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Twenty—-Four Hour Blood Pressure Pattern in Patients With
Normal Tension Glaucoma in the Habitual Position
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Purpose: To investigate the relationship between blood pressure (BP) parameters in the habitual position and
glaucomatous damage at initial presentation in patients with untreated normal tension glaucoma (NTG).
Methods: Fifty-four eyes from 54 subjects diagnosed with NTG were consecutively enrolled. BP was measured
with an automated ambulatory monitoring device in the habitual position during 24-hour in-hospitalization. Patients
were classified into three groups: non-dippers, dippers, and over-dippers. corresponded to the degree of reduction
in their nocturnal mean arterial pressure (MAP) compared with their diurnal MAP. Regression models were used to
evaluate potential risk factors, including: age, pre-admission office intraocular pressure (IOP), central corneal
thickness (CCT), and BP parameters. Functional outcome variables for glaucomatous damage included mean
deviation (MD) and pattern standard deviation (PSD) on a Humphrey field analyzer (HFA). Anatomic outcome
variables were TSNIT score (temporal, superior, nasal, inferior, and temporal) average, superior average, inferior
average, and nerve fiber indicator (NFI) score on scanning laser polarimetry with variable corneal compensation
(SLP-VCC; GDx-VCCQ).

Results: Marked systolic blood pressure (SBP), diastolic blood pressure (DBP), and MAP fluctuation were noted in
the over-dipper group (p<0.05). Alinear regression analysis model revealed that nocturnal trough DBP and MAP,
average nocturnal SBP, and MAP were all significantly associated with a decreased average TSNIT score and an
increased NFI score.

Conclusions: Nocturnal BP reduction estimated in the habitual position was associated with structural damage in
eyes with NTG. This finding may suggest systemic vascular etiology of NTG development associated with nocturnal

BP reduction.
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Various articles have shown that abnormal ocular blood
flow (OBF) is a risk factor for glaucoma.l'5 It has also been
suggested that a loss of autoregulation of OBF may be pres-
ent in primary open angle glaucoma (POAG).’

In normal tension glaucoma (NTG), vascular risk factors
include: migraine, blood transfusion, Raynaud’s phenomenon,
and excessive nocturnal blood pressure (BP) reduction.” "
Nocturnal BP reduction is caused by a reduction in sympathetic
activity during the night because of a lower level of circulating
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catecholamine hormones, which can in turn lead to a decrease
in heart rate, cardiac output, and peripheral resistance. Patients
with NTG have been reported to show a significantly greater
reduction in nocturnal BP compared to healthy subjects'"'”; a
greater reduction in nocturnal BP was thought to induce more
rapid progression of glaucoma.”’14

In glaucoma patients, both systolic blood pressure (SBP)
and diastolic blood pressure (DBP) were shown to be more
dynamic and volatile during a 24-hour period compared to
healthy subjects, especially in the nocturnal period in the
habitual position.'"*"® Therefore, the dynamic change of BP
in these glaucomatous eyes might further lead to an unexpected
alteration of 24-hour OBF. We recently demonstrated that the
instability of this 24-hour ocular perfusion pressure (OPP)
during the nocturnal period might be a risk factor for NTG.'""*
However, all BP measurements in those studies were performed
in the sitting position. Some may contend that those non-
physiologic BP measurements recorded in the sitting position
during the nocturnal period could lead to a biased conclusion.
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In the present study we investigated the association of the
anatomical (scanning laser polarimeter measurements of
retinal nerve fiber layer (RNFL) thickness) and functional
(HFA parameters) outcomes with the alteration of BP in the
habitual position during 24-hour in-hospitalization in eyes
with NTG.

