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TherapeuTic advances in 
rare disease

Left-sided valvular heart disease and 
retinopathy in a 38-year-old woman with 
attenuated mucopolysaccharidosis: a case 
report
Faizal Z. Asumda, Jessica A. Kraker, Sarah C. Thomas, Joseph Maleszewski,  
Edwin M. Stone, Brendan C. Lanpher and Lisa A. Schimmenti

Abstract: Mucopolysaccharidoses (MPS) are a group of inherited lysosomal storage disorders 
caused by deficient levels and/or activity of glycosaminoglycan (GAG)-degradative enzymes. 
MPS are characterized by accumulation of the mucopolysaccharides heparan sulfate, dermatan 
sulfate, keratan sulfate, or chondroitin sulfate in tissues. We report the case of a 38-year-old 
woman with a history of joint restriction and retinitis pigmentosa who developed bivalvular 
heart failure requiring surgery. It was not until pathological examination of surgically excised 
valvular tissue that a diagnosis of MPS I was made. Her musculoskeletal and ophthalmologic 
symptoms, when placed in the context of MPS I, painted the diagnostic picture of a genetic 
syndrome that was overlooked until a diagnosis was made in late middle age.
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Case Report

Plain Language Summary 

•   A 38-year-old woman with heart failure had heart valve surgery. Examining her 
cardiac valve tissue under the microscope suggested a metabolic disorder called 
mucopolysaccharidosis type I (MPS I).

•  MPS I is due to defective breakdown of sugar molecules (called glycosaminoglycans 
or GAGs for short) in the body which then can accumulate, causing dysfunction.

•  Our patient had short stature, a curved spine, stiff joints, and a degenerative eye 
disease called retinitis pigmentosa, all of which were due to her undiagnosed MPS I.

•  Most patients with MPS I are discovered on newborn screening when they are babies, 
or at very young ages due to severe symptoms related to the disease.

•  Our patient had a form of MPS I that was less severe, and the first symptom she 
received medical care for was her eye symptoms.

•  A diagnosis of MPS I made in middle adulthood is unusual for MPS I, and so is an 
important learning case for providers as there were clues hidden in her medical 
history that suggested a genetic or inherited syndrome.

•  Our genetics specialists were able to make a definitive diagnosis of MPS I and begin 
treatment with enzyme replacement therapy, as well as provide information for the 
patient about her risk of passing this disease on to children.

Keywords: aortic valve, lysosomal enzymes, mitral valve, mucopolysaccharidoses, retinitis 
pigmentosa

Received: 12 July 2022; revised manuscript accepted: 16 November 2022.

https://journals.sagepub.com/home/trd
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:schimmenti.lisa@mayo.edu
mailto:schimmenti.lisa@mayo.edu


2 journals.sagepub.com/home/trd

Volume 4
TherapeuTic advances in 
rare disease

Introduction
The mucopolysaccharidoses (MPS) are a group 
of lysosomal storage disorders caused by deficient 
levels and/or activity of glycosaminoglycan 
(GAG)-degradative enzymes.1,2 Defective enzy-
matic breakdown of GAGs results in accumula-
tion of the mucopolysaccharides heparan sulfate, 
dermatan sulfate, keratan sulfate, or chondroitin 
sulfate in tissues.1,2 The clinical phenotype of 
each MPS is determined by the specific enzyme 
deficiency, the severity of the enzyme deficiency, 
the target GAG of the deficient enzyme, and sites 
of accumulation of GAGs in tissues.1,2 We fol-
lowed the CARE Guidelines when preparing this 
case report.

Case report
A 38-year-old occupational therapist presented 
with an acute onset of shortness of breath. 
Echocardiographic assessment showed severe cal-
cific aortic and mitral valve stenosis, atrial enlarge-
ment, pulmonary hypertension, and tricuspid, 
aortic, and mitral valvular regurgitation with a 
preserved ejection fraction of 64%. She did not 
have a history of prior chest radiation or rheu-
matic fever.

