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Finger blood flow in patients with low tension
glaucoma and primary open-angle glaucoma

T Usui, K Iwata

Abstract
Finger blood flow was studied by means of
laser Doppler flowmetry in 12 patients with low
tension glaucoma (LTG), 12 p-atients with
primary open-angle glaucoma (POAG) and 12
normal subjects. Baseline flow, flow after
immersion of the hand in warm water (+40°C),
and flow after exposure of the hand in cold
water (+4°C) were measured. Statisticaily
significant differences were not found in each
flow between the three groups of the patients
(p>005). Vasospastic response to warm and
cold water was observed in 25% of LTG
patients, 17% of POAG patients, and 25% of
normal subjects. There was no significant
difference between LTG, POAG, and normal
subjects in finger blood flow.

The pathogenesis of optic nerve damage in low
tension glaucoma (LTG) and in primary open
angle glaucoma (POAG) is still unknown.
Recently" some investigators reported a
relationship between LTG and vasospasm.
Drance et all measured blood flow in the finger in
LTG patients with/without migraine and normal
subjects with/without migraine. They noted that
the mean baseline flow and mean flow after
exposure to cold water (+4°C) were lower in
patients with LTG, and suggested that vaso-
spastic events might play a role in the damage of
the optic nerve head in LTG patients. Corbett
et al' and Phelps and Corbett2 reported that
migraine was frequent in LTG patients; how-
ever, our study on the prevalence of migraine in
LTG and POAG6 revealed no significant
relationship between migraine and LTG or
POAG. Therefore we attempted to investigate
further the relation between vasospasm and
LTG or POAG, measuring finger blood flow and
its response to warmth and cold.
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Patients and methods
The patient; with LTG had typical glauco-
matous optic disc cupping and visual field
defects in at least one eye, and intraocular
pressure (IOP) without therapy remained lower
than 21 mm Hg on repeated measurements; they
had no history of retrobulbar neuritis, anterior
ischaemic optic neuropathy, or intracranial
lesion. The patients with POAG had typical
glaucomatous optic disc cupping and visual field
defects, and pretreatment IOP of 21 mm Hg or

more. Tested normal subjects had no history of
vasospastic diseases, such as migraine or
Raynaud's disease, and no abnormal ocular
findings except refractive error in both eyes.
Informed consent was obtained from each sub-
ject after explanation of the purpose of the study.

All subjects were seated and adapted them-
selves in a quiet air-conditioned room. The tests
lasted about 10 minutes during which the sub-
jects were not allowed to talk or move.
The laser Doppler flowmeter used in this

study, ALF21 (Advance Co, Japan) had a low
power (2 mW) semiconductor laser source, pro-
ducing light at 780 nm wavelength. The volume
sampled by the probe was about 1 mm3. The
laser light was delivered to the skin via a flexible
optical fibre. The back scattered light consisted
of Doppler-shifted light reflected from moving
red blood cells and unshifted light reflected from
stationary tissue. The back scattered light, both
Doppler-shifted and unshifted, was led by
another optical fibre from the tissue surface to a
photodetector. The signal was processed and
amplified to reach a high signal-to-noise ratio,
analysed, and was displayed in real time. Values
of tissue blood flow were expressed in ml blood/
minute/100 g tissue. The output signal from the
flowmeter was recorded on paper with pen-
recorder (U-228, Advance Co, Japan).
After the probe of the laser Doppler flowmeter

was attached to the skin of the middle finger in
the subject's right hand by double adhesive tape,
the hand was covered with a thin (0 04 mm)
glove made of polyethylene. A baseline flow was
decided when a steady baseline reading was
achieved. The right hand was then immersed in
warm water (+40°C) for 2 minutes, and the flow
was monitored until a maximum flow was
reached after immersion in warm water. The
right hand was then placed in ice cold water
(+4°C) for 10 seconds, and the flow was
monitored for the next several minutes. After
immersion in the water the hand was wiped
mildly over the glove in order to avoid the
influence of heat of evaporation. Blood pressure
was also recorded during the test. Student's t test
was used for the statistical analysis, and the
statistically significant level was taken as
p<0.05.

