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Abstract. Blood pressure was monitored for 24 h in 32 
control patients, 38 open-angle glaucoma patients re- 
ferred because of  decompensated IOP despite maximum 
treatment, 40 patients with open-angle glaucoma re- 
ferred because of  progressive damage despite controlled 
lOP, and 39 normal-tension glaucoma patients. In the 
control group a physiological drop in blood pressure 
during the night was observed. The patients referred with 
uncontrolled IOP had blood pressure very similar to that 
of  the control group during both day and night. How- 
ever, the open-angle glaucoma patients with progression 
despite well-controlled IOP and also the patients with 
normal-tension glaucoma had markedly, and statistically 
significantly, lower systolic blood pressure during both 
day and night. The difference in diastolic blood pressure 
was smaller. Thus, blood pressure should be considered 
in diagnosis. 

Introduction 

Glaucomatous damage is characterized by excavation of 
the optic nerve head and by visual field defects. The main 
cause of  such damage is an elevated intraoperative pres- 
sure (IOP). The existence of  normal-tension glaucoma 
and the weak correlation between progression and the 
level of  IOP [4] indicate that other factors must also be 
involved in the pathogenesis of glaucomatous damage. 

Besides age and demographic and genetic factors, 
vascular and rheological factors are the main ones that 
have been reported in the literature. The prevalence of  
peripheral vasospasm, as quantified with nailfold capil- 
laroscopy, is increased in normal-tension glaucoma [12]. 
The prevalence of  cardiac rhythm and conduction abnor- 
malities is increased in glaucoma patients [5, 19]. Several 
authors have described an association of low systemic 
blood pressure and glaucomatous damage [8, 9, 18, 24]. 
The tolerance to elevated IOP has been reported to be 
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decreased in patients with systemic hypotension [10, 14, 
15, 21].  Some authors have reported lower blood pres- 
sure in normal-tension than in high-tension glaucoma 
patients [2, 6, 7, 13, 16]; others, however, have found no 
difference in blood pressure between glaucoma patients 
and normal controls [17, 23, 25]. 

The present study was designed to compare systemic 
blood pressure, monitored for 24 h, among clinically 
different groups of  patients. 

Materials and methods 

Included were 149 patients hospitalized in 1991 at the University 
Eye Clinic in Basel. Patients with diabetes mellitus or other systemic 
diseases that might influence blood pressure were excluded. Each 
patient included in the study belonged to one of the following four 
groups: 

Group A: Control patients (n=32) hospitalized for either reti- 
nal or cataract surgery, in whom the IOP was less than 
19 mmHg (range 10-19 mmHg). 

Group B: Open-angle glaucoma patients (n = 38) with definite and 
progressing visual-field defects, referred for filtering 
procedure or laser treatment because of increased IOP 
despite maximum therapy. The IOP of the progressing 
eyes was higher than 24 mmHg in all patients (range 
24-46 mmHg). 

Group C: Open-angle glaucoma patients (n = 40), referred because 
of progression in spite of medically or surgically con- 
trolled IOP. Diurnal tension curve over 2 days did not 
show IOP of 21 mmHg or more in either eye (range 
14-21 mmHg). 

Group D: Patients with normal-tension glaucoma (n=39), in 
whom untreated IOP over a 2-day diurnal tension curve 
did not exceed 21 mmHg (range 11-20 mmHg). 

Demographic data are given in Table 1. When operative treat- 
ment was performed the blood pressure was monitored at least 3 
days postoperatively to avoid distortion of the results by a direct 
influence of the surgical procedure or of the local anesthesia. Nei- 
ther a history of blood pressure nor one of treatment of hyperten- 
sion or hypotension was a criterion for inclusion or exclusion. The 
technician in charge of blood pressure monitoring did not know to 
which group any patient belonged. The patients were told to take 
the same local and systemic medications during the test period as 
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Table 1. Demographic data 

Group A B C D 

n(m/f) 32 (17/15) 38 (20/18) 40 (18/22) 39 (15/24) 

Mean age (+ SD) 
m 58 (15) 65 (11) 63 (12) 55 (15) 
f 58 (24) 63 (11) 60 (15) 57 (15) 
Mean IOP ( i  SD) 
m 14.5 (2.7) 28 (5.2) 17.4 (2.3) 15.5 (2.0) 
f 14.8 (2.8) 29.6 (6.2) 17.2 (1.9) 14.3 (1.9) 

