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ABSTRACT 
Background: Zellweger spectrum disorders are autosomal recessive in origin due 
to defects in peroxisome biogenesis and with variable severity. The present work 
aims to characterize a South Asian Indian Zellweger spectrum disorder family with 
PEX6 mutation for a genotype-phenotype association.  
Method: The affected and unaffected individuals in the family were evaluated. 
A comprehensive examination of the ocular, auditory, dental, integumentary, 
neuronal, hepato-renal, endocrine, skeletal, cardiac, and other systems was 
conducted. Investigations deemed fit for diagnosis and management were done. 
Karyotyping and molecular genetic screening of the peripheral venous blood 
were performed for aneuploidy and mutation detection. Retinal fundus 
photograph, optical coherence tomography, bilateral audiogram, magnetic 
resonance imaging of the brain, ultrasonography of the abdomen, 
electrocardiography, and echocardiogram were performed. Any non-synonymous 
nucleotide variations detected were analyzed using in silico methods.  
Results: The proband was born of consanguinity and had retinitis pigmentosa in 
both eyes, bilateral sensorineural deafness, amelogenesis imperfecta, Beau's line, 
and punctate leukonychia corresponding to Heimler syndrome. In addition, the 
proband had developmental nuclear cataracts, ichthyosis, developmental delay, 
cerebellar ataxia, cognitive deficit, peripheral neuropathy, and muscle movement 
disorder corresponding to inherited Refsum disease. The proband did not have 
anosmia. The brain's magnetic resonance imaging, abdomen ultrasonography, 
electrocardiography, and echocardiogram were normal. The karyotyping 
revealed euploidy status. The molecular genetic screening detected two novel 
adjacent homozygous non-synonymous nucleotide variations c.2691C>A 
(p.Ser897Arg) and c.2692C>G (p.Leu898Val) in the PEX6 gene. The pathogenic 
effect, structural destabilization effect, and functional impact of the variants were 
analyzed through in silico methods. The L898V variant was highly pathogenic 
compared to the non-conserved S897R variant of PEX6, leading to structural 
instability and loss of functionality. The molecular dynamics simulation studies also 
revealed the L898V variant to cause structural instability of PEX6 with higher 
backbone deviations and residue-wise fluctuations.  
Conclusion: This study confirms the significance of L898V variant on the 
functionality of PEX6 that resulted in a severe disease phenotype. Genetic 
counseling, followed by multidisciplinary clinical evaluation was required to 
manage the patient with peroxisomal biogenesis disorder. A phytanic acid-
restricted diet may be beneficial to control the infantile refsum disease severity.   
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Introduction 
Peroxisomes are single membrane-bound organelles 
derived from the endoplasmic reticulum. There are 
several hundred peroxisomes in mammalian cells, each 
around 1µm in diameter.1 A single peroxisome carries 
more than 50 matrix enzymes for various metabolic 

activities of the mammalian system that include β-

oxidation of very long chain fatty acids (VLCFA), α-

oxidation of methyl branched phytanic acid, the 
catabolism, and biosynthesis of ether phospholipids.2 

Peroxisomal β oxidation utilizes different fatty acid 

substrates in catabolic and synthetic processes. This 
includes very long (≥ C22) straight-chain saturated and 
unsaturated fatty acids (VLCFA), (2 S) methyl-branched 
chain pristanic acid, and (25 S) di- and tri-

hydroxycholestanoic acids (D/THCA). An α-oxidation of 

methyl-branched phytanic acid is required to convert 
phytanic acid into pristanic acid.3 

 
Chain shortening of VLCFA is the final step in 
docosahexaenoic acid (DHA) synthesis.4-6 A defect in 
acyl-CoA oxidase 1, D-bifunctional protein, and acetyl-
CoA acyltransferase 1 enzymes causes the accumulation 
of VLCFA to damage the brain, nerve, and adrenals, and 

a deficiency of DHA affects brain and vision function. β 

oxidation of methyl-branched chain fatty acid (pristanic 
acid) and C27 bile acid precursors, D/THCA, with the 
help of acyl-CoA oxidase 2, D-bifunctional protein, and 
sterol carrier protein-peroxisomal thiolase results in the 
chain shortening of pristanic acid.7-10 A defect in the 
enzymes results in the accumulation of pristanic acid, 
affecting the brain and nerves. An increase in D/THCA 
causes liver toxicity. The degradation of methyl-

branched phytanic acid requires an additional α-

oxidation before entering the β-oxidation pathway as 

pristanic acid.11,12 A defect in the enzyme phytanyl-CoA 
hydroxylase (PHYH) causes tissue accumulation of 
phytanic acid, which results in retinal degeneration, 
cerebellar degeneration, and peripheral neuropathy.  
 
