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Quantitative dysmorphology assessment in

Fabry disease

Markus Ries, MD, MHSc', David F. Moore, MD, PhD?, Chevalia J. Robinson, RN, BSN,’
Cynthia ]. Tifft, MD, PhD’, Kenneth N. Rosenbaum, MD’, Roscoe O. Brady, MD,! Raphael Schiffmann, MD,!

and Donna Krasnewich, MD, PhD*

Purpose: 1) To identify morphometric characteristics in hemizygous patients with Fabry disease a treatable
lysosomal storage disorder caused by the deficiency of a—galactosidase A where morphological abnormalities have
occasionally been mentioned, but have never been investigated systematically. 2) To devise a quantitative method
to evaluate dysmorphic abnormalities in Fabry disease. Method: Cross-sectional, single center, independent
dysmorphology assessment by a panel of three clinical geneticists, based on standardized medical photography.
Population: consecutive hemizygous patients with Fabry disease (N = 38) unselected for the features assessed,
mean age 38 = 10.8 years (range: 10-60), recruited for neuropathic pain into enzyme replacement therapy trials.
Results: The following dysmorphic features were identified (in order of descending frequency): periorbital fullness,
prominent lobules of the ears, bushy eyebrows, recessed forehead, pronounced nasal angle, generous nose/
bulbous nasal tip, prominent supraorbital ridges, shallow midface, full lips, prominent nasal bridge, broad alar
base, coarse features, posteriorly rotated ears, and prognathism. Extremity features included broad fingertips,
short fingers, prominent superficial vessels of hands, 5 digit brachydactyly, and 5™ digit clinodactyly. Narrow
anterior-posterior chest diameter was noted. Ten core features were statistically defined. Cronbach’s alpha
measuring internal consitency was 0.62. Light's kappa for global inter-rater variability was 0.26 while Cohen’s
kappa allowing pair-wise rater comparison varied between 0.08-0.48. Conclusions: Patients with Fabry disease
share common morphological characteristics of the face, trunk, and extremities. Some of these features are subtle
as documented by the inter-rater variability. Awareness of these features may facilitate the diagnosis of patients

with Fabry disease, and identification of affected family members. Genet Med 2006:8(2):96-101.
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Fabry disease (FD; OMIM 301500) was first described in
independent simultaneous case reports by Fabry! in Germany
and Anderson? in the United Kingdom in 1898. The biochem-
ical etiology of the condition, partial or complete deficiency of
ceramidtrihexosidase, also referred to as a-galactosidase A
(GALA) was discovered in 1967.2 The gene is located Xq22.1.

In patients with Fabry disease, an accumulation of glyco-
sphingolipids including globotriaosylceramide (Gbs), galabio-
sylceramide, blood group B, B1, and P1 glycolipids occurs in
dorsal root ganglia, neuronal cells of the autonomic nervous
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system, podocytes, tubular epithelial cells, mesangial cells in
the kidney, myocardial cells, valvular fibroblasts as well as en-
dothelial cells, pericytes, and smooth muscle of the vascular
system.*~10 As a result, the nervous system, skin, heart, kidneys
and the eyes are affected in this progressive multi-system dis-
order. FD typically manifests in childhood with hypohidrosis
and recurrent episodes of neuropathic pain in the extremities.' 12
Disease complications in adulthood include heart failure,'? renal
impairment,'* and cerebrovascular accidents.'> There is an en-
zyme therapy available to treat this condition.!6-20

Despite clinical sequela appearing in childhood,!"!2 the di-
agnosis of Fabry disease is often made late in the course of the
disease. For example, the mean age of diagnosis in a cohort of
98 male patients was recently reported to be 21.9 years.?! The
diagnostic suspicion is sometimes difficult, because patients
with Fabry disease present with nonspecific complaints often
seen in the general population, such as headaches, abdominal
pain, diarrhea, and the definitive diagnosis is often only made
when severe disease complications, e.g., stroke, heart and kid-
ney failure, have already occurred. The diagnosis, facilitated by
pedigree analysis, is confirmed by GALA enzyme assay and/or
mutation analysis.
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In a study conducted by MacDermot, 56% of 41 hemizygous
patients were reported as having a dysmorphic face.2! Whybra
described a characteristic facial appearance in patients with
Fabry disease.?>? However, these abnormalities have not been
precisely defined or validated by a panel of geneticists. Recog-
nition of affected individuals by their facial features would fa-
cilitate their identification and ensure timely therapy.

The two objectives in the present study were: 1) to system-
atically and comprehensively describe the facial, truncal and
extremity morphometric characteristics of classically affected
hemizygous Fabry disease patients and 2) to evaluate internal
consistency and inter-rater variability of these ascribed items
and to statistically extract the core features.

