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Abstract

Background: Acid sphingomyelinase deficiency (ASMD), a rare lysosomal storage disease, 

results from mutations in SMPD1, the gene encoding acid sphingomyelinase (ASM). As a result, 

sphingomyelin accumulates in multiple organs including spleen, liver, lung, bone marrow, lymph 

nodes, and in the most severe form, in the CNS and peripheral nerves. Clinical manifestations 

range from rapidly progressive and fatal infantile neurovisceral disease, to less rapidly progressing 
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chronic neurovisceral and visceral forms that are associated with significant morbidity and shorter 

life span due to respiratory or liver disease.

Objectives: To provide a contemporary guide of clinical assessments for disease monitoring and 

symptom management across the spectrum of ASMD phenotypes.

Methods: An international group of ASMD experts in various research and clinical fields used an 

evidence-informed consensus process to identify optimal assessments, interventions, and lifestyle 

modifications.

Results: Clinical assessment strategies for major organ system involvement, including liver, 

spleen, cardiovascular, pulmonary, and neurological/developmental are described, as well as 

symptomatic treatments, interventions, and/or life style modifications that may lessen disease 

impact.

Conclusions: There is currently no disease-specific treatment for ASMD, although 

enzyme replacement therapy with a recombinant human ASM (olipudase alfa) is in 

clinical development. Current monitoring addresses symptoms and multisystem involvement. 

Recommended interventions and lifestyle modifications are designed to address morbidity and 

disease complications and improve patient quality of life. While infantile neurovisceral ASMD is 

uniformly fatal in early childhood, patients with chronic visceral and chronic neurovisceral ASMD 

require appropriate management throughout childhood and adulthood by an interdisciplinary 

clinical team.
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1. Introduction

Acid sphingomyelinase deficiency (ASMD), also known as Niemann Pick disease type A 

and type B, is a rare lysosomal storage disorder resulting from deficiency of the lysosomal 

enzyme acid sphingomyelinase (ASM) due to bi-allelic mutations in the sphingomyelin 

phosphodiesterase 1 gene, SMPD1 [1,2]. ASMD results primarily in the progressive 

accumulation of sphingomyelin within the mononuclear phagocytic system and hepatocytes, 

and manifests as a multi-system disease involving the spleen, liver, lung, bone marrow, and 

lymph nodes, and in severe forms of the disease, the CNS and peripheral nervous system. 

While the same metabolic defect is common to all ASMD patients, disease severity is 

determined by the presence or absence of neurological involvement, the extent of systemic 

disease, and the rate of disease progression, resulting in a wide spectrum of clinical 

manifestations. Infantile neurovisceral ASMD [Niemann-Pick disease type A (NPD A)] 

is the most severe form and is rapidly progressive and uniformly fatal in early childhood 

[3]. More slowly progressive chronic neurovisceral ASMD (intermediate, NPD A/B, NPD B 

variant) and chronic visceral ASMD (NPD B) have onset of symptoms in childhood through 

adulthood and are associated with significant morbidity [4], and reduced life expectancy due 

to respiratory and/or liver disease [5,6]. While the epidemiology of ASMD varies by region, 

chronic forms of ASMD comprise the greatest number of cases [7]. The features of the 

subtypes reflecting the clinical spectrum of ASMD are described in Table 1.
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The spectrum of clinical manifestations that overlap with other disorders can make diagnosis 

a challenge, and in the case of chronic forms can lead to a long diagnostic odyssey for 

patients. Diagnostic guidelines have been published for infantile neurovisceral ASMD, 

chronic neurovisceral and chronic visceral disease presenting in childhood, and later-onset 

chronic visceral ASMD presenting after childhood, based on the most common presenting 

ASMD symptoms, the associated symptoms predictive of ASMD, differential diagnoses, and 

diagnostic testing paradigms [8]. Organomegaly is the most common presenting symptom 

in children with all forms of ASMD, and in conjunction with the typical symptoms 

associated with ASMD should trigger testing for ASM enzyme activity. Gene sequencing 

is recommended after detecting reduced ASM activity to identify mutations that might fall 

within the known categories of genotype/phenotype correlations [9]. However, when rare or 

novel SMPD1 mutations are identified, accurate prediction of phenotypes and/or prognosis 

is not feasible. In such cases, ongoing clinical assessments are necessary to determine 

phenotype and prognosis.

At present, there are no approved treatments for ASMD, although enzyme replacement 

therapy (ERT) with olipudase alfa, a recombinant human ASM, is in clinical development 

for the treatment of non-neurologic manifestations of ASMD [10]. Thus, current 

management of ASMD is targeted towards lessening the impact of individual symptoms 

with treatments, interventions, and lifestyle modifications designed to reduce morbidity and 

disease complications, and improve patient quality of life. Medical management for patients 

with ASMD is typically provided by metabolic disease specialists. However, primary 

care providers and other specialists (e.g., pediatricians, cardiologists, pulmonologists, 

hepatologists, and hematologists) are likely to be part of a team approach to patient care. 

Since the liver is a prominently affected organ in the chronic forms of ASMD, hepatologists 

or gastroenterologists may be the first specialists to see pediatric patients with chronic 

visceral and chronic neurovisceral ASMD, while some individuals with chronic visceral 

ASMD may not receive a diagnosis until they present with respiratory disease in late 

adulthood. Consultation and communication between physicians involved in the care of a 

patient with ASMD is important to ensure familiarity with the routine assessments necessary 

to manage the multisystem impact of the disease.