The patient’s prior medical history was notable for 
hyperopia, congenital hip dysplasia, an umbilical 
hernia, obstructive sleep apnea, tracheal stenosis 
causing difficult intubations, carpal tunnel syn-
drome, underdevelopment of the hand muscula-
ture, as well as joint contractures and stiffness 
beginning in childhood. She was diagnosed with 
retinitis pigmentosa at age 34 years with evidence 
of pigmentary retinopathy on examination after 
noting over a decade of progressive nyctalopia. 
Chromosomal microarray (CMA) performed at 
the time of diagnosis of retinitis pigmentosa was 
negative for duplications or deletions. Family his-
tory is unremarkable for cardiac, musculoskeletal, 
or retinal disease. She had two uncomplicated 
pregnancies at ages 31 and 34, with two phenotypi-
cally normal children. She has a biologic brother 
who has no health issues. The patient is of normal 
intelligence and sound mind, with a very successful 
and fulfilling career as an occupational therapist.

On physical examination, the patient was noted 
to have macrocephaly (head circumference 60 
cm; 99th percentile) and a prominent forehead 
without coarse facial features, a low nasal bridge, 
micrognathia, dental crowding, and misaligned 

teeth with a prominent square jawline (Figure 
1(a)). She was of short stature (height 61 inches; 
9th percentile), had valgus knee deformity with 
leg length discrepancy, significant muscle wasting 
of the bilateral upper and lower extremities, and 
bilateral thenar atrophy (Figure 1(b)). She also 
had notable joint contractures of the elbows, 
wrists, hips, and knees. Spinal examination was 
notable for scoliosis with spine imaging showing 
thoracolumbar scoliosis, narrowing of the lumbar 
spaces, anterior subluxation of L5 onto S1, and 
dysplastic pelvic bones (Figure 1(c)).

Ophthalmologic examination showed bilateral 
arteriolar attenuation and bone-spicule-like pig-
mentary changes anterior to the inferotemporal 
arcades (Figure 2(a)). Optical coherence tomog-
raphy of the macula revealed extensive loss of the 
outer nuclear layer, external limiting membrane, 
and the ellipsoid zone that spared the central 1 
mm (Figure 2(b)). Fundus autofluorescence 
imaging revealed an elliptical ring of hyperauto-
fluorescence 1.5 mm × 2 mm in size centered on 
the fovea. The foveal avascular zone was also 
slightly hyperautofluorescent (Figure 2(c)). Visual 
field testing revealed bilateral ring scotomas 
though central visual acuity was 20/20 in both 
eyes (Figure 2(d)). These retinal findings were 
consistent with retinitis pigmentosa. The remain-
der of the patient’s eye examination was normal 
including intraocular pressures, extraocular move-
ments, corneal clarity, and optic disc appearance.

Electron microscopy of the mitral valve biopsies 
showed numerous clear vacuolated cells with 
clear, flocculent material and inclusions in the 
leaflets and chordae tendineae (Figure 3(a) and 
(b)). Light microscopy of her native mitral valve 
showed collections of abnormal vacuolated histio-
cytes in both the fibrous and spongy layers (Figure 
3(c) and (d)). These ultrastructural findings were 
consistent with mucopolysaccharidosis.

CMA and whole genome sequencing analyses were 
facilitated by clinical genetics. CMA was performed 
by Mayo Clinic Laboratories in Rochester, 
Minnesota and used copy number and single-
nucleotide polymorphism (SNP) probes on a whole 
genome array Applied Biosystems (Affymetrix, 
Waltham, MA, USA) CytoScan HD platform. 
CMA showed no clinically relevant copy number 
changes or regions with absence of heterozygosity. 
Whole genome sequencing performed at GeneDx 
Laboratories in Gaithersburg, Maryland was 
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positive for two heterozygous variants in the IDUA 
gene encoding iduronidase. The first variant, c.228 
T>A (p.Tyr76Ter) is paternally inherited and clas-
sified as pathogenic. The p.Tyr76Ter variant is a 
nonsense variant predicted to result in protein trun-
cation or nonsense-mediated decay; it has not been 

previously published as pathogenic or benign to our 
knowledge and has not been observed at significant 
frequency in large population cohorts.3 The second 
variant, c.1577T>C (p.Leu526Pro), is maternally 
inherited and  classified as likely pathogenic. The 
p.Leu526Pro variant was observed to be in trans 

Figure 1. (a) Photograph of the patient’s facial structure indicating macrocephaly, prominent forehead, low 
nasal bridge, micrognathia, dental crowding, and square jawline. (b) Photograph showing the patient standing. 
(c) Anterior–posterior radiograph of the thoracolumbar spine shows thoracolumbar scoliosis, narrowing of 
lumbar interspaces, spondylotic subluxation of L5 on S1, and dysplastic pelvic bones.

