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Purpose: To evaluate the relationships between parameters of transcranial ultrasonography and results of visual field tests in 
patients with open angle glaucoma or suspected of having glaucoma. 

Methods: This retrospective study was based on data from medical records of patients who visited the Department of Oph-
thalmology in Kangbuk Samsung Hospital from January 1, 2016, to October 17, 2019, and underwent transcranial Doppler 
ultrasonography as part of a routine health examination. Ophthalmic data were visual acuity, intraocular pressure, optical 
coherence tomography, and Humphrey visual field test results. Retinal nerve fiber layer defect was confirmed by a glaucoma 
specialist. Patients’ ophthalmic data, such as average ganglion cell layer thickness, visual field index, pattern standard devia-
tion, and mean deviation, were divided into quartiles. Each ophthalmic artery parameter from transcranial Doppler ultraso-
nography was compared between quartiles.

Results: A total of 162 patients were reviewed. There was no difference in Doppler ophthalmic artery (OA) parameters be-
tween patients with or without retinal nerve fiber layer defect. None of the quartile groups of average ganglion cell layer 
thickness showed significant difference in any OA parameters. Patients in the low–visual field index quartile showed signif-
icant low peak systolic velocities of OAs when adjusted for age, sex, and presence of diabetes mellitus or hypertension (p = 
0.016). A higher pattern standard deviation showed lower peak systolic velocity (p = 0.046). There was no significant tenden-
cy between any other OA parameter and mean deviation value. 

Conclusions: Our study suggests that hemodynamic parameters of ophthalmic arteries might be associated with visual field 
status of patients. Further large-population studies are needed in order to better understand the relationship between visual 
function and ocular blood flow.
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Glaucoma is a disease of progressive optic nerve degen-
eration that results in structural damage of retinal nerve fi-
ber layer (RNFL) and certain types of visual field defects. 
The proven treatment for glaucoma is to lower intraocular 
pressure [1]. This is based on the mechanism by which the 
mechanical stress of high intraocular pressure induces ir-
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reversible optic nerve damage [2]. However, some patients 
experience a worsening disease course even with well-reg-
ulated intraocular pressure [3]. Therefore, there are other 
possible causative risk factors in the pathophysiology of 
glaucoma [4].

Many studies have suggested that vascular factors are 
associated with the pathogenesis of glaucoma [5–9]. Some 
meta-analyses have demonstrated cardiovascular disease 
as a risk factor for open-angle glaucoma [5,6]. Other stud-
ies have focused on the decrease in blood perfusion of 
glaucoma patients compared with normal participants [7,8] 
and vascular dysregulation leads to low blood perfusion 
pressure and provokes ischemia and optic nerve damage [9].

Transcranial Doppler (TCD) was first developed in 1982 to 
noninvasively assess intracranial arteries. TCD can also 
measure ophthalmic artery (OA) blood flow velocity [10]. 
The main outcomes of TCD are mean velocity, peak systolic 
velocity (PSV), end diastolic velocity (EDV), pulsatility in-
dex (PI), and resistance index (RI). Mean velocity is the 
mean value over time in a heart cycle. PSV is the highest 
blood flow velocity in systole and local vasoconstriction re-
sults in increased PSV. EDV is the lowest blood flow velocity 
in diastole. Both increase in PSV and EDV refers to in-
creased total volumetric f low. RI, calculated as “(PSV – 
EDV) / PSV,” ranges between 0 and 1. RI is often interpreted 
as vascular resistance, but it is uncertain in the retrobulbar 
vessels. PI, calculated as “(PSV − EDV) / (mean velocity),” is 
known to be the most sensitive parameter in differentiating 
abnormal waveforms [10]. Some published studies have used 
TCD to achieve better understanding of the vascular patho-
physiology of glaucoma [10,11]. However, controversy exists 
over the relationships between TCD parameters and ele-
ments that ref lect glaucomatous changes such as retinal 
nerve fiber layer thickness and visual field defect [12]. 

In this retrospective study, we assessed the association 
between OA parameters of transcranial sonography and 
ophthalmic exam values such as visual field and optical 
coherence tomography (OCT) in glaucoma and glaucoma 
suspect patients.