2. Objectives

This review presents global expert opinion consensus on current practices for disease 

monitoring in patients across the spectrum of ASMD phenotypes. The objective of this paper 

is to review the routine clinical assessments necessary for monitoring the multisystemic 

manifestations across the spectrum of ASMD phenotypes. Furthermore, suggestions for 

appropriate research-based follow-up are offered in anticipation of the introduction of 

enzyme replacement therapy. These recommendations are not intended to replace the clinical 

judgment of the treating physicians, or to be inflexible, but rather to provide general 

approaches applicable to most patients suffering from ASMD.
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3. Methods and process

Recommendations for clinical assessments and monitoring disease status of patients with 

ASMD were developed by an evidence-informed consensus process. An inherent challenge 

in compiling these recommendations was the lack of a complete published evidence 

base given the rarity of the disease, therefore personal clinical experience was used to 

supplement published evidence. An international group of experts in the clinical and 

laboratory evaluation, diagnosis, treatment/management, and genetic aspects of ASMD met 

for 2 days in 2015 to review their collective experience with patients with ASMD and 

develop recommendations for monitoring of patients across the multiple ASMD phenotypes. 

Following the meeting, authors held teleconferences to develop the consensus document. To 

further assess the validity of the recommendations, the authors conferred with specialists 

in cardiology, hepatology, pulmonology and hematology (identified in the acknowledgment 

section) for critical review of the manuscript.

3.1. Monitoring strategies for patients with ASMD

Monitoring strategies are presented in the following sections, as well as descriptions of 

treatments, interventions, and/or life style modifications that may lessen the impact of 

symptoms. Suggested assessments are summarized in the boxes that accompany each 

section. This schedule of assessments addresses key ASMD-related disease manifestations 

to monitor over the course of the disease in childhood and adulthood. Following assessments 

performed upon initial diagnosis, the actual frequency of assessments should be decided by 

clinical teams in an individualized fashion for each patient.

3.2. Patients with chronic visceral and neurovisceral ASMD

The presentation, severity, and disease progression in chronic ASMD are heterogeneous 

[Table 1; see [4] for a review of disease manifestations and burden across ASMD 

phenotypes], underscoring the need for individualized management.

This section is organized by organ system with the assumption that thorough neurological 

and visceral clinical assessments are performed at the time of diagnosis. The schedule of 

assessments addresses key ASMD-related disease manifestations that require monitoring 

over the course of the disease. The schedule of recommended assessments for pediatric and 

adult patients is shown in Table 2.

3.3. Hepatic disease

Hepatomegaly is a near-constant feature of ASMD resulting from massive infiltration of 

hepatic macrophages (Kupffer cells) laden with sphingomyelin into hepatic sinusoidal 

spaces (classically referred to as foam cells by histology) as well as lysosomal 

sphingomyelin accumulation in hepatocytes. Hepatic disease is a major cause of morbidity, 

and one of the most common causes of death in patients with chronic visceral disease 

[4–6]. In an analysis of morbidities contributing to death among 85 patients with chronic 

ASMD, liver disease was equally prevalent in patients that died in childhood or adulthood 

[5]. There remains a lack of awareness that adults with chronic ASMD disease are at 

significant risk of cirrhosis, portal hypertension and variceal bleeding. Nearly all adult 
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patients (n= 17) with ASMD screened for enrollment in a phase 1 clinical trial had some 

degree of hepatic fibrosis, ranging from early stage fibrosis to established cirrhosis [11]. 

Sphingomyelin accumulation was prominent in Kupffer cells as well as hepatocytes of 

patients that developed fibrosis.

At initial evaluation of liver involvement, liver panels should include tests for ferritin, 

iron saturation, and viral and autoimmune serology to rule out potential co-morbidities. 

Periodic (every 6–12 months) liver panels (i.e., transaminases, GGT, bilirubin, albumin, 

and prothrombin time/INR) can assist in assessment of liver function, although these tests 

commonly underestimate the extent of liver disease and fibrosis. Hepatocellular synthetic 

function assessed by INR and albumin levels may be preserved even in setting of advanced 

cirrhosis. While elevated hepatic transaminases are seen in most patients, liver enzyme 

levels may be normal or only slightly elevated in early stages of liver fibrosis. Accurate 

assessment of progression of liver fibrosis is important in managing ASMD patients. This 

can now be performed noninvasively by ultrasound-based transient elastography to measure 

liver stiffness. This has been validated to reliably detect stage 2 vs stage 3 fibrosis vs stage 

4 fibrosis in the general population in which it has also been shown to predict complications 

of liver disease as well as predict the occurrence or appearance of liver lesions. Elastography 

readings of < 20 kPa combined with normal platelet counts of > 150,000/mm3 are unlikely 

to have high-risk varices, and patients can avoid endoscopies (reviewed in [12]). Expanded 

criteria have been validated, and the recommended thresholds for performing upper GI 

endoscopy to screen for varices are when elastography exceeds 25 kPa and platelets fall 

below 110,000/mm3 [13]. As liver stiffness values approach stage 4 fibrosis range, it should 

trigger upper endoscopy to screen for varices and initiate prophylactic non-selective beta 

blocker therapy to prevent variceal hemorrhage. In patient showing liver stiffness in stage 

4 range, further assessment for degree of portal hypertension can be made noninvasively 

to assess for degree of splenomegaly or thrombocytopenia, however, the gold-standard 

for accurate assessment of portal pressures is via transjugular hepatic venous-portal vein 

pressure gradient measurements in selected patients. An early clue to development of 

portal hypertension may come from acceleration of splenomegaly. Additional monitoring 

of status of liver cirrhosis using scoring systems such as Child-Pugh classification and the 

Model for End-Stage Liver Disease (MELD), while typically used to assess patients for 

liver transplantation, may provide additional parameters to monitor liver disease in ASMD 

[12,14]. However, caution should be exercised in over-reliance on this system as it is heavily 

based on elevated bilirubin, INR and creatinine, indicators that generally do not accurately 

reflect the extent of liver disease in ASMD.