Figure 2. (a) Montage color fundus photograph of the right eye showing attenuated retinal arterioles, a 
blunted foveal reflex, and a small amount of bone-spicule-like pigmentation anterior to the inferotemporal 
vascular arcade. (b) Spectral domain optical coherence tomogram (OCT) of the right macula showing extensive 
loss of the outer nuclear layer, the external limiting membrane, and the ellipsoid zone that spares the central 
1 mm. A trace amount of cystoid macular edema can be seen in the inner nuclear layer. Imaging obtained 
of the left eye, although not included, showed similar changes to the right eye. (c) Fundus autofluorescence 
image of the right eye showing an elliptical ring of hyperautofluorescence 1.5 mm × 2 mm in size centered on 
the fovea. The foveal avascular zone is also slightly hyperautofluorescent. (d) Goldmann visual field of the right 
eye shows a ring scotoma to the I4e isopter. The I2e isopter is constricted to less than 20°.
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with the paternally inherited p.Tyr76Ter variant. 
In silico analysis supports a deleterious effect for the 
maternally inherited p.Leu526Pro variant.

Biochemical testing identified low-serum alpha-
L-iduronidase level (0.02 nmol/h/mg, normal  
⩾ 2.06 nmol/h/mg) with elevation of urine der-
matan sulfate (7.06 mg/mmol creatinine, nor-
mal ⩽ 1.00 mg/mmol creatinine), urine heparan 
sulfate (1.44 mg/mmol creatinine, normal  
< or = 0.25 mg/mmol creatinine), serum spot 
dermatan sulfate (463 nmol/l, normal ⩽ 130 
nmol/l), and serum heparan sulfate (123 nmol/l, 
normal ⩽ 95 nmol/l). This biochemical analysis 
confirmed the diagnosis of mucopolysaccharido-
sis type I (MPS I). The patient is currently being 
managed on enzyme replacement therapy (ERT) 
with weekly infusions of laronidase at a maxi-
mum rate of 43 U/kg/h which she is tolerating 
well. The primary immediate reported side 
effects of ERT are related to anaphylaxis and 
accompanying respirator issues; none of which 
our patient experienced. Since starting infusions, 
she has noted increased energy, which she also 

partially attributes to her successful cardiac 
surgery.

Upon genetics consultation, and due to the atypi-
cal presentation of symptoms in this case, 
informed consent was obtained for clinical pho-
tography and case report publication.

Discussion
In this case report, we present a 38-year-old 
woman with severe cardiac valvular dysfunction 
out of proportion to her age, retinopathy, and 
musculoskeletal comorbidities that collectively 
raised concern for an underlying genetic condi-
tion. The surgical pathologic findings were sug-
gestive of a metabolic storage disorder in her 
diseased valves.1,2,4 Identification of bi-allelic 
pathogenic variants in the IDUA gene, followed 
by biochemical testing showing reduced iduroni-
dase activity, led to the correct diagnosis of MPS 
I for this patient.1,2 The novelty of this case pres-
entation is based on the attenuated phenotype 
and atypical presentation.

