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Purpose: Fabry disease belongs to lysosomal storage disorders and can be successfully
treated today. On the contrary, the correct diagnostic classification of its symptoms can be
challenging and most patients suffer from pain for years, until they are diagnosed correctly.
The aim of this project was to characterize patients with unclassified extremity pain and to
present a simple algorithm for a retrospective stratification approach.

Patients and methods: The FabryScan includes a bedside-test and a questionnaire,
consisting of 10 symptom-orientated and anamnestic questions. For the stratification of
patients according to the likelihood for Fabry disease two different approaches were con-
ducted. First, a prospective subgrouping based on the previously invented FabryScan evalua-
tion system was conducted. The second retrospective approach consisted of a factor analysis
and a subsequent two-way cluster analysis. Further on, 4 patients diagnosed with Fabry
disease were stratified according to both approaches.

Results: In total, 183 completed datasets were included in the statistical analysis. The first
approach prospectively classified patients into 3 subgroups (n=40 [likely], n=96 [possible],
n=47 [unlikely]) according to the FabryScan evaluation system. The second approach retro-
spectively stratified patients into 3 subgroups (n=47 [cluster 1], n=95 [cluster 2], n=41 [cluster
3]). Finally, the Fabry patients were sorted to the subgroups, indicative for the highest
possibility of Fabry disease in both stratification approaches A and B.

Conclusion: Both stratification approaches sorted patients with confirmed Fabry disease to
the subgroups, indicative for the highest likelihood for Fabry. These results indicate validity
of the initially selected FabryScan outcome parameters.

Keywords: extremity pain, Fabry disease, classification, neuropathic pain

Introduction

M. Fabry, a rare disease which belongs to lysosomal storage disorders frequently
adheres pain as an early disease feature. A dysfunctional processing of somatosen-
sory information as well as 4 different types of pain (33% spontaneous pain attacks,
43% evoked pain, 12% neuropathic pain, 12% temperature-dependent pain) have
been identified in Fabry disease.'? A possible pathomechanism involves the muta-
tion in the X-chromosomal GLA-gen and a consecutive reduction of the alpha-
galactosidase. This results in an insufficient reduction of globotriaosylceramide
(GL3) and its accumulation in different organs such as the heart and the kidney
as well as in blood vessels and nerve fiber tissue.>* However, pathophysiology of
pain development is not entirely clear yet and various studies have pointed to
different mechanisms of action. Many studies have demonstrated an impaired
small fiber function which was quantified via neurophysiological methods (ie,
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pain-related evoked potentials), reduced nerve fiber den-
sity and Quantitative Sensory Testing.s’6 Recently, an in
vivo morphometry and perfusion assessment of dorsal root
ganglia indicated an enlargement as well as dysfunctional
perfusion.’

In contrast, many other studies have pointed to a dys-
functional vascular perfusion due to increased intima-
media thickness®’ and an altered endothelial nitric oxide
synthases.'®'" However, whether the accumulation of GL3
directly causes damage of nerve fiber tissue or a dysfunc-
tional perfusion of vasa nervorum leads to a nerve fiber
impairment remains unsolved yet. In fact, also a combina-
tion of both mechanisms seems possible in pain generation
of Fabry disease.
these
patients with Fabry disease often report previous misdiag-

Despite, pathophysiological  uncertainties,
nosis, which may account for the frequent time delays of
>10 years.'>"* A previous study indicated that 25% of the
patients were misdiagnosed initially.'* In fact, the high
variance of symptoms includes a broad range of differen-
tial diagnosis. The Fabry outcome survey reported pre-
vious misdiagnosis such as rheumatological diseases/
rheumatic fever (39%), arthritis (15%), neuropsychologi-
cal disease (13%), fibromyalgia syndrome (7%), dermato-
myositis (5%), erythromelalgia (5%), Osler’s disease
(5%),
(49%).' Moreover, multiple sclerosis was classified as

Meéniére’s disease (3%) and other diseases

an underestimated differential diagnosis of Fabry disease
in numerous studies and case reports.'>'®

In order to identify previously unrecognized patients, the
FabryScan questionnaire, which includes a 10-item ques-
tionnaire as well as a bedside-test, was developed.'® In 2015
the FabryScan initiative was launched with the aim to raise
disease awareness and to collect data of patients with
unclassified extremity pain. Due to the complexity of treat-
ment and diagnosis, patients with unclassified pain repre-
sent a continuous challenge in the clinical routine, with
most unadjusted clinic visits and 88% reporting more than
one type of chronic pain.?® Therefore, the presented data
give the opportunity to systematically analyze epidemiolo-
gical as well as sensory parameters of patients with unclas-
sified extremity pain. Further on, a hypothesis-free
stratification of patients was conducted in order to confirm
feasibility of the chosen FabryScan parameters. The fact
that the conception and validation of the FabryScan was
conducted on a preselected patient cohort, consisting of
polyneuropathy, osteoarthritis and Fabry patients may have
caused a limited reproducibility in real-world data.