To elucidate the mechanism of glaucomatous damage in
eyes with NTG and the role of BP measured in the habitual
position, we prospectively investigated the 24-hour change
of systemic BP by the degree of nocturnal BP reduction relative
to diurnal BP. We also evaluated the circadian pattern, peak
and trough levels in BP, and mean arterial pressure (MAP) in
the habitual position during 24 hours in a group of patients
with newly diagnosed NTG. Finally, we evaluated predictor
variables of systemic, ocular, and hemodynamic risk factors
for advanced glaucomatous damage as detected by the functional
and anatomic outcome variables.

Methods

Patients

We performed a prospective evaluation of 54 eyes from
54 consecutive patients (18 men and 36 women) initially
diagnosed with NTG (mean age+SD: 59.7+11.2 years), each
of whom was seen by a glaucoma specialist (M.S.K.) during
the period from February 2007 to January 2008.

All patients diagnosed with NTG on the basis of clinical
evaluation and visual field (VF) examination at our glaucoma
clinic had undergone in-hospital 24-hour monitoring of BP,
as described below. Patients were eligible for the study if
their optic nerve had a glaucomatous appearance, including
diffuse or focal neural rim thinning, hemorrhage, enlarged
cupping or nerve fiber layer defects indicative of glaucoma,
in addition to corresponding VF loss; best-corrected visual
acuity greater than 20/40; maximum IOP less than 22 mmHg
on multiple measurements using Goldmann applanation tono-
metry (GAT) in the office; normal anterior chamber and open-
angle on slit-lamp and gonioscopic examination; and glauco-
matous VF damage. Patients with evidence of intracranial or
otolaryngological lesions, a history of massive hemorrhage or
hemodynamic crisis, previous or current use of anti-glaucoma
medications, any other ophthalmic disease that could result
in VF defects, or a history of diabetes mellitus were excluded.
However, patients on anti-hypertensive or other hemodyna-
mically active medications were not excluded.

The central corneal thickness (CCT) of each patient was
measured three times using ultrasonic pachymetry (DGH-550,
DGH Technology Inc., Exton, PA, USA) at the first visit and
the average was calculated. Scanning laser polarimetry (SLP)
examination at the initial visit was performed using a
commercial GDx-VCC system (software version 5.5.0; Carl
Zeiss Meditec, Dublin, CA, USA). The affected eye was
selected in patients with unilateral disease if both eyes of a
patient showed NTG and met the inclusion criteria, one eye

was randomly selected. All procedures conformed to the
Declaration of Helsinki and the study was approved by the
ethics committee of the Asan medical center. Informed consent
was obtained from all participants.

Visual Field Examination

VF examinations were performed with the 24-2 full thres-
hold program or 24-2 Swedish Interactive Thresholding
Algorithm (SITA) standard program on the HFA (Carl-Zeiss
Meditec, Dublin, CA, USA). Eyes with glaucomatous VF
defects were defined as those that met two of the following
criteria: (1) a cluster of three points with a probability of less
than 5% on a pattern deviation map in at least one hemifield
and including at least one point with a probability of less than
1%; or a cluster of two points with a probability of less than
1%; (2) glaucoma hemifield test (GHT) outside 99% of
age-specific normal limits; and (3) pattern standard deviation
(PSD) outside 95% of the normal limit. We included only
those patients who had a reliable VF within 1 month of initial
evaluation, defined as a false-positive error <15%, a false-
negative error <15%, and a fixation loss <20%. VF data for
analysis included mean deviation (MD) and PSD.

Scanning Laser Polarimetry (SLP) Examination of the
Retinal Nerve Fiber Layer (RNFL)

SLP imaging was performed in a standardized fashion
(GDx-VCC software version 5.5.0) with a circular scan (3.2 mm
diameter) centered on the optic disc, as previously described."”
The general principles of SLP with variable corneal polari-
zation compensation (VCC) have been described in detail
elsewhere.””' Only eyes with a scan quality score of 8 or
better were analyzed. Images with atypical retardation patterns
(ARP) were excluded. An atypical scan was defined as one
that contained atypical and flower-like patterns of elevated
retardation values that did not match the expected retardation
distribution based on RNFL anatomy and could generate
spurious RNFL thickness measurements. The SLP parameters
examined were TSNIT (temporal, superior, nasal, inferior,
and temporal) average, superior average, inferior average,
and nerve fiber indicator (NFI).