Treatment options for liver disease are limited. Patients with liver disease should 

refrain from alcohol use. Symptom management in patients with end-stage liver disease 

should focus on screening for liver lesions, control of edema and ascites, prevention 

of bleeding due to esophageal varices with non-selective beta blockers with or without 

endoscopic variceal ligation according to hepatology guidelines, prevention/management of 

hepatic encephalopathy, vaccinations, prophylactic antibiotics for prevention of spontaneous 

bacterial peritonitis as appropriate, and nutritional maintenance. Liver transplantation has 

been performed in several ASMD patients ([15], MW personal communication), and 

decisions to transplant will be driven by the degree of complications resulting from cirrhosis.
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3.4. Splenomegaly

The most common initial clinical presentation for patients with chronic ASMD is 

organomegaly in early childhood, although in mild disease splenomegaly may not be 

obvious [4]. Almost every patient described in observational studies of patients with chronic 

ASMD harbor splenomegaly [5,16–18]. Splenomegaly is initially caused by infiltration of 

lipid-laden macrophages [19], but more rapid progression of splenomegaly should raise 

concerns about contributing effects of portal hypertension. Splenomegaly is significant and 

can be massive reaching spleen volumes > 20 multiples of normal, leading to hypersplenism 

with increased risks for bleeding and splenic rupture, especially in the context of falling 

platelet counts.

There are no satisfactory treatment options for splenomegaly. Splenectomy is generally 

contraindicated due to the potential for exacerbation of liver disease and increased 

sphingomyelin accumulation in the lungs with progressive respiratory insufficiency (authors’ 

clinical experience). If splenectomy needs to be considered due to massive splenomegaly, 

pressure symptoms, and severe unsustainable hypersplenism, then partial splenectomy 

or partial splenic arterial embolization are potential options, which have been used in 

Gaucher disease [20,21]. If emergency surgery is necessary because of splenic trauma, 

necrosis, or rupture, partial or total splenectomy should be performed according to surgical 

indications with use of standard post-surgical antibiotic prophylaxes and vaccinations. 

Lifestyle modifications include reduction and caution in contact sports to minimize trauma 

to the spleen.

3.5. Pulmonary disease

Pulmonary involvement is a key feature of the multisystem manifestation of sphingomyelin 

storage [22], and most patients (> 90%) with chronic visceral ASMD have radiographic 

evidence of infiltrative lung disease [23,24]. The pathophysiology of pulmonary disease 

involves the accumulation of lipid-laden macrophages in the alveolar septa, bronchial 

walls, and pleura, resulting in progressive restriction of lung volumes and impaired gas 

exchange [25] [6]. An inflammatory component that drives the recruitment of macrophages 

to the lung may also be a factor as observed in the ASM knockout mouse model [19]. 

Interestingly, lung-only involvement, in the absence of organomegaly, has been reported 

in adult ASMD patients [26]. Periodic patient assessments (yearly or as dictated by 

symptoms) include pulmonary function testing, including assessment of the diffusing 

capacity of the lung (DLco), O2 saturation, and assessments of exercise tolerance with 

the modified Medical Research Council scale for assessment of dyspnea and the 6-min 

walk test. Although patients may have no overt respiratory symptoms, chest radiography 

shows typical reticulonodular patterns of infiltration. It should be noted that frequently 

there is a dissociation between the extent of infiltrative lung disease assessed by imaging 

and the degree of lung compromise indicated by pulmonary function test parameters [23]. 

Imaging (with chest x-ray or low-radiation HRCT) to monitor disease progression should be 

performed every 2–4 years.

Treatment options for pulmonary involvement in ASMD are limited. Lung lavage has 

been attempted, but has not been shown to be effective in alleviating symptoms and has 
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been associated with procedure-related complications [27]. Oxygen therapy and use of 

bronchodilator may be needed for symptomatic pulmonary disease. Pulmonary infections 

are common and should be managed appropriately, including administration of preventative 

vaccinations for pediatric and adult patients. First-and second-hand exposure to tobacco 

smoke, and use of electronic cigarettes should be avoided.

3.6. Cardiovascular disease

Cardiac dysfunction is common in patients with advanced ASMD, and may result 

independent of, or as a consequence of, pulmonary disease. In a cross-sectional natural 

history study of 59 patients, electrocardiogram and echocardiogram abnormalities were 

common (28% and 50% of patients, respectively) [17]. In 103 patients with chronic ASMD, 

9% had valve abnormalities [6]. Plasma lipid abnormalities are also common in ASMD. The 

majority of patients have an atherogenic lipid profile with low HDL cholesterol (HDLeC) 

and elevated LDL-C, VLDL-C, and triglyceride levels [10,18,28,29]. HDL-C levels are 

decreased in patients of all ages. Hypertrophy of medial and intimal smooth muscle cells 

has been described in distal branches of coronary arteries, and infiltration of lipid-laden 

macrophages may contribute to this apparent accelerated atherosclerosis [29].

3.7. Cardiac dysfunction

The frequency of cardiac assessments should be dictated by symptoms and findings 

following baseline assessments. Cardiac dysfunction occurs at an early age and monitoring 

is necessary in children with ASMD. Cardiac valve abnormalities are common [17] and 

may be mild and clinically insignificant. However, reports of severe mitral insufficiency 

and aortic stenosis have been reported in both children and adult patients [30,31]. 

Electrocardiograms should be performed annually and echocardiograms to assess valvular 

defects should be performed every 2–4 years. Cardiac dysfunction, including narrowing 

of coronary arteries due to hypertrophy of medial and intimal smooth muscle cells 

(independent of pulmonary disease and presumably due to sphingomyelin-laden lysosomes), 

has been described in adult patients with chronic ASMD [29]. Baseline assessment of 

coronary artery status by HRCT or cardiac computed tomography for coronary calcium 

scoring at age 18 is recommended, followed by scans every 2–4 years. These assessments 

should be considered at the same time as pulmonary assessments.