Materials and Methods

Ethics statement

This study was approved by the Institutional Review 

Board of Kangbuk Samsung Hospital (No. 2019-10-021-
012) and adhered to the tenets of the Declaration of Helsin-
ki. The requirement for informed consent was waived due 
to the retrospective design of the study.

Data collection

We reviewed medical record and physical examination 
data of patients who visited the Department of Ophthal-
mology of Kangbuk Samsung Hospital (Seoul, Korea) 
from January 1, 2016, to October 17, 2019, and underwent 
transcranial Doppler ultrasonography during routine 
health examination. Underlying disease information was 
collected from medical records. Ophthalmic data included 
visual acuity, intraocular pressure, spherical equivalent, 
thicknesses of average ganglion cell layer (GCL) and 
RNFL on OCT (Carl Zeiss Meditec Inc), and outcome in-
dices from standard automated perimetry (24-2 Swedish 
Interactive Thresholding Algorithm [SITA] Standard; 
Humphrey Field Analyzer III, Carl Zeiss Meditec Inc) or 
frequency doubling technology (FDT) perimetry (Fre-
quency Doubling Technology, Welch Allyn; Humphrey 
Matrix 24-2, Carl Zeiss Meditec Inc). These indices in-
clude visual field index (VFI), pattern standard deviation 
(PSD), and mean deviation (MD). Presence of RNFL de-
fect, appearing as wedge-shaped defect or a dark stripe 
running towards optic disc on red-free fundus photogra-
phy, was confirmed by a glaucoma specialist (JMK). Glau-
coma was diagnosed when there are both glaucomatous 
optic disc damage (neuroretinal rim thining) on stereo disc 
photographs and corresponding visual field defects, and 
glaucoma suspect was defined as either one of the follow-
ing results: (1) intraocular pressure >21 mmHg; (2) RNFL 
defects implicating glaucoma; (3) neuroretinal rim thining; 
(4) optic disc hemorrhage; and (5) visual field defect sus-
pected of glaucomatous optic nerve damage. Both eyes of 
162 patients (324 eyes) were included in this study. Images 
of poor quality, as defined by the following conditions, 
were excluded: (1) a signal strength index of <6 (range, 
1–10); and (2) poor clarity. As a result, 315 eyes were in-
cluded in the analysis between with and without RNFL 
defect groups because nine images of optic disc cube scan 
were excluded. The characteristics of 319 eyes are shown 
in the analysis between average GCL thickness groups, as 
five images of macular cube scan were excluded. Thir-
ty-four patients did not undergo visual field test, and 14 pa-
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tients performed frequency doubling technology perimetry 
(24-2 FDT Threshold; Humphrey Matrix), which does not 
show VFI. Unreliable visual field tests were also excluded, 
which show fixation losses >20%, false positive responses 
>15%, or false negative responses >15%. Data from TCD 
consisted of mean velocity, average PSV, average EDV, av-
erage PI, and average RI. 

We compared all TCD OA parameters between groups 
with or without retinal nerve fiber defect. Ophthalmic data 
of average GCL thickness, RNFL thickness, VFI, PSD, 
and MD were divided into quartiles. Each parameter of the 
OA from TCD was compared between groups. Data from 
both eyes were included in this study, and we analyzed 
ophthalmic exam results of each eye with data from the 
same OA side.

Statistical analysis

Statistical analyses were conducted using Stata ver. 16.1 
(Stata Corp). Independent two sample t-test was applied for 
comparison between OA parameter averages of two groups 
divided based on retinal nerve fiber defect. Analysis of co-
variance was used to adjust the data for confounding vari-
ables of age, sex, and presence of diabetes mellitus or hy-
pertension. Analysis of variance was used to compare the 
average of quartile groups. We used a linear regression 
model to determine OA velocity trends based on each ele-
ment of ophthalmic data.