Therefore, the aims of the presented study were 1) to
systematically analyze a patient cohort with unclassified
extremity pain and 2) to reevaluate the FabryScan ques-
tionnaire parameters on real-world data.

Materials and methods

Patient data acquisition

During the FabryScan initiative, 586 forms were dis-
patched to the recruiting sites (408 clinics and 102 hospi-
tals), which were responsible for the correct data
acquisition. Patients with unclear extremity pain were
examined by their physician between 2015 and 2018.
Thereafter, the anonymized FabryScan examination
forms were sent to the University Hospital Schleswig-
Kiel
FabryScan project. Patients as well as physicians agreed

Holstein, Campus and processed within the
on the protocol and gave their informed consent to the
protocol. In compliance with the local Ethics Committee
patients gave verbal-informed consent to the study. The
study was approved by the Ethics Committee of the
University Hospital of Kiel and conducted according to

the Declaration of Helsinki.

The FabryScan

The FabryScan consists of a patient self-assessment part
as well as a bedside-test, performed by a physician. The
self-assessment part included epidemiological parameters
assessing: sex, age and pain duration. Further on, patients
had to rate the average pain (within the last 30 days) as
well as the maximum pain (within the last 30 days) on a
11-point VAS, where 0 indicates no pain and 10 indicates
maximum imaginable pain. The 10-item questionnaire
had to be rated on a 4-point scale, indicative for the
likelihood of the event (“absolutely correct,” “fairly
true,” “not really true” and “definitely not true”). The
questionnaire items (Q1, Q2, Q4, Q6, Q7, Q8) were
classified as “absolutely correct” [3 points] > “definitely
not true” [0 points].

In order to distinguish between different pain entities, 4
questionnaire items (Q3, Q5, Q9, Q10) were reversed
scored (ie, “absolutely correct” [0 points] > “definitely
not true” [3 points]).

The bedside-test consists of 3 tests, indicative for sen-
sory nerve fiber function. The first test assesses thermal
sensory function by applying a TipTherm® (Tip Therm
Gesellschaft  fiir Diagnostik  mbH,
Briiggen, Germany) to each foot.

neurologische
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The TipTherm® is a medical instrument with a cold
(ie, metal) and a warm (ie, plastic) surface. The correct
use of the TipTherm® encompasses the application of
each surface (metal/plastic) for 4-times to each foot
(patient recognized cold surface: >3-times [0 points],
<3-times [l point]). The second test assesses touch
sensitivity by applying a 16 mN von-Frey-hair
(MARSTOCKnervtest, Schriesheim, Germany) 4-times
to each foot (patient-recognized touch: >5-times [1
point], <5-times [0 points]). The third test assesses
vibration sensation by applying a tuning fork to the
medial malleolus, 3-times to each foot (the mean vibra-
tion threshold was calculated: vibration threshold <6.66
[0 points], >6.66 [1 point]). For each bedside parameter
(1-3) only one score was calculated based on the testing
of both feet.

Stratification of patients
For the stratification of patients, two different approaches
were utilized.

First, a prospective subgrouping based on the results of
the initial study by Arning et al was conducted. In this
study, the scoring of questionnaire items was based on the
ideal separation effects between patients with Fabry dis-
ease, rheumatoid arthritis and polyneuropathy. According
to the likelihood for Fabry disease, patients were classified
into 3 subgroups: L. likely [0-9 points], II. possible [10—-14
points], III. unlikely [15-33 points].

The second retrospective approach consisted of a prin-
cipal component analysis (PCA), of the FabryScan ques-
tionnaire. Thereby, three factors were identified and the
factor loading of each parameter was determined.
Subsequently, the 7 questions with the highest loading
were included in a two-way cluster analysis, which defined
3 subgroups. (This approach was further elaborated in
section “Retrospective reevaluation of the FabryScan
questionnaire parameters.”)

Statistical analysis

Variables were displayed as mean [+SD]. Differences
between groups were calculated with the Mann—
Whitney U test, an overall group comparison was con-
ducted via Kruskal-Wallis test. The second stratification
approach included a PCA, which was conducted on 10
items of the FabryScan questionnaire via orthogonal rota-
tion method (varimax). Thereafter, a two-step cluster

analysis was executed.

Statistical analysis was performed with SPSS (V. 23,
IBM, Chicago, IL, USA).