Measurement of Systemic Blood Pressure

Twenty-four hour automated ambulatory BP monitoring
was performed in all subjects included in this prospective
study using a Space Labs ambulatory BP monitor (Space
Labs Medical Inc., Redmond, WA, USA). The automated device
was used to minimize the variability between BP examiners
and to measure physiological BP while patients performed
routine activities. SBP, DBP, MAP, and heart rate were
obtained every 20 minutes during the day and night. The
average values of each time were calculated in the habitual
position at 8§ AM, 10 AM, 12 PM, 2 PM, 4 PM, 6 PM, 8 PM,
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10 PM, 12 AM, 3 AM, and 6 AM. During daytime hours (8
AM to 10 PM) patients stayed indoors and were encouraged
to continue normal indoor activities. During nighttime, the
patients’ rooms were kept dark for a 6-hour period and
patients were instructed to sleep in the supine position.
Patients were asked to refrain from any physical activities
that could affect BP. Meals were provided at 7:30 AM, 12:00
PM, and 6:30 PM, and did not include any alcohol or caffeine.

Calculation of Systemic Hemodynamic Parameters

Twenty-four hour SBP and DBP peak and trough values
were defined as the highest and lowest SBP and DBP values
recorded during the 24-hour period. SBP and DBP peak and
trough values for daytime and nighttime were entered inde-
pendently in the analysis. MAP was calculated for a specified
time (daytime, nighttime, and 24-hour) according to the formula:

MAP=DBP+[1/3x(SBP-DBP)].

Definitions of Non-dippers, Dippers, and Over-dippers

Nocturnal BP reduction was calculated as:

[(diurnal averaged MAP-nocturnal lowest MAP)/diurnal
averaged MAP]x100

Patients were then classified into three groups based on the
degree of nocturnal BP reduction as follows: non-dippers,
<5% nocturnal BP reduction (or higher nocturnal BP than
diurnal BP) (n=16); dippers, > 5% but <10% reduction (n=11);
and over-dippers, > 10% reduction (n=27).”

Statistical Analysis

All statistical tests were performed using a statistical
software package (SPSS 15.0 software for Windows; SPSS
Inc., Chicago, IL, USA).

Each variable was assessed individually for its relationship to
the degree of damage from glaucoma. Predictor variables for
analysis included age, pre-admission office IOP, and CCT.
Hemodynamic predictor variables included 24-hour, day,
and nocturnal averaged MAP. MAP peak and trough day,
night, and 24-hour values that were used as predictor variables
were included in the analysis. The functional outcome variables
were MD and PSD of HFA. The anatomical outcome variables
were TSNIT average, superior average, inferior average, and
NFI obtained by GDx-VCC. Initially, the relationships between
predictor variables and outcome variables were assessed by
univariate linear regression models. Differences with a value
of p<0.05 were considered statistically significant.

Results

All 54 patients were Asian; 18 (33.3%) were men and 36
(66.7%) were women. The mean age was 59.7+11.2 years
(range, 40-87 years) and the mean pre-admission office [OP
was 14.61+£2.57 mmHg. Fourteen (25.9%) of the patients had
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a history of hypertension and were taking antihypertensive
medications. The mean (+ SD) duration of antihypertensive
therapy was 9.4+7.78 years. The mean corrected visual acuity in
the LogMAR scale was 0.17+0.37; spherical equivalent (SE)
was -0.89+2.57 diopters; and CCT was 527.5+32.2 um. The
twenty-four hour average SBP was 121.4+11.8 mmHg, DBP
was 75.5£8.5 mmHg, and MAP was 90.8+£8.5 mmHg. The
average MD and PSD on HFA were -4.7+3.3 dB and 4.9+3.0
dB, respectively. The mean TSNIT average, superior average,
and inferior average scores on SLP examination were 45.4+
8.5,52.749.7, and 49.3+12.5 pum, respectively. Table 1 sum-
marizes the overall descriptive statistics for the demographic
background variables.

