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Abstract

¢ AIM. To evaluate changes in pulsatile ocular blood flow
in normal tension glaucoma (NTG) patients.

¢ METHODS: In this prospective case control study color
Doppler imaging ( CDlI) was used to determine ocular
blood flow parameters - peak systolic velocity(V,,.), end
diastolic velocity (V,), time average mean of maximum
velocity (TA,.. ), pulsatility index (Pl), resistive index
(RlI') and systolic/diastolic ratio ( S/D) in ophthalmic
artery ( OA), central retinal artery ( CRA) and short
posterior ciliary artery ( SPCA) in NTG patients and a
comparision was made with the subjects.
Unpaired Student’s t-test was used to compare the two
groups and P<0.05 was considered significant.

¢ RESULTS. V,,,, in OA, CRA and SPCA in the NTG group
was decreased when compared to normals with P values
0.605, 0.254 and 0. 348 respectively. V, in the NTG group
was also decreased in all the three vessels when
compared to the normal subjects with P values 0. 000,
0.014 and 0.138 in OA, CRA, and SPCA respectively. The
Pl and Rl were increased in all the vessels in the NTG
group with P values 0.000 and 0. 045 for the OA, 0.000 and
0.006 for the CRA and 0.002 and 0. 024 for the SPCA. S/D
ratio was increased in the NTG group as compared to
normals with P values 0.047, 0.041 and 0.189 in OA, CRA
and SPCA respectively.

e CONCLUSION: This study concludes that CDI may
provide an effective way of measuring part of the vascular
component of glaucoma. We found decreased blood flow
velocity and increased resistive indices in the ocular
vasculature in the NTG group as compared to normal
subjects.

e KEYWORDS: Color Doppler imaging; normal tension
glaucoma; ophthalmic artery; central retinal artery; short
posterior ciliary artery;
diastolic velocity; pulsatility index; resistive index
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INTRODUCTION

D espite its high prevalence, glaucoma remains a disease of
unknown etiology and inadequate treatment. Although

elevated intraocular pressure (IOP) is the primary risk factor,

the very existence of normal tension glaucoma ( NTG) indicate
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that other factors might also be involved in the pathogenesis of

glaucoma. A vascular theory of glaucoma has long been

]

. 1-2 .
considered' ™. Many vascular related diseases have been

reported to be associated with normal tension glaucoma

] [4] [5]

including ~ diabetes”’, hypertension*’, migraine”’ and

[6
vasospasm- : 5

peripheral suggesting  that  circulatory
disturbances may be an associated factor.

Color Doppler imaging ( CDI) allows non—invasive assessment
of retrobulbar circulation. It is an established method for
investigation of ocular and orbital blood flow characterstics and
its results are relatively reproducible'”’. Recent studies
performed with CDI  have

haemodynamics in glaucoma patients'®”

shown altered retrobulbar

9]

In the present study we have used CDI with spectral analysis
for measuringpeak systolic velocity (V, ), end diastolic
velocity (V,), pulsatility index (PI), resistive index ( RI)
and systolic/diastolic ( S/D ) ratio in ophthalmic artery
(OA), central retinal artery ( CRA) and short posterior
ciliary artery (SPCA) in NTG patients. These indices have
been compared with those of normal subjects.

SUBJECTS AND METHODS

In a prospective, noninterventional, case — control single
centre study, we enrolled 42 NTG patients (84 eyes) and 36
normal subjects (72 eyes). An ethical clearance was taken
from the institutional review board. A written and informed
consent was taken from all participants and they were made
aware of the scientific nature of the study. None of the
participants recieved stipend for the participation nor were
they charged for the investigations done. Inclusion criteria for
normal subjects was best corrected Snellen visual acuity of
20/20, normal anterior segment on slit lamp biomicroscopy,
normal fundus on indirect ophthalmoscopy, intraocular
pressure (I0P) <20 mm Hg and normal visual fields. Any
volunteer with hazy media, relatives of glaucoma patients,
those with any fundus pathology, systemic disease or on
systemic drugs were excluded from the study. Inclusion
criteria for NTG patients was IOP <20 mm Hg ( Goldmann
applanation tonometer ) as confirmed on diurnal inpatient
phasing, characterstic optic disc changes, characteristic
visual field loss ( Humphrey automated perimetry) and open
angles on gonioscopy ( Goldmann three mirror gonioscope ).
History of diabetes mellitus, systemic hypertension,
hypotension and shock, myocardial infarction, myopia, retinal
vein occlusion, migraine and dyspnoea was also taken.