Results
Prospective subgrouping and
characterization of patients with

unclassified extremity pain
In total, 183 completed FabryScan forms were received back,
and included in the statistical analysis. The study population
with unclassified pain consisted of 117/66 (female/male)
participants with a mean [+STDV] age of 50.7 [£14.5]
years. The patient stratification approach sorted 40 patients
to the subgroup “likely,” 96 patients to the subgroup “possi-
ble” and 47 patients to the subgroup “unlikely.” All patients
suffered from severe pain, the mean average pain intensity
(within the last 30 days) was 4.1 [£2.8], the maximum pain
intensity (within the last 30 days) reached 7.0 [+2.7]. The
maximum and average pain intensity was not significantly
different between subgroups. All questionnaire items differ-
entiated significantly (P<0.001) between the subgroups
Fabry “likely” vs Fabry “unlikely,” except for the items
“Q9 [morning stiffness®]” and “Q5 [joint swelling®].” The
bedside testing did not distinguish between different sub-
groups, only the vibration threshold indicated a significantly
reduced pallaesthesia in the Fabry “unlikely” subgroup as
compared to the Fabry “likely” subgroup (P<0.001).

A detailed characterization of patients for epidemiolo-
gical as well as sensory parameters is displayed in Table 1.

Retrospective reevaluation of the

FabryScan questionnaire parameters
Principal component analysis (PCA)

A PCA was conducted on 10 items of the FabryScan
questionnaire via orthogonal rotation method (varimax). A
Kaiser-Meyer—Olkin (KMO) analysis confirmed a good com-
position of data, KM0O=0.76,>" the individual KMO para-
meters were >0.63 (ie, above the minimum cut-off >0.5*%)

The Bartlett’s test of Sphericity y* (45)=373.534,
P<0.001 indicated sufficient correlation between items to
conduct a PCA.

The first analysis determined Eigen-values for each
questionnaire item. Three components had an Eigen-
value above the Kaiser criterion of 1, in combination
these parameters explained 55.3% of the variance. In
Table 2, the factor loading of each value after rotation is
indicated. Question items loading on factor 1 suggest
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Table 2 Summary of the PCA and cluster analysis results

Principal Component Analysis (PCA)

Factor | ‘“‘reaction to

Factor 2 “reduced | Factor 3 “extremity

physical stress” flexibility” dysesthesia”
Reduced sweating 0.697 —0.251 0.390
Pain due to heat 0.676 0.293 0.172
Pain due to fever 0.625 0.236 0.028
Angiokeratoma 0.560 0.315 —0.104
Morning stiffness® 0.094 0.760 0.143
Joint swelling® 0.196 0.647 0.097
Reduced performance in summer time | 0.308 0.558 0.214
Limited school sport 0.482 0.492 0.141
Pain localization in hand/feet® 0.087 0.031 0.844
Dysesthesia" 0.020 0.392 0.701
Eigen-values 3.225 1.250 1.054
% variance 32.3% 12.5% 10.5%

Cluster analysis

Parameter [predictor influence] Cluster | (n=95) Cluster 2 (n=51) Cluster 3 (n=41) *P-value
Dysesthesia [I] 2.60 2.6l 0.39 <0.001
Angiokeratoma [0.46] 0.03 1.08 0.07 <0.001
Pain due to heat [0.35] 0.79 2.14 0.46 <0.001
Joint swelling [0.29] 0.82 1.96 0.27 <0.001
Reduced sweating [0.23] 0.52 1.63 0.49 <0.001
Morning stiffness [0.22] 1.36 2.14 0.56 <0.001
Pain localization hand/foot [0.21] 2.39 2.36 I.15 <0.001

Notes: The PCA section displays loadings of the rotated component matrix as well as Eigen-values and variance (%) explained by the factors |-3. Due to a reversed scoring,
the variables with a superscript "R" had to be adapted in terms of the * sign. The cluster analysis part displays the parameters included in the two-step cluster analysis as well
as the predictor influence of each parameter. Further on, the mean value for each parameter and corresponding cluster (1-3) is displayed. The bold numbers indicate the

factor loading (>0.45) of each parameter and indicate the affiliations to factor 1-3.

