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CASE PRESENTATION

Chloroquine-induced renal phospholipidosis

CesAR AugUsTO RESTREPO-VALENCIA, EDGAR H. DOMINGUEZ-VINAYO * MaNizALES (COLOMBIA)
CarLos Orozco-De La Hoz « BogoTa, D.C. (CoLomBIA)

DOI: https://doi.org/10.36104/amc.2022.2192

Abstract

This is the report of a patient being treated with chloroquine for an approximately 10-year his-
tory of rheumatoid arthritis, with a significant cumulative dose and documented progressive kidney
function deterioration, non-nephrotic proteinuria and involvement of the proximal muscles of the
extremities. The kidney biopsy showed zebra bodies in the podocytes. Fabry disease was ruled out.
Medication-induced phospholipidosis was diagnosed, in this case due to chloroquine. This case
report reminds us of the importance of being aware of the possible side effects of medications. (Acta
Med Colomb 2022; 47. DOI: https://doi.org/10.36104/amc.2022.2192).
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Introduction

Chloroquine is an antimalarial drug, but due to its im-
munomodulating effect, it is also useful in autoimmune
diseases. It has few side effects, but renal complications
have been reported. We describe the case of a patient
with impaired renal function in whom phospholipidosis
with podocyte zebra bodies was found on kidney biopsy.
This finding initially oriented the diagnosis toward Fabry
disease, but she did not have clinical signs and symptoms
or a family history of the disease. Since the patient was
female, genetic studies were ordered, which did not show
alpha-galactosidase A (GLA) gene mutations, and the serum
levels of alpha-galactosidase enzyme were normal. Due to
the length of time she had been on chloroquine, and in the
absence of clinical findings which would indicate another
disease, she was diagnosed with chloroquine-induced renal
phospholipidosis, a finding which has already been reported
by other authors.

Case presentation

A 73-year-old woman from a city in Colombia, South
America, was being followed by nephrology for chronic
kidney disease (CKD) secondary to hypertensive nephro-
sclerosis. She had a 10-year history of rheumatoid arthritis
(RA),long-standing hypertension, dyslipidemia, and severe
osteoporosis with L2-L4 compression fractures, and was
being treated with chloroquine, methotrexate, losartan,
hydrochlorothiazide and atorvastatin. On her first nephrol-
ogy consult, her laboratory tests showed creatinine at 1.67
mg/dL, and a CKD-EPI estimated glomerular filtration
rate (GFR) of 26 mL/min, with the expected GFR for her
age being 70 mL/min. The urine tests showed no protein,
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acellular sediment, and a 24-hour urine protein of 79.5 mg.

Three months later, rheumatology requested a repeat
nephrology evaluation, with the following findings on the
follow up tests: elevated creatinine at 2.01 mg/dL, with normal
calcium and phosphorus, and low PTH. Anti-HIV, hepatitis
B and hepatitis C antibodies were negative, C3 and C4 were
not consumed, and protein electrophoresis did not have a
monoclonal peak. Renal ultrasound reported mildly shrunken
kidneys (explainable due to her age) with no corticomedullary
differentiation disorders, and a normal renal artery Doppler.
Since the source of the renal impairment was unclear, a per-
cutaneous kidney biopsy was ordered.

The biopsy report stated that 20 glomeruli were obtained;
there was global sclerosis in five, with no mesangial or
glomerular basement membrane abnormalities nor inflam-
matory changes in the glomeruli (Figures 1 and 2). There
was 5% tubular atrophy, with no interstitial inflammation,
myointimal thickening of the blood vessels and hyaline
changes of the muscular wall with slight narrowing of the
lumen (compatible with hypertensive nephrosclerosis).
Immunofluorescence was negative for immune complex,
complement (C3, C4, Clq), fibrin and light-chain immu-
noglobulin deposition. The main findings of electron mi-
croscopy or ultrastructural analysis were in the podocytes,
with a loss of pedicels (their feet) in 70% of the capillary
surface, and numerous zebra or lamellar bodies correspond-
ing to lysosomal inclusions within them (Figures 3 and 4).