Results

This study included data from 162 individuals who un-

Table 1. Demographic characteristics of the study participants 
(n = 162)

Characteristic Value
Age (yr) 53.35 ± 9.97
Sex

Male 123 (75.9)
Female 39 (24.1)

Diabetes mellitus
No 120 (74.1)
Yes 42 (25.9)

Hypertension
No 113 (69.8)
Yes 49 (30.2)

Chronic kidney disease
No 156 (96.3)
Yes 6 (3.7)

Dyslipidemia
No 87 (53.7)
Yes 75 (46.3)

Alcohol
No 88 (54.3)
Yes 74 (45.7)

Smoking
No 139 (85.8)
Yes 23 (14.2)

Cardiovascular disease
No 93 (57.4)
Yes 69 (42.6)

Brain disease
No 141 (87.0)
Yes 21 (13.0)

Underlying disease
No 42 (25.9)
Yes 120 (74.1)

Body mass index (kg/m2) 24.23 ± 3.11
Systolic blood pressure (mmHg) 114.06 ± 11.8
Diastolic blood pressure (mmHg) 74.47 ± 8.98
Ganglion cell layer (μm) (n = 319)*, †

Average 76.3 ± 10.25
Minimum 70.26 ± 14.03

Visual field index 93.65 ± 11.49
Mean deviation –3.58 ± 11.55
Pattern standard deviation 3.91 ± 10.89

Characteristic Value
RNFL defect (n = 315)*, ‡

None 188 (59.7)
Superior 20 (6.3)
Inferior 57 (18.1)
Both 50 (15.9)

Values are presented as mean ± standard deviation or number (%).
RNFL = retinal nerve fiber layer.
*No. of eyes (initial total, 324 eyes); †Five images of macular 
cube scan were excluded due to poor quality; ‡Nine eye images 
were excluded due to poor quality.

Table 1. (Continued)
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Table 2. Difference of ophthalmic artery parameters between with and without RNFL defect groups (n = 315)

Variable
RNFL defect

p-value* p-value†, ‡ p-value†, §

No (n = 188) Yes (n = 127)
Mean velocity (cm/sec) 16.16 ± 3.60 15.7 ± 3.53 0.253 0.469 0.674
Peak systolic velocity (cm/sec) 37.59 ± 10.49 35.53 ± 8.73 0.060 0.073 0.130
End-diastolic velocity (cm/sec) 7.31 ± 2.67 7.18 ± 2.46 0.672 0.630 0.691
Pulsatility index 1.88 ± 0.74 2.52 ± 7.36 0.330 0.244 0.331
Resistance index 0.78 ± 0.07 0.77 ± 0.06 0.625 0.685 0.842

Values are presented as mean ± standard deviation. Among the initial total of 324 eyes, nine images were excluded due to poor quality.
RNFL = retinal nerve fiber layer.
*Independent two sample t-test; †Analysis of covariance (statistically significant, p < 0.05); ‡Adjusted for age and sex; §Adjusted for age, 
sex, hypertension, and diabetes mellitus. 

Table 3. Difference of ophthalmic artery parameters between average GCL thickness quartile groups (n = 319)

Variable
Average GCL thickness (μm)

Overall
p-value*

p-value
for trend† p-value‡, § p-value‡, ∥

8–71
(n = 76)

72–77
(n = 82)

78–82
(n = 75)

83–97
(n = 86)

Mean velocity  
(cm/sec)

15.96 ± 4.04 15.72 ± 4.03 16.71 ± 3.04 15.62 ± 2.98 0.219 0.927 0.136 0.117

Peak systolic 
velocity (cm/sec)

35.25 ± 8.34 37.64 ± 10.4 37.5 ± 7.11 37.01 ± 12.54 0.420 0.328 0.434 0.469

End-diastolic 
velocity (cm/sec)

7.43 ± 3.06 6.94 ± 2.54 7.59 ± 2.24 7.08 ± 2.42 0.357 0.739 0.320 0.308

Pulsatility index 1.79 ± 0.65 3.02 ± 9.13 1.78 ± 0.49 1.91 ± 0.90 0.263 0.673 0.236 0.272
Resistance index 0.77 ± 0.07 0.79 ± 0.07 0.77 ± 0.06 0.78 ± 0.07 0.314 0.736 0.321 0.318

Values are presented as mean ± standard deviation. Among the initial total of 324 eyes, five images were excluded due to poor quality.
GCL = ganglion cell layer.
*Analysis of variance; †Linear regression model; ‡Analysis of covariance (statistically significant, p < 0.05); §Adjusted for age and sex;  
∥Adjusted for age, sex, hypertension, and diabetes mellitus. 