Nuclear genes code for the proteins found in the 
membrane and the lumen of peroxisomes.13-15 Proteins 
named 'peroxins' deliver proteins from the cytoplasm to 
the peroxisomal membrane and into the lumen. More than 
20 peroxins participate in the biogenesis and 
maintenance of peroxisomes. A defect in any of the 
peroxins due to mutation causes deregulation of 
peroxisomal biogenesis. This critically affects the 
metabolic pathways that result in the accumulation of by-
products and cause damage to ocular, auditory, dental, 
integumentary, neuronal, hepato-renal, endocrine, 
skeletal, cardiac, growth, and intellectual capabilities. 
 
The peroxisome biogenesis disorder (PBD) represents a 
pattern of metabolic malformation syndromes. Biallelic 
pathogenic mutation in any of the fourteen PEX genes 
causes peroxisomal assembly disorders. Defects in PEX1, 

PEX2, PEX3, PEX5, PEX6, PEX10, PEX11β, PEX12, PEX13, 

PEX14, PEX16, PEX19, PEX26, and PEX7 genes cause 
Zellweger syndrome disorder (ZSD) and Rhizomelic 
Chondrodysplasia Punctata type I (RCDP1) respectively. 
The severity of the disease correlates with the age of 
onset of the symptoms, peroxisome number, the impact of 
the mutation on peroxin function, and residual enzyme 

function. The overall birth incidence of ZSD is 1 in 
50,00016 and 1 in 100,000 for RCDP1.17  
 
I—ZSD has variable severity, which includes 1. Zellweger 
Syndrome (ZS) due to PEX1 mutation results in a severe 
form of the disease characterized by craniofacial, 
neurological, and muti-organ dysfunction noticed in the 
first year of life with high mortality.18-24 2. X-linked 
Neonatal Adrenoleukodystrophy (NALD) due to ABCD1 
mutation is an intermediate form of the disease 
characterized by muscle hypotonia, severe psychomotor 
retardation, and failure to thrive. It may also lead to 
blindness and deafness.25 3. Infantile Refsum Disease 
(IRD) due to PEX6 mutation is milder,26-28 and 4. Heimler 
syndrome (HS) due to PEX1 and PEX6 is a milder form of 
ZSD.29-33 II—RCDP1, due to a PEX7 gene defect 
characterized by skeletal abnormalities, distinctive facial 
features, intellectual abnormality, and respiratory 
problems.34-36 
 
In the present study, the clinical features of HS and IRD 
observed in the proband due to PEX6 mutations were 
subjected to a genotype-phenotype association to 
understand the disease severity in a 24-year-old female. 
 

Methods 
CLINICAL EVALUATION 
The patient and the family members were recruited for 
the study after obtaining written informed consent, and 
the guidelines of the Declaration of Helsinki were 
followed.  
 
A physical examination of the proband and her parents 
was performed. A comprehensive assessment of the 
ocular, auditory, dental, integumentary, neuronal, 
hepato-renal, endocrine, skeletal, cardiac, and other 
systems was conducted. The ophthalmic evaluation 
included visual acuity for distance and near (Snellen's 
visual acuity chart), color vision (Ishihara pseudo 
isochromatic color vision plates), refraction, intraocular 
pressure (IOP) (Applanation Tonometer, Topcon Medical 
Systems, NJ, USA), clinical biomicroscopy, and a dilated 
fundus examination using slit lamp/90D and indirect 
ophthalmoscopic examination.   The proband's birth, 
development, and family history were obtained.  
 
The family underwent molecular characterization of the 
disease. Five millilitres of peripheral venous blood were 
collected, and DNA extraction was performed using a 
Qiagen DNA kit (Qiagen, India). The proband DNA 
sample was subjected to a clinical exome panel using 
next-generation sequencing technology for mutation 
detection (Medgenome Labs, India). Any changes 
observed were confirmed bidirectionally through 
Sanger's sequencing technology. The pathogenicity of 
novel variation was confirmed through family 
segregation analysis and screening of 100 normal control 
chromosomes. The pathogenic effect, structural 
destabilization effect, and functional impact of the 
variants were evaluated through in silico methods. 
 