PATIENTS AND METHODS

Thirty-eight male patients out of 35 families with Fabry dis-
ease participating in a long-term study of enzyme replacement
therapy were evaluated at the National Institutes of Health
Clinical Center on a research protocol approved by the Insti-
tutional Review Board. Four patients out of two families were
brothers; two patients out of one family were cousins. All FD
subjects had neuropathic pain and residual GALA activity be-
low 10% of normal and patients were not selected for morpho-
logical abnormalities. Written informed consent was obtained
for evaluation, photo documentation, and publication. All
thirty-eight were Caucasians; 2 of them were of Hispanic, and
36 of non-Hispanic ethnicity. The patients’ ages ranged be-
tween 10 to 60 years (mean 38 * 10.8). GALA activity and
mutation analysis were determined to confirm the diagnosis as
previously described. !4

Photography

Comprehensive photo documentation was undertaken by
the Medical Arts and Photography Branch of the National In-
stitutes of Health according to the principles summarized by
Nayler concerning standardization of viewpoint, positioning,
lightning, color, magnification, perspective, contrast, back-
ground, and image processing.?? These standardized views in-
cluded frontal and lateral views of the head.

Dysmorphic evaluation

Twenty minor physical variations were assessed on each pa-
tient. These included: periorbital fullness, prominent lobules
of the ears, bushy eyebrows, recession of the forehead, pro-
nounced nasal angle, broad fingertips, generous nose/bulbous
nasal tip, prominent supraorbital ridges, shallow midface, full
lips, prominent nasal bridge, broad alar base, coarse facial fea-
tures, posteriorly rotated ears, and prognathism. Extremity
features include short fingers, prominent superficial vessels of
hands, 5™ digit brachydactyly, and 5™ digit clinodactyly. AP
diameter of the chest was also assessed from a separate set of
photos.

Most features are self-explanatory and consistent with the
principles and terminology of dysmorphology. Recession of
the forehead was collectively defined as lack of frontal promi-
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nence. Pronounced nasal angle was defined as the presence of
an acute angle between the intersection of the nasal bridge and
the nasal root.

Interpretation

We assembled a panel of three independent geneticists ex-
perienced in the evaluation of dysmorphologic features (DK,
CT, KR). In a first analysis, a randomly chosen sample of im-
ages was analyzed by one member of the panel to define salient
features (DK). Then, the images were transmitted to the other
two members of the panel for an initial evaluation and feed-
back concerning the appropriateness of the initial criteria.
Having taken these comments into account all images were
evaluated independently by all three raters. We chose not to
take a consensus approach in order to increase the transparency of
the analysis. This is reflected by the inter-rater-variability.

Statistics

Methods of descriptive statistics were applied. For the table
analysis, the median of each item independently assessed by
the three raters was calculated. Valid percentages (not includ-

Table 1
Prevalence of morphometric findings in a cohort of 38 hemizygous patients
with Fabry disease

Physical features Present Absent N
Periorbital fullness” 87% 13% 38
Prominent lobules of the ears 68% 32% 38
Bushy eyebrows* 66% 34% 38
Acute nasal angle” 61% 39% 38
Shallow midface 61% 39% 38
Generous nose/bulbous nasal tip* 58% 42% 38
Recessed forhead 55% 45% 38
Prominent supraorbital ridges 55% 45% 38
Full lips” 50% 50% 38
Prominent nasal bridge 50% 50% 38
Broad alar base” 36% 63% 38
Coarse features” 29% 71% 38
Posteriorly rotated ears 11% 89% 38
Prognathism 5% 95% 38
Broad fingertips” 58% 42% 38
Short fingers” 43% 57% 37
Prominent superficial vessels (hands) 30% 74% 37
5™ digit brachydactyly 14% 86% 37
5% digit clinodactyly 3% 97% 37
Narrow AP chest diameter” 74% 26% 23

The prevalences are given in median percentage of N patients. The presence or
absence of a trait was independently scored by a panel of three clinical
geneticists.

“Core features as suggested by the principle component analysis in the den-
drogram (Figure 2) are printed in italics.
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ing missing values in the calculation) are presented. All statis-
tical analyses were performed in R (http://www.r-project.
org/). Each feature was categorically rated as absent (0) or
present (1). Missing values were imputed using multiple im-
putations and predictive mean matching using the Hmisc
package (Frank Harrell, Department of Biostatistics, Vander-
bilt University, USA). Internal consistency of the measure-
ments, representing the correlations among the items, was as-
sessed with Cronbach’s alpha.?* A high value for alpha would
indicate that the features internally correlate with each other
which is a measure for reliability of a scale.