In light of the histological findings, the first diagnostic
possibility proposed was Fabry disease. Since she was
female, sequence analysis was ordered for her and her
daughters to determine if there were mutations of the gene
coding for the alpha galactosidase (GLA) enzyme. No
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pathogenic findings suggestive of Fabry disease were found
in the patient nor her daughters in this study. The serum
alpha-galactosidase A levels reported were 7.5 nmol/mL/
hour (normal controls 2.0 to 21.8 nmol/mL/hour), conclud-
ing that she did not have Fabry disease. Since there were no
clinical findings suggestive of other diseases which would
explain the histological findings, it was concluded that this
was drug-induced phospholipidosis and, of the medications
the patient was taking, the only possibility was chloroquine,
which she had been taking for many years, reaching a cu-
mulative dose of 810 grams.

Three months after the biopsy, the patient was seen
by rheumatology as an outpatient and showed general
deterioration. She had lost four kilograms of weight and
had hyporexia, dysphagia for solids and liquids, muscular
atrophy, marked difficulty walking, herpes zoster-like le-
sions on the chest, leukopenia and further renal function
impairment. She was hospitalized and another nephrology
consult was requested.

On her new tests, the creatinine had risen to 8.18 mg/
dL, the CKD-EPI estimated GFR was 4 mL/min, 24-hour
proteinuria was 390 mg, the urine test showed 75 mg/dL of
protein, and the urine sediment included three eumorphic red
blood cells per high-power field. Acute interstitial nephritis was
suspected, but steroids or cytostatic agents were not begun due
to her herpes zoster and the risk of viral systemic complications.
Nephrology confirmed that she was still receiving 250 mg of
chloroquine from Monday through Friday, which they discon-
tinued along with the proton pump inhibitor (esomeprazole),
adjusting the prescribed dose of acyclovir to her glomerular
filtration rate. With these measures and hydration, her creatinine
decreased to 5.0 mg/dL.

Due to her neuromuscular symptoms, a simple brain
magnetic resonance was ordered which was reported as
normal. Upper GI endoscopy showed a giant hiatal hernia.
Chloroquine-induced myopathy was suspected, and electro-
myography plus nerve conduction was ordered. The patient
developed marked dyspnea, requiring oxygen therapy due to
desaturation, and an acute pulmonary thromboembolism was
suspected. A transthoracic echocardiogram detected a slight
decrease in the ejection fraction, which was still preserved
(58%), and a slight increase in pulmonary systolic arterial
pressure, but with no signs of right ventricular dysfunction. A
chest CAT reported multiple segmental parenchymal opaci-
ties probably related to multilobar opportunistic pneumonia.

The patient deteriorated rapidly and neither she nor her
family accepted a transfer to the intensive care unit or ad-
vanced measures like orotracheal intubation; she therefore
remained on the general ward and died. The family also
refused an autopsy.

Discussion
The renal complications which accompany rheumatoid
arthritis may be triggered by poor disease control or be
related to its pharmacological treatment (1). In our case

Figure 1. 10x light microscopy. Normal glomeruli, one sclerosed. Normal tubules and
interstitium.

Figure 2. 40x light microscopy. Normal glomerulus.
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Figure 3. Electron or ultrastructure microscopy: Podocytes with multiple “Zebra Bodies”
corresponding to cytoplasmic phospholipids.

Figure 4. Electron or ultrastructure microscopy: a podocyte with “Zebra Bodies.”

report, the kidney biopsy mainly reported podocyte involve-
ment with pedicel loss in 70% of the capillary surface,
and numerous zebra or lamellar bodies corresponding to
lysosomal inclusions. The diagnosis was renal lipidosis, a
group of diseases characterized by abnormal lipid storage
in the kidney. They are classified as primary when there
are specific hereditary enzyme deficits, or secondary to
other disorders such as liver cirrhosis, nephrotic syndrome,
Alport syndrome, Alagille syndrome, or even toxic agents
or medications, the latter being known as drug-induced
phospholipidosis (DIP) (2-5).