IN SILICO ANALYSIS OF THE VARIANTS 
The variants of PEX6 were first investigated through 
conservation analysis using Consurf to determine the 
evolutionary conservation of amino acids and predict 
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their functional relevance.37 Following this, all variants 
underwent a sequence-based analysis using PredictSNP 
which assesses the deleterious effect of the variants.38 
Additionally, the functional impact of the variants was 
analyzed using MutPred.39 A sequence-based analysis 
was initially conducted due to the lack of a three-
dimensional crystal structure for PEX6. The PEX6 protein 
sequence (UniProt ID: Q13608) was retrieved, and its 
regions of intrinsic disorder were predicted using the 
D2P2 server.40 Additionally, the protein's secondary 
structure elements were predicted with Psipred to gain 
insight into the possible arrangement of helices, sheets, 
and loops within the protein.41 The AlphaFold model of 
PEX6 (AF-Q13608-F1) was employed for further 
structural destabilization analysis. The disordered 
segments identified in the earlier analysis were removed 
from the model. The Schrödinger Protein Preparation 
Wizard was engaged to pre-process and optimize the 
structural model for subsequent stability evaluations.42 To 
evaluate the effect of the variants on the structural 
stability of PEX6, several in silico tools namely, I-Mutant 
2.0,43 DynaMut,44 DUET45, SDM,46 mCSM47 were used. 
Based on the comprehensive analysis, only variants 
predicted to be pathogenic, destabilizing, and affecting 
functionality were selected for further structural 
modeling. These selected variants were modeled using 
the PyMOL tool, and the models were further refined 
using the Schrödinger suite. To further evaluate the 
stability and conformational variations of both the wild 
type (WT) and the selected pathogenic variants, 
molecular dynamics (MD) simulations were conducted 
using GROMACS.48 MD simulations provide a dynamic 
view of the protein's behavior in a simulated environment, 
capturing details about stability, flexibility, and 
conformational changes that might result from specific 
mutations. These simulations help to understand how the 
variants affect the protein's overall dynamics compared 
to the WT. 
 

Results 
The twenty-four-year-old female was evaluated for side 
and night vision defects noticed at five years of age. Her 
best corrected visual acuity was 6/6+2 in the right eye 
and 6/9+3 in the left eye. Her refractive error correction 
was RE: +/- Dsph with -2.50 Dcyl at 40° & LE: +/- Dsph 
with -2.50 Dcyl at 140°. The intraocular pressure in both 
eyes was 16 mm Hg. Anterior segment examination 
revealed a developmental nuclear cataract in both eyes. 
Posterior segment examination revealed a normal optic 
disc, while the macula showed early degeneration in both 
eyes. There was a narrowing of blood vessels with bony 

spicules along the peripheral retina suggestive of retinitis 
pigmentosa. There was severe retinal pigment epithelial 
(RPE) mottling throughout the retina. Optical coherence 
tomography revealed a thinned-out outer nuclear 
(photoreceptor layer) and outer plexiform layers. Severe 
retinal pigment epithelial hyperplasia was noted along 
the peripheral retina in both eyes. After refractive error 
correction, the parents' visual acuity was normal in both 
eyes. The parents had nuclear cataracts in both eyes and 
their intraocular pressure was normal. The posterior 
segment examinations of the parents were normal. 
 
Physical examination of the other systems of the proband 
revealed bilateral sensorineural hearing impairment, 
amelogenesis imperfecta, Beau's line, and punctate 
leukonychia corresponding to HS. In addition to the 
above abnormality, the proband had developmental 
nuclear cataracts in both eyes, ichthyosis, developmental 
delay, cerebellar ataxia, cognitive deficit, peripheral 
neuropathy, and muscle movement disorder 
corresponding to IRD. The proband did not have anosmia. 
Hallux varus deformity was noted. The brain's magnetic 
resonance imaging, abdomen ultrasonography, 
electrocardiography, and echocardiogram were normal. 
The karyotyping revealed euploidy status.  
 