Statistical overlap of the clinical features was examined us-
ing principle component analysis (PCA). PCA is a technique
that reduces a given number of possibly correlated variables
into principle components, i.e., a smaller number of core vari-
ables, by data reduction and structure detection. The data were
clustered allowing the grouping of the clinical features into
statistically similar subgroups (divisive algorithms, Euclidian
metric). This allowed the overlap found in the principal com-
ponent analysis to be appreciated in terms of probable Fabry
clinical features. This cluster analysis minimizes variation

across patients and raters within dysmorphology feature sets
and maximizes differences between dysmorphology feature
groups (sets) across patients and raters. Agreement between
observers was examined using Light’s kappa globally for
n-raters and Cohen’s kappa for pair-wise comparison between
the individual raters.2>2¢ This provided a chance-adjusted
measure of inter-rater agreement. In general, Kappa values
range between —1.00 indicating perfect disagreement and 1.00
indicating perfect agreement between the raters. A kappa of
zero implies no agreement beyond chance. The level of agree-
ment has been categorized into "poor” (kappa < 0.20), "fair”
(kappa between 0.21 and 0.40) "moderate” (kappa between
0.41 and 0.60), "good” (kappa between 0.61 and 0.80) and
"excellent” (kappa between 0.81 and 1.00).2”

RESULTS

In this cohort of 38 patients with Fabry disease we identified
dysmorphologic features as shown in Table 1 and Figures 1-4.
There was a high internal consistency of these variables (Cron-
bach’s alpha = 0.62) on the 38 complete sample sets of pa-

Fig. 1. Facial images of patients with Fabry disease with frontal face directly above profile view of the same patient arranged from youngest to oldest. x denotes cousins.
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A B

Fig. 3. Composite of AP chest photos: A) normal AP chest diameter; B-D) narrow AP
chest diameter.
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Fig. 4. Digital findings: A) normal; B-D) illustrate short fingers and broad fingertips.

tients. After principal component analysis (PCA) the initial
20-feature set was statistically reduced to the number of inde-
pendent features supported by the data set. The statistical di-
mensionality of the data set determined by PCA suggested a
core of ~10 features. Cronbach’s alpha for the imputed data
set was 0.69 (sample size 38 patients, imputation for missing
values 4.1%). Light’s kappa for n-observer inter-rater-variabil -
ity was 0.27 while Cohen’s kappa allowing pair-wise rater com-
parison varied between 0.08 — 0.48. Clinical feature clustering
is presented in Figure 5.

DISCUSSION

In this cross-sectional study of unselected 38 patients with
Fabry disease characteristic facial features were identified.
These features which included periorbital fullness, prominent
lobules of the ears, bushy eyebrows, recessed forehead, pro-
nounced nasal angle, generous nose/bulbous nasal tip, prom-
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Cluster Diameter Before Splitting
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Fig. 5. Cluster diagram as derived by the principle component analysis of the Fabry
dysmorphology dataset illustrating the closely associated clinical features. Clustering was
performed using a divisive algorithm. This dendrogram allows the identification of core
features taking into account the clustering, the 10 independent items of the principle
component analysis and the prevalence as specified in Table 1.

inent supraorbital ridges, shallow midface, full lips, prominent
nasal bridge, broad alar base, and coarse features define a dis-
tinctive facial appearance, recognizable by an astute observer.
Statistical analysis defined ~10 of these dysmorphic character-
istics as core features. It is also likely that these features become
more pronounced over time as expected with storage pro-
cesses. Patients with detectable residual a-galactosidase A en-
zyme activity have less pronounced features (data not shown).
Ethnicity may also be a variable that contributes to the dysmor-
phic appearance. There was no single defining trait. In isola-
tion, some of these features are subtle which may account for
the lower inter-rater variability. Coarse facial features are rela-
tively common in other lysosomal storage disorders such
as mucopolysaccharidosis,?® GM,-gangiosidosis,?® Sandhoff
disease,?%-3! pycnodysostosis,?? aspartylglucosaminuria,®* mu-
colipidosis 11,4 alpha-mannosidosis,** beta-mannosidosis,>®37
fucosidosis,?® sialidosis,?® and galactosialidosis,* however, this
was only observed in 29% of this cohort of patients with Fabry
disease. The facial features, such as recessed forehead, promi-
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nent nasal angle, and prominent supraorbital ridges described
in these studies are distinctive from coarse facies seen in other
storage disorders. The precise mechanism of development of
these features is not known. For example, alpha-D-galactose
glycoconjugates may accumulate in connective tissue and dis-
turb its structure and metabolism. This has been reported in heart
valves,*! bone,*? lens,*> lymphatic vessels,** and fibroblasts.”
Cysts and pseudocysts of the maxillary sinus were also ob-
served consistent with bony involvement that may also con-
tribute to the facies.*> A blinded analysis of images comparing
the status of the dysmorphic features at baseline and after four
years of enzyme replacement therapy showed no difference (N
= 22).

The present paper has several limitations. While this is the
largest cohort of patients with Fabry disease ever studied for
morphologic features, the number of patients in this study is
limited due to the rarity of the condition. Secondly, the pa-
tients who were referred to the NIH Clinical Center - which is
aresearch facility - may not represent the total population. On
the other hand, these patients were not selected for the vari-
ables evaluated. Thirdly, there is no control group in this study,
and data concerning the prevalence of these features in the
general population are not available.

CONCLUSIONS

The knowledge and recognition of the anthropometric fea-
tures described above may facilitate the identification and di-
agnosis of patients with Fabry disease and their affected family
members leading to earlier diagnosis and treatment. Our sta-
tistical approach can be applied in the assessment of dysmor-
phology in other diseases or syndromes.
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