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Abstract • Background: Glauco- 
ma and cataract are multifactorial  
diseases. They have been described 
to be associated with cardiovascular 
risk factors. • Methods: Twenty-  
four-hour ECG monitoring was 
done in 22 normal-tension glauco- 
ma patients, 27 open-angle glauco- 
ma patients, 25 cataract patients, 
and 20 normal controls. The fre- 
quency of silent myocardial  ische- 
mia (SMI) as well as that of  ven- 
tricular extrasystoles (VES) was 
evaluated. • Results: At least one 
episode of significant asymptomatic  
ST-T segment depression occurred 

in 45% of the normal-tension glau- 
comas,  in 25.9% of open-angle 
glaucomas,  in 12% of cataract pa- 
tients, and in 5% of normal con- 
trols. The frequency of VES was 
not significantly different among 
the groups. • Conclusions: Glau- 
coma, especially normal-tension 
glaucoma, is significantly associat- 
ed with the occurrence of episodic 
asymptomat ic  myocardial  ischemi- 
as. Cataract  patients, however, had 
only a slightly, statistically not sig- 
nificantly increased frequency of 
both SMI and VES compared with 
normals. 

Introduction 
The pathogenesis of  g laucoma and cataract is not yet 
fully established and is considered to be multifactorial .  
The incidence of both eye diseases are statistically some- 
how associated with systemic diseases. Besides general 
factors, such as age, race, or gender [24], glaucomatous 
damage,  especially if  it develops without increased in- 
traocular pressure, is statistically related to a number of  
cardiovascular alterations, such as systemic hypotension 
[8, 11, 32], decreased blood cell velocity in nailfold cap- 
illaries [7] and other vessels [22], increased frequency of 
vasospasm [7], increased diffuse cerebral ischemic 
changes [30], increased neurosensorial  dysacousis [31], 
increased level of  endothelin [12, 20], as well as local 
constriction and dilatation of conjunctival capillaries 
[23]. 

Various risk factors [9, 15, 17] also seem to play a role 
in the genesis of  age-related cataract, such as smoking 
[3, 13], alcohol consumption [21, 28], systemic hyper- 
tension [14, 19, 33], and diabetes mellitus [2]. 

Furthermore,  a decreased life expectancy has been 
described for both glaucoma [27] and cataract patients 
[16, 29]. A number  of  ECG changes,  such as rhythm and 
conduction abnormalities, have been described in glau- 
coma [25]. 

In a prel iminary study we observed a relatively fre- 
quent occurrence of silent myocardial  ischemia both in 
glaucoma and in cataract [10]. The purpose of the 
present study was to test whether the relative frequency 
of the occurrence of silent myocardial  ischemia is, in- 
deed, larger in this type of patients. 

Patients and methods 

We examined a total of 94 subjects by means of 24-h ECG: (a) 22 
patients with normal-tension glaucoma (NTG), (b) 27 patients 
with primary open-angle glaucoma (POAG), (c) 25 cataract pa- 
tients, and (d) 20 normal controls. Their demographic characteris- 
tics are listed in Table 1. 

NTG was diagnosed when classical glaucomatous damage oc- 
curred despite untreated intraocular pressure less than 21 mm Hg 
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Table 1 Demographic data of control subjects and patients 

Normal-tension glaucoma Open-angle glaucomas Cataract patients Normal controls 

Number of patients 22 27 25 20 
Sex (female/male) 13/9 17/10 13 / 12 10/10 
Age (years) 64.6_+ 11.6 65.3 _+9.5 63.4_+8.8 61.5 _+ 10.4 
History of coronary diseases (n) 3 1 4 0 
Diabetes mellitus (n) 0 2 2 0 
Systemic hypertension (n) 6 1 6 0 

in at least two diurnal tension curves. The glaucoma patients were 
hospitalized for evaluation and treatment of glaucoma; tile 
cataract patients were referred to the hospital for cataract surgery. 
The control subjects included patients hospitalized for other eye 
diseases, such as trauma or uveitis, as well as hospital staff mem- 
bers. 

No inclusion or exclusion criteria were used. Instead, we in- 
cluded all patients as they entered the hospital, provided they gave 
their informed consent to take part in the study. One third of the 
NTG patients and all POAG patients were on local antiglaucoma- 
tous drugs (mostly beta-blockers) but none of the normal controls 
or the cataract patients were taking such drugs. 

The ECG was monitored for 24 h using a two-lead ambulatory 
ECG (Holter system: EPICARDIA/Hellige, Germany). Silent my- 
ocardial ischemia (SMI) was defined as positive if at least one 
episode of ST-T segment depression of 0.1 mV greater during at 
least 30 s occurred. Ventricular extrasystoles (VES) were defined 
by the premature occurrence of a QRS complex that was bizarre in 
shape and had a duration generally greater than 120 ms. 

If the patients had to have surgery, the test was done at least 2 
days after the operation. Before starting the examination, resting 
12-lead electrocardiography was performed. In no case did this 
show any alterations of ST-T segments or abnormal rhythms. 

During the 24-h monitoring the patients could move around 
normally. However, they had to perform at least one forced physical 
activity, such as walking up and down stairs, for several minutes. 
Smoking was prohibited for the total 24-h period. 