Table 2 presents the patient demographics and BP parameters
of the three groups (non-dippers, dippers, and over-dippers)
classified by the degree of nocturnal BP reduction. The dis-
tribution of age did not differ among the groups (p>0.05, one-
way ANOVA), nor were there differences in daytime mean
SBP or MAP (p>0.05). However, the mean nocturnal SBP,
DBP, MAP, and fluctuation of the SBP, DBP, and MAP were
all significantly different among the groups (p<0.05). The
range of nocturnal mean MAP in dippers, over-dippers, and
non-dippers is shown in Figure 1. HFA indices (MD, PSD) at
initial diagnosis of NTG did not differ among the groups
(p>0.05).

Table 3 summarizes diurnal and nocturnal values of various
vascular parameters in our series of NTG patients. Mean SBP,
DBP, and MAP showed statistically significant differences
between the diurnal and nocturnal periods. Peak SBP, DBP,
and MAP also showed the same results. The fluctuation of

Table 1. Patient demographic and background variables

Age (years)* 59.74+11.2 (range 40-87)
Gender

Male 18 (33.3)

Female 36 (66.7)
Hypertension 14 (25.9)
Pre-admission office IOP (mmHg) 14.61+2.57
CCT (um) 527.54+32.2
Hemodynamic parameters (mmHg)

SBP 121.4+11.8

DBP 75.5+8.5

MAP 90.8+8.5
Visual field test

Right eye 29 (53.9)

Left eye 25 (46.1)

MD (dB) -4.7+£3.3.

PSD (dB) 4.9+3.0
GDX-VCC (um)

average TSNIT 45.4+8.5

average superior 52.749.7

average inferior 49.3+12.5

CCT =central corneal thickness; SBP=systolic blood pressure;
DBP=diastolic blood pressure; MAP=mean arterial pressure;
MD=mean deviation, PSD =pattern standard deviation.

*Data are expressed as number (percentage) of subjects or mean+
SD; N=54.
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Table 2. Patient demographics and parameters of non-dippers, dippers, and over-dippers

Non-dippers Dippers Over-dippers
(n= fg) (nipn) (n=2p7l; p value

Demographics

Age (years) 60.7+12 63.749 57.4+11.3 0.26*

Sex (M:F) 9:7 2:9 7:20 0.061"
BP parameters (mmHg)

Mean day SBP 122.5+11.9 118.9+12.0 123.94+1.9 0.50*

Mean night SBP 128.2+12.7 115.1+10.8 114.4+13.2 0.003*

Mean day DBP 77.1+10.3 70.9+7.7 78.0+6.5 0.050%*

Mean night DBP 81.2+1.8 69.4+7.6 70.7+8.1 0.001*

Mean day MAP 92.249.7 86.9+8.1 93.3+6.9 0.089*

Mean night MAP 96.94+10.9 84.6+6.9 85.3+9.2 <0.001*

SBP fluctuation (24 hour) 30.2+11.7 26.7+4.8 35.7+8.9 0.018*

DBP fluctuation (24 hour) 22.5+8.2 19.04+5.1 27.8+8.4 0.006*

MAP fluctuation (24 hour) 23.54+7.8 19.445.2 29.2+7.5 0.001*
HFA indices (dB)

MD -4.8+3.7 -4.842.6 -4.5+3.4 0.95*

PSD 4.943.7 5.0+£2.7 4.943.1 0.99*

IOP=intraocular pressure; BP=blood pressure; SBP=systolic BP; DBP=diastolic BP; MAP=mean arterial pressure.
Data are expressed as the mean+SD and all data were recorded over a 24-hour period.