After detailed history and clinical examination, the subjects
were taken for CDI. CDI allows non-invasive examination of
blood flow velocity in OA, CRA and SPCA, by providing
simultaneous Doppler and B — Scan ultrasound images on a
monitor.

A logic 500 Pro—series ( GE company) machine with 5-9
MHZ linear multifrequency probe was used for B mode and
Color Doppler imaging . All the CDI examinations were

performed by a single experienced sonographer, who was unaware

1998

Table 1 Age distribution of normal subjects and NTG patients
Group No. of patients Mean age Age range(a) P
+SD (a)
Normals 36 39.16+18.42 13-75
NTG 42 50.8+18.31 18-80 0.209

NTG: Normal tension glaucoma.

Table 2  Gender distribution of normal subjects and NTG
patients
Group M (%) F (%) P
Normals 23(63.88% ) 13(36.12%)
NTG 21(50% ) 21(50% ) 0.613

NTG: Normal tension glaucoma.

of the patient’s clinical status. The color Doppler images were
analyzed separately by the radiologist and the ophthalmologist.
Following measurements were made in OA, CRA and SPCA.
-V,/TA,, ). Rl
-V,/V,..). The

Shapiro —Wilks Test was used to determine whether the ocular

PI was calculated by Gosing’s formula (V

max

was calculated by Pourcelot’s formula (V__ s

blood flow values among normal subjects confirms to a normal
distribution. The unpaired student’s t — test was used to
compare whether the differences between the normal and
glaucoma subjects were statistically significant. Significance
was set at P <<0.05. Simple linear regression analysis was
used to examine the association between CDI measurements
and age.

RESULTS

We chose 42 NTG patients and 36 normal subjects. The mean
age of normal subjects was 39. 16+ 18.42y and mean age of
NTG patients was 50.80+18.31y. The difference in age was
not statistically significant ( P= 0.209) (Table 1).

The gender distribution varied widely in the two groups.
However the difference was not statistically significant (Table 2).

None of the control subjects had any significant
cardiovascular, respiratory or neurological history. In the NTG
group 3 patients (7. 14% ) were controlled diabetics and 3
patients (7.14% ) gave history of attacks of migraine

The comparision of blood flow parameters of the NTG group
and normal subjects is shown in Table 3.

The peak systolic velocities in OA, CRA and SPCA in the
NTG group were decreased when compared to normals.
However, none of the values were statistically significant with
P=0.605, 0.254 and 0. 348 in the OA, CRA and SPCA
respectively. The end diastolic velocities in the NTG group
were also decreased in all the three vessels when compared to
normals. This decrease was statistically significant in the OA
and CRA (P =0.000 and 0. 014) and insignificant in the
SPCA (P =0. 138). The Pl and RI were significantly
increased in all the three vessels in the NTG group when
compared to normals with P values; P=0.000 and 0. 045 for
the OA, P=0.000 and 0. 006 for the CRA and P=0.002 and
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Table 3 Blood flow parameters in normal subjects and NTG patients

Ophthalmic artery

Central retinal artery Short posterior ciliary artery

Doppler indices

N NTG P N NTG P N NTG P
V.. (cm/sec) 25.0+5.24 23.88+7.84 0.605 11.91+3.17 11.61+3.74 0.254 12.53+1.65 11.73+3.22 0.348
V. (em/sec) 7.85+1.08 5.47+1.44 0.000 6.88+2.1 4.44+1.75 0.014 5.11+1.08 4.47+2.24 0.138
PI 0.92+0.18 1.5£0.25 0.000 1.37+0.81 4.15%1.15 0.000 0.94x1.08 1.76+0.96 0.002
RI 0.92+0.18 0.75+0.17 0.045 0.45+0.28 0.73+0.28 0.006 0.54+0.09 0.65+0.17 0.024
S/D 0.65+0.01 0.87+0.53 0.047 1.73+0.83 2.98+0.75 0.041 2.45+1.01 2.98+0.96 0.189

V., ..: Peak systolic velocity; V,: End diastolic velocity; PI: Pulsatility index; RI: Resistive index; S/D: Systolic/diastolic; NTG

tension glaucoma.