Valvular insufficiency may be treated with medications according to standard guidelines, 

or with surgery to repair or replace defective heart valves. Stenting and/or coronary artery 

bypass grafting (CABG) should also be considered for cardiovascular disease as indicated. 

Surgical interventions must be evaluated based on potential risks of bleeding issues or other 

contraindications.

3.8. Dyslipidemia

Annual monitoring of lipid profiles is recommended. Treatment and lifestyle changes 

include modifying diet for adolescents and adults, and lipid-lowering therapy for 

dyslipidemia according to current guidelines, and at the discretion of the treating physicians. 

If statins are prescribed, more frequent monitoring of liver function may be needed. 

Performing HRCTs for coronary calcium scoring is advocated based on an atherogenic 
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lipoprotein profile including strikingly low HDL cholesterol [28]. In children with ASMD 

with significant growth restriction, dietary fat and cholesterol are often not restricted in order 

to ensure adequate caloric intake and optimal growth.

3.9. Hematology

In prospective natural history studies, thrombocytopenia and bleeding were common in 

patients with chronic forms of ASMD: up to 54% of 29 patients from a longitudinal study 

had thrombocytopenia [18], and bleeding events were reported in 49% of 59 patients from 

a cross-sectional study [17]. Thrombocytopenia and leucopenia tend to increase with patient 

age [18]. Hemorrhage can result from injury and can occur postoperatively (e.g., following 

routine tonsillectomy, dental surgery). Many patients have recurrent nosebleeds, sometimes 

requiring cauterization. More serious bleeding events including subdural hematoma, 

hematemesis, and hemothorax have been described [17]. Recurrent bleeding events correlate 

with degree of splenomegaly, but not strictly with decreased platelet counts suggesting 

platelet dysfunction may play a role in bleeding diathesis [17]. Unrelated but common 

causes of bleeding (e.g., Von Willebrand disease) should be ruled out.

Assessments for monitoring hematologic abnormalities include annual coagulation profiles 

and CBCs, but the frequency should be determined by the findings in individual patients and 

extent of involvement of other organ systems (e.g., functional status of liver). Transfusions 

may be needed in extreme cases of bleeding, but more commonly, interventions (e.g., nasal 

packing, cauterization) are needed for patients with frequent or severe nose bleeds.

3.10. Skeletal manifestations and growth delay

A natural history study of patients with chronic visceral ASMD showed that complaints of 

joint and limb pain are common in pediatric and adult patients [17]. In a study of 46 patients 

with chronic ASMD, children with ASMD showed lower bone mineral content (BMC) and 

bone mineral density (BMD) in spine, hip, and femur compared to agematched healthy 

subjects. The majority of adult ASMD patients have osteopenia or osteoporosis [32]. Bone 

fractures were reported for patients with chronic ASMD in two studies (59 patients and 

46 patients, respectively) [17,32]. Twenty-five percent of children with ASMD and 53% of 

adults reported skeletal fractures, in some cases occurring following minimal or no trauma 

[32].

Growth delays are also reported in children and adolescents with chronic visceral ASMD, 

with delayed skeletal age, short stature, and low weight [17,33]. The majority of adolescent 

patients assessed in a cross-sectional study had delayed growth, bone age, and delayed 

puberty [17].

Weight and linear growth should be monitored in children with ASMD at least every 6–12 

months, and nutritional assessments are important to ensure sufficient caloric intake for 

growth. The use of growth hormone therapy in ASMD has not been systematically studied, 

but monitoring of hormone levels may be informative in some patients.

Skeletal health in children (from infancy to adolescence) and adults should be assessed 

using the guidance provided by the International Society for Clinical Densitometry (ISCD) 
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[34,35]. Assessment of BMC and BMD using dual energy X-ray absorptiometry (DXA) can 

be performed every 2–4 years in patients with signs of low bone density (e.g., fractures). 

The diagnosis of osteoporosis in children and adolescents should not be made on the 

basis of densitometry alone. Diagnosis of osteoporosis is indicated by history of vertebral 

compression (crush) fractures, or the presence of both a clinically significant long-bone 

fracture history and BMD Z-score ≤ −2.0 [34]. BMC and BMD data should be adjusted in 

children with growth delay. In adults, skeletal sites to assess BMD and BMC are the spine 

and hip, and WHO guidelines for osteoporosis diagnosis are used [35].

Standard dietary and lifestyle interventions to prevent/delay bone loss are recommended. 

Weight bearing exercise is recommended to prevent/delay bone loss. Physical therapy is 

recommended for joint and limb pain. While bisphosphonates have been used in Gaucher 

disease to improve bone density [36], their use in ASMD has not been studied because they 

inhibit ASM activity [37].

3.11. Neurological manifestations/cognitive deficits

While neurological symptoms are predominant in patients with infantile neurovisceral 

ASMD, they are variable in patients with chronic disease as summarized in Table 1. 

Patients with chronic visceral ASMD typically have no neurological or cognitive deficits, 

while patients with chronic neurovisceral ASMD display a range of symptoms ranging 

from mild hypotonia and hyporeflexia to more severe involvement including loss of motor 

function and cognitive decline. The onset of neurological symptoms in patients with chronic 

neurovisceral ASMD occurs later in childhood than in patients with infantile neurovisceral 

disease, and neurological symptoms do not progress as rapidly. Extensive neurological 

examinations in 64 patients with chronic ASMD identified 30% of patients (n= 19) with 

some form of neurological impairment [38]. Five of these 19 patients were diagnosed with 

ASMD before 5 years of age and had achieved normal developmental milestones at 2 years 

of age. Onset of neurological abnormalities in the 5 patients occurred between 3 and 7 years 

of age, with symptom severity that ranged from moderate to severe. Loss of milestones 

and neurodegeneration were progressive in the 5 patients, and all had abnormal retinal 

findings and peripheral neuropathy. The Q292K mutation (also referred to as Q294K), 

which has been linked to neurological involvement in patients with chronic ASMD [39], 

was present in 1 or 2 copies in each patient. In the remaining 14/19 patients, neurological 

abnormalities were minor and non-progressive, and consisted primarily of hypotonia, ataxia, 

or hyporeflexia [38].

