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Relative Hypoxia of the Extremities
in Fabry Disease

Masumi Inagaki, MD, Kousaku Ohno, MD, Ichiro Hisatome, MD,
Yasushi Tanaka, MD and Kenzo Takeshita, MD

A purine degradation study, thermography and near infrared spectroscopy of the extremities were performed on 2 young
males with Fabry disease and 2 healthy controls. Two-minute semi-ischemic forearm exercise caused a distinct increase in
lactate in all subjects, but venous hypoxanthine and ammonia were greatly increased only in the Fabry patients, suggest-
ing a relatively hypoxic state of the extremities. Limb thermograms of the patients revealed glove and stocking type
disturbance at rest. Poor recovery of the skin temperature of the hands and forearms after exercise was observed in the
patients, but the sharp increase in oxygenated hemoglobin after total ischemia was found to be normal on near infrared
spectroscopy. Neurotropin showed an analgesic effect, i.e. a strong and selective heat-productive action on the painful
lesions, and suppressed the hypoxanthine level after exercise in 1 patient. Although the pathophysiology of the pain in
Fabry disease has not been clearly elucidated, a relatively hypoxic state with peripheral hypothermia might play an
important role in triggering of a painful attack or chronic burning paresthesia. Key words: Fabry disease, hypoxanthine,
ischemia, near infrared spectroscopy, neurotropin, thermography.
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Fabry disease is an inborn error of glycosphingolipid  leads to narrowing and occlusion of the vascular lumen,
metabolism resulting from a deficiency of a lysosomal and eventually results in ischemia and infarction in various
enzyme, o-galactosidase A. Progressive lipid accumulation organs of the body. The thickened walls of cutaneous and



intramuscular blood vessels have been well demonstrated
microscopically [1-3]. However, there have been few
reports regarding the actual ischemic state of the extremi-
ties in Fabry disease except for of a hemodynamic study
[4], which revealed reduced blood flow in the peripheral
limbs, and a vasoconstrictive process in vessels of the skin
and skeletal muscles. In this study, we demonstrated
relative hypoxia of the extremities in 2 young males with
Fabry acroparesthesia, through estimation of purine
metabolites after a forearm exercise test. We also demon-
strated the peripheral hypothermia on thermography in
the patients at rest and after ischemic exercise, but normal
elevation of blood flow after a total ischemic test was ob-
served on near infrared spectroscopy. The effect of neuro-
tropin, a possible analgesic for the chronic burning pain in
Fabry disease [5], on the peripheral hypoxia in Fabry
patients was also discussed.

SUBJECTS AND METHODS

Subjects

Two patients with Fabry disease and 2 controls participat-
ed in this study. The clinical features of the 2 siblings
with Fabry disease were reported elsewhere [5]. Their
ages at the time of examination were 16 and 13 years,
respectively (Fabry 1 and 2). Echocardiography revealed
a mild mitral valve prolapse in Fabry 2. However, the
results as to sensory tests and gross motor function were
neurologically normal. Both had a burning pain of the
toes induced by exercise. The fingers and toes themselves
felt rather cool, but there was no Raynaud-like phenome-
non. Combination therapy with neurotropin (16 units/
day) and carbamazepine (600 mg/day) almost completely
relieved the burning paresthesia in Fabry 1 with few side
effects. Fabry 2 had orally taken a dose of neurotropin
(4 units) only when an episodic painful attack on the soles
occurred. The controls were 2 healthy young males of 13
and 11 years old (Control 1 and 2). Informed consent was
obtained from each of the subjects and their parents
before the study.