Results
This study was completed by a total of 36
subjects, including 12 patients with LTG, 12
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Figure I Tracing offinger bloodflow in a POAG patient.
Normal response to warm and cold water was noted. Values of
blood pressure were expressed as mm Hg.
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Figure 2 Tracing offinger bloodflow in a LTG patient.
Normal response to warm and cold water was noted. Values of
blood pressure were expressed as mm Hg.

patients with POAG, and 12 normal subjects.
The mean age was 47-7 years (SD 8 6) (range 32-
61 years) in LTG, 51-7 years (SD 11 5) (range
36-68 years) in POAG, and 44*0 (SD 11-6) years
(range 31-63 years) in normal subjects. The
mean age of each of the three groups showed
statistically no significant difference (p>005).
The mean untreated IOP was 14-6 mm Hg (SD
2 9) in LTG, 27-9 mm Hg (SD 4-8) in POAG,
and 15-2 mm Hg (SD 3 2) in normal subjects.
The patients in Figs 1 and 2 showed normal
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Figure 3 Tracing offinger bloodflow in a normal subject. Vasospastic response was
demonstrated. Theflow had marked response to warm and cold water, but without recovery to
baselineflow. Values ofblood pressure were expressed as mm Hg.

response to warm and cold water. They showed
little increase in flow after exposure to the warm
water and a decrease in flow during and after a
short exposure to cold water, but the flow
quickly returned to baseline. Figs 3 and 4 gave
the vasospastic response according to Drance
et al.S The patients had marked response to warm
and cold water, but without recovery to baseline
flow. Three of 12 LTG patients, two of 12 POAG
patients, and three of 12 normal subjects showed
this response.

Finger blood flows in LTG, POAG, and
normal subjects are summarised in Table 1.
Baseline flow, flow after heat, and flow after cold
in LTG patients were somewhat lower than those
in POAG patients or normal subjects. However,
no statistically significant difference was found
in the three groups (p>005). Furthermore, we
calculated flow after heat/baseline flow, flow
after cold/baseline flow, and flow after heat/flow
after cold. Again there was no statistically signifi-
cant difference in the three groups (p>005).

Discussion
Laser Doppler flowmetry (LDF) is a clinically
useful method of measuring local blood flow
non-invasively and continuously.7-'2 Usually
LDF is applied to studies of skin blood flow,
because it gives a continuous signal and is
applicable to any region, and the measuring
depth is limited to cutaneous tissue. 13 14

Blood flow through cutaneous arteriovenous
anastomoses is controlled by specific thermo-
regulatory reflexes, whereas capillary blood flow
is the target of local temperature effects.' 16
Drance et al,' applying LDF, reported that the

mean baseline flow and mean flow after exposure
to cold water were lower in LTG patients.
However, in our series a statistical significant
difference was not found (p>005). They found
that 65% of the LTG patients without migraine
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Figure 4 Tracing offinger bloodflow in a POAG patient. Vasospastic response was
demonstrated. Values ofblood pressure were expressed as mm Hg.

showed vasospastic response, but in our series
only 25% ofthe LTG patients, 17% of the POAG
patients, and 25% of the normal subjects showed
such a response. In our study the frequency of
vasospastic response in normal subjects was
almost the same as in the normal subjects in
Drance's report (26%). Patients who showed
vasospastic response in our study had no history
of vasospastic disease, such as migraine or
Raynaud's disease. 'The vasospastic response'
which Drance et al designated in their study
might not reflect the vasospastic disease.
The pathogenesis of optic nerve damage in

POAG is not clear and ischaemic theory has been
supported by many ophthalmologists. This
theory proposes that elevated IOP produces
relative ischaemia of the optic nerve head and
damages axons. Therefore the presence or
absence of vasospastic response in POAG is an

Table 1 Meanfinger bloodflow (with SD) in patients with
LTG, POAG, and in normal subjects

LTG POAG Normal
(n= 12) (n= 12) (n= 12)

Age 47-7(8-6) 51-7(11-5) 44-0(11-6)
Baselineflow 26-2(9-8) 28-0(10-8) 31-0(8 7)
Flow after heat 34-0 (10-4) 35-8 (10-4) 38-9 (8-0)
Flow after cold 26-3 (9-4) 30-3 (11-6) 32-6 (7-7)
Flow after heat/ 1-42 (0-49) 1-41 (0 60) 1-35 (0-57)

baseline flow
Flow aftercold/ 1-01 (0-12) 1-11 (0-17) 1-08(0-13)

baseline flow,#.
Flow after heat/ 1-45 (0-67) 1-26 (0-36) 1-23 (0-36)

flow after cold

*The finger blood flows are expressed as ml blood/minute/100 g
tissue.

important problem to be solved. In our series
there was no statistically significant difference in
vasospastic response between POAG patients
and normal subjects.

Several investigators reported that the vaso-
spastic process caused visual disturbances.'720
Lewis et alP0 indicated that 35% of migraine
patients had some form of visual field abnor-
mality, such as left homonymous deficit,
generalised depression, arcuate defect, altitu-
dinal defect, temporal sector, nasal steps, and
isolated scotomas. Thus ischaemia was generally
presumed to be the main cause of the optic nerve
damage in LTG and POAG as well. However, it
should be noted that, even though there is
clinical similarity between ischaemic damage
and glaucomatous damage in the optic nerve, the
pathogenesis is not always the same. The patho-
histology of the optic nerve head has revealed a
different pathogenesis.2" Our study also failed to
confirm the relationship between vasospasm and
LTG or POAG.
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