Assessments for neurological and cognitive deficits include baseline clinical neurological 

and ophthalmology examinations, including direct ophthalmoscopy to assess presence 

of cherry red spots. Age-appropriate neuropsychology assessments should be performed 

periodically in pediatric and adolescent patients if deemed necessary. Patients of all ages 

should be monitored for development of peripheral neuropathy. Patients with 1 or 2 copies 

of the Q292K mutation should be monitored more frequently during childhood due to 

the association of this mutation with more severe neurologic abnormalities. Interventions 

include educational support and physical therapy, as needed.
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3.12. Management of pregnancy

There are limited reports on the impact of chronic visceral ASMD on pregnancy. Women 

with chronic visceral ASMD and exhibiting a wide range of somatic manifestations, 

including significant pulmonary disease and hepatosplenomegaly, appear to have normal 

pregnancies and healthy newborns (McGovern, personal observations). Esophageal varices 

contribute to increased bleeding risks as pregnancy progresses and during the perinatal 

period. Prenatal care by a high-risk obstetrician is indicated to monitor pulmonary and 

hematologic status.

3.13. Patients with infantile neurovisceral ASMD

Infantile neurovisceral ASMD is a uniformly fatal disease, with the majority of patients 

dying by 3 years of age [3,16]. Clinical assessments, including liver function, lung function, 

and hematology, are usually made around the time of diagnosis, but invasive assessments 

are generally not necessary unless they can assist in improving patient quality of life. 

For example, noninvasive head circumference measurements can suggest hydrocephalus 

if a rapid increase in size is detected. Abdominal imaging is not usually necessary, as 

progressive hepatosplenomegaly is predicted and imaging studies do not contribute to the 

clinical management of patients with severe ASMD. Blood testing should be considered at 

the discretion of the physician (e.g., to monitor infection).

Family counseling and the early involvement of palliative care teams are recommended 

to determine the individual approach needed to ensure patient quality of life. Other 

interventions that can be discussed with families include nutritional support, physiotherapy, 

and spasticity management.

3.14. Other management and intervention issues

The diagnosis of ASMD can have major impacts on families and patients across the 

spectrum of disease phenotypes. Supportive services (social services, family counseling, 

patient and disease support groups) may be beneficial and can help optimize the 

management strategies necessary to ensure maximum quality of care and quality of life. 

Since emergency care physicians may not be familiar with chronic ASMD, emergency cards 

may be helpful as proposed by patient organization and Orphanet emergency guidelines for 

individuals with rare diseases [40]. Genetic counseling is important to educate patients and 

families on the autosomal recessive inheritance pattern, carrier status, and potential impact 

on future offspring and siblings. Carrier testing for at-risk relatives and prenatal diagnosis 

are possible if both SMPD1 pathogenic variants in a family are identified. Prenatal diagnosis 

is also possible by testing for ASM enzyme activity.

Assessments and management of patients with chronic ASMD should take into account 

comorbid diseases that may present in patients as new information becomes available. For 

example, Hashimoto thyroiditis has been identified in several patients with ASMD, and 

some SMPD1 mutations may be associated with an increased risk of Parkinson’s disease, 

although the pathogenic relationship between ASMD and Parkinson’s disease is not clear 

[41,42].
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Finally, as ERT and other disease-specific therapies are developed for ASMD, and as 

natural history data grow more robust, additional options for assessing disease progression 

in patients will become appropriate. Currently, there are assessments typically made for 

research purposes that are not used in routine clinical monitoring that are worthy of 

mention. Imaging for assessment of liver and spleen volume may be made periodically 

to monitor disease progression and treatment responses. MRI or computed tomography are 

the recommended methods to calculate organ volume, although ultrasonography may be 

substituted in patients unable to tolerate the MRI or CT. Biomarker assays may be useful for 

disease monitoring and to monitor treatment responses once ERT or other disease-specific 

treatments become available, and are in the research stage of development [10,43]. Potential 

biomarkers for ASMD have been previously summarized [8], and recent studies have 

assessed the reliability of lysosphingomyelin [44] and lysosphingolipids [45] as biomarkers 

for diagnosis.

4. Conclusions

Current monitoring of ASMD is targeted towards reducing the impact of individual 

symptoms, with treatments, interventions, and lifestyle modifications designed to address 

morbidity and disease complications and improve patient quality of life. While patient 

monitoring must be performed based on the individual clinical profile, the proposed 

assessments and interventions in this paper evolved from review of the literature and 

the practices used by the authors in managing their own patients with ASMD. There is 

currently no disease-specific treatment for ASMD, although ERT with olipudase alfa is in 

clinical development [10]. Patients with chronic visceral and chronic neurovisceral ASMD 

require appropriate management by an interdisciplinary clinical team throughout childhood 

and adulthood. Consultation and communication among team members is essential for 

management of the multisystem manifestations of ASMD and for optimizing outcomes.

Acknowledgments

Manuscript preparation and editing services were provided by Patrice C. Ferriola, PhD and were funded by Sanofi 
Genzyme. The authors thank Drs. Maria Cappellini, David Cassiman, Bruno Crestani, Christoph Kampmann, 
Florence Lacaille and Neal Weinreb for critical review of the manuscript.

References

[1]. Schuchman EH, Desnick RJ, Niemann-Pick disease types A and B: acid sphingomyelinase 
deficiencies, in: Valle D, Beaudet A, Vogelstein B, Kinzler K, et al. (Eds.), OMMBID-The 
Online Metabolic and Molecular Bases of Inherited Disease, McGraw Hill, New York, 
2013, http://ommbid.mhmedical.com/content.aspx?bookid=474&Sectionid=45374145 (Accessed 
January 2015).