Drug-induced phospholipidosis due to antimalarial
medications like chloroquine or hydroxychloroquine
(HCQ) has been rarely described, always in the context
of autoimmune diseases like Sjogren syndrome, systemic
lupus erythematosus (SLE), RA and connective tissue
disease, rather than in malaria treatment, possibly due its
short treatment course in which the cumulative dose is
small. To date, 12 cases of chloroquine and HCQ-induced
phospholipidosis have been reported (Table 1), as well as
one case in a renal transplant patient with underlying SLE,
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in whom graft rejection was suspected due to kidney func-
tion impairment, but phospholipidosis was found on the
kidney biopsy, requiring hydroxychloroquine withdrawal,
with resulting improvement (3-4, 6-16).

In the reported studies, all the cases occurred in women
with ages ranging from 14-70 years, 10 of whom were on
HCQ, with the most common disease being SLE. The cu-
mulative doses of the two patients who were on chloroquine
were 75 and 51 grams, while in our case it was close to 8§10
grams (3,4, 6-15).

The predominant site of lipid accumulation can guide the
clinician in the differential diagnosis of the diseases which
cause it. Deposition mainly in the podocytes, with lysosomal
inclusions, is found in Fabry disease, nephrosialidosis, GM1
gangliosidosis, type 2 mucolipidosis, Hurler syndrome,
Niemann-Pick disease and Farber disease. Renal tubular cell
involvement occurs in metachromatic leukodystrophy, adult
Refsum disease, and Sandhoff disease. Accumulations in me-
sangial and glomerular endothelial cells are found in lecithin
cholesterol acyltransferase deficiency, Gaucher disease and
Niemann Pick disease (2, 3, 4). Zebra or myeloid bodies in
the podocytes are more characteristic of Fabry disease. They
have occasionally been described in Niemann Pick; however,
this disease also has glomerular and mesangial endothelial
damage and large vacuolated cells known as Niemann Pick
cells (2-4).

In Fabry disease, despite being an X-linked disorder,
heterozygous women may develop systemic organ involve-
ment. In our patient, the lack of other clinical findings,
normal enzyme levels and lack of genetic mutations ruled
out this diagnosis, with the most probable diagnosis be-
ing drug-induced phospholipidosis, in this case caused be
chloroquine (17-19).

Drug-induced phospholipidosis is a condition in which
some cationic drugs with lysosomal affinity can easily
enter this organelle and form a drug-phospholipid com-
plex with subsequent accumulation, aided by lysosomal
enzyme activity inhibition and resistance to digestion due
to increased lysosomal pH. The reversible inhibition of
lysosomal phospholipases A and C is thought to be dose
dependent (20). Some drugs with a documented ability
to cause DIP include chloroquine, hydroxychloroquine,
amiodarone, azithromycin, gentamicin, fluoxetine, sertra-
line and clozapine (21).

Histopathological findings have been used to try to dis-
tinguish Fabry disease from DIP. The presence of curvilinear
bodies (microtubular structures in vascular smooth muscle
cells and podocytes) and small, round granular inclusions
in the mitochondria of mesangial, tubular, and endothelial
cells may favor DIP. Meanwhile, a greater number of intra-
lysosomal inclusions are found in Fabry disease. (5).

During the patient’s final hospitalization, when she was
still receiving chloroquine, important developments included
neurological and muscular involvement, worsening kidney
function and the onset of proteinuria without significant
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Table 1. Case reports to date of chloroquine and hydroxychloroquine-induced renal phospholipidosis.

