSION OF BLOOD PRODUCTS

 for severe anemia and bleeding.

 Anemia and clotting problems unresponsive to 

ERT should prompt investigations for an 

intercurrent disease process.

 Evaluation by a hematologist is recommended 

prior to any major surgical or dental procedures 

or parturition 
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ANALGESICS FOR BONE PAIN

 Persistent bone pain in individuals on treatment 

should prompt evaluations to exclude the 

possibility of a mechanical problem (e.g., 

pathologic fracture or joint collapse secondary to 

osteonecrosis, degenerative arthritis).
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JOINT REPLACEMENT SURGERY

 for relief from chronic pain and restoration of 

function (i.e., improved joint range of motion).

 Bone pain in individuals who have undergone 

joint replacement may indicate a problem with 

the prosthesis and the need for surgical revision.
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SUPPLEMENTAL TREATMENT

 Calcium and vitamin D may benefit individuals 

with GD and low bone density. 

 Anti-bone-resorbing agents may also be 

indicated; 
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 Persons with GD with findings suggestive of 

multiple myeloma and parkinsonism should be 

referred to the appropriate specialists.
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ADJUNCTIVE THERAPIES
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PREVENTION OF PRIMARY MANIFESTATIONS

 There is no cure for GD. 

 However, enzyme replacement therapy and 

substrate reduction therapy are available to 

mitigate manifestations.
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ENZYME REPLACEMENT

THERAPY
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 There are three recombinant glucocerebrosidase

enzyme preparations currently available:

 imiglucerase (Cerezyme®);

 velalglucerase alfa (VPRIV®); 

 taliglucerase alfa (Elelyso®).
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 The panel recognized that there is currently no 
biomarker that can accurately predict the need to 
initiate treatment for Gaucher disease, and they 
agreed that intervention with ERT in children with 
progressing and/or significant signs of Gaucher
disease may prevent the development of irreversible 
pathology. 

 They also stated that the optimal dose of ERT needs 
to be individualized and that it will depend upon body 
weight and overall response to treatment.

 The panelists also supported the view that Gaucher
disease patients with an inadequate response to one 
ERT product may benefit from a switch to an 
alternative agent in the class or to eliglustat.
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 Eliglustat may be used as primary treatment in 

adults with signs of Gaucher disease type 1.

 However, CYP2D6 genotype testing must be 

carried out prior to the administration of 

eliglustat to determine eligibility and proper 

dosing. 

 Consensus support was not achieved for specific 

dosing recommendations for ERT or for specific 

statements comparing different ERTs or ERT vs

SRT.
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 There are no prospective head-to-head trials that 

have compared ERT vs SRT in treatment-naïve 

patients with Gaucher disease and the single 

head-to-head trial of two different ERT products 

indicated no significant differences between 

them. 
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 Regular intravenous infusions of the recombinant 

enzymes have been demonstrated to be safe and 

effective in reversing those features resulting 

from hematologic and visceral (liver/spleen) 

involvement 
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 It is likely that end-stage histologic changes (e.g., 

fibrosis , infarction) influence the response to 

ERT.

 Thrombocytopenia may persist in individuals 

with residual splenomegaly and/or the presence 

of splenic nodules 
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 ERT is well tolerated.

 Approximately 10%-15% of individuals develop 

antibodies to infused imiglucerase; whereas 

antibody formation has been reported in 1% of 

persons receiving velaglucerase. 

 In most cases these individuals remain 

asymptomatic.

 Adverse effects(e.g., pruritus, hives) are 

relatively well controlled with premedication 

using antihistamines.
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 Individuals with type 1 GD report improved 

health-related quality of life after24-48 

months of ERT 
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 After prolonged treatment, ERT reduces the rate 

of bone loss in a dose-dependent manner , 

improves bone pain, and reduces bone crises 
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 ERT does not alter the ultimate prognosis of 

neurologic disease in GD, although treatment of 

those with GD type 3 can lead to significant 

improvement in quality of life associated with 

improvement in systemic manifestations 
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 Individuals with type 2 GD and pyramidal 

tract signs are not likely to respond to ERT 

or SRT, perhaps because the underlying 

neuropathology is cell death rather than 

lysosomal storage of GL1.