Fluctuation was defined as: (peak value-trough value).
* One-way ANOVA; ' Chi-square test

MAP over 24 hours is shown in Figure 2. Although many
patients showed a DBP drop during the nocturnal period,
some patients showed a DBP reduction during the diurnal
period (Fig. 3).

Table 4 presents the results of linear regression analysis
between the independent predictor variables and the outcome
variables in a univariate model. Trough SBP, trough night
SBP, mean night MAP, and trough night MAP showed signi-
ficant association with TSNIT average, inferior average, and
NFI scores assessed by GDx-VCC.

Discussion

mmHg

Averaged nocturnal MAP
] g
\ )

©
S
1

85 -

non-Dipper Dipper
Dipper Grouping

over-Dipper

Fig. 1. Nocturnal mean MAP comparison among dippers, over-
dippers, and non-dippers (95% confidence interval). p<0.001,
one-way ANOVA. MAP=mean arterial pressure; ANOVA =analy-
sis of variance.

To our knowledge, this is the first report addressing the
association between BP and anatomical (GDx-VCC) and
functional (VF test) outcomes during a 24-hour period in the
habitual position in glaucomatous eyes.

Nocturnal BP depression (‘dip”) has been reported to be
increased in NTG and POAG.”™" Nocturnal BP drops have
been postulated to lead to decreased ocular perfusion and
thus to cause optic nerve ischemia in g121ucoma.28'32 Of 54
patients with NTG, 27 (50.0%) were classified as over-dippers
in our series. The prevalence of over-dippers in the glauco-
matous population has not been accurately established because
the definition of nocturnal BP reduction varies in the literature
and few studies have been performed on glaucomatous subjects.
It has been reported that blunted BP and heart rate modulation
were frequently observed in NTG subjects.33 Yazici et al.**

Table 3. Comparison of diurnal and nocturnal BP parameters
(mmHg)

Diurnal Nocturnal p value*

DBP

Average 76.3+8.3 73.6+10.3 0.003

Peak 86.0+9.5 79.8+10.7 <0.001

Trough 66.019.6 67.1+11.2 0.233
SBP

Average 122.5+11.9 118.7+13.9 0.003

Peak 136.1+14.6 126.0+14.3 <0.001

Trough 108.8+11.5 110.7+15.1 0.409
MAP

Average 91.74+8.3 88.6+10.7 0.002

Peak 102.0+9.8 94.8+10.8 <0.001

Trough 80.9+9.0 82.0+11.8 0.428

BP=blood pressure; SBP=systolic BP; DBP=diastolic BP; MAP=
mean arterial pressure.
N=54. * paired sample 7-test
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Fig. 2. Twenty-four hour variation of MAP (95% confidence inter-
val). MAP =mean arterial pressure.

found that excessive and repetitive nocturnal BP drops occur
more frequently in some patients with NTG compared to
patients with high-tension glaucoma (HTG) and ocular hyper-

No. of patient
12 4

Time

Fig. 3. Time of DBP trough. DBP=diastolic blood pressure.

tension (OHT). In our study, we found 50% of the NTG
patients experienced an excessive nighttime ‘dip’ in BP with
ambulatory BP monitoring. Choi et el reported that 41% of
NTG patients demonstrated the over-dipper pattern. "* Since
the definitions of dippers/over-dippers varies among studies,
direct comparison of the percentage of dipper/over-dippers in
our study with previous reports might be difficult. However, we
confirmed that half of the participants in our NTG study were
categorized as over-dippers. This finding may reflect vascular

Table 4. Significance of independent variables (24 hr SBP, DBP, MAP and nighttime SBP, DBP, and MAP parameters) in

predicting outcomes of glaucoma: univariate models

Functional outcome variables

Anatomical outcome variables

Predictor variables MD PSD TSNIT average Superior average Inferior average NFI
Age 0.026*