Group A, control patients hospitalized for retinal or cataract sur- 
gery, with intraocular pressure (IOP)< 19 mm Hg; group B, pa- 
tients with open-angle glaucoma involving definite and progressive 
visual-field defects and IOP>24mmHg; group C, open-angle 
glaucoma patients with progression despite medically or surgically 
controlled IOP (14-21 mmHg); group D, patients with normal- 
tension glaucoma (untreated IOP not over 21 mmHg); m, male; f, 
female 
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Fig. 1. Time trend of mean systolic blood pressure in normals 
(group A), progressive open-angle glaucoma (POAG), patients with 
uncontrolled intraocular pressure (IOP) (group B), POAG patients 
with progression of damage (group C), and patients with normal- 
tension glaucoma (group D) 

before hospitalization. Blood pressure was measured with a Profilo- 
mat (Roche, Basel, Switzerland). This device measures the blood 
pressure automatically, but on the same principle as conventional 
mercury sphygmomanometer, with a cuff and a microphone. The 
interval between individual measurements can be preselected. Blood 
pressure readings and heart rates are recorded on a data processor. 
In this study we made measurements over a period of 24 h, divided 
into two phases: in phase I (from 8 a.m. to 10 p.m.) intervals of 
30 min and in phase II (from 10 p.m. to 8 a.m.) intervals of 60 rain 
were selected. 

To compare the blood pressure among the groups, the means 
of systolic, diastolic, and mean blood pressure in phases I and II for 
each group (men and women separately) were calculated. These 
mean values were compared by means of Student's unpaired t-test. 
A P-value of less than 0.05 was considered to indicate significance. 

Results 

There were 5 patients in group A, 11 patients in group 
B, 10 patients in group C, and 8 patients in group D who 
were taking antihypertensive medication. All 5 patients 
in group A, 7 patients in group B, 3 patients in group C, 
and 1 patient  in group D received angiotensin-convert- 
ing-enzyme blockers. Calcium-channel blockers were 
regularly taken by 3 patients in group B, 6 patients in 
group C, and 7 patients in group D. As can be seen f rom 
Fig. 1, all patients showed a marked  and statistically 
significant fall in blood-pressure during the night. In all 
four groups the blood pressure tended to be lower in 
women than in men. 

I f  both  systolic and diastolic blood pressure are con- 
sidered, groups A and B had very similar blood pressure 
(Fig. 1). Group  B had a slight, but  statistically not signifi- 
cant, tendency towards high pressure (Fig. 2). Patients in 
groups C and D had markedly and statistically signifi- 
cantly lower blood pressure than did groups A and B. 
The difference was especially pronounced for systolic 
blood pressure and was significant during bo th  day and 
night for men and women (Fig. 2). The differences in 
diastolic blood pressure were smaller, and only the night 
time difference between groups B and C was significant. 
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Fig. 2. Mean (SEM) of systolic BP (top) and diastolic BP (bottom) 
in men and women during day and night phases in the four groups 

I f  mean blood pressure [diastolic+ 1/3 (systolic minus 
diastolic)] is considered, the same tendency can be seen. 
The mean blood pressure was statistically significantly 
lower at day and night in women in groups C and D than 
in those in groups A and B. The same applied to men in 
groups C and D at night. During the day, the difference 
in mean blood pressure was statistically significant be- 
tween groups B and C in men. The mean heart  rate did 
not differ significantly either among the four groups or 
between the sexes. A nocturnal decline in heart  rate was 
observed in all four groups (Table 2). 

Discussion 

The present results confirm a marked  nocturnal fall in 
blood pressure, which is most  probably  due to reduced 
sympathetic activity at night [22] and was comparable  in 
all four groups. I t  was slightly more  pronounced in 
women than in men. Patients referred to the clinic for 
uncontrolled IOP (n=38)  had, on average, the same 
blood pressure as did the patients hospitalized for retinal 
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Group A B C 

m f m f m 
D 

f m f 

Systolic BP mmHg (SEM) 

Mean phase 1 132 (2.9) 130 (3.7) 135 (3.4) 132 (4.2) 126 (3.0) 117 (2.5) 125 (2.7) 120 (2.3) 
Mean phase 2 117 (3.5) 113 (4.0) 123 (2.3) 114 (4.1) 110 (2.6) 103 (2.0) 108 (2.2) 102 (2.1) 
Highest 154 (4.4) 151 (4.5) 155 (4.5) 152 (4.7) 144 (2.7) 139 (3.9) 144 (3.5) 137 (3,5) 
Lowest 97 (2.9) 95 (3.5) 102 (2.9) 98 (2.9) 89 (3.4) 86 (1.4) 90 (1.8) 86 (2.3) 