 These individuals and those with hydrops

fetalis are not appropriate candidates for 

BMT, ERT, or SRT. 
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INDIVIDUALS WITH TYPE 3 GD 

 appear to derive some benefit from ERT, 
although long-term prognosis remains to be 
defined for this heterogeneous group.

 Onset of progressive myoclonic seizures while on 
ERT appears to indicate a poor prognosis. 

 SRT used in combination with ERT for type 3 
GD with progressive neurologic disease does not 
appear to alter ultimate prognosis.

 Moreover, residual somatic symptoms, including 
kyphosis and lymphadenopathy, may also be 
observed 
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 The optimal dose and frequency of recombinant 

enzyme administration is not certain, mostly 

because of limited information regarding tissue 

half-life and distribution and the limitations 

associated with the modalities used for assessing 

clinical disease course. 

 Intravenously infused enzyme may not reach 

adequate concentrations in certain body sites 

(e.g., brain, bones, and lungs).
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 In the majority of individuals, treatment is 

initiated with a dose of 15-60 units of enzyme per 

kg of body weight administered intravenously 

every two weeks.

 The enzyme dose may be increased or decreased 

after initiation of treatment and during the 

maintenance phase, based on response – i.e., 

hematopoietic reconstitution, reduction of liver 

and spleen volumes, and stabilization or 

improvement in skeletal findings
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NONNEUROPATHIC FORM (TYPE 1)

 The dose of imiglucerase depends on GD type, 

patient age, organ involvement, severity, extent, 

and progression of the disease.

 The ideal dose for a patient is sufficient to 

maintain full or partial reversal of signs and 

symptoms of the disease.
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 All patients, irrespective of age, should undergo 

clinical assessments every 6 months to receive 

appropriate dose adjustments.

 Initial doses should be maintained at the same 

level for at least 1 year in all patients in whom 

therapeutic goals are met.

 However, initial doses should be maintained for 

at least 24 months in patients with skeletal 

compromise.
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 Low-risk adult patients attaining all therapeutic 

goals may undergo dose reductions of 25% to 50% 

every 6 months after 1 year of treatment.

 Patients with bone disease are excluded from 

this permissible reduction in dosage.

 Reports in the literature state that maintenance 

doses of imiglucerase must not fall below 20 

U/kg/2 weeks for adults and 30 U/kg/2 weeks for 

patients up to 18 years of age.
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 Dose adjustments should be individualized on the 

basis of regular monitoring of clinical 

manifestations and may be changed after 

attainment of the therapeutic goals.
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 Patients experiencing therapeutic failure after a 

dose reduction or who were unable to maintain 

clinical improvement according to the measures 

should have their dose increased to the minimum 

efficacious level previously observed.

 Monitoring of bone disease in children is carried 

out with basic radiography, which has proved 

adequate.

 However, magnetic resonance imaging (MRI) is 

recommended for more accurate assessment of 

bone disease in adults.
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CHRONIC NEUROPATHIC FORM (TYPE 3)

 The initial recommended dose of imiglucerase for 

patients with type 3 GD is 120 U/kg/2 weeks.

 Adults with mild systemic disease and stable 

neurologic involvement may have maintenance 

doses  adjusted gradually in 15% to 25% 

reductions every 6 months, depending on 

response, until 60 U/kg every 2 weeks is attained.
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 All patients at risk for development of neurologic 

disease (such as carriers of L444P/L444P, 

D409H/D409H or L444P/ D409H genotypes) 

must receive the minimum dose of 60 U/kg/2 

weeks and continue to be carefully monitored 

every 6 months. 

 Siblings of patients with the same genotype and 

neurologic involvement must be treated as if they 

exhibit neurologic disease.
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SUBSTRATE REDUCTION

THERAPY
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 Substrate reduction therapy (SRT) aims to 

restore metabolic homeostasis by limiting the 

amount of substrate precursor synthesized (and 

eventually subject to catabolism) to a level that 

can be effectively cleared by the mutated enzyme 

with residual hydrolytic activity
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MIGLUSTAT

 Miglustat is the first oral agent for the 
treatment of individuals with mild to moderate 
Gaucher disease for whom ERT is not a 
therapeutic option (e.g., because of constraints 
such as allergy, hypersensitivity, or poor 
venous access). 