[2]. Schuchman EH, Desnick RJ, Types A and B Niemann-Pick disease, Mol. Genet. Metab 120 
(2017) 27–33. [PubMed: 28164782] 

[3]. McGovern MM, Aron A, Brodie SE, Desnick RJ, Wasserstein MP, Natural history of type A 
Niemann-Pick disease: possible endpoints for therapeutic trials, Neurology 66 (2006) 228–232. 
[PubMed: 16434659] 

[4]. McGovern MM, Avetisyan R, Sanson BJ, Lidove O, Disease manifestations and burden of illness 
in patients with acid sphingomyelinase deficiency (ASMD), Orphanet J Rare Dis 12 (2017) 41. 
[PubMed: 28228103] 

Wasserstein et al. Page 11

Mol Genet Metab. Author manuscript; available in PMC 2020 May 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ommbid.mhmedical.com/content.aspx?bookid=474&Sectionid=45374145


[5]. Cassiman D, Packman S, Bembi B, Turkia HB, Al-Sayed M, Schiff M, et al. , Cause of death 
in patients with chronic visceral and chronic neurovisceral acid sphingomyelinase deficiency 
(Niemann-Pick disease type B and B variant): Literature review and report of new cases, Mol. 
Genet. Metab 118 (2016) 206–213. [PubMed: 27198631] 

[6]. McGovern MM, Lippa N, Bagiella E, Schuchman EH, Desnick RJ,Wasserstein MP, Morbidity and 
mortality in type B Niemann-Pick disease, Genet Med 15 (2013) 618–623. [PubMed: 23412609] 

[7]. Prevalence and incidence of rare diseases: Bibliographic data, Orphanet Report 
Series-Number 1, 6 2018 Available at http://www.orpha.net/orphacom/cahiers/docs/GB/
Prevalence_of_rare_diseases_by_alphabetical_list.pdf (Accessed November 19 2018).

[8]. McGovern MM, Dionisi-Vici C, Giugliani R, Hwu P, Lidove O, Lukacs Z, et al. , Consensus 
recommendation on a diagnostic guideline for acid sphingomyelinase deficiency, Genet Med 19 
(2017) 967–974. [PubMed: 28406489] 

[9]. Wasserstein M, Schuchman E, Acid sphingomyelinase deficiency, in: Pagon R, Adamm M, 
Ardinger H (Eds.), GeneReviews [Internet], Univ, Washington: Seattle, WA, 2015.

[10]. Wasserstein MP, Jones SA, Soran H, Diaz GA, Lippa N, Thurberg BL, et al. , Successful 
within-patient dose escalation of olipudase alfa in acid sphingomyelinase deficiency, Mol. Genet. 
Metab 116 (2015) 88–97. [PubMed: 26049896] 

[11]. Thurberg BL, Wasserstein MP, Schiano T, O’Brien F, Richards S, Cox GF, et al. , Liver and skin 
histopathology in adults with acid sphingomyelinase deficiency (Niemann-Pick disease type B), 
Am. J. Surg. Pathol 36 (2012) 1234–1246. [PubMed: 22613999] 

[12]. Garcia-Tsao G, Abraldes JG, Berzigotti A, Bosch J, Portal hypertensive bleeding in cirrhosis: risk 
stratification, diagnosis, and management: 2016 practice guidance by the American Association 
for the study of liver diseases, Hepatology 65 (2017) 310–335. [PubMed: 27786365] 

[13]. Augustin S, Pons M, Maurice JB, Bureau C, Stefanescu H, Ney M, et al. , Expanding the Baveno 
VI criteria for the screening of varices in patients with compensated advanced chronic liver 
disease, Hepatology 66 (2017) 1980–1988. [PubMed: 28696510] 

[14]. Garcia-Tsao G, Bosch J, Groszmann RJ, Portal hypertension and variceal bleeding–unresolved 
issues. Summary of an American Association for the study of liver diseases and European 
Association for the study of the liver single-topic conference, Hepatology 47 (2008) 1764–1772. 
[PubMed: 18435460] 

[15]. Mendes M, Fx P, Rc R, Jdv C, Jhp G, Ma H, Liver transplantation in a patient with Niemann-Pick 
disease and pulmonary involvement, J. Bras. Pneumol 38 (2012) 269–271. [PubMed: 22576437] 

[16]. Hollak CE, de Sonnaville ES, Cassiman D, Linthorst GE, Groener JE, Morava E, et al. , Acid 
sphingomyelinase (ASM) deficiency patients in the Netherlands and Belgium: disease spectrum 
and natural course in attenuated patients, Mol. Genet. Metab 107 (2012) 526–533. [PubMed: 
22818240] 

[17]. McGovern MM, Wasserstein MP, Giugliani R, Bembi B, Vanier MT, Mengel E, et al. , A 
prospective, cross-sectional survey study of the natural history of Niemann Pick disease type B, 
Pediatrics 122 (2008) e341–e349. [PubMed: 18625664] 

[18]. Wasserstein MP, Desnick RJ, Schuchman EH, Hossain S, Wallenstein S, Lamm C, et al. , 
The natural history of type B Niemann-Pick disease: results from a 10-year longitudinal study, 
Pediatrics 114 (2004) e672–e677. [PubMed: 15545621] 

[19]. Schuchman EH, The pathogenesis and treatment of acid sphingomyelinase-deficient Niemann­
Pick disease, J. Inherit. Metab. Dis 30 (2007) 654–663. [PubMed: 17632693] 

[20]. Pena AH, Kaplan P, Ganesh J, Clevac E, Marie Cahill A, Partial splenic embolization in a child 
with Gaucher disease, massive splenomegaly and severe thrombocytopenia, Pediatr. Radiol 39 
(2009) 1006–1009. [PubMed: 19471915] 