Diastolic BP mmHg (SEM) 

Mean phase 1 86 (1.6) 84 (1.9) 88 (2.6) 90 (3.1) 85 (1.9) 81 (2.2) 87 (1.5) 88 (2.4) 
Mean phase 2 76 (2.1) 75 (2.9) 83 (2.6) 79 (3.0) 75 (2.0) 71 (1.9) 78 (2.3) 72 (2.4) 
Highest 90 (2.9) 91 (2.8) 93 (2.0) 98 (3.3) 92 (2.1) 87 (2.9) 94 (3.6) 89 (2.5) 
Lowest 73 (2.7) 68 (1.8) 75 (2.6) 70 (2.3) 68 (3.4) 63 (2.2) 65 (1.8) 63 (3.9) 

Mean BP mmHg (SEM) 

Mean phase 1 101 (1.9) 100 (2.3) 104 (2.7) 104 (3.5) 98 (2.1) 94 (2.3) 99 (1.7) 93 (2.3) 
Mean phase 2 93 (2.4) 89 (3.3) 96 (2.6) 90 (3.2) 87 (2.1) 81 (1.7) 87 (2.0) 82 (2.1) 

Heart rate beats/rain 

Mean phase 1 70 (2.9) 71 (2.6) 67 (1.7) 71 (2.5) 66 (2.4) 72 (1.1) 70 (2.3) 72 (1.6) 
Mean phase 2 62 (2,2) 64 (1.8) 63 (1.6) 66 (2.1) 60 (1.9) 68 (1.2) 64 (2.2) 65 (1.7) 

" Mean systolic and diastolic blood pressure values (BP) and heart rate (and SEM) in each group in phase 1 (8a.m. to 10p.m.) and phase 
2 (10p.m. to 8a.m.) 

or cataract surgery, but 11 of the 38 were taking anti- 
hypertensive drugs, which was true for only 5 of the 32 
in the groups with normal IOP. To what extent the 
control group in this study is representative of the normal 
population is not known. The patients were examined, 
however, under exactly the same conditions as were the 
glaucoma patients. The blood pressure of the patients 
with open-angle glaucoma progressing despite surgically 
or medically normalized IOP was, on average, about the 
same as that of patients with normal-tension glaucoma. 
Both groups had markedly and statistically significantly, 
lower systolic blood pressure than either normal controls 
or open-angle glaucoma patients with uncontrolled high 
IOP. The difference in diastolic blood pressure was much 
smaller and was not statistically significant. 

The observation of low blood pressure in both pa- 
tients with progression and in normal-tension glaucoma 
patients is well in keeping with earlier reports [2, 6-10, 
13-16, 19, 21, 24]. The causal relationship, however, 
remains unclarified. In patients with systemic hypoten- 
sion, the perfusion pressure may be too low in some 
instances. The critical level of perfusion pressure depends 
on the autoregulation, which in some patients may also 
be deficient. Low blood pressure can provoke counter- 
regulation, e.g., an increase in circulating catecholamines 
and/or stimulation of the renin-angiotensin system. This, 
in turn, may influence autoregulation [1]. Because there 
is a statistical relationship between the incidence of vaso- 
spastic disorders and systemic hypotension [11], we do 
not know whether the progression in these patients is due 
to low blood pressure, to spasms, or to both. 

Whatever pathogenetic mechanism might be in- 
volved, we should regard systemic hypotension as an 
important risk factor for glaucomatous damage. A single 

measurement in the office, however, is not very represen- 
tative and might be influenced by the so-called white-coat 
effect [3, 20]. 

Whether or not the diagnosis of systemic hypotension 
has implications for therapy has yet to be clarified. At 
present we do not know whether blood-pressure-raising 
treatment has any beneficial influence on the prognosis 
of glaucoma patients. It seems worthwhile, however, to 
make at least some recommendations to the patients, 
such as to have sufficient physical activity every day but 
not to get up too quickly, to avoid the orthostatic fall in 
blood pressure. Furthermore, such patients should not 
follow a salt-restricted diet. Overtreatment of systemic 
hypertension should be avoided. Additional studies are 
necessary to evaluate a possible influence of pressure- 
raising treatment. 
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