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ABSTRACT

The aim of the present study was to locate the ophthalmic artery by using the edge of the
internal carotid artery (ICA) as the reference depth to perform a reliable non-invasive
intracranial pressure measurement via a multi-depth transcranial Doppler device and to
then determine the positions and angles of an ultrasonic transducer (UT) on the closed
eyelid in the case of located segments. High tension glaucoma (HTG) patients and healthy
volunteers (HVs) undergoing non-invasive intracranial pressure measurement were
selected for this prospective study. The depth of the edge of the ICA was identified,
followed by a selection of the depths of the IOA and EOA segments. The positions and
angles of the UT on the closed eyelid were measured. The mean depth of the identified
ICA edge for HTG patients was 64.3 mm and was 63.0 mm for HVs (p = 0.21). The mean
depth of the selected IOA segment for HTG patients was 59.2 mm and 59.3 mm for HVs
(p = 0.91). The mean depth of the selected EOA segment for HTG patients was 48.5 mm
and 49.8 mm for HVs (p = 0.14). The difference in the located depths of the segments
between groups was not statistically significant. The results showed a significant differ-
ence in the measured UT angles in the case of the identified edge of the ICA and selected
ophthalmic artery segments (p = 0.0002). We demonstrated that locating the IOA and EOA
segments can be achieved using the edge of the ICA as a reference point.

Abbreviations: OA: ophthalmic artery; IOA: intracranial segments of the ophthalmic artery;
EOA: extracranial segments of the ophthalmic artery; ICA: internal carotid artery; UT: ultra-
sonic transducer; HTG: high tension glaucoma; SD: standard deviation; ICP: intracranial
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1. Introduction

Intracranial pressure (ICP) measurement is clinically
important to many neurological diseases [1-3] and
some neurosurgical conditions [4-6]. ICP measure-
ment can also be clinically important in ophthalmol-
ogy to assess the progress of glaucoma disease [7-9],
in nephrology during haemodialysis sessions [10] and
even in gynaecology during laparoscopic surgeries
[11]. Unfortunately, the absolute value of the ICP is
measured using invasive techniques in clinical
practice.

Transcranial Doppler (TCD) was introduced by
Aaslid in 1982. Since then, TCD has become an attrac-
tive tool to assess the cerebrovascular tree [12,13].
TCD-based methods can estimate ICP non-invasively
via blood flow velocity parameters that are obtained
from the cerebral arteries [14]. However, nearly all ICP
assessment approaches are correlation-based or
model-based; therefore, the absolute value of the

ICP cannot be measured because patient-specific cali-
bration is required for such measurement methods.

A novel TCD-based non-invasive absolute ICP mea-
surement method that does not require patient-specific
calibration has been developed [15]. To make a reliable
non-invasive measurement of the ICP with this method,
the operator must manually find correct depths of the
intracranial (IOA) and extracranial (EOA) segments of the
ophthalmic artery (OA) using a multi-depth TCD. Clinical
studies have already shown applicable accuracy, preci-
sion, diagnostic sensitivity and specificity of the non-
invasive ICP measurement method [16,17].

Normally, the ophthalmic artery is the first branch
of the larger internal carotid artery (ICA) [18]. The
pulse wave shape in the ICA is usually different than
in the OA. Thus, it is easy to distinguish the ICA from
the OA via TCD spectral patterns [19]. There are some
published results of OA anatomical studies [18,20-22].
The following summarises the results of these studies:
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(1) The distance between the OA branching point
from the ICA up to the point where the OA
pierces the dura mater is individual to each
person. The potential range of the I0A dis-
tances from the ICA is 0.5-9.5 mm. The range
of depths of the selected IOA segment with a
low probability to overlap/cross the area of the
dura mater should be 3-5 mm away from the
edge of the ICA.

(2) The possible length range of the OA that
extends from the dura mater up to the apex
of the orbit is 3.9-7.0 mm. To select the correct
depth of the extracranial segment of the OA,
the range of depth of the selected EOA seg-
ment with a low probability to overlap/cross
the area of the dura mater and with the high
probability that the OA segment would be in
the intraorbital part and should be 8-12 mm
away from the I0A.