Semi-ischemic forearm exercise
The procedure for semi-ischemia was the same as previous-
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ly reported [6,7]. Forearm exercise involved squeezing
a hand dynamometer as powerfully as possible for 2
minutes with one second intervals. We collected venous
blood specimens from the antecubital vein to measure
plasma ammonia, blood lactate and plasma hypoxanthine
before exercise, and 2, 6, 12, 30 and 60 minutes after the
exercise had started. Lactate and ammonium were meas-
ured enzymatically as soon as possible. Hypoxanthine
was separated and measured by high-performance liquid
chromatography using a HPLC system (Waters, USA) with
an Inertsil ODS-2 reversed phase column (Gasukuro
Kogyo, Japan). Purine degradation analysis in Fabry 2
was carried out on two occasions: before administration
and 2 weeks after treatment with oral neurotropin (4
units/day).

forearm
exercise
]

A hypoxanthine (umol/L)

4 ammonia (umol/L)

a4 lactate (mmol/L)

Time after release (min)

Fig 1 Increases in the venous hypoxanthine, ammonia and lactate
concentrations after semi-ischemic forearm exercise. Each point
represents an incremental increase above the preexercise level. The
dotted lines represent the changes of the values in the control sub-
Jects (open squares, control 1; open circles, control 2). In the
Fabry patients, venous hypoxanthine and ammonia were greatly
increased by exercise (solid squares, Fabry 1; pointed circles,
Fabry 2), and neurotropin treatment suppressed the hypoxanthine
levels (closed circles, Fabry 2).
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Thermographical analysis

After a subject had rested quietly in the supine position
for half an hour, the skin temperature of the arms, feet
and head was determined in a windless room, which was
maintained at a temperature of 25 to 26°C and a humidi-
ty level of 50%, according to the technical guidelines of
the American Academy of Thermology with modifica-
tions [8]. A digital infrared thermograph (Infraeye 160;
Fujitsu, Japan) providing a real-time display of images was
used. The host computer (NEC PC9801 Vm2, Japan)
provided graphic information, with the color spectrum of
yellow to red representing the warmer and that of green
to blue the cooler temperatures. The fronts of the ankles
and knees, and the backs of the hands were displayed.
Selected images were recorded on photographic film from
a cathode ray tube display.

We examined thermographically the changes in skin
temperature before and after a semi-ischemic forearm
exercise test. Changes in the skin temperature of the
hands and legs after neurotropin injection (8 units) were
also evaluated in all subjects. When Fabry 1 had colicky
pain of the toes due to skipping a dose of neurotropin,
thermal changes after venous injection of 4 units of neuro-
tropin were also monitored continuously for 1 hour.
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Near infrared spectroscopy

We used a commercially available prototype spectrophoto-
meter (NIR 1000; Hamamatsu Photonics Co, Japan) [9].
The technique used depends on absorption by the chro-
mophores, oxyhemoglobin (HbO,) and deoxyhemoglobin
(Hb), of near infrared light transmitted through the tissue.
In this study near infrared light was directed toward the
hands and feet of the subjects. It was applied to the
dorsum manus or pedis, transmitted light emerging from
the opposite palmar or plantar region being picked up by
the NIR 1000. Background light was excluded from the
system by a black cloth wrapped around the optodes. The
distance between the applied optodes was measured with
slide calipers and the path-length was taken to be 5.4
times the interoptode distance, according to the previous
report {10].

Near infrared spectroscopy measurements in the supine
position were made every 5 seconds for a resting period of
10 minutes. A sphygmomanometer cuff on the upper arm
or calf was inflated to 200 mmHg for 10 minutes and then
released, measurements then being made until resting
value had been reattained. A graphic display of the
changes in the HbO, and Hb concentrations, and the
oxidized form of cytochrome a, a3 (CytO,-Cyt), could be
seen in real time, selected images being recorded.