BIRTH AND DEVELOPMENTAL HISTORY 
The proband was born through lower segment cesarean 
section due to premature rupture of the membrane a 
week before parturition. The birth weight was normal as 
per Asian-Indian standards. She cried immediately after 
birth; her sucking reflex was normal. Her early milestones 
of a social smile, head holding, sitting with and without 
support, and standing with support were normal. Her 
walking was delayed by 5 months. She had a delay in 
speaking. Her teeth started to erupt on time but were 
irregularly arranged and discolored with enamel loss. 
She had bilateral sensorineural hearing impairment and 
a side vision defect in both eyes noticed at five years of 
age. At the age of ten, her intelligence was below 
normal. She had difficulty understanding, writing, 
memorizing, reciprocating, counting, and expressing. 
After puberty, she had episodes of mood swings, bipolar 
disorder, and delusion. The proband was born through 
consanguinity, and her parents were normal. 
 
The molecular genetic screening detected two novel 
adjacent homozygous non-synonymous nucleotide 
variations c.2691C>A (p.Ser897Arg) and c.2692C>G 
(p.Leu898Val) in the PEX6 gene. In silico analysis of the 
variants was assessed to understand the severity of the 
variation and its impact on the disease severity.  
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Figure 1: Characteristic features of Heimler syndrome and Infantile Refsum Disease 
A. Retinal fundus picture depicting both eyes' bony spicules along the peripheral retina. B. Optical coherence tomography 
revealed a thinned-out outer nuclear (photoreceptor layer) and outer plexiform layers C. Amelogenesis imperfecta. 
Malformation of primary and secondary teeth with reduced enamel volume and hypo mineralization D. High-arched 
palate with torus palatinus E. Beau's line and punctate leukonychia were detected in both big toes F. Anterion picture 
showing developmental nuclear cataract in both eyes of the proband. G. Ichthyosis, hyper-pigmented skin rashes, and 
hallus varus deformity were seen in the legs.   
 

 
 
Figure 2: Electropherogram of the Family segregation analysis 
A. Pedigree of the proband born out of consanguinity. B. Electropherogram report of the proband with two adjacent 
novel variations in the PEX6 gene and the family segregation analysis revealing the wild type and the mutant allele of 
father and mother concomitantly at c.2691 and c.2692 positions. 
 
IN SILICO ANALYSIS OF THE VARIANTS 
The evolutionary analysis of PEX6 provided valuable 
insights into the significance of specific residues. Among 
the variants studied, residue S897 was identified as the 
least conserved and surface-exposed, suggesting that 
mutations at this position may have minimal functional 
significance. Conversely, L898 was highly conserved, 
indicating its critical role in PEX6's structure and function. 
Therefore, any mutation at position L898 would impact 
the structure or functionality of PEX6 (Figure S1). 
Pathogenicity predictions further supported this 
conclusion. In pathogenicity analysis, the L898V variant 
was classified as highly pathogenic, with three predictors 
yielding high accuracy scores (above 0.68), indicating its 
deleterious potential (Table 1). In contrast, the S897R 

variant showed the least pathogenic effect, with lower 
scores from the pathogenicity predictors. Despite the 
least deleterious effect of S897R, both the variants were 
subjected to functionality impact analysis, and it was 
observed that the L898V variant had a high MutPred 
score of 0.629, suggesting significant functional 
disruptions, including a loss of solvent accessibility, and 
altered metal binding properties. In contrast, the S897R 
variant had a lower score of 0.369, suggesting minimal 
functional impact. Since S897R was found non-
deleterious with minimal functional implications, only the 
L898V variant underwent further structural stability 
analysis. Before the structural analysis, the disorderliness 
of PEX6 was observed at the initial N-terminal ranging 
as follows: 57-72, 167-182, 236-237, 257-332 (Figure 
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S2), and these segments were observed to be highly 
composed of loop (high confidence) and helices (low 
confidence) (Figure S3). Only the structured segment of 
Alpha fold PEX6 (344-980) refined structure, as shown in 
Figure 3, was processed for structural stability analysis. 
The results indicated that the L898V variant significantly 

destabilizes the structure of PEX6 (Table 2). This finding 
underscores the critical role of the L898 residue in 
maintaining the structural integrity and functionality of the 
PEX6 protein, while the S897 variant appears to have 
minimal effects.  

