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Abstract

Purpose To evaluate ocular pulse amplitude

(OPA), IOP values, and hemodynamic changes

in the ophthalmic artery, central retinal artery,

and short posterior ciliary artery in dipper and

non-dipper patients.

Methods A total of 59 right eye

measurements of healthy subjects with

normotensive were included to the study.

Ambulatory blood pressure (BP) monitoring

measurement (ABPM), Doppler imaging, and

OPA measurements were performed in the

same day. The patients in which systolic BP

decreased during the nocturnal time by 10% of

the diurnal BP or more were called dippers.

A patient whose nocturnal systolic BP fell by

o10% or even rose was defined as non-dipper.

Color Doppler imaging was used for blood

flow velocity assessment of ophthalmic,

central retinal, and posterior ciliary arteries.

For each artery, peak systolic and end-diastolic

velocities (PSV and EDV, respectively),

resistive index (RI), and pulsalite index (PI)

were automatically calculated by the machine.

Mean IOP and OPA values were calculated

after three consecutive measurements.

Results The mean OPA in non-dipper

patients was significantly lower compared

with that of dipper patients (P¼ 0.011). There

was no significant difference in IOP levels

between groups. There was no significant

difference in the PSV, EDV, RI, and PI in the

ophthalmic, posterior ciliary, and central

retinal arteries between the groups.

Conclusion Our study demonstrated that

OPA level in non-dippers is lower than

dippers. This may give additional information

about the effect of BP changes on OPA values.
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Introduction

Several risk factors like hemodynamic changes,

vascular dysregulation, and ocular blood flow

decrease are thought to have a part in ocular

diseases like glaucomatous optic nerve

damage,1 diabetic retinopathy,2 and retinal

vascular occlusive diseases.3

Hemodynamic changes like nocturnal

hypotension were suggested to have a role in

pathogenesis of glaucomatous optic nerve

damage and anterior ischemic optic

neuropathy.4 In some studies it has been shown

that nocturnal blood pressure (BP) decrease is

much more in glaucoma patients than normal

patients.5–7 After correcting for age, intraocular

pressure, and mean BP during retrobulbar

blood flow measurements, a lower end-diastolic

velocity and a higher resistivity index were

found in the central retinal artery of glaucoma

patients showing a decrease in mean BP during

the night of more than 20% from the average

daytime mean BP (over-dippers), when

compared with glaucoma patients with a

decrease not exceeding 20% (dippers and non-

dippers).6 However, there are many questions

still waiting answers in understanding the

etiopathogenesis of glaucoma.

Circardian rhythm of BP can be measured by

ambulatory BP monitoring. BP measurements

without a fall in nocturnal BP are called

non-dipping and with a fall in nocturnal BP is

called dipping.8 Non-dipper patients with

essential hypertension are prone to some

diseases like left ventricular hypertrophy and
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stroke probably because of exposing to higher BP levels

for 24 h.8,9 Excessive lowering of BP levels in dipping

patients also increase risk for some diseases like cardiac

ischemia and silent cerebrovascular damage.10–13

Color Doppler imaging is a non-invasive and

reproducible imaging method.14 It has been used in

occlusive and other diseases of eye in which vascular

etiology was suspected as a causative factor.15 Moreover,

several color Doppler imaging studies have shown

retrobulbar blood flow velocity reduction and resistivity

index elevation in glaucoma patients.16–18

Ocular pulse amplitude is thought to be an indirect

indicator of the choroidal perfusion and reflects the

ocular blood flow corresponding to the heart pulse as a

function of time.19 The relationship between ocular pulse

amplitude (OPA) and hemodynamic changes was also

investigated in some studies.20,21 OPA can be measured

with dynamic contour tonometer, which is a non-

applation tonometer. It measures IOP levels and OPA

without influence of anterior segment structures by a

contour matched pressure sensing tip.22,23

To the best of our knowledge, the relationship between

OPA obtained by DCT and dipper and non-dipper

patients has not been studied. The purpose of this study

is to evaluate OPA values and hemodynamic changes in

the ophthalmic artery (OA), central retinal artery (CRA),

and short posterior ciliary artery (PCA) in dipper and

non-dipper patients. In the light of these previous

studies, we speculate that non-dipping pattern in BP may

also be a risk factor that causes target organ damage in

the eye.

