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Background: Vascular insufficiency is considered to play
an important role in the pathogenesis of normal-tension
glaucoma (NTG). Autoregulation of blood flow in the eye has
been shown to be impaired in NTG, resulting in the inability
to compensate for changes in intraocular pressure or blood
pressure in order to maintain adequate perfusion.
Objectives: To evaluate the occurrence of combined
bradycardia-hypotension during 24 hour monitoring of blood
pressure and heart rate in patients with NTG.
Methods: Eleven NTG patients participated in the study. All
had episodic symptoms of dizziness or lightheadedness,
but were confirmed as not having a diagnosis of orthostatic
hypotension. Twenty-four hour monitoring was performed
with systemic blood pressure and heart rate automatically
measured every 20 minutes during daytime and every hour
during the night. The cardiac diastolic and systolic double
products (dDP and sDP) at each reading were calculated by
multiplying the heart rate by the respective blood pressure.
dDP < 3600 and sDP < 5400 (corresponding to a heart rate
of 60 beats/min and a blood pressure of 60 and 90 mmHg,
respectively) were considered abnormally low, and dDP ¢
2500 and sDP < 4000 (corresponding to a heart rate 50 beats/
min and a blood pressure of 50 and 80 mmHg, respectively)
were considered severely abnormal.
Results: dDP was abnormally low in all 11 NTG patients on at
least one occasion, the majority occurring during the night-
time hours, while abnormally low sDP was present in 8 of
the 11 patients. The mean cumulative duration of low dDP
readings was 4.2 + 3.2 hours. Severely low dDP readings were
observed in six patients.
Conclusions: Abnormally low dDP was recorded in all
NTG patients, lasting more than an hour in the majority of
cases. Abnormally decreased dDP may represent a state of
cardiovascular autonomic dysregulation, resulting in low
ocular perfusion in certain NTG patients.
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*This study was presented in part as an abstract at the 2006 annual
ARVO meeting, Florida, USA.

ascular insufficiency is considered to play an important
Vrole in the pathogenesis of normal-tension glaucoma
[1-3]. Nocturnal hypotension with corresponding sharp
drops in blood pressure (nocturnal dips) has been reported to
occur more frequently in patients with NTG [4-6]; however,
its effect on ocular blood flow is still undetermined [7].

The capability to autoregulate blood flow ensures tissue
perfusion to essential organs, whereas disruption of this nor-
mal autoregulatory function may compromise tissues [8,9].
Autoregulation in the eye has been shown to be impaired in
NTG, resulting in the inability to compensate for changes in
intraocular pressure or blood pressure in order to maintain
adequate perfusion [10,11].

The cardiac double product is a well-recognized entity,
initially introduced to describe cardiac workload [12]. For
that purpose, it is calculated by multiplying the systolic blood
pressure (in mmHg) by the heart rate in beats/min. The resul-
tant systolic double product correlates with the cardiac work-
load. As diastole comprises about two-thirds of the cardiac
cycle, tissue perfusion is prone to be more affected by a low
diastolic blood flow. The normal physiologic compensatory
mechanism to hypotension is an increase in heart rate. As
tissue perfusion is related to both BP and HR, the diastolic
double product, calculated by multiplying diastolic BP by
HR, may serve as a better indicator of tissue perfusion. Low
dDP may also indicate abnormal cardiovascular autonomic
regulation, which may be abnormal in primary open-angle
glaucoma patients [13].

Prior published studies reported data on BP monitoring
only, disregarding changes in HR. In this study 24 hour BP
and HR monitoring was performed in NTG patients, and the
double products were calculated. The purpose of this report
is to introduce the concept of “double product” in the context
of NTG and to examine it in a defined subgroup of NTG
patients over the course of 24 hours.

NTG = normal-tension glaucoma
BP = blood pressure

HR = heart rate

dDP = diastolic double product
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PATIENTS AND METHODS

A defined population of NTG patients with episodic symp-
toms suggestive of insufficient vascular autoregulation
enrolled in the study. Symptoms were episodic dizziness or
lightheadedness upon postural change, but blood pressure
readings in supine and upright positions failed to diagnose
orthostatic hypotension. None of the patients suffered from
hypertension, ischemic heart disease, sleep apnea or diabetes
mellitus, and only one smoked regularly.