60 min

Fig 2 Thermographical changes in the hands during semi-ischemic exercise. Recovery of the skin temperature was seen 5 to 10 minutes
after exercise in the controls, but was slightly delayed in the Fabry patients.
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RESULTS

Semi-ischemic forearm exercise

The respective baseline values of blood lactate, plasma
ammonia and plasma hypoxanthine were 1.08 mmol/L,
13.5 umol/L and 2.72 umol/L in Fabry 1,0.73 mmol/L,
14.7 umol/L and 3.67 umol/L in Fabry 2, 1.21 mmol/L,
247 umol/L and 3.52 umol/L in control 1, and 1.16
mmol/L, 24.1 umol/L and 198 umol/L in control 2.
There was no significant difference in the basal values
between Fabry patients and controls. Fig 1 shows the
changes in hypoxanthine, ammonia and lactate from the
basal concentrations at rest in the present subjects. Two-
min handgrip exercise caused a distinct increase in venous
lactate in all subjects studied. In the Fabry patients,
venous hypoxanthine and ammonia were greatly increased
by semi-ischemic forearm exercise. In contrast to the
sharp elevation of ammonia, the level of hypoxanthine in
the patients increased gradually, the highest point being
reached at 10 minutes after release. Two weeks after oral
treatment with neurotropin in Fabry 2, the excess re-
sponses of hypoxanthine and ammonia were suppressed,
yet remained higher than the control levels.

Thermographical analysis

The skin temperature of the hands at rest in all subjects is
presented in Figs 2-4. In the Fabry patients, the tempera-
ture of the fingertips of the hands and feet was especially
low, being 24 to 25°C, in contrast to the control tem-
peratures of 30 to 31°C. The face and head skin tempera-
ture in the Fabry patients was almost the same as in the
controls (data not shown). The recovery of the skin
temperature of the hands was seen 5 to 10 minutes after
semi-ischemic forearm exercise in the controls, but was
slightly delayed in the Fabry patients (Fig2). Total
forearm ischemia for 30 minutes caused mild tingling
paresthesia in Fabry 2, but there were no complaints from
Fabry 1.

A marked increase in skin temperature of the hands
i.e., from 25°C to 30°C in Fabry 1 and from 24°C to
27°C in Fabry 2, tespectively was observed 60 min after
neurotropin injection (Fig 3). It was maintained for about
1 hour in both patients. On the other hand, a slight and
transient thermal increase was seen in control 2, the
change in control 1 being minimal. When Fabry 1 had
episodic pain localized in the toes, there was no change in
the pain after injection of a saline soiution. However,
intravenous injection of neurotropin brought alleviation
in 30 minutes, a significant thermal increase in the feet

Before 30 min 60 min

Fig 3 Changes in the skin temperature of the hands after venous
injection of neurotropin (8 units). Before injection, the skin tem-
perature of the patients was low, but a marked increase, as indicat-
ed by the color change from blue to red, was observed after the
injection. The changes were little in the controls.

Fig 4 Changes in the skin tempera-
ture of the hands and feet after
venous injection of neurotropin in
Fabry 1 with painful attack in the
toes. Neurotropin showed an anal-
gestic effect with a heat productive
action on the painful lesions of the
feet at 35 minutes after injection,
however, change of the skin tem-
perature of the hands was minimal.
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rather than the hands being obgerved at the same time
(Fig 4). .

Near infrared spectroscopy

Changes in HbO, and Hb of the hands in Fabry 2 are
shown in Fig 5. During a period of arterial occlusion of
the arm of calf, HbO2 fell sharply and Hb increased. A
rapid increase in hemoglobin oxygenation, which indicat-
ed arterial blood inflow, Was observed following release of
the cuff. The process of O, consumption during arterial
occlusion and the increase in HpQ, after release from
total ischemia were the same in the normal subjects, as in
the patients. A mild increase in total tissue hemoglobin
and little change in the oxidized form of cytochrome a, a®

(CytO;-Cyt) were also observed following cuff release in
all subjects.

DISCUSSION

Ischemic exercise increases puyrine metabolites without
changes in lactate in some patients with glycogen storage
disease, and these phenomena result from a defect in
intramuscular glycogenolysis of glycolysis and excess
purine degradation via activation of the purine nucleotide

cycle, ie., absolute disturbance of the ATP supply in
ischemic exercising muscles [11]. Tt has also been re-

Path length : 10.0
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ported that excess purine catabolism, as a marker for cell
energy crisis, occurred in exercising muscles of patients
with idiopathic hypoparathroidism or carnitine palmityl-
transferase deficiency [12, 13].