Several publications have focused on the depths of
the ICA and OA measured by TCD from the external
surface of the closed eyelid. Naqvi et al. found that
the depth of the ICA is 65-80 mm and that of the OA
is 45-55 mm [13]. Alexandrov et al. showed that the
ICA depth was 58-65 mm [23]; Kassab et al. reported
an OA depth of 40-60 mm [23,24]. Thus, the literature
agrees on an ICA depth between 58 and 80 mm
[13,23-25], whereas the depth of the OA is between
40 and 60 mm [13,24,25]. Although these publications
show a possible depth range of the ICA and the OA,
none has mentioned the depth ranges of the edge of
the ICA or the depth range of the IOA and EOA, which
would be advantageous to the operator who locates
the IOA and EOA segments before non-invasive ICP
measurement can be initiated.

The main aim of this study was to prospectively
locate the depth range of the ICA edge followed by a
simultaneous location of the depths of the IOA and
EOA segments to perform a reliable non-invasive ICP
measurement.

2. Methods
2.1. Patient eligibility

Our prospective study was conducted in the Eye Clinic
at the Hospital of the Lithuanian University of Health
Sciences and the Health Telematics Science Institute
of the Kaunas University of Technology between July
2013 and March 2016.

High tension glaucoma (HTG) patients and healthy
volunteers (HVs) undergoing non-invasive intracranial
pressure measurement were selected. The exclusion
criteria were as follows: younger than 18 years, preg-
nant or nursing females, subjects with uncontrolled
systemic diseases, and subjects with a history of

allergy to local anaesthetics, orbital/ocular trauma or
other diseases.

2.2. Standard protocol approval, registration,
and patient consent

The protocol of this prospective study was approved
by the Kaunas Regional Bioethics Committee
(Registration No. BE - 2 - 41). Patients’ written con-
sent was obtained in accordance with the Declaration
of Helsinki (BMJ 1991; 302: 1194).

2.3. Data collection

A Vittamed 205 (Kaunas, Lithuania) device with the
following parameters was used for the TCD examina-
tion: ultrasound probe central frequency of 2 MHz,
sample volume size equal to 3 mm, and power levels
matching approved ultrasound devices.

The head frame designed for the non-invasive
intracranial pressure measurement was fitted onto
the heads of healthy volunteers or glaucoma
patients for convenient ultrasonic transducer posi-
tioning and orientation (Figure 1(b,c)). First, the
depth where the OA branches from the ICA (edge
of ICA) should be identified. By using the edge of
the ICA as a reference depth, the intracranial and
extracranial segments of the OA can be selected
with respect to anatomical studies that have already
defined the probable range of OA depths [20-22]
and then followed by a reliable non-invasive mea-
surement of ICP. Depths of the located segments
from the closed eyelid were recorded in millimetres.
Positions of the circular ultrasonic transducer of
14 mm in diameter on the closed eyelid were
recorded in the case of the identified edge of the
ICA, and the IOA selected simultaneously with the
EOA. An example of the marked positions of the UT
on the closed eyelid (schematic representation) is
shown in Figure 1(a). We estimated the average
orientation of the UT on the closed eyelid in the
case of the identified edge of the ICA, and the I0A
selected simultaneously with the EOA. The mea-
sured alpha and beta angles of the UT are depicted
in Figure 1(b,c), respectively.

2.4. Statistical analysis

The statistical analysis was performed using MedCalc
software (version 16.4.3; MedCalc Software, Ostend,
Belgium). The distance between the edge of the ICA
and the IOA segment (ICA-IOA) as well as the distance
between the IOA and EOA segments (IOA-EOA) were
calculated. The analysis of the quantitative variables
included a calculation of the mean and standard
deviation (SD) and a comparison of the means
between two groups: HTG patients and HVs.
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Figure 1. Schematic representation of the measurements of
positions and angles of an ultrasonic transducer (UT) on the
closed eyelid. (a) Example of the relative positions of the UT
of 14 mm in diameter on the closed eyelid in the case of the
identified edge of the internal carotid artery (red circle on the
right eye) and the depth of intracranial segment of ophthal-
mic artery selected simultaneously with the depth of the
extracranial segment of the ophthalmic artery (green circle
on the right eye). The average adult human orbit geometry
(height and width) is depicted on the left eye. (b) Schematic
representation of the head frame top view used for UT
positioning and orientation. Angle alpha, which was mea-
sured between the longitudinal axis of the UT (red dashed
line) and the frontal axis of a human head (blue solid line), is
depicted. (c) Schematic representation of the head frame
sideview used for UT positioning and orientation. Angle
beta, which was measured between the longitudinal axis of
the UT (red dashed line) and the vertical axis of a human
head (blue solid line), is depicted.