Pre-admisson office IOP

CCT

Mean SBP 0.002* 0.006*

Peak SBP 0.001* 0.003*
Trough SBP 0.002* 0.002* 0.044*
Fluctuation SBP

Mean night SBP 0.001* 0.003*

Peak night SBP 0.004* 0.012*
Trough night SBP 0.002* 0.001* 0.046*
Fluctuation night SBP 0.058
Mean DBP

Peak DBP

Trough DBP 0.034*

Fluctuation DBP 0.060 0.036*
Mean night DBP 0.021*
Peak night DBP 0.037*
Trough night DBP 0.056 0.014*
Fluctuation night DBP
Mean MAP

Peak MAP

Trough MAP

Fluctuation MAP
Mean night MAP 0.009* 0.015% 0.018*
Peak night MAP 0.039*
Trough night MAP 0.009* 0.011* 0.020*
Fluctuation night MAP

MD =mean deviation; PSD=pattern standard deviation; TSNIT =temporal, superior, nasal, inferior, and temporal; NFI=nerve fiber
indicator; SE=spherical equivalent; CCT=central corneal thickness; IOP=intraocular pressure; MAP=mean arterial pressure.

* p<0.05; ellipses, not significant (p >0.05)
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instability as an etiology of NTG.

Previous studies have shown that glaucoma patients exhibited
faulty autoregulation of OBF during posture ch21nge.35’36
Given this, we performed two separate analyses to determine
which, if any, of the measured independent hemodynamic
variables were related significantly to glaucomatous damage,
in one case during the diurnal period and in the other case
during the nocturnal period. Regression analyses revealed that
some of the BP parameters measured in the habitual position
showed a correlation with structural glaucomatous damage
assessed by GDx-VCC. The trough SBP, trough night SBP,
mean night DBP, trough night DBP, mean night MAP, and
trough night MAP all had a significant relationship with the
NFI score. According to our results, a relatively greater number
of nocturnal parameters than diurnal parameters were related
with structural outcome variables. Since nocturnal BP is
expected to vary less than diurnal BP, in some eyes a relative
drop of MAP due to excessive BP drop at night may induce
OPP below the physiologically required level for certain
durations in a repetitive manner. Therefore, these findings
may again highlight the importance of unstable circulating
blood pressure as a prognostic factor involving an altered
circulation at the optic disc and support the aforementioned
hypothesis.

Recently, low systolic perfusion pressure and low SBP
have emerged as new predictors of glaucoma progression in
eyes with both POAG and NTG according to an EMGT report
looking at predictors of long-term progression in glaucoma.37
These results are very similar to the findings of our study
(Table 4).

The crucial finding of the present study was that lower
nighttime BP or MAP were associated with worse glauco-
matous damage in patients with NTG. This link between low
nocturnal perfusion pressure and glaucomatous damage might
be compatible with the findings of previous studies indicating
abnormal OBF autoregulation in patients with NTG, based
on experiments testing short-term changes of Opp % During
changes in posture, glaucoma patients exhibited an abnormal
response in blood velocity in the central retinal artery.”® A
significant association was also observed between optic nerve
hemodynamic parameters and MAP in the glaucoma patients.
Fuchsjager-Mayrl et al. reported that MAP was a determinant
of rim and cup blood flow in patients with POAG or OHT, but
not in healthy control subjects.38 An abnormal association
between optic nerve head blood flow, as assessed with laser
Doppler flowmetry and systemic BP, was also reported by
Grunwald et al.”