Excess purine degradation with a normal response
of lactate was observed after semi-ischemic forearm
exercise in our patients, whereas control subjects who had
exercised at the same level showed little change in the
hypoxanthine level. Abnormal elevation of hypoxanthine
in the present patients would reflect “relative” disturb-
ance of the ATP supply, i.e., the demand for ATP ex-
ceeded the ATP supply via anaerobic glcolysis, as seen in a
patient with hyperthyroidism [7]. So our Fabry siblings
with acroparesthesia would have experienced a disturb-
ance of aerobic energy synthesis during the exercise. This
may have been due to the relative hypoxia in exercising
muscles of the extremities.

Thermography has been shown to be a non-invasive
and useful method for monitoring the skin temperature
and near surface blood circulation in the extremities,
which are chiefly controlled by the sympathetic nervous
system [8]. Limb thermograms of the present patients
revealed glove and stocking type abnormality at rest,
although they showed neither peripheral sensory dis-
turbance nor weakness. Seino and others [4] found, on
pneumoplethysmography, that the finger and toe blood

Fig § Changes in HbO,, Hb and
cytochrome a, a®, before and after
total forearm ischemia in Fabry 2,
on near infarared spectroscopy.
HbO, fell during the ischemia and
rose rapidly following release of the
occlusion (a). A mild increase in
total tissue hemoglobin, lasting for
about 3 minutes, and little change
in cytochrome were observed (b).
The process of O, consumption
during arterial occlusion and reverse
increase in HbO, after release from
total ischemia were the same in the
controls’ arms and legs, as in the
Fabry patients. Path length = 10.0.
The horizontal and vertical bars
represent 5 min and 25 uMol/L,
respectively.



flow in Fabry disease was significantly less than in normal
subjects. They suggested the possibility of a latent en-
hanced sympathoadrenal discharge.

Poor recovery of skin temperature of the hands after
semi-ischemic forearm exercise was observed in our pa-
tients, but the sharp increase in oxygenated hemoglobin
observed on near infrared spectroscopy indicated normal
arterial blood inflow after total ischemia (post-ischemic
hyperemia) to the peripheral tissue, with a possibly
normal vasomotor mechanism [10]. The hypothermia
after exercise in the Fabry patients may reflect a dis-
turbance of the energy synthesis in the peripheral tissue.

Neurotropin, a safe, nonprotein agent, has been used as
not only an analgesic but also a neuroimmunomodulator,
and oral or venous administration of neurotropin has
been reported to have an analgesic effect in patients with
chronic pain, such as lumbar disc herniation and in pa-
tients with Fabry disease [5, 14]. Neurotropin injection
markedly increased the skin temperature in the hands and
feet of both patients under study, and reduced the cold
areas which could be seen on thermography before ad-
ministration, in contrast to little effect on those of con-
trols. Neurotropin showed an analgesic effect, ie., a
strong and selective heat-productive effect on the painful
lesions in Fabry 1, and suppressed the hypoxanthine levels
after semi-ischemic exercise in Fabry 2. The antinocicep-
tive action of neurotropin has not been clarified yet,
however, Motomura et al suspected that the analgesic
mechanisms of neurotropin in orthopedic pain involve the
correction of the local hypoxic conditions and musculo-
vascular spasms [14]. Hata et al and Kita et al proposed
the mediation of noradrenergic and GABAergic systems
from the animal experiments [15, 16]. In our patients,
neurotropin may have exerted an analgesic effect through
the improvement of peripheral hypothermia or hypoper-
fusion. Although the pathophysiology of the pain in
Fabry disease has not been clearly elucidated to date, a
relatively hypoxic state with peripheral hypothermia
might play an important role in triggering of a painful
attack or chronic burning paresthesia.
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