Comparison of
ambulatory blood
pressure values in
patients with
glaucoma and
ocular hypertension

Abstract

Purpose To compare systemic arterial blood
pressure (BP) and nocturnal hypotension in
patients with normal-tension glaucoma
(NTG), high-tension glaucoma (HTG), and
ocular hypertension.

Methods Systemic BP was recorded by a
portable automated BP monitoring device
every 20 min during the day and every 30 min
at night in patients with NTG (n=18), HTG
(n=22), and ocular hypertension (n=19).
Mean systolic, diastolic, and mean arterial BPs
were calculated for 24 h, during the day and at
night. The mean and maximum nocturnal dip
rates were determined for each patient. The
number of readings that declined below
90mmHg for systolic BP and below 60 and

50 mm Hg for diastolic BP was recorded for
each group. Statistical significance was set

at P<0.05.

Results
values of the systolic, diastolic, and mean
arterial BPs were not significantly different
among groups. There was no difference among

Minimum, maximum, and mean

groups in the nocturnal dip percentages of
systolic and diastolic BPs. The number of
systolic BP readings below 90 mmHg was sig-
nificantly higher in the NTG group compared
with the other groups (P<0.001, x* test).
Conclusion There may not be any difference
among NTG, HTG, and ocular hypertension
patients in terms of mean ambulatory BP
values. On the other hand, when each
individual’s ambulatory reading is reviewed,
readings may reveal that excessive and
repetitive nocturnal drops occur more
frequently in some patients with NTG.

These hypotensive episodes may be related
to the development of glaucomatous damage.
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Introduction

The causes and mechanisms of optic nerve
damage in primary open-angle glaucoma are
not well delineated. Although intraocular
pressure (IOP) is a major pathogenic factor, it
does not explain normal-tension glaucoma
(NTG) and ocular hypertension.
Haemodynamic changes, independently or in
combination with IOP, may play a significant
role in the pathogenesis of glaucomatous
damage." It has been suggested that decreases
in systemic arterial blood pressure (BP) during
sleep—nocturnal hypotension—may cause
ischaemia of the optic nerve head, particularly
in individuals with abnormal vascular
autoregulation, and may be related to the
underlying vascular aetiology.**

Although some studies®® report more
prominent nocturnal hypotension in patients
with NTG and progressive glaucoma compared
with healthy individuals and patients with
high-tension glaucoma (HTG), others do not
support these findings.*? In this study, we
compared systemic BP values, which were
recorded by the ambulatory monitoring method
during a 24-h period, in three groups of patients
with ocular hypertension, NTG, and HTG for
the various parameters.

Materials and methods

Patients for this study were recruited from the
Glaucoma Section of the Department of
Ophthalmology, Uludag University, Bursa,
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Turkey. A total of 59 patients—19 with ocular
hypertension, 22 with HTG, and 18 with NTG—were
included in the study. All met the following inclusion
criteria:

1. Before starting antiglaucomatous therapy, there
should be at least four IOP readings recorded at
different times of the day.

2. Before therapy, all IOP readings in patients with NTG
should be below 21 mmHg.

3. Each patient should have at least four reliable, central
24-2 and/or 30-2 visual field examinations.

4. Evaluation by the Advanced Glaucoma Intervention
Study’® method should determine a repetitive
glaucomatous defect on at least two visual field tests
in patients with glaucoma and no defect on any tests
in patients with ocular hypertension.

5. Patients should not have any ocular diseases that may
cause visual field loss other than glaucoma.

6. No history of neurological trauma, vascular shock, or
staying in an intensive care unit.

7. Ambulatory BP monitoring during a 24-h period
should be completed without interrupting the
patient’s sleeping period and comfort.

Demographic data for all three patient groups are
shown in Table 1. All the patients were diagnosed first at
our clinic, and no other patients referred from outside
owing to progressive glaucoma were included in the
study.

At Uludag University, follow-up examinations are
performed every 3 months for patients with glaucoma
and every 6 months for patients with ocular
hypertension. Visual field examinations are repeated
every 6 months for patients with glaucoma and every
year for patients with ocular hypertension.