Table 4. Difference of ophthalmic artery parameters between RNFL thickness quartile groups (n = 315)

Variable
RNFL thickness quartile (μm)

Overall
p-value*

p-value
for trend† p-value‡, § p-value‡, ∥

44–79
(n = 86)

80–87
(n = 76)

88–94
(n = 77)

95–117
(n = 76)

Mean velocity  
(cm/sec)

15.87 ± 4.31 15.64 ± 3.12 16.58 ± 2.99 15.79 ± 3.42 0.349 0.679 0.571 0.632

Peak systolic 
velocity (cm/sec)

34.65 ± 7.56 37.56 ± 10.25 37.69 ± 7.79 37.27 ± 12.95 0.139 0.085 0.144 0.204

End-diastolic 
velocity (cm/sec)

7.30 ± 3.06 7.10 ± 2.38 7.55 ± 2.03 7.09 ± 2.65 0.655 0.899 0.710 0.726

Pulsatility index 2.70 ± 8.77 2.02 ± 1.37 1.81 ± 0.56 1.90 ± 0.86 0.592 0.244 0.610 0.696
Resistance index 0.77 ± 0.07 0.78 ± 0.07 0.77 ± 0.06 0.78 ± 0.07 0.685 0.387 0.698 0.726

Values are presented as mean ± standard deviation. Among the initial total of 324 eyes, nine images were excluded due to poor quality.
RNFL= retinal nerve fiber layer.
*Analysis of variance; †Linear regression model; ‡Analysis of covariance (statistically significant, p < 0.05); §Adjusted for age and sex;  
∥Adjusted for age, sex, hypertension, and diabetes mellitus. 
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Table 5. Difference of ophthalmic artery parameters between visual field index quartile groups (n = 228)

Variable
Visual field index

Overall
p-value*

p-value
for trend† p-value‡, § p-value‡, ∥

17–93
(n = 56)

94–97
(n = 50)

98
(n = 31)

99–100
(n = 91)

Mean velocity  
(cm/sec)

15.55 ± 3.64 15.16 ± 4.55 15.5 ± 3.42 16.72 ± 3.02 0.057 0.024 0.080 0.097

Peak systolic 
velocity (cm/sec)

35.9 ± 7.91 34.11 ± 9.39 36.45 ± 16.05 39.63 ± 9.44 0.016 0.008 0.023 0.016

End-diastolic 
velocity (cm/sec)

7.19 ± 2.56 6.53 ± 3.26 7.05 ± 2.28 7.63 ± 2.30 0.118 0.124 0.144 0.206

Pulsatility index 3.32 ± 10.98 1.87 ± 0.67 1.90 ± 0.95 1.98 ± 1.28 0.451 0.228 0.502 0.498
Resistance index 0.78 ± 0.07 0.78 ± 0.07 0.77 ± 0.07 0.78 ± 0.07 0.928 0.791 0.916 0.958

Values are presented as mean ± standard deviation.
*Analysis of variance; †Linear regression model; ‡Analysis of covariance (statistically significant, p < 0.05); §Adjusted for age and sex;  
∥Adjusted for age, sex, hypertension, and diabetes mellitus. 