 In at least three studies, involving more than 30 
individuals with GD type 1, miglustat treatment 
resulted in a significant decrease in liver and 
spleen volume after six to 18 months, with 
clinical improvement noted over 24 months.

 Bone involvement and platelet and hemoglobin 
values remained stable or were modestly 
improved 127



 An increase in bone density at the lumbar spine 

and femoral neck was reported to occur as early 

as six months after the initiation of miglustat

monotherapy.

 The most common adverse reactions noted in the 

clinical trials were weight loss (60% of 

individuals), and bloating, flatulence, and 

diarrhea (80%), which resolved or diminished 

with longer use of the product.
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ELIGLUSTAT

 An alternative inhibitor of glucosylceramide

synthetase, has been shown in clinical trials to be 

a safe and effective treatment for individuals 

with Gaucher disease type 1 who are not on any 

therapy as well as those previously treated with 

ERT. 

 Longer-term studies provide further support to 

conclusions derived from the pivotal trials. 
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 The experience with once-daily and twice-daily 

dosing in patients has been found to maintain 

mean values for hematologic and visceral 

measures within established therapeutic goals 

during the double-blind treatment and long-term 

extension periods.

 Patients on twice-daily eliglustat showed more 

stability overall.
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NOTE:

 (1) Reported side effects of eliglustat were 

generally mild.

 (2) The use of eliglustat requires cytochrome

P450 2D6 genotyping and avoidance of drugs 

that may interact through this metabolic 

pathway. 

 (3) Drug distribution studies indicate that 

eliglustat, a P-glycoprotein ligand, is not 

transported across the blood-brain barrier and, 

thus, not indicated for neuronopathic forms of 

GD. 131



BONE MARROW TRANSPLANTATION (BMT)

 has been largely superseded by ERT or SRT.

 Individuals with chronic neurologic GD and 

progressive disease despite ERT or SRT may be 

candidates for BMT or a multimodal approach 

(i.e., combined ERT and BMT or SRT).
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PREVENTION OF SECONDARY

COMPLICATIONS

 The use of anticoagulants in individuals with 

severe thrombocytopenia and/or coagulopathy

should be discussed with a hematologist to avoid 

the possibility of excessive bleeding.
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SURVEILLANCE
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MEDICAL HISTORY (AT LEAST EVERY

6-12 MONTHS) 

 Including:

 weight loss, 

 fatigue, 

 depression, 

 change in social, domestic, or school- or work-related activities, 

 bleeding from the nose or gums, 

 menorrhagia, 

 shortness of breath, 

 abdominal pain, early satiety as a result of abdominal pressure,

 joint aches or reduced range of movement, and bone pain
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PHYSICAL EXAMINATION (AT LEAST EVERY

6-12 MONTHS) 

 including heart and lungs, joint range of motion, gait, 
neurologic status, and evidence of bleeding (bruises, 
petechiae). 

 In children, attention should be given to growth (height, 
weight, and head circumference using standardized growth 
charts) and pubertal changes (using the Tanner staging 
system). 

 Neurologic evaluation is particularly important in the early 
detection of type 2 and type 3 disease in children. 

145



 The most recently published guidelines for 
management of Gaucher disease recommend physical 
examination, biomarker assessment, complete blood 
count and determination of spleen and liver volumes 
every 6 to 12 months, but it has been noted that these 
recommendations are for patients with overt 
manifestations and that more frequent monitoring of 
individuals without such findings may be warranted.
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ASSESSMENT OF HEMOGLOBIN

CONCENTRATION AND PLATELET

COUNT

 with frequency based on symptoms and 

treatment status. 

 Hemoglobin, platelet count, and coagulation 

indices should also be assessed prior to surgical 

or dental procedures.
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CORONAL T1- AND T2-WEIGHTED

MR IMAGES

 of the hips to the distal femur. 

 T1-weighted MRI is the most sensitive method 
for following bone marrow infiltration.

 T2-weighted MRI is the most sensitive method 
for detecting active bone infarcts, 
osteonecrosis, and osteomyelitis . 