An ambulatory BP monitoring device (model 90207;
Space Labs, Washington, DC, USA) was set to measure
BP automatically every 20 min during the day (6 am to 11
pm) and every 30 min at night (11 pm to 6 am). This
device, at every measuring, determined the patient’s
systolic, diastolic, and mean arterial BPs (diastolic
BP +1/3 (systolic BP—diastolic BP)), and the number of
heartbeats and recorded them in its electronic memory.
The device was put on the patient’s nondominant arm,
and he/she was told how it works. Patients were allowed
to return home and were recommended to maintain their
normal life activities. Patients taking systemic
antihypertensive medications were asked to continue
taking their medications during the period of recording.
After 24 h, the device was taken off and recorded values
were transferred to a personal computer. Some readings
were considered as non-physiological and rejected if at
least one of the following conditions occur: 1) If pulse
pressure (difference between systolic BP and diastolic
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Table 1 Demographic characteristics of patient groups

Patient group No. of Age, mean No. of
patients +SD patients taking/
(female/ (years) not taking
male) antihypertensive
medications
Normal-tension 18 (12/6) 56.1+10.0 6/12
glaucoma
High-tension 22 (10/12) 63.04+9.5 5/17
glaucoma
Ocular hypertension 19 (15/4) 61.2+8.7 9/10

BP) is less than 10 mmHg when the systolic BP is below
100 mmHg; 2) If pulse pressure is less than 10% of the
systolic BP when the systolic BP is above 100 mmHg; 3) If
diastolic pressure value is above 160 mmHg. The device
was set to repeat the measurement on such faulty events.

Mean systolic, diastolic, and mean arterial BP values
for the 24-h period, day, and night were calculated for
each patient."’ Each patient’s minimum and maximum
BP rates were determined during the entire day, day, and
night. By using these values, mean minimum and
maximum BPs were calculated for each group. If the
highest BP was recorded on the first or second reading, it
was excluded from the analysis because BP tends to be
higher at earlier readings.

Nocturnal dip was calculated by using two different
formulas:

mean (daytime — night time) BP
daytime

mean nocturnal dip =

and

maximum nocturnal dip =

(maximum daytime — minimum night time) BP.*’
maximum daytime

Nocturnal dip was calculated separately for each patient
and each BP variable. In each group, we also determined
the number of readings below 90 mmHg for systolic BP
and below 60 and 50 mmHg for diastolic BP. Patients,
regardless of their ocular diseases, were divided into two
groups according to whether they were taking systemic
antihypertensive medications, and nocturnal dip rates
were also calculated for each group. Analyses of
variance, y? test, and Student’s t-tests were used for
statistical analyses. The criterion for determining statis-
tical significance was P <0.05.

Results

The mean patient age in the NTG group was lower than
that in the other groups (P =0.04, analysis of variance).



The percentage of female patients was higher in the NTG
and ocular hypertension groups, but the difference was
not significant (P =0.08, y* test) (Table 1). Monitoring of
BP was completed at the end of 24 h in 56 patients; it was
repeated in three patients because of sleep disturbance or
unusual emotional changes.

Ambulatory BP monitoring results are shown in
Table 2. According to the 24-h readings, there was no
statistical difference among the three groups for the
values of mean systolic, diastolic, and mean arterial
BPs. When mean values were calculated separately for
daytime and night time, they did not differ significantly
among groups. In addition, mean maximum and
minimum BP values for the entire day, day, and night
were not different among groups (Table 2).

In all groups, mean BPs were significantly lower at
night than during the day (P<0.001, Student’s t-test)
(Table 2). However, there was no significant difference
among groups for mean nocturnal dip. Maximum
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nocturnal dip, calculated as the difference between
maximum BP during the day and minimum BP at night,
was also not different in the three groups.

The nocturnal dip in the mean systolic BP was higher
than 10% in five (28%) of 18 patients in the NTG group,
six (27%) of 22 in the HTG group, and seven (37%) of 19
in the ocular hypertension group; the difference was not
significant (P =0.77, »* test). The nocturnal diastolic BP
dropped more than 10% in 11 (61%) of 18 patients in the
NTG group, eight (36%) of 22 in the HTG group, and 10
(52%) of 19 in the ocular hypertension group; the
difference was not significant (P =0.28, * test).

Systolic BP fell below an arbitrary limit of 90 mmHg at
any measurement during 24-h monitoring in five patients
in each group. However, the frequency of systolic BP
falling below this level was significantly higher in the
NTG group (P<0.001, > test) (Table 3). Whereas systolic
readings fell below 90 mmHg 29 times in the NTG group,
the same situation occurred seven times in the HTG

Table 2 BP values for different periods in the NTG, HTG, and ocular hypertension groups®