Table 6. Difference of ophthalmic artery parameters between mean deviation quartile groups (n = 228)

Variable

Mean deviation
Overall
p-value*

p-value
for trend† p-value‡, § p-value‡, ∥–27.05 to 

–3.721 
(n = 57)

–3.720 to 
–1.791 
(n = 57)

–1.790 to 
–0.396 
(n = 57)

–0.395 to 4.7 
(n = 57)

Mean velocity  
(cm/sec)

15.81 ± 4.56 15.71 ± 3.56 16.21 ± 2.99 16.14 ± 3.24 0.856 0.489 0.844 0.904

Peak systolic 
velocity (cm/sec)

37.13 ± 8.00 38.12 ± 14.21 36.42 ± 7.85 38.96 ± 10.04 0.176 0.097 0.161 0.161

End-diastolic 
velocity (cm/sec)

7.23 ± 3.20 6.84 ± 2.39 7.50 ± 2.43 7.42 ± 2.31 0.531 0.365 0.557 0.651

Pulsatility index 2.27 ± 0.55 3.42 ± 10.89 1.78 ± 0.51 2.09 ± 1.58 0.336 0.825 0.366 0.407
Resistance index 0.78 ± 0.07 0.78 ± 0.07 0.77 ± 0.07 0.78 ± 0.07 0.648 0.867 0.654 0.686

Values are presented as mean ± standard deviation. 
*Analysis of variance; †Linear regression model; ‡Analysis of covariance (statistically significant, p < 0.05); §Adjusted for age and sex;  
∥Adjusted for age, sex, hypertension, and diabetes mellitus. 

Table 7. Difference of ophthalmic artery parameters between pattern standard deviation quartile groups (n = 228)

Variable
Pattern standard deviation

Overall
p-value*

p-value
for trend† p-value‡, § p-value‡, ∥

1.04 to 1.44 
(n = 57)

1.45 to 1.88 
(n = 59)

1.89 to 3.74 
(n = 55)

3.88 to 15.1 
(n = 57)

Mean velocity  
(cm/sec)

16.5 ± 3.41 16.3 ± 3.09 15.7 ± 4.15 15.4 ± 3.73 0.300 0.057 0.519 0.470

Peak systolic 
velocity (cm/sec)

38.9 ± 10.4 37.8 ± 7.97 36.3 ± 14.6 35.4 ± 7.03 0.288 0.053 0.362 0.330

End-diastolic 
velocity (cm/sec)

7.74 ± 2.40 7.34 ± 2.39 6.90 ± 2.94 6.93 ± 2.61 0.264 0.062 0.367 0.399

Pulsatility index 1.99 ± 1.53 1.88 ± 0.66 1.89 ± 0.86 3.33 ± 10.9 0.425 0.218 0.440 0.488
Resistance index 0.78 ± 0.07 0.77 ± 0.07 0.78 ± 0.07 0.78 ± 0.07 0.817 0.344 0.846 0.895

Values are presented as mean ± standard deviation. 
*Analysis of variance; †Linear regression model; ‡Analysis of covariance (statistically significant, p < 0.05); §Adjusted for age and sex;  
∥Adjusted for age, sex, hypertension, and diabetes mellitus.
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derwent transcranial Doppler sonography. As shown in 
Table 1, the mean age of the patients was 53.35 ± 9.97 
years. Among total patients, 123 patients (75.9%) were 
male, 42 (25.9%) had diabetes mellitus, and 49 (30.2%) had 
hypertension.

There was no difference in Doppler OA parameters be-
tween patients with or without RNFL defect (Table 2). 
None of the average GCL thickness groups or RNFL 
thickness groups showed significant difference in any pa-
rameter (Tables 3, 4). 

Patients in the low-VFI quartile showed significantly low 
OA PSVs when adjusted for age, sex, and diabetes mellitus 
or hypertension (p = 0.016). There was a decreasing trend 
in mean OA velocity in association with lower VFI, but no 
significant difference was present when the data were ad-
justed for confounding variables (Table 5). There was no 
significant tendency between any other OA parameters and 
MD values (Table 6). Higher PSD appeared to be associat-
ed with lower PSV (p = 0.046), but the difference was not 
significant when the data were adjusted for age, gender, 
and presence of underlying diabetes or hypertension (Table 7).

Discussion

This study showed a tendency for PSV to be lower in pa-
tients with lower VFI and higher PSD. The lower VFI 
group had lower PSV when the data was adjusted for age, 
sex, and presence of diabetes mellitus or hypertension. 
There was no significant difference in OA parameters and 
presence of RNFL defect or average thickness of the GCL. 