Results 

The  four groups  were  c o m p a r a b l e  wi th  r ega rd  to age  
(Table 1). However ,  a h i s to ry  o f  sys temic  d i seases  was 
c lea r ly  m o r e  f requent  in the ca t a rac t  and g l a u c o m a  
groups  (Table 1) than in the  n o r m a l  contro ls .  

Ten (45 .5%)  o f  the  22 N T G  pat ients ,  seven (25 .9%)  o f  
the  27 P O A G  pat ien ts ,  th ree  (12%)  o f  the 25 ca t a rac t  
pa t ients ,  and one (5%) o f  the 20 n o r m a l  con t ro l s  had  
s ign i f i can t  SMI .  The  re la t ive  f r equency  is d e p i c t e d  in 
Fig.  1. The  d i f f e r ence  b e t w e e n  N T G  and no rma l  con t ro l s  
was s ta t i s t i ca l ly  s ign i f i can t  ( P = 0 . 0 0 3 ;  ch i - squa re )  the  
d i f f e r ence  be tween  N T G  and POAG,  however ,  was not  
s ign i f i can t  ( P = 0 . 1 5 ) .  I f  the g l a u c o m a  pat ients  were  
poo l ed  ( n = 4 9 ) ,  34 .7% had  m y o c a r d i a l  i s chemia .  This  
was aga in  s ta t i s t i ca l ly  s ign i f i can t ly  d i f fe ren t  f rom nor-  
ma l  con t ro l s  ( P = 0 . 0 1 ) .  The  re la t ive  f r equency  o f  S M I  in 
the  g l a u c o m a  group  was not  i n f luenced  by  the pa t i en t s '  
h i s tor ies .  I f  the  four  pa t ien ts  wi th  a h i s to ry  o f  c o r o n a r y  
h e a r t  d i seases  were  e x c l u d e d  f rom the analysis ,  the re la-  
tive f r equency  r e m a i n e d  35 .6%.  I f  the two d i abe t i c  pa-  
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Fig. 1 Relative frequency of silent myocardial ischemia in the 
four groups (NTG normal-tension glaucoma, POAG primary open- 
angle glaucoma) 

t ients were  exc luded ,  the re la t ive  f r equency  was 34.0%.  
W h e n  the seven pa t ien ts  wi th  sys temic  h y p e r t e n s i o n  
were  exc luded ,  the re la t ive  f r equency  was 33.3%.  W h e n  
all pat ients  wi th  a h i s to ry  o f  any t y p e  o f  sys temic  dis-  
eases  were  exc luded ,  the re la t ive  f r equency  was 35.1%.  
Pat ients  i n c l u d e d  in this r e m a i n i n g  group were  wi thou t  
sys temic  med ica t ion .  

Seven ty - f ive  pe rcen t  o f  all  o b s e r v e d  si lent  i s c h e m i c  
ep i sodes  o c c u r r e d  whi le  the  pa t ien t  was s i t t ing  at ease  or  
du r ing  sleep.  Only  25% of  the  ep i sodes  occu r r ed  du r ing  
phys i ca l  exer t ion .  Mos t  o f  the pat ients  who  e x p e r i e n c e d  
m y o c a r d i a l  i s c h e m i a  had  two  ep i sodes  du r ing  24 h, al-  
though  the f r equency  var ied  be tween  one and three.  The  
f r equency  o f  VES was the same  in N T G  and POAG pa-  
t ients and in no rma l  con t ro l s  (Fig.  2). In  the group o f  
ca ta rac t  pa t ients ,  however ,  two  pat ients  had  very  f requent  
VES,  though  the d i f f e r ence  d id  not  a t ta in  s ta t i s t ica l  sig- 
n i f i cance .  
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Fig. 2 Frequency distribution of ventricular extrasystoles in the 
four groups 

Discussion 

In the present study we searched for episodes of  SMI and 
for VES with the help of  24-h ECG monitor ing in glau- 
coma and cataract patients and in normal controls. All 
subjects entering this study had normal 12-lead ECGs. 
The results confirm the findings of a previous pilot study 
[ 10] that the frequency of SMI is increased significantly 
in patients with NTG and, to a lesser extent, in patients 
with POAG. In cataract patients, however, the frequency 
was only slightly, statistically not significantly, greater 
than in normal controls. 

The ischemic episodes occurred mainly when patients 
were sitting at ease or during sleep. This indicates that 
the major  cause might not be arteriosclerotic changes of  
the coronary arteries but rather functional vascular dys- 
regulation [4, 18]. This is in agreement  with the currently 
prevailing concept  of  vascular involvement in the patho- 
genesis of  g laucoma [5]. Although the level of intraocu- 
lar pressure is positively correlated to the level of  the 
blood pressure [32], the vascular risk factors for glauco- 
matous damage are not so much arteriosclerosis [26] or 
hypertension [32] as functional vascular dysregulation 
and systemic hypotension [6]. 

The observed high prevalence of SMI, especially in 
NTG, without increase in VES [1] supports the hypothe- 
sis that vascular dysregulation might be one of several 
risk factors for the development of  glaucomatous dam- 
age. 

Cataract, however, seems to be more related to arte- 
riosclerosis and its risk factors. The chance of finding 
ischemias in cataract patients may, therefore, be greater 
if  ECG is done during exercise. This, however, remains 
to be proved. The slight increase in the frequency of VES 
in the cataract patients also points towards arteriosclero- 
sis. 
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