“reaction to physical stress,” on factor 2 “reduced flex-
ibility” and on factor 3 “extremity dysesthesia.” The PCA
identified the following models for factors 1-3:

FAC1 = [Q8]x0.704 + [Q6]*0.647 + [Q9*]*0.613
+[Q7]%0.596 + [Q5%]*0.590
+ [Q1]%0.581 + [Q4]%0.544 + [Q3R]%0.374
+[Q10%]%0.517 + [Q2]+0.436

FAC2 = [Q8]* — 0.096 + [Q6]* — 0.021 + [Q9"]«
—0.095 +[Q7]* — 0.373 + [Q5R]* — 0.130
+ [Q1]% — 0.176 + [Q4]* — 0.307 + [Q3K]%0.762
+ [Q10R]%0.544 + [Q2]*0.280

FAC3 =[Q8]x0.269 + [Q6]* — 0.180 + [Q9*]«
—0.472 4+ [Q7]%0.003 + [Q5R]* — 0.318
+ [Q1]%0.279 + [Q4]*0.181 + [Q3R]%0.008
+ [Q10R]* — 0.287 +[Q2]x0.658

Formula | 3 models were identified by the PCA.
Superscript “R” indicates reversed scoring of the variable.
Q1 [pain due to fever], Q2 [reduced sweating], Q3 [pain
localization in hand/feet®], Q4 [angiokeratoma], Q5 [joint
swelling®], Q6 [reduced performance in summer time], Q7
[limited school sport], Q8 [pain due to heat], Q9 [morning
stiffness], Q10 [dysesthesia®].

Cluster analysis

For the cluster analysis, a total number of 187 patients (183
patients with unclassified extremity pain and 4 patients with
diagnosed Fabry disease) were included. The number of
variables (m) included in the cluster analysis was set accord-
ing to Formann as: 2”= sample size (n).>> Therefore, 7
variables were included at a sample size of n=187.

The selection of variables was defined by PCA, accord-
ing to the factor loading. Thus, for each factor (1-3), the
two parameters with the highest loading were selected (e,
factor 1: “reduced sweating” and “pain due to heat”).

Journal of Pain Research 2019:12
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Additionally, the item “angiokeratoma” was selected due
to its pronounced distinction in identifying Fabry patients.

A two-step cluster analysis was conducted assuming equal
intervals of ordinal scale. The log-likelihood method was set
as distance measure and three clusters were predefined. The
silhouette for cohesion and separation indicated a cluster
structure of 0.3. A detailed characterization of each cluster is
displayed in Table 2. A group analysis between clusters 1 and
3 indicated significant differences between clusters (Kruskal—
Wallis test, P<0.001).

Conclusion

The awareness-initiative FabryScan reached over 500
clinics and hospitals. Thereby, awareness for the disease
was created and previously unrecognized patients could be
identified.

Moreover, the aims 1) to characterize patients with
unclassified extremity pain and 2) to develop an objective
model for retrospective identification of potential patients
with Fabry disease were addressed.

ad. 1) Interestingly, the duration of pain significantly
increased in the patient group, classified as “Fabry likely” as
compared to the “Fabry possible” (P=0.003) and the “Fabry
unlikely” (P<0.001) subgroup. This result is in line with the
early onset of the disease and an average of 10.5 years until
diagnosis."* Moreover, the parameter “angiokeratoma’ which
has been reported as most distinct in separating indicated
significant differences between the “Fabry likely” group as
compared to the patient groups classified as “Fabry possible”
(P=0.002) or “Fabry unlikely” (P=0.001).

ad. 2) The FabryScan evaluation system sorted all
Fabry patients to the subgroup “fabry likely.” This classi-
fication was confirmed by the retrospective hypothesis-free
cluster analysis, which sorted those patients to cluster 2. In
comparison to clusters 1 and 3, cluster 2 had the most
parameters with fabry-like characteristics such as angio-
keratoma, pain due to heat and reduced sweating. This
result indirectly confirmed accuracy of the initial
FabryScan project by Arning et al in real-world data.'’

Interestingly the parameters “morning stiffness” and
“joint swelling” reached 1.3 and 2.5, respectively, in patients
with Fabry disease. Moreover, no significant difference was
detected when comparing the items “morning stiffness” and
“joint swelling” between FabryScan subgroups (“likely,”
“possible” and “unlikely”). In line with this result, a recent
study assessed joint manifestations in Fabry patients, con-
cluding that Fabry patients had higher prevalence of joint

problems as compared to healthy controls.** These

observations suggest a higher frequency of joint-associated
symptoms than previously recognized in Fabry patients.

Therefore, the parameters “morning stiffness” and
“joint swelling” might have a less discriminatory power
as previously expected.

However, also due to the stratification of Fabry patients
in the correct cluster, the FabryScan still presents a useful
tool to identify patients previously unrecognized with
Fabry disease. Moreover, such an algorithm even repre-
sents an elegant method to confirm validity of previous
stratification approaches and to retrospectively identify
patients with rare diseases in general.

Limitations

The FabryScan was assessed by the treating physician in
patients with unclassified extremity pain. Therefore, the
authors cannot report to which extend the patients were
diagnosed by the individual physician and which differen-
tial diagnosis was considered.
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