Period and BP parameters Patient group P-value®
NTG HTG Ocular
hypertension
24h
Systolic BP 123.5+159 127.0+15.7 1242494 0.72
Diastolic BP 75.9+10.6 75949.0 740472 0.76
MAP 93.2+11.1 94.8+10.6 929+7.1 0.81
Day
Systolic BP 125.6+15.2 131.0+15.5 127.14+10.1 0.49
Minimum systolic BP 100.5+13.5 105.94+15.1 100.04+12.1 0.31
Maximum systolic BP 152.24+20.6 160.4+22.5 155.5+17.7 0.45
Diastolic BP 78.1+10.5 775495 772485 0.95
Minimum diastolic BP 58.9+10.1 579487 56.4+7.1 0.67
MAP 95.0+7.7 95.4+9.5 97.14+9.6 0.75
Maximum diastolic BP 98.2+15.3 101.0+13.6 102.6+14.9 0.64
Night
Systolic BP 115.0+18.9 122.1+16.0 116.8+10.6 0.36
Minimum systolic BP 99.0+13.6 105.0+15.6 99.8+11.0 0.31
Maximum systolic BP 137.24+24.6 140.4419.3 134.9415.6 0.68
Diastolic BP 69.0+12.1 69.8+8.8 672485 0.70
Minimum diastolic BP 56.1+11.0 56.5+8.7 54.0+8.8 0.67
Maximum diastolic BP 86.1+14.5 85.5+13.1 79.84+10.6 0.25
MAP 85.5+14.5 86.0+13.3 89.6+10.9 0.44
Nocturnal fall (%)
Systolic BP 8.8+5.8 6.8+4.3 79+6.0 0.53
Diastolic BP 119474 9.845.2 12.6+9.3 0.49
MAP 10.1+7.1 7.8+5.1 9.9+6.6 0.43
Maximum nocturnal fall (%)
Systolic BP 34.4+8.8 341473 35.2+9.1 0.92
Diastolic BP 42.5+10.1 43.8+7.0 46.2+11.4 0.47

*Data are given as mean+SD mmHg. NTG: normal-tension glaucoma; HTG: high-tension glaucoma; BP: blood pressure; MAP: mean arterial pressure.

PAnalysis of variance.
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Table 3 Number of readings below 90 mmHg for systolic and
below 50 and 60 mmHg for diastolic BP

Blood No. of total readings P-value®
pressure ) ) )
(mmHg) Normal-tension High-tension Ocular‘

glaucoma glaucoma  hypertension

(n=1043) (n=1331)  (n=1164)
Systolic <90 29 7 9 <0.001
Diastolic <60 103 150 134 0.42
Diastolic <50 20 19 16 0.53
292 test.

group and nine times in the ocular hypertension group.
Four patients in the NTG group, one in the ocular
hypertension group, and none in the HTG group had at
least three or more systolic readings of less than

90 mmHg. Diastolic readings less than 50 mmHg were
also more frequent in the NTG group, but the difference
was not significant (Table 3). Four of five patients with
NTG in whom systolic BP dropped frequently and
deeply were women, and their ages ranged from 41 to 52
years. The other patient was a 61-year-old man.

Of 59 patients, 20 were taking systemic
antihypertensive medications. In this group, mean+SD
systolic and diastolic nocturnal dips were 9.1 +5.4% and
12.449.0%, respectively. These values were 7.2+5.2%
and 10.9+6.7% in the group not taking antihypertensive
medications; the differences between the two groups
were not significant (P =0.24 and 0.48, unpaired
Student’s t-test).

A power calculation based on the mean value,
standard deviation, and sample size was performed with
an alpha-error of 0.05 for each variance analysis. NCSS
2000/PASS statistical software was used. The power of
study ranged from 0.06 to 0.30.

Discussion

Several systemic and local vascular changes, which
might reduce blood flow to the optic nerve, may be
associated with primary open-angle glaucoma.'>*
Recent studies have indicated that blood flow regulatory
mechanisms may be deficient in patients with glaucoma,
particularly in the subgroup with NTG.">""” In most
people, systemic arterial BP decreases physiologically
during sleep. A marked nocturnal fall in BP, particularly
if autoregulation capacity is diminished, may lead to
ischemic damage in the optic nerve head.*