Case Medical Medication Renal manifestation Creatinine Biopsy result Genetic/ Treatment | Effect of treatment
history Dose and general GFR Enzymatic Efecto del
symptoms analysis tratamiento
13 Polyarthritis | NSAIDs, ste- Proteinuria 3,384 mg/ [ GFR 73.1 mL/ | Acute tubular lesion. Electron microscopy | Normal levels HCQ Decreased
Female roids, gold salts, | day; Arthralgias of the [ min shows electron-dense bodies bound to the | of galactosidase, | discontinued, | proteinuria and
56 years methotrexate, knee, ankles, hands Creatinine 1.3 | membrane with the characteristic multila- | with no GLA ACE creatinine.
HCQ mg/dL mellar appearance of zebra bodies in the [ gene mutation inhibitors
glomerular epithelial cells, mesangial cells, begun
glomerular endothelial cells, interstitial
cells, tubular epithelial cells, and vascular
endothelium.
2 SLE Captopril, Proteinuria (600 mg/ | CKD-EPIL Elecgtron microscopy: osmiophilic lamel- | Neither HCQ was No proteinuria.
Female HCTZ, pred- day), fever, erythema, [ GFR 116 mL/ | lar intralysosomal inclusions in the podo- | galactosidase discontinued | A second kidney
28 years nisone photosensitivity, min/1.73 m? cytes resembling “zebra bodies.” nor genetics in favor of biopsy showed
HCQ 400 mg/ asthenia were measured | thalidomide cytoplasmic edema
day. in the podocytes,
14 months with no lipid
168 gr deposits.
3¢ Rheumatoid | Celecoxib, Increased creatinine, | Cr2.2 mg/dL | Visceral epithelial cells showing spiral | Normal levels Chloroquine | After one year,
Female arthritis Chloroquine proteinuria, hematu- | GFR 23 mL/ lipid inclusions, some capillaries with | with no genetic | discontinued | she returned to her
56 years minimum of ria. Edemas, muscle min/1.73 m? vacuolated cytoplasm and some small [ mutations baseline kidney
75 cumulative weakness. granular deposits function, proteinuria
grams and hematuria
ceased, and she
had no edemas or
muscular symptoms.
47 Sjogren Prednisone, Increased creatinine, | Cr 1.45 mg/dL | Granular and vacuolar degeneration and | No GLA gene HCQ Restored kidney
Female syndrome Methotrexate neck and lumbosacral formation of protein cylinders in the | mutation. discontinued | function
51 years HCQ 300 mg/ pain tubular epithelial cells. Interstitial fibrosis
day and infiltration with numerous inflamma-
1.8 cumula- tory cells. Electron Microscopy: lamellar
tive g bodies in some podocytes.
5 Undifferenti- | HCQ 400 mg/ Proteinuria 1,120 GFR 119 mL/ | Granular degeneration of tubular epithelial | No genetic HCQ Decreased
Female ated connec- | day 288 cumu- | mg/day, hematuria, min/1.73 m? cells without evident atrophy, edematous | mutations discontinued | proteinuria and
41 years | tive tissue lative g weight loss, weakness | Creatinine 0.66 | glomerular epithelial cells vacuoles in the hematuria
disease mg/dL podocytes with dense lamellar structures
6° SLE HCQ 400 mg/ Non-nephrotic Not reported Unusual cytoplasmic vacuolization of | No GLA gene HCQ The patient
Female Class V lu- day (1,412 cu- | proteinuria, without the podocytes, extramembranous granu- | mutation, discontinued | developed
36 years | pus nephritis | mulative grams | hematuria or kidney lar deposits containing IgG, C3, kappa | normal nephrotic syndrome
over 9 years) function abnormalities and lambda, osmiophilic lamellar and | galactosidase associated with
Steroid, ritux- concentric inclusions in the podocytes | levels SLE membranous
imab corresponding to “Zebra bodies” nephropathy; she
received rituximab

urine sediment findings. The cumulative dose of chloroquine
was greater, and the fact that her kidney function improved
when it was discontinued suggests exacerbated chronic
kidney disease, and worsening podocytopathy evidenced by
proteinuria, events which could be explained by chloroquine
toxicity (22). Several case reports have described a similar
behavior (3, 8).