 
Table 1. Pathogenicity prediction of the PEX6 variants 

Variant information 

Wild residue S L 

Position 897 898 

Target residue R V 

P
a

th
o
g

e
ni

ci
ty

 

p
re

d
ic

to
rs

 

PredictSNP NEUTRAL  NEUTRAL 

MAPP NEUTRAL NEUTRAL 

PhD-SNP DELETERIOUS NEUTRAL 

PolyPhen-1 NEUTRAL NEUTRAL 

PolyPhen-2 NEUTRAL DELETERIOUS 

SIFT NEUTRAL DELETERIOUS 

SNAP DELETERIOUS DELETERIOUS 

 
Table 2. Structural de-stability analysis of PEX6 variants 

VARIANT I-Mutant2.0 
ΔΔG mCSM 
(kcal/mol) 

ΔΔG SDM 
(kcal/mol) 

ΔΔG DUET 
(kcal/mol) 

Dynamut 
(kcal/mol) 

L898V Decrease 
 -1.040 
(Destabilizing) 

-0.610 
(Destabilizing) 

 -0.845 
(Destabilizing) 

-0.384 
(Destabilizing) 

 

 
Figure 3. Represents the refined PEX6 (wild type), wherein the variants are shown in the sphere (Red colour)  
 
Furthermore, the molecular dynamics (MD) simulation 
analysis comparing the wild-type (WT) and mutant (MT-
L898V) forms of PEX6 revealed distinct differences in 
their stability and flexibility. The root mean square 
deviation (RMSD) analysis (Figure 4a) showed that the 
MT-PEX6 exhibited higher RMS deviations (~1.98-2 nm) 
compared to the WT-PEX6. The WT-PEX6 initially 
demonstrated a stable equilibrium with an RMSD of ~1 
nm until about 130 ns, after which a sudden rise occurred, 
reaching an RMSD of ~1.4 nm at around 140 ns. Despite 
this, the WT-PEX6 attempted to converge during the final 

~30 ns of the MD run. In contrast, MT-PEX6 displayed 
higher RMS deviations early in the simulation, reaching 
~2 nm up to 90 ns. After ~120 ns, the MT-PEX6 system 
showed signs of equilibration, maintaining an RMSD of 
~1.8 nm for the remainder of the simulation. The root 
mean square fluctuation (RMSF) profile (Figure 4b) 
indicated that MT-PEX6 residues exhibited significantly 
higher fluctuations (ranging from ~0.8-1.8 nm) compared 
to WT-PEX6, where the maximum fluctuation was ~1.4 
nm. Notably, the segment between residues 661-664 
showed substantial fluctuation in MT-PEX6. Furthermore, 
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the L898V mutant residue exhibited higher fluctuations in 
the MT-PEX6, with an RMSF value of 0.85 nm, in contrast 
to 0.45 nm in the WT-PEX6. The radius of gyration (Rg) 
analysis (Figure 4c) indicated that while both the WT and 
MT forms of PEX6 exhibited minimal changes in 
compactness, the average Rg value for WT-PEX6 was 
2.790 nm and the MT-PEX6 had a slightly higher 
average Rg value of 3.481 nm. These results suggest that 
the MT form has a looser structure, although the 

difference in compactness was negligible. Additionally, 
solvent-accessible surface area (SASA) analysis (Figure 
4d) revealed that the WT-PEX6 had an average SASA 
value of 339.808 nm², while the MT-PEX6 exhibited a 
slightly higher value of 346.645 nm². This increase in 
SASA suggests that the MT form of PEX6 may have a 
marginally more exposed surface, potentially affecting 
interactions with other molecules. 

 

 
Figure 4. Comparative molecular dynamics simulation analysis of the Wild and mutant form of PEX6. 
 

Discussion 
Peroxisomes are simple organelles of a single membrane 
that forms a lumen containing many oxidative enzymes. 
Two types of targeting signals direct proteins from the 
cytoplasm to the peroxisome lumen. The PEX5 imports 
carrier proteins with the help of type 1 peroxisomal 
targeting signal (PTS1) to the peroxisomal lumen. The 
PEX5 soluble protein is proposed to bind with the PTS1 
motif and insert into the lipid bilayer surrounding the 
peroxisomes, where PEX5 forms a transient pore to 
deliver the cargo protein into the lumen. After the 
delivery, the PEX5 returns to the cytoplasm for further 
rounds of imports. The PEX5 is recycled in conjugation 
with ubiquitin and ATP hydrolysis by a AAA ATPase with 
the help of PEX6, which acts as a recycling matrix import 
machinery. Apart from PEX6, the recycling matrix import 
delivery is supported by PEX1, PEX15, PEX26, PEX2, 
PEX4, PEX10, PEX12, and PEX22.49,50 A similar mode of 
action is proposed for PEX7, the import receptor for type 
2 peroxisomal targeting signal (PTS2) proteins—defect 
in PEX6 governing the peroxisome assembly results in a 
decrease in PEX5-PTS1 complex's activity. This causes a 
decreased catalytic activity towards VLCFA and 
decreases the synthesis of DHA. The tissue accumulation 
of VLCFA causes brain, nerve, and adrenal damage—
the deficiency of DHA results in brain damage and a 
decrease in vision. 
 