Figure 3. Surgical microscopy specimen of the mitral valve as seen using electron microscopy. Abnormal 
vacuolated cells with flocculent cytoplasmic material viewed at both (a) low and (b) high magnification. 
Surgical microscopy specimens of the mitral valve as seen using light microscopy. Collections of abnormal 
vacuolated histiocytes are present within the fibrous and spongy layers of the mitral valve seen at both (c) low 
and (d) high magnification using hematoxylin–eosin stain.
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There are a number of instructive points in the dis-
cussion of this case. The severe end of the spec-
trum (Hurler syndrome) is readily recognizable. 
However, more attenuated disease (Hurler–Scheie 
and Scheie syndrome), as exemplified in this case 
report, can be a diagnostic challenge. Symptoms in 
attenuated MPS I are slowly progressive, with 
diagnosis typically in mid to late adulthood after 
disease burden is significant. The clinical pheno-
type of MPS I correlates with the specific gene 
variant involved.4 In MPS I, loss of function vari-
ants are most commonly homozygous or com-
pound heterozygous, and result in significant 
disruption of gene function with little to no alpha-
1-iduronidase activity and an early-onset clinically 
severe phenotype known as Hurler syndrome.1,2 
Patients with Hurler syndrome typically present in 
infancy with progressive facial coarsening, hepato-
splenomegaly, and progressive neurologic deficits. 
This condition typically causes severe intellectual 
disability and death in infancy or early childhood if 
untreated. Patients with more residual alpha-
L-iduronidase enzyme activity are said to have 
Scheie syndrome and have less severe disease man-
ifestations, normal cognition, and normal life 
expectancy especially with early therapy.3 However, 
the spectrum of severity varies. In the absence of 
therapy, some manifestations of the disease such as 
the cardiac valve disease seen in our patient can be 
quite severe by middle age.4–6 For this reason, rec-
ognition and timely diagnosis is critical. In our 
patient’s case, her relatively higher level of residual 
alpha-L-iduronidase enzyme activity can be 
explained by her combination of a loss of function 
(p.Tyr76Ter) and missense (p.Leu526Pro) vari-
ants. Early treatment can significantly reduce mor-
bidity in patients with MPS I,7 and as a result, 
MPS I was added to the US recommended new-
born screening panel in 2015.8,9 However, it 
should be noted that the first tier of newborn 
screening testing (iduronidase activity) can be dif-
ficult to interpret, with high rates of false posi-
tives.10 In addition, when presented with a positive 
screening test, there is no agreed upon standard for 
second-tier confirmatory testing.10 This under-
standably causes families anxiety and uncertainty 
regarding their child’s diagnosis. As a response to 
this, the Centers for Disease Control and 
Prevention has granted several states funding for 
improving newborn screening initiatives for six dis-
eases, one of which is MPS I.11

Several ophthalmologic examination findings 
have been described in MPS I, including corneal 

clouding, glaucoma, and pigmentary retinopathy 
or retinitis pigmentosa.12,13 However, these exam-
ination findings are usually documented in child-
hood due to symptomatic onset early in life. 
Although retinitis pigmentosa has been previously 
reported in MPS I, it is an extremely genetically 
heterogeneous condition, with hundreds of impli-
cated genes, with widely variable inheritance pat-
terns, and can occur as part of systemic syndromes 
or as an isolated ophthalmologic condition.14 Due 
to this genetic and phenotypic heterogeneity, the 
main commercially available genetic panels for 
retinitis pigmentosa do not include IDUA, the 
causative gene for MPS I. Thus, an ophthalmolo-
gist is unlikely to make a diagnosis of MPS 
I-associated retinitis pigmentosa in the absence of 
other suggestive clinical data and without the 
assistance of a clinical geneticist.12,13

Once identified, management of MPS I is depend-
ent on disease severity and requires a multidisci-
plinary approach. Treatment in MPS I consists of 
palliative/supportive care, early hematopoietic 
stem cell transplantation (HSCT) with bone mar-
row or umbilical cord blood stem cells, and ERT 
with recombinant human α-L-iduronidase. 
HSCT, if employed at age ⩽2 years, can preserve 
central nervous system function, increase sur-
vival, improve growth, reduce facial coarseness 
and hepatosplenomegaly, and ameliorate cardiac 
and respiratory symptoms.15–17 Although it is 
lower risk than HSCT and has proven systemic 
benefits, ERT is limited by its inability to cross 
the blood–brain barrier and so is less effective at 
treating neurologic disease.15–17 ERT was initi-
ated in our patient after advanced cardiac valve 
disease requiring surgery. We expect ERT to con-
tribute to mitigation of further cardiac valve dis-
ease. We will continue to follow this patient to 
determine whether ERT can reverse some of the 
other pathological manifestations.