Previously, in several studies, patients with NTG were
compared with other patients with HTG, ocular
hypertension, or anterior ischemic optic neuropathy and
healthy individuals based on 24-h ambulatory BP
monitoring results. Graham et al’ did not find a
significant difference between patients with NTG and
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HTG for nocturnal dip and mean BP values. Patients
showing systolic and diastolic dip of more than 10% were
in similar proportion in both NTG and HTG groups.
However, regardless of their disease, when patients were
classified based on visual field progression, a greater
nocturnal dip, both systolic and diastolic, was observed
in the progressive group than in the stable group. Also,
Hayreh et al* did not find any difference between the
NTG group and the HTG, anterior ischemic optic
neuropathy, and ocular hypertension groups for mean
nocturnal dip and other BP variables. The only exception
is that the mean diastolic BP at night is lower and
nocturnal diastolic dip is more significant in the NTG
group than in the anterior ischemic optic neuropathy
group. In this study, no difference was observed in
nocturnal hypotension and other BP variables between
patients with stable and progressive visual field loss. In
agreement with the previous two studies,* we did not
find any difference in the groups with NTG, HTG, and
ocular hypertension for the mean nocturnal dip and
daytime BP values. In our study, the number of visual
field tests was not sufficient to judge progression in each
patient, so a comparison between the progressive and
stable glaucoma groups could not be made.

Some studies have reported deeper nocturnal
hypotension in the NTG group compared with the HTG
group and controls. Meyer et al® compared 20 patients
with NTG with 20 healthy individuals and found a more
prominent nocturnal fall in patients with NTG. In this
study, when patients with NTG were divided into two
groups—with or without focal ischemic signs—no
difference was found between the two subgroups for
mean BP values. Kaiser et al” reported lower systolic BP,
during the day and at night, in patients with NTG than in
healthy individuals. The same finding is also true for
patients with HTG who had visual field progression
despite IOP control. In the study by Bechetoille and
Bresson-Dumont,® mean systolic and diastolic BPs in
NTG, during the day and at night, are significantly lower
than in HTG. In our study, there was no difference in
mean BP values in the NTG, HTG, and ocular
hypertension groups. The mean daytime and night time
values for each group were within the normal limits
reported in the literature for healthy subjects.'®

The disagreement among the previous studies may be
related to differences in patient and control group
compositions. In addition, different criteria and
analysing methods have been used in calculating
nocturnal fall.**® In our study, we calculated nocturnal
fall with two different formulas, which were used by
Graham et al’ and Hayreh et al;* there was no difference
among the results.

The method used in the previous studies to measure
nocturnal hypotension is to calculate the differences



between mean BP values in the day and at night. This
method, which is used frequently by cardiologists and
internists, may not be appropriate for evaluating
nocturnal hypotension in optic nerve ischemic
disorders." Since high and low values of the BP
neutralize each other using this method, the information
on transient, deep hypotension moments may be
completely lost. However, transient falls in BP below the
critical autoregulation range of blood flow in the optic
nerve head may be enough to precipitate an ischemic
episode.' The results of our study support this criticism
of the method. Although the groups were not different in
terms of mean BP values, analysis of each reading
revealed that deep systolic BP falls occur more frequently
in patients with NTG. The systolic BP dropped below the
limit of 90 mmHg at least three times in 22% of patients
with NTG (four of 18 patients), in only 5% of those with
ocular hypertension (one of 19 patients), and in none of
those with HTG. Graham et al’ noted a similar finding in
30% of patients (11 of 37 patients) with progressive
glaucoma. Interestingly, these patients were 10 years
younger, on average, than the other group, as in our
study. Although systemic BP is relatively lower in the
younger age group, we think that frequent and deep
systolic pressure falls in some glaucoma patients could
not be explained by age difference. Such a steep
age-dependent fall in BP is quite unlikely. Moreover,
despite age differences, there was no significant
difference between the groups for mean pressure

levels and nocturnal fall in our study.

In our study, the number of patients taking systemic
antihypertensive medications was relatively higher in the
ocular hypertension group. Possibly, the untreated BP
values were relatively higher in this group, as reported
by the previous studies.'>'® In this study, the patient
groups taking and not taking antihypertensive
medications did not differ for nocturnal dip rates
significantly. However, it should be considered that some
systemic antihypertensive drugs may exaggerate
nocturnal hypotension."®

Systemic BP, which is measured on the brachial artery,
does not provide direct information about capillary
blood flow at the optic nerve head. However, Grunwald
et al®® measured circulatory variables in the neuroretinal
rim and in the optic cup with a laser Doppler flowmeter
and found that there is a significant correlation between
optic nerve head blood flow and brachial BP. Glaucoma
patients without systemic hypertension had a 26% lower
average blood flow than patients with systemic
hypertension. In our study, ambulatory BP monitoring
showed that deep and repetitive falls in systemic BP
occur more frequently in patients with NTG. If each
individual ambulatory reading is not reviewed, this
finding may be missed. Marked nocturnal falls in
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systemic BP, in the presence of other risk factors, may
result in an insufficient blood supply to the optic nerve
head. This study supports the hypothesis that nocturnal
hypotension may play a role in the development of
glaucomatous damage.
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