Materials and methods

This is a cross-sectional study. Normal healthy

individuals and patients with normotensive were

assessed in our department. Patients with history of

hypertension or on any antihypertensive treatment were

not included to the study. A full ophthalmic examination

was achieved for each person, which included refraction,

slit-lamp examination, and assessment of posterior

segment. A total of 59 participants with no history of

ocular disease, ocular surgery, ocular trauma, and any

kind of anti-glaucomatic therapy were accepted to the

study. The study was conducted according to the

Helsinki Declaration and all of the patients were

informed and the study was approved by the Local

Ethics Committee of our hospital. Ambulatory BP

monitoring (ABPM), Doppler imaging, and OPA

measurement were performed in the same day.

The measurements of intraocular pressure and OPA

were taken on the same day between 0800 and 1100

hours by the same ophthalmologist. Mean IOP and OPA

values were calculated after three consecutive

measurements. Dynamic contour tonometer displays

the OPA value in mmHg and the quality score of the

measurements, Q, ranging from excellent, 1, to poor,

4 or 5, were simultaneously displayed on the screen.

The measurements with quality 1 and 2 were taken

into account.

All participants underwent 24-h ABPM on a usual

working day. They were told to work and act normally.

The Tracker NIBP2 (Reynolds Medical Ltd, Hertford,

UK) oscillometric monitor was used for ABPM. Each

patient used an arm cuff of a similar size to the one used

for routine office BP measurement in the non-dominant

arm. The device measured BP for every 15 min between

0600 and 2300 hours, and every 30 min between 2300 and

0600 hours. The patients in which systolic BP decreased

during the nocturnal time by 10% of the diurnal BP or

more were called dippers. A patient whose nocturnal

systolic BP fell by o10% or even rose was defined as a

non-dipper.

All the subjects underwent blood flow velocity

assessment of their ophthalmic, central retinal, and

posterior ciliary arteries by color Doppler imaging.

Retrobulbar color Doppler US examination was

performed with an imaging system (Sonoline Antares,

Siemens, Erlangen, Germany) with a VF13–5 MHz,

VX9–4 MHz multifrequency transducer by an experienced

investigator (AK). Doppler examination was performed

after a 20-min-rest between 0900 and 1200 hours. The

transducer was applied to the closed eyelid using a

coupling gel and avoiding any pressure to the globe.

Patients were in supine position with a head tilted

forward B301 angle. After the gray-scale examination,

the color Doppler imaging of the vessels was performed.

Spectral waveforms and quantitative information were

obtained using the minimum sized Doppler gate,

appropriate Doppler frequency with an angle under 301.

A low to medium flow setting as chosen for slow flow

(especially CRA and PCA), a medium to high flow

setting was chosen in fast flow (especially for OA).

CRA was found identified within the optic nerve, 2–4 mm

posterior to the optic disc. OA was seen in the deeper

part of the orbit, near the optic nerve medially 10–15 mm

posterior to the globe. Temporal PCA was examined

where surrounding the globe, near the optic nerve

laterally. For each artery, peak systolic and end-diastolic

velocities (PSV and EDV, respectively), resistive index

(RI), and pulsalite index (PI) were automatically

calculated by the machine. For each vessel, two

consecutive measurements were obtained and the

average value was taken. The entire examination of

each patient lasted about 15 min.

Measurements from the right eye were used for

statistical analysis. Data were analyzed using parametric

and non-parametric tests as appropriate using SPSS
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software 15.0 programs (SPSS, Chicago, IL, USA).

Clinical characteristic were compared using t-test for

parametric values and Mann–Whitney U-test for non-

parametric values. The results of measurements were

expressed as means±SD and were analyzed statistically

via P-values of less than 0.05 that were considered to be

statistically significant.