[21]. Fleshner PR, Aufses AH Jr., Grabowski GA, Elias R, A 27-year experience with splenectomy for 
Gaucher’s disease, Am. J. Surg 161 (1991) 69–75. [PubMed: 1987860] 

[22]. Minai OA, Sullivan EJ, Stoller JK, Pulmonary involvement in Niemann-Pick disease: case report 
and literature review, Respir. Med 94 (2000) 1241–1251. [PubMed: 11192962] 

[23]. Mendelson DS, Wasserstein MP, Desnick RJ, Glass R, Simpson W, Skloot G, et al. , Type B 
Niemann-Pick disease: findings at chest radiography, thin-section CT, and pulmonary function 
testing, Radiology 238 (2006) 339–345. [PubMed: 16304086] 

Wasserstein et al. Page 12

Mol Genet Metab. Author manuscript; available in PMC 2020 May 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_alphabetical_list.pdf
http://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_alphabetical_list.pdf


[24]. von Ranke FM, Pereira Freitas HM, Mancano AD, Rodrigues RS, Hochhegger B, Escuissato 
D, et al. , Pulmonary Involvement in Niemann-Pick disease: a state-of-the-art review, Lung 194 
(2016) 511–518. [PubMed: 27164983] 

[25]. Chung MJ, Lee KS, Franquet T, Muller NL, Han J, Kwon OJ, Metabolic lung disease: imaging 
and histopathologic findings, Eur. J. Radiol 54 (2005) 233–245. [PubMed: 15837404] 

[26]. Nicholson AG, Florio R, Hansell DM, Bois RM, Wells AU, Hughes P, et al. , Pulmonary 
involvement by Niemann-Pick disease. A report of six cases, Histopathology 48 (2006) 596–603. 
[PubMed: 16623786] 

[27]. Uyan ZS, Karadag B, Ersu R, Kiyan G, Kotiloglu E, Sirvanci S, et al. , Early pulmonary 
involvement in Niemann-Pick type B disease: lung lavage is not useful, Pediatr. Pulmonol 40 
(2005) 169–172. [PubMed: 15965955] 

[28]. McGovern MM, Pohl-Worgall T, Deckelbaum RJ, Simpson W, Mendelson D, Desnick RJ, et al. , 
Lipid abnormalities in children with types A and B Niemann Pick disease, J. Pediatr 145 (2004) 
77–81. [PubMed: 15238911] 

[29]. Ishii H, Takahashi T, Toyono M, Tamura M, Harada K, Yoshida M, et al. , Acid 
sphingomyelinase deficiency: cardiac dysfunction and characteristic findings of the coronary 
arteries, J. Inherit. Metab. Dis 29 (2006) 232–234. [PubMed: 16601902] 

[30]. Fotoulaki M, Schuchman EH, Simonaro CM, Augoustides-Savvopoulou P,Michelakakis H, 
Panagopoulou P, et al. , Acid sphingomyelinase-deficient Niemann-Pick disease: novel findings 
in a Greek child, J. Inherit. Metab. Dis 30 (2007) 986. [PubMed: 17876723] 

[31]. Iaselli F, Rea G, Cappabianca S, Fabozzi G, Montemarano M, Vitale C, et al. , Adult-onset 
pulmonary involvement in Niemann-Pick disease type B, Monaldi Arch. Chest Dis 75 (2011) 
235–240. [PubMed: 22462311] 

[32]. Wasserstein M, Godbold J, M.M. M, Skeletal manifestations in pediatric and adult patients with 
Niemann Pick disease type B, J. Inherit. Metab. Dis 36 (2013) 123–127. [PubMed: 22718274] 

[33]. Wasserstein MP, Larkin AE, Glass RB, Schuchman EH, Desnick RJ, McGovern MM, Growth 
restriction in children with type B Niemann-Pick disease, J. Pediatr 142 (2003) 424–428. 
[PubMed: 12712061] 

[34]. ISCD International Society for Clinical Densitometry. Position Statement (Pediatric) https://
www.iscd.org/official-positions/2nd-iscd-pediatric-position-developmentconference/ (accessed 
June 2017). 2015.

[35]. ISCD. International Society for CLinical Densitometry Position Statment (Adult) https://
www.iscd.org/official-positions/6th-iscd-position-developmentconference-adult/ (Accessed June 
2017). 2015.

[36]. Wenstrup RJ, Bailey L, Grabowski GA, Moskovitz J, Oestreich AE, Wu W, et al. , Gaucher 
disease: alendronate disodium improves bone mineral density in adults receiving enzyme therapy, 
Blood 104 (2004) 1253–1257. [PubMed: 15010365] 

[37]. Arenz C, Small molecule inhibitors of acid sphingomyelinase, Cell. Physiol. Biochem 26 (2010) 
1–8. [PubMed: 20501999] 

[38]. Wasserstein MP, Aron A, Brodie SE, Simonaro C, Desnick RJ, McGovern MM, Acid 
sphingomyelinase deficiency: prevalence and characterization of an intermediate phenotype of 
Niemann-Pick disease, J. Pediatr 149 (2006) 554–559. [PubMed: 17011332] 

[39]. Pavlu-Pereira H, Asfaw B, Poupctova H, Ledvinova J, Sikora J, Vanier MT, et al. , Acid 
sphingomyelinase deficiency. Phenotype variability with prevalence of intermediate phenotype 
in a series of twenty-five Czech and Slovak patients. A multi-approach study, J. Inherit. Metab. 
Dis 28 (2005) 203–227. [PubMed: 15877209] 

[40]. Faucounneau V, Rath A, Emergency guidelines and emergency cards, Orphanet J Rare Dis 9 
(Suppl. 1) (2014) O15.