 The developmental transition from cellular 
(red) to fatty (yellow) bone marrow, which 
normally occurs from childhood to early 
adulthood, may confound interpretation of the 
extent of long bone infiltration by Gaucher cells 
(lipid-engorged macrophages) in affected 
children younger than age 15 years 148



OTHER METHODS

 Include:

 > dual-energy x-ray absorptiometry (DXA) to 
identify osteoporosis and risk for pathologic 
fractures,

 > technetium Tc-99 sulfur colloid nuclear 
scanning to assess location and extent of 
infiltration 

 > quantitative chemical-shift MRI or 
spectroscopy to quantify decrease in bone marrow 
fat content as a marker of bone marrow 
infiltration.
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ASSESSMENT OF DISEASE SEVERITY

 With increasing therapeutic options, the ability 

to benchmark response may inform the modality 

of choice and selected regimen. 

 A new framework, based on the disease severity 

scoring system (DS3), has been used to project 

the long-term health outcomes of individuals 

with GD1 who are starting treatment 
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TREATMENT STRATEGIES FOR

NEURONOPATHIC GAUCHER

DISEASE
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AGENTS/CIRCUMSTANCES TO AVOID

 Nonsteroidal anti-inflammatory drugs should be 

avoided in individuals with moderate to severe 

thrombocytopenia.

157



EVALUATION OF RELATIVES AT RISK

 It is appropriate to evaluate asymptomatic at-
risk relatives of an affected individual in order to 
identify as early as possible those who would 
benefit from early diagnosis and treatment to 
reduce morbidity. Evaluations can include:

 Assay of glucocerebrosidase enzyme activity in 
peripheral blood leukocytes or other nucleated 
cells;

 Molecular genetic testing if the pathogenic 
variants in the family are known.
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THERAPIES UNDER

INVESTIGATION
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SUBSTRATE REDUCTION THERAPY

 Preclinical studies involving analogs that may be 

efficacious for primary CNS involvement are 

ongoing 
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CHAPERONE-MEDIATED ENZYME

ENHANCEMENT THERAPY

 Pharmacologic chaperones, competitive reversible 

active site inhibitors, serve as a folding template 

for the defective enzyme during its transit to the 

endoplasmic reticulum.

 Such agents may restore enzyme activity within 

the lysosome and clear stored substrate. 

 The drug isofagamine, which has been shown to 

exhibit these properties in studies of cultured 

fibroblasts in vitro, is currently in clinical trials 

to establish its safety and efficacy when given to 

adults with type 1 GD 161



 Ambroxol, a mucolytic agent, is also a potential 
pharmacologic glucocerebrosidase chaperone. 

 An open-label pilot study of high-dose oral ambroxol in 
combination with ERT in five Japanese affected individuals 
found that ambroxol had a good safety and tolerability 
profile.

 Significantly increased lymphocyte glucocerebrosidase
activity and decreased glucosylsphingosine levels in the 
cerebrospinal fluid were also noted.

 Myoclonus, seizures, and pupillary light reflex dysfunction 
markedly improved in all affected individuals. 

 Relief from myoclonus led to impressive recovery of gross 
motor function in two patients, allowing them to walk 
again 162



 Histone deacetylase inhibitors increase the 

quantity and activity of glucocerebrosidase by 

limiting the deacetylation of heat shock protein. 

 As a consequence, there was less enzyme 

degradation

163



GENE THERAPY

 Gene therapy involves the introduction of GBA into 

hematopoietic stem cells. 

 In limited trials, some enzyme has been produced by 

transduced cells, but enzyme production does not 

appear to be sustained and therefore does not result in 

a permanent cure.

 It is anticipated that transduced cells would not have 

a proliferative advantage over uncorrected cells.

 Furthermore, it is unlikely that significant metabolic 

cross-correction would occur as only small amounts of 

enzyme are secreted into the circulation.
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OTHER

 The elevation of the serum concentration of 

several serologic markers (e.g., D-dimer, 

CCL18/PARC, CD163) in individuals with GD is 

considered a possible surrogate indicator of 

disease burden that could be used in monitoring 

treatment response. 