Several studies have tested associations between TCD 
vascular parameters and glaucoma. However, there is no 
definite consensus concerning these associations due to in-
consistent outcomes of those studies. In a cross-sectional 
study by Samsudin et al. [13] showed no difference in OA 
flow parameters, including PSV, between normal tension 
glaucoma (NTG) patients (n = 31) and control patients (n = 
15). However, that study had a relatively small sample size, 
possibly too small to distinguish differences between the 
groups. Butt et al. [14] demonstrated that OA PSV was sig-
nificantly higher in primary open-angle glaucoma (POAG) 
patients (n = 23, 40.4 ± 12.2 cm/sec) than in normal sub-
jects (n = 26, 30.8 ± 10.6 cm/sec; p < 0.001) and postulated 
that this dynamic OA circulation would provoke shear 
stress and vascular endothelial damage over time. Howev-

er, a prospective observational study by Tiwari et al. [12] 
showed that OA PSV was lower in POAG patients (n = 24, 
18.2 ± 3.80 cm/sec) or NTG patients (n = 18, 26.6 ± 1.72 
cm/sec) compared to control patients (n = 26, 35.4 ± 3.04 
cm/sec; p < 0.0001), and suggested that decrease in blood 
flow velocity could be a sign of inappropriate autoregula-
tion in glaucoma patients. Abegao Pinto et al. [15] conduct-
ed TCD analysis of retrobulbar arteries and found that 
ophthalmic artery PSV is lower in NTG patients (n = 89, 
33.6 ± 11.2 cm/sec) and POAG patients (n = 102, 35.9 ± 13.9 
cm/sec) than healthy subjects (n = 59, 40.1 ± 16.9 cm/sec). 
However, this difference was only significant between the 
NTG group and normal group (p = 0.02). 

PSV is the first peak detected on the TCD waveform of 
each cardiac cycle [16]. High PSV is a sign of stenosis in 
cerebral arteries, which predicts the risk of stroke [17,18]. 
However, one study [19] revealed that PSVs of middle ce-
rebral arteries in patients with severe extracranial internal 
carotid artery stenosis were in the low normal range or be-
low, which suggests that low PSV of vessels could be the 
result of stenotic vascular conditions in vessels from which 
those arise. We speculated that certain stenotic conditions, 
such as atherosclerosis, of the internal carotid artery could 
decrease the OA PSV; the resulting hypoxic condition 
might affect visual function. 

Another hypothesis is that vascular dysregulation results 
in chronic hypoperfusion [20]. Autoregulation represents 
the ability to maintain a certain range of blood flow in an 
organ regardless of cerebral perfusion pressure [21,22]. Al-
tered autoregulation has been noted in deteriorating glau-
coma patients [23]. The primary impact of disturbed auto-
regulation is volatile ocular blood f low, leading to 
reperfusion injury. The resulting oxidative stress is in-
volved in the pathogenesis of glaucoma [24]. We postulated 
that impaired autoregulation of ocular blood flow may in-
duce chronic hypoperfusion appearing as decreased OA 
PSV.