[41]. Gan-Or Z, Orr-Urtreger A, Alcalay RN, Bressman S, Giladi N, Rouleau GA, The emerging role 
of SMPD1 mutations in Parkinson’s disease: Implications for future studies, Parkinsonism Relat. 
Disord 21 (2015) 1294–1295. [PubMed: 26320887] 

[42]. Mao CY, Yang J, Wang H, Zhang SY, Yang ZH, Luo HY, et al. , SMPD1 variants in Chinese 
Han patients with sporadic Parkinson’s disease, Parkinsonism Relat. Disord 34 (2017) 59–61. 
[PubMed: 27814975] 

Wasserstein et al. Page 13

Mol Genet Metab. Author manuscript; available in PMC 2020 May 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.iscd.org/official-positions/2nd-iscd-pediatric-position-developmentconference/
https://www.iscd.org/official-positions/2nd-iscd-pediatric-position-developmentconference/
https://www.iscd.org/official-positions/6th-iscd-position-developmentconference-adult/
https://www.iscd.org/official-positions/6th-iscd-position-developmentconference-adult/


[43]. Wasserstein MP, Diaz GA, Lachmann RH, Jouvin MH, Nandy I, Ji AJ, et al. , Olipudase alfa for 
treatment of acid sphingomyelinase deficiency (ASMD): safety and efficacy in adults treated for 
30 months, J. Inherit. Metab. Dis 41 (2018) 829–838. [PubMed: 29305734] 

[44]. Kuchar L, Sikora J, Gulinello ME, Poupetova H, Lugowska A, Malinova V, et al. , Quantitation 
of plasmatic lysosphingomyelin and lysosphingomyelin-509 for differential screening of 
Niemann-Pick A/B and C diseases, Anal. Biochem 525 (2017) 73–77. [PubMed: 28259515] 

[45]. Deodato F, Boenzi S, Taurisano R, Semeraro M, Sacchetti E, Carrozzo R, et al. , The impact 
of biomarkers analysis in the diagnosis of Niemann-Pick C disease and acid sphingomyelinase 
deficiency, Clin. Chim. Acta 486 (2018) 387–394. [PubMed: 30153451] 

Wasserstein et al. Page 14

Mol Genet Metab. Author manuscript; available in PMC 2020 May 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Hepatic Assessments

• Periodic liver panels (every 6–12 months): transaminases, GGT, coagulation, 

albumin

• Monitor hepatic fibrosis (using transient elastography assessment of liver 

stiffness)

• Screen for esophageal varices in patients with portal hypertension based on 

clinical and radiological assessments (invasive and noninvasive assessments 

available)

• Monitor liver disease using Child-Pugh/MELD classification (note 

limitations)

Treatment/interventions/lifestyle modifications

• Maintain nutrition and control fluid retention

• Avoid alcohol use and hepatotoxic medications

• Vaccinations against viral hepatitis A and B

• Non-selective beta blockers for prevention of hemorrhage in patients with 

esophageal varices

• Ammonia reduction for hepatic encephalopathy

• Antibiotics as appropriate for spontaneous bacterial peritonitis

• Assessment of candidacy for liver transplant when needed
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Spleen assessments

Treatment/interventions/lifestyle modifications

• Since trauma-induced rupture is a possibility, caution regarding contact sports 

is advised
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Pulmonary assessments

• Respiratory status assessed at every clinic visit

• Pulmonary function and diffusion capacity of lungs, and exercise tolerance 

should be assessed yearly or based on changes in patients’ clinical condition

• Chest radiographs should be obtained upon diagnosis with subsequent 

imaging (HRCT and X ray) every 2–4 years to monitor infiltrative lung 

disease

Treatment/interventions/lifestyle modifications

• Supplemental oxygen and/or noninvasive positive pressure ventilation should 

be prescribed based on underlying abnormalities such as hypoxemia and 

hypoventilation

• Bronchodilators may be used for symptomatic pulmonary disease

• Vaccinations (influenza, pneumococcal pneumonia, haemophilus influenzae 
Type B) as appropriate for patients with underlying lung disease

• All pulmonary infections should be aggressively managed

• Avoid exposure to tobacco products
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Cardiovascular Assessments

• Auscultation at every clinic visit

• Annual ECG

• Coronary artery status beginning at age 18 (HRCT scans be combined with 

pulmonary assessment every 2–4 years)

• Echocardiogram every 2–4 years

• Annual lipid profile

Treatment/interventions/lifestyle changes

• For dyslipidemia, diet management and possibly statins (post-puberty) 

(monitor liver function if statins are used) according to standard guidelines

• Medications for managing valvular insufficiency according to standard 

guidelines

• Surgery to repair/replace heart valves

• Stenting/CABG for coronary artery narrowing and blockages
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Hematology Assessments

• Complete blood counts annually or as indicated by findings

• Coagulation profile annually

Treatment/interventions/lifestyle modifications

• Interventions (e.g., packing, cauterization) for frequent or excessive nose 

bleeds
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Skeletal and Growth Assessments

• Monitor growth and weight gain in children at least every 6–12 months

• Monitor hormone levels for delayed puberty

• Skeletal health in children from infancy to adolescence and adults should be 

assessed using the guidance provided by the International Society for Clinical 

Densitometry

Treatment/interventions/lifestyle modifications

• Exercise to prevent osteopenia

• Physical therapy as needed

• Standard dietary and lifestyle interventions to minimize bone loss

• Ensure calorie intake is adequate for growth
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Neurological and Cognitive Assessments

• Annual neurological and developmental assessments in children (more 

frequently in younger patients)

• Ophthalmology exam at baseline

• More frequent monitoring of patients with the Q292K* mutation

• Peripheral neuropathy assessments annually

• Neuropsychology assessments as needed

Treatment/interventions/lifestyle modifications

• Educational support

• Physical therapy

*also referred to as Q294K.
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