The key to preventing irreversible organ damage 
is effective disease recognition and early diagno-
sis. Overall, treatment options for lysosomal stor-
age disorders remain limited and so there is a 
need for innovative therapeutic approaches. 
Currently, therapeutic options include bone mar-
row transplant, hematopoietic stem cell trans-
plant, and ERT. Stem cell–based approaches 
have shown promise in preclinical trials.18–20 
Multipotent adult mesenchymal stem cells 
(MSCs) derived from bone marrow are of partic-
ular interest. MSCs have self-renewing and 
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multi-lineage differentiation capacity. They can 
be differentiated into mesodermal (osteoblasts, 
osteocytes chondrocytes, adipocytes, cardiomyo-
cytes), ectodermal (neurocytes), endodermal 
(hepatocytes) tissues. MSCs are easily accessible 
and cultured in the clinical setting from the bone 
marrow of the specific patient (autologous) or 
from donors (allogeneic).18 In addition, MSCs 
are known to be immune-privileged and can be 
genetically modified with lentiviral or adeno-asso-
ciated viral transduction to overexpress specific 
defective lysosomal enzymes.18 Another novel 
therapeutic approach employed for MPS I is the 
autologous transplantation of both hematopoietic 
stem cells and progenitor cells that have been 
transduced ex vivo with an IDUA-encoding lenti-
viral vector after myeloablative conditioning.20 
Preliminary data from these studies show promis-
ing results including a similar safety profile to 
autologous hematopoietic stem cell transplanta-
tion, prompt and sustained engraftment of gene-
corrected cells and supraphysiologic blood IDUA 
activity within a month, and decreased urinary 
GAG excretion.20

This case is presented to illustrate the diagnostic 
challenges in recognizing attenuated forms of 
MPS I; particularly, in individuals born before 
MPS I was added to the newborn screening panel. 
In our patient, short stature which may present in 
the pediatric population as growth failure along 
with tracheal stenosis, carpal tunnel syndrome, 
joint contractures, retinitis pigmentosa, and pig-
mentary retinopathy were the initial red flag signs 
for attenuated MPS I. By highlighting the factors 
that contributed to delayed diagnosis and treat-
ment for this patient, we hope to increase aware-
ness across multiple specialties.

Declarations

Ethics approval and consent to participate
Ethics approval not applicable due to institu-
tional/IRB policy. Informed verbal consent was 
obtained for clinical photography and case report 
publication per Mayo Clinic institutional policy.

Consent for publication
Verbal consent was obtained for publication of 
this case report and the images included. Per 
Mayo Clinic institutional policy, written consent 
is not required for publication of single case 
reports.

Author contributions
Faizal Z. Asumda: Conceptualization; Data 
curation; Formal analysis; Writing – original 
draft; Writing – review & editing.

Jessica A. Kraker: Data curation; Formal analy-
sis; Writing – original draft; Writing – review & 
editing.

Sarah C. Thomas: Data curation; Formal 
analysis.

Joseph Maleszewski: Data curation; Formal 
analysis.

Edwin M. Stone: Data curation; Formal 
analysis.

Brendan C. Lanpher: Investigation; Writing – 
review & editing.

Lisa A. Schimmenti: Conceptualization; Data 
curation; Formal analysis; Methodology; Project 
administration; Supervision; Writing – original 
draft; Writing – review & editing.

Acknowledgements
The authors would like to thank the patient and 
her family.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Competing interests
The authors declared no potential conflicts of 
interest with respect to the research, authorship, 
and/or publication of this article.

Availability of data and materials
Data sharing is not applicable to this article as no 
new data were created or analyzed in this study.

References
 1. Clarke LA. Mucopolysaccharidosis type I. 2002 

Oct 31 [Updated 2021 Feb 25]. In: Adam MP, 
Ardinger HH, Pagon RA, et al. (eds) GeneReviews 
[Internet]. Seattle, WA: University of Washington, 
Seattle, 1993–2021, pp. 1–27.

 2. Neufeld EF and Muenzer J. The muco-
polysaccharidosis. In: Valle DL, Antonarakis S, 
Ballabio A, et al. (eds) The online metabolic and 
molecular bases of inherited disease. New York, NY: 
McGraw Hill, 2019.

https://journals.sagepub.com/home/trd


FZ Asumda, JA Kraker et al.

journals.sagepub.com/home/trd 7

 3. Pollard LM, Jones JR and Wood TC. Molecular 
characterization of 355 mucopolysaccharidosis 
patients reveals 104 novel mutations. J Inherit 
Metab Dis 2013; 36: 179–187.

 4. Rentería VG, Ferrans VJ and Roberts WC. The 
heart in the Hurler syndrome: gross, histologic 
and ultrastructural observations in five necropsy 
cases. Am J Cardiol 1976; 38: 487–501.