Feke et al. found that in some OAG patients, the arterial
diameter remained essentially unchanged after 31 minutes in
the reclining position. However, the average blood speed and
blood flow rate increased by approximately 60% as a result
of absence of retinal blood flow autoregulation.35 One could
speculate that patients with NTG should initially experience
a relative increase in OBF due to posture changes at night
while in the supine position. If we assume that NTG patients

have faulty or decompensated autoregulation, this sudden
change of OBF should be followed by repeated OPP drops
associated with excessive BP ‘dips’ during the sleep period. As
shown in Figure 1, over-dippers and dippers had a significantly
lower nocturnal MAP than did non-dippers. This abnormal
blood flow autoregulation, which occurs at night in dippers and
over-dippers, may be a contributing factor to the pathogenesis
of glaucomatous optic neuropathy.

Recently, a high percentage of NTG patients were found to
exhibit an Alzheimer’s disease (AD)-like cerebral perfusion
pattern, although none were clinically diagnosed with AD.
NTG patients with this AD-like pattern showed a more rapid
progression of visual field defects than those with a normal
perfusion pattern.*’ These findings suggest that NTG and AD
may have a common pathologic mechanism. Altered circadian
BP rhythm is associated with cerebral blood flow change,
resulting in cerebrovascular damage.*'™ Patients with nocturnal
hypotension that leads to OPP reduction may also be at an
increased risk for developing NTG, as noted in our series.
Excessive free radicals derived from ischemia and reperfusion
may contribute to reversible or irreversible manifestations of
cell injury.*>* Thus, chronic repetitive circadian OBF variations
could result in cumulative ischemia and reperfusion effects,
manifesting as RNFL damage.

The fact that our study was designed as a cross-sectional
study and included a relatively small number of subjects could
be a limitation. However, our finding that nocturnal BP and
MAP parameters were associated with glaucomatous structural
outcome variables coincided with previous findings and
supports our hypothesis that ischemic insults resulting from
nocturnal BP drops may play an role in glaucoma development.
This hypothesis warrants longitudinal study, including a
larger sample size. A second limitation of our study was our
inability to generalize our findings to all types of primary
open angle glaucoma classified by IOP level, since 24-hour
BP monitoring was only performed in patients with I[OP <21
mmHg based on GAT. Our patient group consisted of NTG
patients based on initial diagnosis at the clinic. Third, in this
article we did not monitor 24-hour IOP parameters in the
habitual position. Thus, IOP factors could have potentially
confounded nocturnal OPP reduction. A previous study
revealed that a nocturnal elevation of IOP can be detected in
healthy young adults in both the sitting and supine posi'[ion.47
In our case series many patients showed nocturnal BP drops,
but others also showed diurnal trough BP drops (Fig. 3) If
BP drop was the sole cause of glaucoma development, there
might be a strong correlation between glaucomatous outcome
variables and 24-hour trough DBP rather than nocturnal trough
DBP. However, our results were more complex. Some other
factors may exist which accelerate structural glaucomatous
damage at night more than during the day. Nocturnal IOP
elevation may be one of the factors that leads to a decrease in
OPP and results in ischemic nerve fiber damage. Fourth, our
study investigated the relationship between BP parameters
and the status of glaucomatous damage in a cross-sectional
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fashion; we therefore did not longitudinally observe the
progression of glaucomatous damage. Rather, our data only
reflect the findings at the initial examination. There were no
significant correlations between functional outcomes assessed
by HFA and BP parameters, while anatomical outcomes (GDx-
VCC) showed correlations. We cannot provide an appropriate
explanation for this result at this moment. However, functional
and structural damage has been reported to occur in different
time frames, therefore this relationship needs to be investigated
in longitudinal studies.

In conclusion, we found that the nocturnal BP and MAP
level measured in the habitual position were correlated with
structural parameters of NTG. These findings suggest that
relatively large reductions in nocturnal BP may lead to
chronic ischemic/reperfusion insults. These cumulative injuries
to the ocular tissue may influence the retinal nerve fiber layer
thickness and the severity of glaucoma. Future longitudinal
studies, including evaluation of systemic and ocular parameters
under physiologic conditions, are warranted to study the
relationship between OPP and glaucoma progression and
development.
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