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SUMMARY

Introduction Extreme dippers are patients with a nocturnal fall of blood pressure (BP) of more than 20%,
dippers have normal diurnal rhythm and decrease of BP of 10-15%, while patients with a nocturnal BP
fall of less than 10% are considered to be non-dippers.

Objective The aim of this study was to compare 24-hour ambulatory BP monitoring results of normal-
tension glaucoma (NTG) patients with NTG suspects, as well as to determine whether NTG patients are
more prone to daytime/nighttime systemic arterial BP and heart rate oscillations in comparison to NTG
suspects.

Methods This was a prospective, cross-sectional and observational study of 57 hypertensive patients
(39 female and 18 male), all examined at the Eye and the Cardiology Clinic, Clinical Center of Serbia in
Belgrade, between November 2011 and March 2012. Before 24-hour ambulatory BP monitoring, complete
ophthalmological examination was performed (intraocular pressure was measured with both Goldmann
applanation and dynamic contour tonometer, as well as with computerized perimetry and Heidelberg
retinal tomography).

Results There was no statistically significant difference between NTG patients and NTG suspects both
in systolic daytime (131.86-141.81 mmHg, SD=+14.92 vs. 129.67-141.83 mmHg, SD=+13; p=0.53) and
nighttime measurements (117.1-129.7 mmHg, SD=%18.96 vs. 112.11-127.59 mmHg, SD=+16.53; p=0.53)
as well as diastolic daytime (74.55-80.37 mmHg, SD=+8.72 vs. 75.19-82.41 mmHg, SD=+7.72; p=0.58)
and nighttime measurements (65.66-71.48 mmHg, SD=+8.73 vs. 67.12-73.78 mmHg, SD=+7.11; p=0.34).
There was no statistically significant difference between NTG patients and NTG suspects in heart rate
during the day (72.73-76.36 beats per minute [bpm], SD=%5.44 vs. 72.15-76.45 bpm, SD=+4.59; p=0.43)
nor during the night (64.4-71.9 bpm, SD=16.74 vs. 68.02-72.48 bpm, SD=+4.76; p=0.11).

Conclusion No statistically significant difference was found between NTG patients and NTG suspects in
regard to their systolic and diastolic BP measured both during daytime and nighttime. NTG patients had
lower nocturnal BP fall (both systolic and diastolic) than NTG suspects.

Keywords: normal-tension glaucoma; 24-hour ambulatory blood pressure monitoring; arterial hyper-
tension; dipper and non-dipper

INTRODUCTION

Twenty-four-hour ambulatory blood pressure
monitoring (24-hour ABPM), as an impor-
tant diagnostic procedure in cardiology, could
be very helpful with glaucoma as well. In the
pathogenesis of glaucomatous optic neuropa-
thy (GON), systemic arterial hypotension, hy-
pertension and altered ocular blood flow play
important roles. Impairment in ocular blood
flow is usually caused by local and systemic
vascular risk factors (vasosclerosis, capillary
dropout, vasospasms, etc.).

Nighttime arterial blood pressure (BP)
depression (i.e. dipping), hemodynamic cri-
ses and extensive hypertensive medication in
arterial hypertension play important roles in
GON [1-8].

It is already known that intraocular pressure
(IOP) fluctuations increase with open-angle
glaucoma [9]. Presence of autoregulation dys-

function in glaucoma, with systemic BP vari-
ability, leads to ischemic episodes at the optic
nerve head and glaucoma progression [3].
Generally speaking, in physiological condi-
tions, BP varies according to the period of the
year (it decreases in wintertime), day and night
time (lower BP during sleep, also known as a
BP dip), and short-time, day-night fluctua-
tions, influenced by individual activities and
habits (sports, eating, etc.) [10, 11, 12].
Disturbed diurnal BP variations are strongly
connected with an increased risk for cardiovas-
cular diseases in hypertensive patients. Dimin-
ished nocturnal BP fall, as that in non-dippers,
is a typical subgroup with an abnormal diurnal
BP variation associated with higher risk of all
main target organs (the brain, heart and kid-
neys) damage in comparison to dippers (with
normal nocturnal BP fall) [11, 13, 14, 15]. A
group with significant nocturnal BP fall - ex-
treme dippers — was identified among dippers.
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Reported mostly among elderly hypertensive patients, ex-
treme dippers have a higher risk of cerebrovascular dis-
eases than dippers [16].