Results

The general characteristics of the subjects are

summarized in Table 1. There was no significant

difference in the mean age (P¼ 0.976), mean BP

(P¼ 0.149) for systolic BP and (P¼ 0.303) for diastolic BP,

and IOP (P¼ 0.692) between the groups. In addition, the

mean OPA in non-dipper patients was significantly

lower compared with that of dipper patients (P¼ 0.011).

Figure 1 shows the distribution of OPA levels in both

groups. The retrobulbar blood flow velocities and

resistivity indices of the subjects are represented in

Table 2. There was no significant difference in the PSV,

EDV, RI, and PI in the ophthalmic (P¼ 0.482, P¼ 0.453,

P¼ 0.180, P¼ 0.146, respectively) central retinal

(P¼ 0.288, P¼ 0.347, P¼ 0.462, P¼ 0.288, respectively)

and posterior ciliary (P¼ 0.491, P¼ 0.081, P¼ 0.360,

P¼ 0.235, respectively) arteries between the groups.

Discussion

The salient findings of the present study are as follows:

(i) OPA levels were statistically significantly lower in

non-dipper group compared with dipper group, (ii) there

is not a significant difference in IOP, PSV, EDV, RI, and PI

between dipper and non-dipper groups.

OPA values have been widely studied in the literature

and it seems to be characteristic for different types of

glaucoma and directly dependent on intraocular

pressure levels.24 In primary open angle glaucoma and

normotensive glaucoma patients, OPA values obtained

with dynamic contour tonometry were found to be

decreased25 and increased OPA levels seemed to be

correlated with less severe glaucomatous damage.26

In our study IOP levels in both groups were not

significantly different but when OPA levels were

significantly lower in non-dipper group.

The relationship between OPA obtained with DCT and

BP changes had not been studied as widely as OPA and

glaucoma relationship. Grieshaber et al20 studied the

relationship between pulse amplitude and systemic BP

parameters. They measured the BP and OPA values

simultaneously in healthy subjects. They were reported

that left ventricular ejection time was related but systolic

Table 1 Demographic data of the study groups

Dipper Non-dipper P-value

Number of patients 27 32
Gender (F/M) 16/11 23/9 0.312
Age (years, mean±SD) 51.4±12.0 51.2±11.2 0.976
Systolic BP
(mm Hg, mean±SD)

122.4±9.3 125.8±10.8 0.149

Diastolic BP
(mm Hg, mean±SD)

79.6±7.9 82.3±9.6 0.303

IOP (mm Hg, mean±SD) 16.4±1.6 16.5±1.8 0.692
OPA (mm Hg, mean±SD) 2.8±0.9 2.3±0.6 0.011

Abbreviations: BP, blood pressure; F, female; IOP, intraocular pressure;

M, male; OPA, ocular pulse amplitude.

Figure 1 The distribution of OPA levels in both groups.

Table 2 Hemodynamic values (median (min-max)) measured
in the retrobulbar vessels for the study groups

Dipper Non-dipper P-value

Ophthalmic artery
PSV (cm/s) 48.9 (27.5–80.5) 47.2 (24.2–74.1) 0.482
EDV (cm/s) 12.7 (7.9–27.6) 14.4 (5.6–23.2) 0.453
RI 0.7 (0.6–0.9) 0.7 (0.6–0.9) 0.180
PI 1.5 (1.0–2.4) 1.4 (1.0–2.1) 0.146

Central retinal artery
PSV (cm/s) 15.3 (7.6–20.9) 13.9 (8.6–23.7) 0.288
EDV (cm/s) 3.1 (1.7–7.0) 3.0 (2.0–6.1) 0.347
RI 0.8 (0.6–0.9) 0.8 (0.6–0.9) 0.462
PI 1.6 (1.0–3.5) 1.8 (1.0–3.1) 0.288

Posterior ciliary artery
PSV (cm/s) 17.7 (9.6–27.2) 16.2 (7.5–29.3) 0.491
EDV (cm/s) 3.6 (2.3–9.1) 3.1 (2.3–14.2) 0.081
RI 0.8 (0.4–0.9) 0.8 (0.5–0.9) 0.360
PI 1.6 (0.7–2.3) 1.7 (0.8–2.5) 0.235

Abbreviations: EDV, end-diastolic velocity; max, maximum; min, minimum;

PI, pulsatilite index; PSV, peak systolic velocity; RI, resistivity index.