The diagnosis of NTG was based on clinical evaluation
and visual field examination. Visual field examination was
performed with the 24-2 SITA-fast or SITA-standard program
on the Humphrey field analyzer (HFA, Carl Zeiss Meditec
Inc., Dublin, CA, USA). IOP prior to treatment was < 22
mmHg, and all patients had enlarged cups and correspond-
ing visual field defects, representative of the NTG diagnosis.
Patients were not using any oral medications on a regular
basis. The majority of patients were using beta-blocker eye
drops. Treatment with this medication was withheld for one
month prior to and during the BP monitoring period. These
patients were followed on a weekly basis, and other topical
medications were added as necessary to control the IOP at
the previously established level.

Ambulatory 24 hour monitoring of BP and HR (Oscar
2, SunTech Medical, Morrisville, NC, USA) was performed
in each enrolled case. All patients continued their normal
daily activities during the monitoring period. Systemic BP
and HR were automatically measured every 20 minutes
during daytime (6 a.m. to 11 p.m.) and every hour during
night-time. The diastolic and systolic double product (dDP
and sDP) at each reading was calculated by multiplying the
HR by the respective BP. dDP < 3600 (corresponding to a BP
of 60 mmHg and a HR of 60 beats/min, which are the lower
limits of normal in the resting state for these parameters) and
sDP < 5400 (corresponding to a BP of 90 mmHg and a HR of
60 beats/min, which are the lower limits of normal for these
parameters) were considered abnormally low. dDP < 2500
and sDP < 4000 (corresponding to a HR of 50 beats/min and
a BP of 50 and 80 mmHg, respectively, which are 10 beats/
min and 10 mmHg or more below the lower limits of normal
range) were considered severely abnormal.

The study was approved by the Ethics Committee, and all
study procedures conformed to the tenets of the Declaration
of Helsinki.

RESULTS

Table 1 shows the characteristics of the study population. All
11 patients were female, and their age range was 37-67 years.

I0P = intraocular pressure
sDP = systolic double product

Table 1. Baseline characteristics of the study population (n=11)

Age at presentation, mean (SD) 52.5 (9.5)
Females 11/11
Episodic dizziness/lightheadedness* 11/11
Raynaud’s-like phenomenon** 9/11
Migraine 5/11
Smoking 1/11
Sleep apnea 0/11
Visual fields — abnormal findings 11/11
Family history of glaucoma 4/11
Body mass index, mean (SD)*** 23.2 (3.1)

* Episodic dizziness or lightheadedness following postural change, but
no orthostatic hypotension upon blood pressure readings in supine and
upright positions

** Transient white or bluish discoloration of fingers or fingertips upon
exposure to cold temperatures

*** Normal values 18.5-25

Table 2. Number (%) of patients with abnormally low systolic and
diastolic double products (sDP and dDP) in the study population (n=11)

Low Severely  Severely
LowsDP dDP lowsDP  low dDP
(¢<5400) (< 3600) (<4000) (< 2500)
Abnormal readings 8(73%) 11(1000% 5 (45%) 6 (54%)
Abnormal readings lasting 3 (27%) 8 (73%) 0 2 (18%)
> 1 hour per episode

In this defined population, all cases had episodic dizziness
or lightheadedness upon postural change, but no orthostatic
hypotension upon blood pressure readings in supine and
upright positions. Nine patients had additional evidence of
abnormal vascular reactivity with Raynauds-like phenomenon
(transient white-bluish discoloration of fingers upon exposure
to cold temperatures) or migraine. The median IOP (22 eyes)
was 16 mmHg (range 11-20). At baseline, median systolic BP
was 110 mmHg (range 96-127) and median diastolic BP 67
mmHg (range 62-72).

All 11 patients had at least one abnormally low dDP dur-
ing the 24 hour monitoring period [Table 2]. Severely low
dDP was recorded in 6 patients (54%), all of them having
a history of clinical manifestations suggestive of abnormal
vascular reactivity, as described above. Abnormally low dDP
occurred predominantly at night (11 p.m. to 6 a.m.), although
5 patients had low dDP also in the morning (7-8 a.m.) or
afternoon (12-6 p.m.) [Figure 1]. The median dDP in this
group of patients was borderline or low throughout most of
the night [Figure 2]. sDP and dDP as low as 3196 and 1692
were recorded, respectively, corresponding to a BP reading
of 68/36 mmHg and HR of 47 beats/min.

There were 5.1 + 2.7 episodes of low dDP per patient
throughout the 24 hour recording. In 73% of the patients, these
episodes of low dDP lasted at least one hour. In this group of
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Figure 1. Number of normal-tension glaucoma patients with
abnormally low diastolic double product throughout the 24-hour
blood pressure and heart rate monitoring
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Figure 2. Median and range of diastolic double product in 11 normal-
tension glaucoma patients throughout the 24-hour blood pressure
and heart rate monitoring.
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11 patients, the mean cumulative duration of low dDP was 4.2
+ 3.2 hours.