The patient also exhibited dysphagia and symmetrical
proximal muscle weakness symptoms, with marked diffi-
culty in walking. Chloroquine toxicity has been reported to
cause neuromyopathy and myopathy, as it can accumulate
in these tissues; thus, in this case, the patient may have
developed chloroquine-induced myopathy (6, 20, 23, 24,

25). These findings have been reported to improve when
the medication is discontinued (26), and with a prevalence
of 6.7% and incidence of 1.2%, it is not such a rare condi-
tion (27).

Conclusion

We report a patient being treated with chloroquine for
an approximately 10-year history of rheumatoid arthritis,
with a significant cumulative dose, who developed progres-
sive deterioration of her kidney function, non-nephrotic-
range proteinuria and proximal muscle weakness in the
extremities. The kidney biopsy showed zebra bodies in the
podocytes. Fabry disease was ruled out. The final diagnosis
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Continuation.... Table 1. Case reports to date of chloroquine and hydroxychloroquine-induced renal phospholipidosis.

Case Medical Medication Renal manifestation Creatinine Biopsy result Genetic/ Treatment | Effect of treatment
history Dose and general GFR Enzymatic Efecto del
symptoms analysis tratamiento
A SLE; Prednisolone, Non-nephrotic Not reported Electron Microscopy: numerous zebra | No GLA gene HCQ Proteinuria
Female Hashimoto’s | azathioprine proteinuria, low-grade bodies, mainly located in the podocyte | mutation, discontinued | resolved, muscle
14 years | thyroiditis HCQ 500 mg/ fever, cheek rash, cytoplasm, associated with mesangial [ normal function improved
day proximal muscle dense deposits galactosidase
weakness, atrophy, levels
bilateral knee and
ankle edema
8! SLE HCQ, Proteinuria/creatin- GFR 119 mL/ | Mesangial proliferative lupus nephropathy | No genetic Not Not mentioned
Female azathioprine, uria ratio 0.4-3.8 g/g, | min/1.73 m? and membranous nephropathy (Class II/V). | mutation mentioned
27 years prednisone pyuria Electron Microscopy: subepithelial dense
deposits and “zebra body” lamellar inclu-
sions in the podocytes.
9n SLE HCQ 150 mg/ Proteinuria 600 mg/ Cr0.9 mg/dL | Visceral epithelial cells with vacuolated | Normal levels, | Chloroquine | Six months later
Female day day, increased skin le- cytoplasm, dense bodies with a multilamel- | with no genetic | discontinued | the skin lesions
31 years 219 cumula- sions, corneal lesions lar appearance and characteristic myelin | mutations had decreased, the
tive g figure or zebra body changes, also found kidney function
in smaller amounts in the glomerular was unchanged,
endothelium and vascular smooth muscle. proteinuria had
Expansion of the mesangial matrix and decreased and
IgA, IgM, IgG, and C3 mesangial and fo- the subepithelial
cal subendothelial immune dense deposits corneal lesions had
(class II lupus nephritis) disappeared
10" SLE,HTN, | Steroid, metho- | Impaired kidney Cr 1.28 mg/dL | Arterionephrosclerosis and arteriolar hyali- | Normal levels, | HCQ The creatinine
Female DVTTVO trexate, HCQ function, proteinuria, | GFR 64 mL/ nosis compatible with hypertensive kidney | with no genetic | discontinued | clearance remained
70 years small left kidney. min disease without signs of lupus nephritis. | mutations stable, proteinuria
Corneal deposits 2 gr proteinuria | Foamy inlusions within the podocytes and was maintained at
tubular epithelial cells. Intracellular osmio- 1.5-5 gr
philic myelin body (*“zebra body”) deposits
1 SLE Steroid Nephrotic syndrome, | Cr 1.05 mg/dL | Mesangial proliferation, irregular endo- | Normal HCQ Normal
Female HCQ 340 g hematuria, leukocy- 3.5¢grin24 thelial cell proliferation, neutrophilic | galactosidase discontinued | echocardiogram,
30 years turia, kidney function | hours cells, focal fibrosis in the interstitium, | levels, a genetic urinalysis showing
impairment, increased mesangial IgG, IgA, and C3 deposits, | study was not trace proteins
arthralgias, cardiomy- class III lupus nephritis. Endothelial cells | performed
opathy from the glomeruli and the vessels showed | as it was not
myelin-like figures, identical to lamellar | available
bodies (zebra bodies)
12 Sjogren Steroids, Increased creatinine, | Initial GFR 23 | Electron microscopy: showed a large | Normal HCQ Restored kidney
Female syndrome, hydroxychlo- non-nephrotic pro- mL/min quantity of osmiophilic lamellar bodies, es- | galactosidase discontinued | function (9 months)
46 years | osteoporosis, | roquine 51 teinuria 11-month GFR | pecially in the podocytes. Small quantities | levels
HTN cumulative 8 mL/min of curvilinear elements. A smaller quantity
grams Crs5.0 of these lamellar bodies were found in
vascular smooth muscle, endothelial cells
and the tubular system