Statistical analysis was done using Mann–Whitney U-test.
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and diastolic BPs were not related with OPA values. In

another study, systolic pressure was positively correlated

with OPA whereas diastolic pressure was negatively

correlated with OPA but the BP measurements in this

study were not performed continuously or concomitantly

OPA measurements.27 Pourjavan et al28 investigated the

physiologic diurnal variability of OPA. They did not find

correlation between OPA and BP parameters but BP

measurements were also not done simultaneously with

OPA measurement. In our study, BP was measured

continuously with ABPM and OPA was significantly

lower in non-dipper patients.

There are various possible pathophysiologic

mechanisms underlying impairment of the BP decline

during nighttime. Extrinsic and intrinsic factors,

including imbalance between the sympathetic nerve

system and parasympathetic nerve system tone,

particularly the failure to shift from sympathetic to

parasympathetic during sleep, lack of physical activity,

nutritional factors such as increased dietary sodium

intake, and smoking, have all been studied in the genesis

of blunted BP circadian rhythm. Certain diseases such as

diabetes and chronic renal diseases may also strongly

affect the (normal) circadian BP rhythm.29

Relationship between BP and IOP had been shown in

previous studies. The study performed according to the

data of Beaver Dam Eye Study showed that changes in

IOP are directly and significantly associated with

changes in systemic BPs.30 In an animal study with

hypertensive rats positive relation was also found

between BP and IOP.31 In our study there was no

difference in IOP levels between non-dipper and dippers.

Optic nerve blood flow changes were thought to be an

important factor in some ocular diseases like glaucoma.

Grunwald et al32 studied the effect of systemic

hypertension on glaucoma patients. Glaucoma patients

without systemic hypertension showed lower optic nerve

blood flow than patients with hypertension. They

proposed that modulation of BP in glaucoma patients

may affect the ocular blood flow. In studies about ocular

blood flow in POAG and NPG, RI values were increased

and EDV and PSV values were decreased.33–36 Gherghel

et al studied the retrobulbar blood flow in glaucoma

patients with nocturnal overdipping. RI was higher

and EDV was lower in overdipping patients than

non-dippers. These results suggest that patients with a

marked nocturnal drop in systemic BP may harbor some

kind of vascular dysregulation leading to alterations in

the ocular circulation.6 In our study, we grouped the

normal patients without glaucoma as dipper and non-

dipper and we found no significant difference in

retrobulbar blood flow between groups.

In conclusion, our study demonstrated that OPA levels

in non-dippers are lower than dippers and this may give

additional information about the effect of BP changes on

OPA values. We found no difference in ocular blood flow

parameters between non-dipper and dipper patients. The

possible etiologic reasons of BP decline during nighttime,

as described before may be the cause of difference in

OPA levels in non-dippers. Further studies are needed

for finding the OPA changes in dipper/non-dippers

especially in glaucoma patients and affect of these

changes on glaucomatous optic nerve damage.
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pressure in glaucoma patients. Graefes Arch Clin Exp
Ophthalmol 1993; 231: 677–680.

8 Verdecchia P, Schillaci G, Porcellati C. Dippers versus
non-dippers. J Hypertens 1991; 9: 42–44.

9 Selcoki Y, Uz B, Baybek N, Akcay A, Eryonucu B. The effects
of nocturnal dipping on cardiovascular outcomes and
proteinuria in essential hypertensive patients. Cent Eur J
Med 2008; 3: 279–286.

10 Pierdomenico SD, Bucci A, Costantini F, Lapenna D,
Cuccurullo F, Mezzetti A. Circadian blood pressure
changes and myocardial ischemia in hypertensive patients
with coronary artery disease. J Am Coll Cardiol 1998; 31:
1627–1634.

11 Kurpesa M, Trzos E, Drozdz J, Bednarkiewicz Z, Krzemiń M.
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