DISCUSSION

NTG is a multifactorial optic neuropathy, but insufficient
vascular autoregulation is considered to be present in at
least some patients. Low BP, excessive BP dips and low ocular
perfusion pressure have been reported to be linked to NTG
pathology [4,5-7,14]. Population-based epidemiological
studies have shown that low diastolic BP and low diastolic
ocular perfusion pressure (the difference between diastolic
BP and the IOP) are major risk factors for the genesis and

progression of POAG [8,15-19]. Vascular insufficiency is
considered even more deleterious in patients with NTG [4,5].
The increased prevalence of nocturnal arterial hypotension
in NTG patients has been well established by Hayreh and
colleagues [4] in a large series that included 114 patients with
anterior ischemic optic neuropathy, 131 with NTG and 30
with POAG. Further, patients with visual field deterioration
also had lower night-time diastolic BP [4]. It is important to
note that low diastolic BP has been associated with optic disk
damage even in non-glaucoma subjects [20]. Previous studies
that recognized the deleterious effect of low nocturnal BP
reported mean BP values; however, mean values alone may
not reflect periods of severe ocular hypoperfusion, contribut-
ing to the pathogenesis of glaucoma.

Drawing on these reports, we present a novel concept for
evaluating BP-related risk assessment in NTG, a calculation
of the dDP. It is our hope that this calculation will provide
greater insight than stand-alone mean BP or perfusion pres-
sure values for NTG patients. In this pilot investigation, all
11 NTG patients displayed evidence of low dDP, especially
apparent during the night-time hours. In 72% of the patients,
the abnormally low dDP lasted at least one hour. In all cases,
episodes of low diastolic BP were not associated with com-
pensatory tachycardia. During most episodes of low diastolic
BP, HR was less than 60 beats/min, suggesting abnormal car-
diovascular autonomic regulation.

Bradycardia increases the relative period of diastole in
the cardiac cycle, thus further decreasing the mean perfu-
sion pressure. Therefore, low dDP may be associated with
increased patient vulnerability to develop glaucomatous
damage. This new parameter may help clarify the multi-
tude of previous parameters that have suggested a vascular
autoregulatory component in NTG. Galambos et al. [21]
demonstrated an insufficient compensatory response to pos-
tural changes in patients with NTG and POAG compared
to healthy controls. Gherghel and team [13] also described
abnormal cardiovascular autonomic function in POAG
patients [13]. Calculating dDP in POAG patients may help
differentiate between POAG with and without vascular
abnormalities, similar to NTG patients.

In our 11 NTG patients we studied the occurrence and
duration of abnormally low dDP as it highlighted the sever-
ity of hypoperfusion. Assuming that even short periods of
severe hypoperfusion may be compounding, intermittent
hypoperfusion periods should therefore not be overlooked.
The introduction and utilization of the concept of dDP is
supported by the data of this pilot study. Calculating dDP is
potentially advantageous over measuring diastolic BP alone,
as it may more specifically report the presence of impaired
cardiovascular autonomic regulation.

POAG = primary open-angle glaucoma
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Bonomi et al. [8] suggested that the risk of developing glau-
comatous damage increased when diastolic ocular perfusion
pressure was less than 55 mmHg. IOP was not measured in
our group of NTG patients during the night; however, even if
one assumes a good response to topical IOP-reducing agents
leading to a reduction of IOP to a level of 10 mmHg, a diastolic
ocular perfusion pressure less than 55 mmHg was calculated to
be present during 4.6 + 2.4 hours of the night in our patients.

This study has several inherent limitations: it was planned
as a pilot study, with the aim of introducing the term “double-
product,” combining data of both HR and BP, in the con-
text of NTG. Therefore, the sample size was small, and no
follow-up was available for evaluation of possible visual field
progression in association with dDP. This study described
a predefined population of NTG patients with episodic
symptoms suggestive of insufficient vascular autoregulation
such as episodic dizziness or lightheadedness upon pos-
tural change and Raynaud’s-like phenomenon. It is unclear
whether observations in these patients would be valid for
all unselected NTG patients. Only a large-scale longitudi-
nal population study, involving NTG, POAG and matched
controls, in which visual field progression is monitored in
association with dDP will overcome those limitations and
prove the specificity and extent of this study’s findings. At
present, it appears that topical beta-blockers should be used
with caution in treating patients with NTG.
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