was drug-induced phospholipidosis, in this case caused by
chloroquine. This case report reminds us of the importance
of being aware of the possible side effects of medications.

References
1. Kapoor T, Bathon J. Renal Manifestations of Rheumatoid Arthritis. Rheum Dis
Clin North Am.2018;44:571-584. doi:10.1016/j.rdc.2018.06.008.

2. Renwick N, Nasr SH, Chung WK, Garvin J, Markowitz GS, Marboe C, et
al. Foamy podocytes. Am J Kidney Dis. 2003;41:891-896. doi:10.1016/s0272-
6386(03)00133-1.

Acta Med Colomb 2022; 47
DOI: https://doi.org/10.36104/amc.2022.2192

3. Bracamonte ER, Kowalewska J, Starr J, Gitomer J, Alpers CE. Iatrogenic
phospholipidosis mimicking Fabry disease. Am J Kidney Dis. 2006;48:844-850.
doi:10.1053/j.ajkd.2006.05.034

4. de Menezes Neves PDM, Machado JR, Custédio FB, Dos Reis Monteiro
MLG, Iwamoto S, Freire M, et al. Ultrastructural deposits appearing as “zebra
bodies” in renal biopsy: Fabry disease?- comparative case reports. BMC Nephrol.
2017;18(1):157. doi:10.1186/512882-017-0571-0

5. Faraggiana T, Churg J. Renal lipidoses: a review. Hum Pathol. 1987;18:661-679.
doi:10.1016/s0046-8177(87)80238-1.

6. Albay D, Adler SG, Philipose J, Calescibetta CC, Romansky SG, Cohen
AH. Chloroquine-induced lipidosis mimicking Fabry disease. Mod Pathol.
2005;18:733-738. doi:10.1038/modpathol .3800344.



César Augusto Restrepo-Valencia et al.

7. Zhao F ,Dou Y, Liu D, Yuan W, Quan S, Wang X, et al. Hydroxychloroquine-
induced lipidosis of the kidney mimicking Fabry disease: a case report. Int J Clin
Exp Pathol. 2016; 9:2591-2593.

8. Wu SZ, Liang X, Geng J, Zhang MB, Xie N, Su XY. Hydroxychloroquine-
induced renal phospholipidosis resembling Fabry disease in undifferentiated
connective tissue disease: A case report. World J Clin Cases. 2019;7:4377-4383.
doi:10.12998/wjcc.v7 124 4377.

9. Serre J,Buob D, Boffa JJ. Hydroxychloroquine-induced podocytopathy mimick-
ing Fabry disease. BMJ Case Rep.2019;12:¢228876.doi:10.1136/ber-2018-228876

10. Navratil M, Jurekovi¢ II. Chloroquine Toxicity Misdiagnosed as Fabry Disease
Associated with Systemic Lupus Erythematosus and Hashimoto Thyroiditis. J
Rheumatol. 2017;44:1940. doi:10.3899/jrheum.170689.