OBJECTIVE

The aim of this study was to compare 24-hour ABPM
results of normal-tension glaucoma (NTG) patients with
NTG suspects, and to try to answer whether NTG patients
are more prompt to daytime/nighttime systemic arterial
BP and heart rate (HR) oscillations in comparison to NTG
suspects.

METHODS

A prospective, cross-sectional, and observational study
was conducted on consecutive patients, referred or re-
cruited, attending the outpatient service of the Ophthal-
mology Department. All patients were examined at the Eye
and the Cardiology Clinic of the Clinical Center of Serbia
in Belgrade, between November 2011 and March 2012.
Patients met inclusion and exclusion criteria.

This study was approved by the Ethics Committee of
the University Eye Clinic, Clinical Center of Serbia, and
was conducted in accordance with Good Clinical Prac-
tice and the tenets of the Declaration of Helsinki. Patients
signed an informed consent form before inclusion.

All participants were required to meet the following
inclusion criteria: age equal to or higher than 50 years;
clinical diagnosis of NTG in early to moderate stage or
NTG suspects; IOP equal to or lower than 21 mmHg
with or without treatment, depending on the group; post-
menopausal status without hormonal replacement therapy
(women) and willingness to comply with the investigators
and protocol indications.

Patients were excluded if they were positive with the
following: type of glaucoma other than NTG; previous
treatment with ocular filtering surgery; history of previous
refractive surgery; acute myocardial infarction or stroke
within previous three month; diabetes; history of progres-
sive retinal or optic nerve disease of any cause; and asthma
or any other obstructive pulmonary disease.

We examined 57 hypertensive patients (39 female and
18 male). All 57 patients had arterial hypertension, which
was being medically treated. Thirty-seven patients had
NTG, treated with topical antiglaucomatous drops. On
the day of the examination, 24-hour ABPM found higher
BP in 32 NTG patients and 20 NTG suspects. Five NTG
patients had compensated BP. Control group was consisted
of hypertensive patients suspected on having NTG, but
without topical antiglaucomatous treatment. The patients’
demographic characteristics are summarized in Table 1.

Before 24-hour ABPM, all patients underwent com-
plete ophthalmological examination: visual acuity (Snel-
len chart), slit lamp (Haag Streit AG, Koeniz, Switzerland)
anterior and posterior eye segment exam, gonioscopy (G-1
One-Mirror Glass Trabeculum Lens; Volk Optical Inc.,

Table 1. Demographic data of the studied patients

Characteristics NTG NTG suspects p-value
Number of patients 37 20
Mean age in years (SD) | 65.1(12.7) 59.3(13.97) 0.12
Female 25 (67.6) 14 (70.0) 0.91
Sex, n (%)
Male 12 (32.4) 6 (30.0)

SD - standard deviation

Mentor, OH, USA), Goldmann applanation tonometry
(Goldmann tonometer; Haag Streit AG, Koeniz, Switzer-
land) and dynamic contour tonometry (PASCAL dynamic
contour tonometer; Ziemer Ophthalmic Systems, Port,
Switzerland), central corneal thickness with ultrasound
pachymetry (Palm Scan AP 2000, ophthalmic ultrasound;
Micro Medical Devices, Inc., Clabasas, CA, USA), visual
field examination (Model 750; Humphrey-Zeiss, San Lean-
dro, CA, USA) and confocal scanning laser retinal tomog-
raphy (HRT II; Heidelberg Engineering Inc. Heidelberg,
Germany). The IOP measurements of each patient were
taken three times on the same day between 08:00 a.m.
and 11:00 a.m. by the same ophthalmologist, respectively.