 5. Gross DM, Williams JC, Caprioli C, et al. 
Echocardiographic abnormalities in the 
mucopolysaccharide storage diseases. Am J 
Cardiol 1988; 61: 170–176.

 6. Braunlin EA, Harmatz PR, Scarpa M, et al. Cardiac 
disease in patients with mucopolysaccharidosis: 
presentation, diagnosis and management. J Inherit 
Metab Dis 2011; 34: 1183–1197.

 7. Chen HH, Sawamoto K, Mason RW, 
et al. Enzyme replacement therapy for 
mucopolysaccharidoses; past, present, and future. 
J Hum Genet 2019; 64: 1153–1171.

 8. Recommended Uniform Screening Panel. 
Selection of conditions based upon ‘newborn 
screening: towards a uniform screening panel 
and system’. Genetic Med 2006; 8(5, Suppl.): 
S12–S252 as authored by the American College of 
Medical Genetics (ACMG) and commissioned by 
the Health Resources and Services Administration 
(HRSA), https://www.hrsa.gov/advisory-
committees/heritable-disorders/rusp/index.html

 9. Donati MA, Pasquini E, Spada M, et al. 
Newborn screening in mucopolysaccharidoses. 
Ital J Pediatr 2018; 44(Suppl. 2): 126.

 10. Bosfield K, Regier DS, Viall S, et al. 
Mucopolysaccharidosis type I newborn screening: 
Importance of second tier testing for ethnically 
diverse populations. Am J Med Genet A 2021; 
185: 134–140.

 11. Centers for Disease Control and Prevention. 
Division of laboratory sciences, https://www.cdc.
gov/nceh/dls/nsmbb_funding.html

 12. Fenzi CR, Teramoto K, Moshirfar M, et al. 
Ocular manifestation and management 
recommendations of lysosomal storage disorders 
I: mucopolysaccharidoses. Clin Opthalmol 2015; 
9: 1633–1644.

 13. Gills JP, Hobson R, Hanley WB, et al. 
Electroretinography and fundus oculi 
findings in Hurler’s disease and allied 
mucopolysaccharidoses. Arch Ophthalmol 1965; 
74: 596–603.

 14. Hartong DT, Berson EL and Dryja TP. 
Retinitis pigmentosa. Lancet 2006; 368:  
1795–1809.

 15. Muenzer J, Wraith JE, Clarke LA, et al. 
Mucopolysaccharidosis I: management and 
treatment guideline. Pediatrics 2009; 123:  
19–29.

 16. Stapleton M, Hoshina H, Sawamoto K, et al. 
Critical review of current MPS guideline and 
management. Mol Gen Metabol 2019; 126:  
238–245.

 17. Hampe CS, Wesley J, Lund TC, et al. 
Mucopolysaccharidosis type I: current 
treatments, limitations, and prospects for 
improvement. Biomolecules 2021; 11: 189.

 18. Issa SS, Shaimardanova AA, Valiullin VV, 
et al. Mesenchymal stem cell-based therapy 
for lysosomal storage diseases and other 
neurodegenerative disorder. Front Pharmacol 
2022; 13: 859516.

 19. Scruggs BA, Zhang X, Gimbie JM, et al. Stem 
cell-based therapy for lysosomal storage diseases. 
In: Shankar S and Srivastava R (eds) Stem cells 
and human diseases. Dordrecht: Springer, 2012, 
pp. 61–90.

 20. Gentner B, Tucci F, Galimberti S, et al. 
Hematopoietic stem-and progenitor-cell gene 
therapy for Hurler syndrome. N Eng J Med 2021; 
385: 1929–1940.

Visit SAGE journals online 
journals.sagepub.com/
home/trd

SAGE journals

https://journals.sagepub.com/home/trd
https://www.hrsa.gov/advisory-committees/heritable-disorders/rusp/index.html
https://www.hrsa.gov/advisory-committees/heritable-disorders/rusp/index.html
https://www.cdc.gov/nceh/dls/nsmbb_funding.html
https://www.cdc.gov/nceh/dls/nsmbb_funding.html
https://journals.sagepub.com/home/trd
https://journals.sagepub.com/home/trd