0.024 in the SPCA. S/D ratio was also increased in the NTG
This
increase was statistically significant in the OA and CRA but
not in SPCA (P=0.047, 0.041 and 0. 189 respectively) .
DISCUSSION

The exact pathogenesis of glaucoma remains unknown. Two

group as compared to normals in all three vessels.

main theories of glaucomatous damage have been considered.
A) mechanical theory; B) vascular theory. According to the
mechanical theory, increased IOP causes stretching of the
laminar beams and damage to the retinal ganglion cell axons.
The vascular theory considers glaucomatous optic neuropathy
as a consequence of insufficient blood supply due to either
increased IOP or other risk factors reducing ocular blood
flow' "

The notion that glaucoma could have a vascular basis derives
from certain circumstantial lines of evidence. The existence of
NTG implies that mechanical theories of pressure induced
axonal transport defects are incomplete. The association of
NTG with other vasospastic diseases such as migraine again
indicates that the cause may be of primary vascular nature'"" .
It has also been shown that patients with glaucoma have an
abnormal increase in plasma endothelin—1 (ET-1) after the
body cools. It is possible that at least in some patients,
increased levels of ET -1 in response to vasospastic stimuli

involved in
12]

may be the pathogenesis of glaucomatous
damage'
With the use of Doppler ultrasound of the orbit, a non
invasive examination of retrobulbar circulation is possible .
Several studies using CDI have revealed altered orbital

[3-147 " 1n the NTG

was not significantly altered

hemodynamics in patients with glaucoma
group as shown in Table 3, V

in all the three vessels when compared to normal subjects. V,
was significantly reduced in OA and CRA. Pl and RI were
significantly increased in all the three vessels when compared
to normal subjects and S/D ratio was increased significantly in
OA and CRA but not in SPCA. The results were not
consistent in SPCA. This could be because of the technical
difficulties for imaging this particular area of vasculature due
to thinner caliber and more tortuous configuration of ciliary
arteries. It is difficult to follow their course and accurately
angle the ultrasound beam within these vessels. The resistive
index being angle dependent, is considered the most reliable

parameter in these vessels. Our results are comparative with

Normal

15-17]

the previous studies' In our study since there was no

difference in V so it appears that major contribution to the

max 9

increased vascular resistance (RI) , was reduced end diastolic
velocity.

The interpretation of the changes in blood velocity and RI is
difficult. The vascular bed of optic nerve head ( ONH)
consists almost entirely of capillaries. Capillaries are known to
represent the point of highest vascular resistance within the
circulation. This increased resistance is supported by our

results in which V;, PI and RI attained greater and more

d»

significant difference than V__ between the glaucoma and

max

normal groups.

Measurement of retrobulbar hemodynamics can be affected by

! 4 and

]

. [18
systemic factors such as age , blood pressure

prevalence of systemic diseases like diabetes mellitus™' and

migraine”’. Our study design took these important points into
consideration.
Several studies support the idea that circulatory abnormalities

[l Reduced blood flow in

automatically

represent risk factors for glaucoma

patients with glaucoma does not indicate
damage. It remains to be established whether such alterations
are present primarily and thus pathogenically active, or
whether they occur secondarily. The fact that ocular blood
flow improves on carotid revascularization surgery'’ and the
association of normal tension glaucoma with systemic vascular

. 3-6
diseases’

" makes it unlikely that these alterations are only
secondary to glaucomatous damage.

In Doppler ultrasonography, the interpretation of the measured
parameters is difficult. CDI measures blood velocity and not
blood flow, which is calculated by the product of blood
velocity and cross sectional area of the vessel measured.
Poiseulle’s law states that volume flow is proportional to the
fourth power of the radius of the vessel. Currently it is
impossible to determine accurately the diameter of orbital
vessels in vivo with this technique. Despite this limitation, we
believe that flow velocities, Pl and RI may give us some clues
to the status of ocular circulation and may be of diagnostic and
therapeutic value in various groups of glaucoma.

From this study we conclude that CDI provides an effective
We found

decreased blood velocity and increased resistive index in the

way to measure blood velocities in the orbit.

ocular vasculature of NTG patients. These changes could be a

cause or consequence of glaucomatous optic atrophy. CDI may
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provide a means of measuring part of the vascular component
in glaucoma in greater detail. This study suggests that in the
diagnosis of glaucoma, it is necessary to know not only the
IOP, but also the ocular blood flow velocities. Further studies
are required to know the cause of reduction of ocular blood
flow in glaucoma as well as effect of treatment on ocular blood
flow.
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