NTG was defined as a glaucomatous optic disc progres-
sion, diagnosed clinically, with CVF and with HRT II, with
IOP less than 21 mmHg.

Patients with NTG had glaucomatous optic nerve head
cupping and glaucomatous visual field defects as defined
by the European Glaucoma Society, in the absence of reti-
nal or neurological disease affecting the visual field. Field
loss was considered significant when (a) glaucoma hemi-
field test was abnormal, (b) three points not contiguous
with the blind spot were confirmed with p<0.05 probabil-
ity of being normal (one of which should have p<0.01),
or (c) corrected pattern standard deviation was abnormal
with p<0.05 [17].

All parameters were confirmed on two consecutive vi-
sual fields performed with Humphrey visual field analyzer
(full threshold program 24-2).

The IOP was determined three times for each patient,
using dynamic contour tonometry and Goldmann appla-
nation tonometry consecutively.

The IOP value above 21 mmHg was neither measured
nor had it been documented in the patients’ history. At
the time of the study, 32 patients with NTG did not re-
ceive local IOP-lowering medications. In all, 20 patients
were on local IOP-lowering medications (p-blockers, car-
bonic anhydrase inhibitors, brimonidine, prostaglandins
or combinations). None of the control subjects received
local treatment.

In all subjects visual acuity was 20/40 or better, and
patients with refractive aberrations of more than seven
diopters or with diabetes mellitus were excluded from
this study. The healthy control subjects had no history of
ophthalmological disease. Automatic static white-on-white
and short-wavelength automated perimetry did not reveal
visual field loss.

Visual field examinations were performed with the
Humphrey field analyzer using the white-on-white 24-2
full threshold program. Horizontal and vertical cup-to-
disc ratios were measured by the Heidelberg retina tomo-
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graph, a confocal laser scanning system for acquisition and
analysis of three-dimensional images of the posterior seg-
ment of the eye, especially assessment of the glaucomatous
optic nerve head. The gathered data served to quantita-
tively describe the retinal topography and the follow-up
topographic changes.

All subjects underwent a detailed ophthalmological ex-
amination and patients’ histories were explored with spe-
cial interest on cardiovascular risk factors (i.e. diagnosis
of treated hypertension, arterial hypotension, history of
cardiovascular events [e.g. myocardial infarction], nicotine
abuse, obesity [body mass index value of 426]). Patients
with diabetes were excluded from the study. No other
systemic diseases were defined as exclusion criteria. The
systemic medications were recorded, but only the status of
treated arterial hypertension was included in the analysis.

All participants underwent 24-hour ABPM on a usual
working day. We measured 24-hour ABPM in hyperten-
sive BP and NTG patients as well as NTG suspects. Vari-
abilities in daytime BP and nighttime BP dip, in systolic,
diastolic and mean BP, as well as in data of the HR, were
calculated. We measured BP every 30 minutes during the
day and every one hour during the night.

Extreme dippers are patients with marked nocturnal
fall (more than 20%) in BP. Patients with normal diurnal
rhythm and decrease of BP of 10-15% are dippers. Non-
dippers are patients with absent (less than 10%) nocturnal
fall in BP.

Ambulatory BP monitoring was performed in all sub-
jects included in this prospective study with a SpaceLabs
ambulatory BP monitor 90207 (Space Labs Medical Inc.,
Redmond, WA, USA). Systolic and diastolic BP values
were measured, and the mean arterial BP was calculated
from each single measurement (diastolic BP p1/3 [systolic
BP - diastolic BP]) [18].

Blood pressure measurements were performed every
30 minutes during the day and night. The obtained values
were analyzed separately for the day and for the night.
In accordance with the Scientific Committee Document
on Non-Invasive Ambulatory Blood Pressure Monitoring
[19], daytime was defined from 8:00 a.m. to 8:00 p.m.,
and nighttime from midnight to 6:00 a.m. Blood pressure
measurements between the defined time intervals were ex-
cluded from the analysis, in order to obtain a better separa-
tion between daytime activities and sleep [20]. All subjects
were announced to sleep during the nighttime interval.