 However, the prognostic value of these markers, 

their role in patient stratification according to 

clinical disease severity, and determination of the 

optimum time to initiate therapy are unknown.
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 Glucosylsphingosine (Lyso-GL1), a deacylated

lysolipid, has been found to be massively elevated 

in the plasma of individuals with GD1, with 

marked reduction observed following treatment 

with ERT or SRT.

 Lyso-GL1 levels correlated significantly with 

plasma chitotriosidase levels, hepatomegaly, 

splenomegaly, splenectomy, and treatment mode.
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GENETIC COUNSELING
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RISK TO FAMILY MEMBERS
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PARENTS OF A PROBAND

 In most instances, the parents of a proband are 
heterozygotes (i.e., carriers of one GBA pathogenic 
variant).

 Heterozygotes are asymptomatic and are not at risk 
of developing the disorder.

 Because the carrier frequency for GD in certain 
populations is high (e.g., 1:18 in individuals of 
Ashkenazi Jewish heritage) and the 
p.[Asn409Ser]+[Asn409Ser] phenotype is variable, a 
parent may be found to be homozygous rather than 
heterozygous. 169



SIBS OF A PROBAND

 At conception, each sib of an affected individual 

has a 25% chance of being affected , a 50% chance 

of being an asymptomatic carrier, and a 25% 

chance of being unaffected and not a carrier.

 Heterozygotes are asymptomatic and are not at 

risk of developing the disorder
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OFFSPRING OF A PROBAND

 Offspring of an individual with GD are obligate 
heterozygotes (carriers) for a pathogenic variant in 
GBA.

 A high carrier rate for GD exists in certain 
populations, increasing the risk that an affected 
individual may have a reproductive partner who is 
heterozygous. 

 In the Ashkenazi Jewish population, for example, one 
in 18 individuals is a carrier for GD; the offspring of 
such an individual and a proband are at 50% risk of 
being affected and 50% risk of being obligate 
heterozygotes. 171



OTHER FAMILY MEMBERS

 Each sib of an obligate heterozygote is at a 50% 

risk of being a carrier of a GBA pathogenic 

variant.
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CARRIER DETECTION
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BIOCHEMICAL GENETIC TESTING

 Measurement of glucocerebrosidase enzyme 

activity in peripheral blood leukocytes is 

unreliable for carrier determination because of 

significant overlap in residual enzyme activity 

levels between obligate carriers and the general 

(non-carrier) population.
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MOLECULAR GENETIC TESTING

 can be used to identify carriers among at-risk 

family members once the pathogenic variants 

have been identified in the family
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PRENATAL TESTING AND

PREIMPLANTATION GENETIC

TESTING
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 Once the GBA pathogenic variants have been 

identified in an affected family member, prenatal 

testing for a pregnancy at increased risk and 

preimplantation genetic testing for GD are 

possible.
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 Except in families in which a previously affected sib had 
neurologic disease (i.e., types 2 or 3), it is not possible to be 
certain of the phenotypic severity in a pregnancy at risk. 

 Individuals with GD with acute neurologic disease (i.e., 
type 2) tend to have a similar disease course. 

 However, it should be noted that individuals with GD and 
chronic neurologic involvement (i.e., type 3) could show 
variable rates of disease progression, even when they are 
members of the same family.
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 Differences in perspective may exist among medical 
professionals and within families regarding the use of 
prenatal testing, particularly if the testing is being 
considered for the purpose of pregnancy termination 
rather than early diagnosis.

 While most centers would consider use of prenatal 
testing to be a personal decision, discussion of these 
issues may be helpful
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RECOMMENDATIONS ON THE

FOLLOW-UP OF PATIENTS WITH

GAUCHER DISEASE IN SPAIN: 

RESULTS FROM A DELPHI SURVEY
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 Follow-up of untreated GD patients and GD 

patients with a treatment change (in type or 

dose):
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 Follow-up of stable GD patients with long-term 

treatment: monitoring of hematological 

parameters in patients with persistent anemia 

and persistent thrombocytopenia, and value of 

bone marrow aspirate/biopsy:
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 GD follow-up of stable patients with long-term 

treatment: monitoring of visceral parameters and 

bone disease:
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FOLLOW-UP OF GD IN

PEDIATRIC POPULATION
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