There are two prominent theories for pathogenesis of 
glaucoma. One is the mechanical theory that proposes that 
increased intraocular pressure pushes the lamina cribrosa 
backward and induces axonal damage [25]. The other is 
the vascular theory that has emerged due to the continuous 
progression of many glaucoma cases despite maintenance 
of intraocular pressure control. In the 19th century, some 
researchers suggested that an atrophic condition, such as 
vascular change, might lead to progression of glaucoma 
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even after excessive mechanical stress is removed [25,26]. 
There are many techniques devised to study the hemody-
namics of ocular circulation, but direct measurement of 
human ocular blood flow is limited with current technolo-
gy [27]. First, fluorescein angiography is a minimally inva-
sive method to evaluate retinal blood flow. Choriocapillaris 
blood flow pattern can be detected by indocyanine green 
angiography. The temporal resolution of scanning laser 
ophthalmoscopic angiography, which is applied in fluores-
cein angiography and indocyanine green angiography, al-
lows visualization of hyperfluorescent or hypofluorescent 
portions in optic nerve head vasculature. An image analy-
sis system can calculate the velocity of dark and light seg-
ments [27,28]. However, the diameters of capillaries are too 
tiny for blood flow to be measured; and there is no known 
way to obtain blood flow values in those vessels [27]. Sec-
ond, OCT angiography (OCTA) is a noninvasive and dye-
free imaging technique that enables assessment of vessel 
structure in the optic nerve head [29]. Glaucoma specialists 
demonstrated that glaucomatous eyes have lower vessel 
densities compared to normal ones [30]. Even though 
OCTA has become a promising modality to study vascular 
factors in glaucoma, the technique has some drawbacks, 
such as artifacts that create poor image quality and inter-
rupt interpretation [31]. Furthermore, OCTA detects mov-
ing red blood cells and generates a structural image of vas-
culature but does not provide blood flow speed information 
[32]. TCD has been applied to measure blood flow velocity 
profiles of vascular structures in the orbit [27]. TCD is a 
widely available technique due to its noninvasive nature 
and relatively low cost [33]. TCD can obtain well-identified 
signals from specified depths and sectors with little attenu-
ation [34]. In 1993, Rojanapongpun et al. [35] demonstrated 
acceptable reproducibility of TCD for OA velocity and 
suggested TCD as a clinical tool to estimate OA parame-
ters. We used TCD results in this study because the meth-
od is not only easily applicable to the general population in 
routine health examination settings, but also provides reli-
able parameters of OA velocities.

There are several limitations that should be considered 
in this study. First, the outcomes are not consistent; there 
are discrepancies among VFI, PSD, and MD, possibly due 
to variable characteristics of the study population. The up-
per 75% of patients have MD values of –4.05 to 4.70, indi-
cating that three-fourths of the study population were ei-
ther early glaucoma patients or normal subjects, who might 

demonstrate not significant differences in OA parameters. 
Further studies that contain groups in each stage of glau-
coma, as well as normal subjects, are necessary. Second, 
due to the cross-sectional design of this study, we could 
not conclude a cause-and-effect relationship between OA 
velocities and visual field results. Prospective observational 
studies are needed to demonstrate vascular effects on glau-
comatous functional damage. Third, modalities of the vi-
sual field tests were not fully uniform in this study. There 
are controversies about compatibility between SITA stan-
dard and FDT results. Doozandeh et al. [36] demonstrated 
there was no agreement between results of FDT and SITA 
standard regarding MD (p = 0.905) and PSD (p = 0.169) 
among 47 subjects, asserting FDT cannot be used inter-
changeably with SITA standard in the mild stage of glau-
coma. On the other hand, a larger scale study [37] showed 
FDT results were highly comparable with SITA standard 
results in ocular hypertension and glaucoma group (n = 85; 
MD: r = 0.66, p < 0.001; PSD: r = 0.69, p < 0.001). Addi-
tional studies using each visual field test modality are re-
quired to eliminate uncertain possibility due to discrepan-
cy of visual field modalities.

In our study, we introduced possible relationships be-
tween TCD OA velocity parameters and indices of visual 
field results, indicating that the OA TCD exam might be a 
useful noninvasive tool to predict visual function. Also, 
this outcome shows that functional deterioration could pre-
cede definite structural damage from inadequate ocular 
blood supply. Unstable ocular blood f low caused by re-
duced PSV in OA could potentially contribute to metabolic 
disturbances, such as reduced energy production or im-
paired neurotransmission, affecting functional integrity of 
visual system without detectable structural damage. These 
vascular insults gradually degenerate ganglion cells, not 
abruptly inducing irreversible cell death. In such cases, the 
conventional structural imaging technique like OCT may 
not reveal obvious GCL damage or RNFL defect even 
with visual field deterioration. Ophthalmologists and other 
physicians need to be aware of this in their glaucoma as-
sessments. 

Most related studies have identified vascular insufficien-
cy in glaucoma patients [38]. Decreased perfusion to the 
brain has been suggested to be associated with visual field 
deficits [39]. Likewise, our study suggests that hemody-
namic OA parameters might be associated with the visual 
field status of patients. Further large-population prospec-
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tive studies are needed in order to better understand the re-
lationship between visual function and ocular blood flow.
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