The mean systolic, diastolic and mean arterial BP was
calculated from all the single measurements for the day
and night. A variability index was defined as the standard
deviation of all single BP measurements during the day
and the night [21]. Nighttime BP dip was also determined
(i.e. (mean BP during the day, mean BP during the night)
/ mean BP during the day). The patients were defined as
dippers (nighttime BP depression of 10-15%) and non-
dippers (nighttime BP depression of 10%) [22].

Statistical analysis was performed using MedCalc
11.5.1.0 software package (MedCalc Software, Mariaker-
ke, Belgium). For the statistical analysis of this study, one
eye of each subject was randomly chosen. Blood pressure

values and clinical data were compared with analysis of
variance (ANOVA) as computed with StatView software
(SAS institute Inc., Cary, NC, USA). Descriptive statistics
(mean * standard deviation) and 95% confidence intervals
(95% ClIs) were used to report demographic and ocular
baseline characteristics. The data were tested for normal
distribution using the Kolmogorov-Smirnov test. As data
were normally distributed, the two-tailed, paired Student’s
t-test was used to evaluate IOP and hemodynamic param-
eters by intragroup comparisons made between the values
obtained under baseline conditions and treatment condi-
tions. Findings of probability of a type error less than 0.05
were considered to be statistically significant.

RESULTS

Among NTG patients, average systolic BP data during the
day were 95% CI for the mean (131.9-141.8); SD=+14.9;
p<0.0001; and during the night 95% CI for the mean
(117.1-129.7); SD=%18.96; p<0.0001 (Graph 1). Average
diastolic BP data during the day were 95% CI for the mean
(74.6-80.4); SD=18.7; p<0.0001; and during the night 95%
CI for the mean (65.7-71.5); SD=+8.7; p<0.0001 (Graph
2). Average HR data during the day were 95% CI for the
mean (72.7-76.4); SD=15.4; p<0.0001; but 95% CI for the
mean (67.4-71.9); SD=%6.7; p<0.0001, during the night
(Graph 3).

Among NTG suspects, average systolic BP data dur-
ing the day were 95% CI for the mean (129.7-141.8);
SD=+13; p<0.0001; and during the night 95% CI for the
mean (112.1-127.6); SD=+16.5; p<0.0001 (Graph 4). Av-
erage diastolic BP data during the day were 95% CI for
the mean (75.2-82.4); SD=17.7; p<0.0001; and during the
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Graph 1. Average systolic blood pressure data during the day (A) and
night (B)
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Graph 3. Average data of the heart rate during the day (A) and night (B)

night 95% CI for the mean (67.1-73.8); SD=+7.1; p<0.0001
(Graph 5). Average HR data during the day were 95% CI
for the mean (72.2-76.4); SD=+4.6; p<0.0001; but 95% CI
for the mean (68-72.5); SD=+4.8; p<0.0001, during the
night (Graph 6).

Physiologically average systolic and diastolic BPs were
higher during the daytime, but there was no statistically
significant difference between NTG patients and NTG
suspects in either systolic daytime (131.86-141.81 mmHg,
SD=+14.92 vs. 129.67-141.8 3mmHg, SD=+13; p=0.53) or
nighttime measurements (117.1-129.7 mmHg, SD=+18.96
vs. 112.11-127.59 mmHg, SD=+£16.53; p=0.53), nor diastol-
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ic daytime (74.55-80.37 mmHg, SD=%8.72 vs. 75.19-82.41
mmHg, SD=+7.72; p=0.58) or nighttime measurements
(65.66-71.48 mmHg, SD=+8.73 vs. 67.12-73.78 mmHg,
SD=+7.11; p=0.34). During nighttime HR physiologically
decreased. There was no statistically significant difference
between NTG patients and NTG suspects in HR during
the day (72.73-76.36 bpm, SD=15.44 vs 72.15-76.45 bpm,
SD=14.59; p=0.43) nor during the night (64.4-71.9 bpm,
SD=+6.74 vs 68.02-72.48 bpm, SD=+4.76; p=0.11).
Among NTG patients (37) there were 21 dippers, 13
non-dippers and three extreme dippers. Among NTG
suspects (20) there were two non-dippers and 18 dippers.