11. Sperati CJ, Rosenberg AZ. Hydroxychloroquine-induced mimic of renal Fabry
disease. Kidney Int. 2018;94:634. doi:10.1016/j kint.2018.02.003.

12.Costa RM, Martul EV, Reboredo JM, Cigarran S. Curvilinear bodies in hydroxy-
chloroquine-induced renal phospholipidosis resembling Fabry disease. Clin Kidney
J.2013;6:533-536. doi: 10.1093/ckj/sft089.

13. Woywodt A, Hellweg S, Schwarz A, Schaefer RM, Mengel M. A wild zebra
chase. Nephrol Dial Transplant. 2017; 22:3074-3077. doi: 10.1093/ndt/gfm462

14. Khubchandani SR, Bichle LS. Hydroxychloroquine-induced phospholipidosis
in a case of SLE: the wolf in zebra clothing. Ultrastruct Pathol.2013;37:146-150.
doi:10.3109/01913123.2012.751950.

15. Miiller-Hocker J, Schmid H, Weiss M, Dendorfer U, Braun GS. Chloroquine-
induced phospholipidosis of the kidney mimicking Fabry’s disease: case report and
review of the literature. Hum Pathol.2003;34:285-289. doi:10.1053/hupa.2003.36.

16.Brealey J, Carroll R. Hydroxychloroquine-induced phospholipidosis
in a renal transplant patient. Ultrastruct Pathol. 2017; 41:124-125. doi:
10.1080/01913123.2016.1272664

17.0rtiz A, Sanchez-Nifio MDS. Diagnéstico y tratamiento de la enfermedad de
Fabry. Med Clin (Barc).2017; 148:132-138. doi:10.1016/j.medcli.2016.09.047

18.Schiffmann R. Fabry disease. Handb Clin Neurol. 2015;132:231-248.
doi:10.1016/B978-0-444-62702-5.00017-2

19.Bernstein PR, Ciaccio P, Morelli J. Drug-Induced Phospholipidosis. Annual
Reports in Medicinal Chemistry. 2011; 46: 419-430. doi: 10.1016/B978-0-12-
386009-5.00001-1.

20.Shayman JA, Abe A. Drug induced phospholipidosis: an acquired lysosomal
storage disorder. Biochim Biophys Acta. 2013;1831:602-611. doi:10.1016/j.
bbalip.2012.08.013.

21.Reasor MJ, Hastings KL, Ulrich RG. Drug-induced phospholipido-
sis: issues and future directions. Expert Opin Drug Saf. 2006;5:567-583.
doi:10.1517/14740338.5.4.567.

22.Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group.
KDIGO Clinical Practice Guideline for the Evaluation and Management of Chronic
Kidney Disease. Kidney Int suppl 2013; 3: 1-150.

23.Larson ST, Wilbur J. Muscle Weakness in Adults: Evaluation and Differential
Diagnosis. Am Fam Physician. 2020;101:95-108. PMID: 31939642.

24. Taylor WR, White NJ. Antimalarial drug toxicity: a review. Drug Saf.2004;27:25-
61.doi:10.2165/00002018-200427010-00003.

25.Bannwarth B. Drug-induced myopathies. Expert Opin Drug Saf. 2002;1:65-70.
doi:10.1517/14740338.1.1.65.

26. Avina-Zubieta JA, Johnson ES, Suarez-Almazor ME, Russell AS. Incidence
of myopathy in patients treated with antimalarials. A report of three cases and a
review of the literature. Br J Rheumatol. 1995;34:166-170. doi:10.1093/rheuma-
tology/34.2.166.

27.Casado E, Gratacos J, Tolosa C, Martinez JM, Ojanguren A, Real J et al.
Antimalarial myopathy: an underdiagnosed complication? Prospective longitudinal

study of 119 patients. Ann Rheum Dis. 2006;
D