There was a concordance in most of the characteristic 
features observed in this study with the classical features 
reported earlier for Infantile Refsum disease26-28 and 
Hemlier syndrome.29-33 At the same time, there was a 

discordant in some of the features, which was reported 
as classical for HS and IRD. The nail features observed in 
HS in earlier studies weren't noticed with the same 
severity. Similarly, the feature of anosmia noticed in IRD 
by previous studies was not found in the proband. Further, 
amelogenesis imperfecta is associated with a defect in 
three major genes (AMELX, ENAM, and MMP20) 
responsible for teeth, and enamel development. As the 
disease causal variation was not detected in these genes 
in the present study, it provides a space to investigate the 
role of PEX6 in the development of normal teeth. As the 
number of patients identified with PBD is less, identifying 
and documenting more patients with PBD will give a 
better understanding of the condition, which may help to 
decipher the molecular wiring of this disorder and may 
offer a potential treatment such as gene replacement and 
stem cell-based therapies in coming years.  
 
The present study assessed the impact of the two novel 
adjacent homozygous non-synonymous nucleotide 
variations, S897R and L898V, in the PEX6 for a 
genotype-phenotype correlation. After the phenotype 
characterization, the two novel variations were assessed 
for a possible severity prediction. The multi-step in silico 
analysis of PEX6 variants implemented in this study 
provides comprehensive insights into how specific 
mutations impact the protein's function and structure. By 
integrating evolutionary conservation, sequence-based 
analysis, structural stability, and functional impact 
assessments, the study elucidates the pathogenicity of 
variants such as L898V and S897R. Evolutionary analysis 
revealed that residue S897 is surface-exposed and the 
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least conserved, suggesting that mutations like S897R 
would have minimal effects on function. On the other 
hand, L898 is highly conserved, indicating its crucial role 
in PEX6 structure and function. The L898V variant was 
predicted to be highly pathogenic across multiple 
sequence-based and structural prediction tools, whereas 
S897R had minimal pathogenic effects. Functional impact 
analysis using MutPred showed that L898V significantly 
affects PEX6 functions, such as solvent accessibility and 
metal binding, while S897R had little effect. Structural 
stability analysis confirmed that the L898V mutation 
destabilizes the PEX6 protein, underscoring L898's 
importance in maintaining structural integrity. Molecular 
dynamics simulations further highlighted the destabilizing 
effects of the L898V variant. The L898V mutation in PEX6 
leads to greater structural instability, increased residue 
fluctuations, and a slightly more exposed conformation, 
as indicated by the RMSD, RMSF, Rg, and SASA analyses. 
These changes suggest that the mutation may impact the 
functional dynamics of the protein. In conclusion, the 
L898V mutation in PEX6 leads to significant structural 
instability and altered protein dynamics, suggesting its 
potential role in PEX6-related diseases. Overall, this 
study highlights the critical role of L898 in PEX6 and 
suggests that targeting this residue could provide insights 
into diseases related to PEX6 dysfunction. 
 
 

Conclusion 
A multidisciplinary approach is required to manage 
patients with peroxisomal biogenesis disorder. Genetic 
counseling was offered to the family with a focus on PEX6 
mutation on the nature of the disease, the risk of 
transmission to the subsequent generations, family 
segregation analysis, and possible future treatment 
modalities such as gene replacement therapy and stem 
cell-based therapies were discussed. The application of 
low vision aids, cochlear implants, dentition implants, skin 
care, regular cardiac assessment, and management of 
peripheral neuropathy and muscle movement disorders 
were emphasized. Rehabilitation and regular follow-up 
were insisted. The patient was advised to reduce the 
intake of a phytanic acid-rich diet such as red meat, dairy 
products, and fatty fish. A regular check on the phytanic 
acid level in the blood was advised.51 The role of 
plasmapheresis in extremely high-level phytanic acid was 
also discussed.  
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