DISCUSSION

Decreased ocular blood flow is a significant factor in GON
[23]. Significant is an influence of BP on ocular perfusion
and therefore its impact on GON. Literature shows that
arterial hypertension [2, 3, 6] and hypotension [1, 4, 5]
have their impact on GON (both NTG and primary open
angle glaucoma [POAG]), but usually have no effect on
control subjects [24, 25], similar to our results. Interest-
ing fact is that diastolic perfusion pressure (PP) below 30
mmHg indicates six times higher risk for glaucoma than
higher PP [26].

Similar to our study results, numerous studies reported
that night time BP dip increased in NTG [7, 8] and POAG
[24, 25] patients. Opposite to these findings, smaller dips
than those in control subjects were reported in progres-
sive GON [27]. All the studies agreed that the nighttime
BP dip is significant in physiological range (10-20% of
daytime values) [7, 11, 24, 25]. Increased BP variability in
progressive NTG was reported by Kashiwagi et al. [27],
while Bechetoille et al. [1] showed higher systolic BP vari-
ability in focal ischemic glaucoma compared to POAG,
and they detected arterial hypotension as one of the com-
ponents of the vascular factor, during the examination of
a patient with NTG. This is one element in preserving the
best possible perfusion of the optic nerve.

In our study, average systolic and diastolic BP was high-
er during daytime, due to physiological conditions, but
there was no statistically significant difference between
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Ynora gBageceTyeTBOpoyacoBHOr ambynaHTHor npahera KPBHOT NPUTUCKA KOp,
0coba ¢ XunepTeH3njom U HOPMOTEH3UBHUM FTaYKOMOM

WBaH MapjaHosuh'?, Mapuja MapjaHoBuh?, BecHa CrojaHos'?, MapackeBa XeHToBa-CeHhaHuh'?, Byjuua MapkoBuh'?,

Mapuja boxuh'? TopaaHa Bykuesuh-Munowwesuh?
'YHuBep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;

2KnuHwuka 3a ouHe bonectu, KnuHnukn ueHtap Cpbuje, beorpag, Cpbuja;

3KnuHuka 3a kapauonorujy, Knninukm LeHtap Cpbuje, beorpag, Cpbuja

KPATAK CAOPXKAJ

YBop ,EkcTpemHu gunepun” (eHrn. dippers) cy ocobe Kojuma ce
TOKOM HONM KPBHM NpUTMCaK cMaryje 3a Buwe og 20%. ,Au-
nepu” ©Majy HopmanaH JHEBHU PUTaM, @ CHUXEHE HUXOBOT
KpBHOT npuTticKa je 3a 10-15%. Ocobe Kog, Kojuix HORHM KPBHM
npuTMcak naga 3a mate og 10% 30By ce ,HOHAMNEPU” (eHrN.
non-dippers).

Linmb papa Linb uctpaxvsara je 6vo fa ce ynopefe pesynta-
T 24-4aCOBHOT aMOYyNaHTHOT Meperba KPBHOT NPUTUCKa KOA
naymjeHaTa C HOPMOTEH3UBHYM 1ayKOMOM 1 NauujeHaTa 3a
Koje ce cymba fia 6onyjy oa mera. [NokyLiano ce Aa ofroBopu
Ha nuTarbe Ja im Cy NaumjeHT C HOPMOTEH3VBHUM F11ayKOMOM
0CeT/bUBMjU Ha IHEBHO-HONHE ocLnaLmje y CMCTEMCKOM apTe-
pVjCKOM KPBHOM MPUTWCKY 11 CPUaHOM MyJSCy of naumjeHaTta 3a
Koje ce cymba Aia 6011yjy off HOPMOTEH3VBHOT r1ayKoMma.
MeTope paga OBO NPOCMNEKTNBHO YHAKPCHO UCTPaXKMBakbe
06yxBaTUO je 57 ncnutaHuka (39 xeHa 1 18 myluKapaua) ¢
xunepTeH3ujom. bonecHnum cy npernefaHy o HoBembpa 2011.
A0 MapTa 2012. roguHe Ha KnuHnum 3a ouHe 6onect n KnuHu-
um 3a kapavonorujy KnuHuukor ueHtpa Cpouje. Mpe 24-yacos-
HOT aMOynaHTHOT Mepetba KPBHOT MPUTMCKA CBY MCMATAHNLM
Cy NofBPrHyTM oGTaNIMONOWKOM Npernieay, Npy Kojem je 1H-
TPaoKynapHu nputucak mepeH 1 fongmaHosum (Goldmann)
aniaHauNoOHUM 1N JUHAMUYKUM KOHTYPHUM TOHOMETPOM, Te
TOKOM Kojer Cy MpyMetbeHe 1 KOMNjyTepr3oBaHa nepumeTpuja
1 Xajpenbepr peTuHaaHa Tomorpaduja.
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Pesyntatu Hucy ytBpheHe cTaTCTMUKM 3HauajHe pasnvke
13mehy NCNUTaHWKa C HOPMOTEH3NBHUM FlayKOMOM 1 UCMu-

TaHUKa 3a Koje ce CyMha Aia 6onyjy of Hera, HU Yy CUCTOJTHOM

npuTUCKy Tokom faHa (131,86-141,81 mm Hg, SD=%14,92,
npema 129,67-141,83 mm Hg, SD=+13; p=0,53) n Tokom Hohun
(117,1-129,7 mm Hg, SD=+18,96, npema 112,11-127,59 mm
Hg, SD=%16,53; p=0,53), Kao HX Y [WjaCcTOTHOM NPUTACKY TO-
KoM AaHa (74,55-80,37 mm Hg, SD=18,72, npema 75,19-82,41
mm Hg, SD=+7,72; p=0,58) n Tokom Hohu (65,66-71,48 mm Hg,
SD=%8,73, npema 67,12-73,78 mm Hg, SD=+7,11; p=0,34). Cratn-
CTUYKM 3HaYajHa pasnnka Huje yTBpheHa H1 Y BpeAHOCTN cpya-
Hor nyrca n3mehy UcnuTaHrka ¢ HOPMOTEH3VBHIM I1layKOMOM
1 CMUTaHMKa 3a Koje ce CyMmbano fa 6onyjy o tera, Kako Hu

TOKOM faHa (72,73-76,36 b/min, SD=+5,44, npema 72,15-76,45

b/min, SD=+4,59; p=0,43), Tako H1 TOKOM HohW (64,4-71,9 b/min,
SD=+6,74, npema 68,02-72,48 b/min, SD=+4,76; p=0,11).

3akrbyuak Huije 3a6enexxeHa CTaTUCTUYKM 3HaYajHa pa3nvikay
CVCTONHOM 1 AVjaCTONIHOM KPBHOM NPUTICKY 13mehy 6onecHu-
Ka C HOPMOTEH3UBHUM FIayKOMOM U OHMX 3 Koje ce CyMHbano

[Aa 6onyjy oA tera H1 NpeKo AaHa, Hv Tokom Hohu. Ko ncnva-

HMKa C HOPMOTEH3UBHIM 71ayKOMOM YCTaHOBJbEH j€ MatbU Mag
KPBHOT NPUTUCKA TOKOM HOAY (1 CUCTOSTHOT, 1 AUjacTONHON) y
OAHOCY Ha UCMUTaHWKe 3a Koje Cce CyMbao fa 6onyjy of oBe
BPCTE r1ayKoma.
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