Differences were analysed using the t-test. The level
of p < 0.05 was considered significant.

The window of the relative UT position on the
closed eyelid in the case of the identified ICA edge
and the IOA depth selected simultaneously with the
EOA depth were estimated using the average adult
human orbit geometry [26,27].

3. Results

Twenty-five HTG patients and 23 HVs were included.
The data were collected on HTG patients - there were
14 right eyes and 19 left eyes (in total, 33 eyes) — and
on HVs - there were 20 right eyes and 13 left eyes (in
total, 33 eyes).

In this study, the probability of finding an I0A
segment at a distance not more than 5 mm from
the identified ICA edge was 74% (49 cases from 66).
However, the maximum distance between the identi-
fied ICA edge and the selected IOA segment was
9 mm. This was observed in four cases. In one case,
it was 8 mm; in five cases, 7 mm; and in seven cases,
6 mm.. With some exceptions, this supports the pro-
posed method that the IOA segment has to be found
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at a distance 3-5 mm away from the identified ICA
edge. The probability of finding an EOA segment
8-12 mm from the selected I0A segment was 92%
(61 cases from 66). In one case, it was 7 mm, twice it
was 13 mm, once it was 15 mm, and once it was
16 mm. With some rare exceptions, this suggests
that the EOA segment is 8-12 mm away from the
selected IOA segment.

The depths of the edge of the ICA and IOA with the
EOA, the calculated distances between the edge of
the ICA and the I0OA segment (ICA edge-lIOA), and the
calculated distances between the I0A and EOA seg-
ments (IOA-EOA) for HTG patients are presented in
Table 1. Data from HVs are presented in Table 2. The
mean depth of the ICA edge for HTG patients was
643 mm (SD = 44 mm), it was 63.0 mm
(SD = 4.0 mm) for HVs. The difference between groups
was not statistically significant (p = 0.21). The differ-

Table 1. Depth and distance data of the located edge of the
internal carotid artery and segments of ophthalmic artery in
high tension glaucoma patients.

No. of

glaucoma ICA edge, I10A, EOA, ICAedge-IOA, I0A-EOA,
patients Eye mm mm mm mm mm

1 L 60 55 44 5 1
2 R 72 65 50 7 15
L 60 57 46 3 1
3 R 61 58 46 3 12
L 58 55 47 3 8
4 R 64 59 49 5 10
5 R 60 57 47 3 10
L 60 57 47 3 10
6 R 60 58 47 2 1"
7 L 65 58 47 7 1"
8 L 64 57 47 7 10
9 L 60 54 43 6 1
10 L 68 62 46 6 16
1 R 62 56 44 6 12
12 L 64 57 45 7 12
13 R 62 59 49 3 10
L 62 58 48 4 10
14 R 62 56 45 6 1"
L 68 59 49 9 10
15 R 73 69 58 4 1
L 65 62 52 3 10
16 L 65 60 50 5 10
17 R 66 57 47 9 10
L 61 56 43 5 13
18 R 70 62 53 8 9
19 L 60 57 44 3 13
20 L 74 65 55 f 10
21 R 68 59 51 9 8
22 L 68 64 56 4 8
23 R 59 57 47 2 10
24 R 70 64 54 6 10
L 70 64 54 6 10
25 L 62 60 51 2 9
MEAN 64.3 59.2 485 5.2 10.7
SD 44 35 38 2.2 1.7

Data are presented for each high tension glaucoma patient separately,
including all 25 patients and 33 examined eyes. Means + SD are also
presented. R indicates the right eye; L, left eye; ICA edge, identified
depth of the internal carotid artery edge from the closed eyelid; 10A,
selected depth of the intracranial segment of the ophthalmic artery
from the closed eyelid; EOA, selected depth of the extracranial seg-
ments of the ophthalmic artery from the closed eyelid; ICA edge-I0A,
distance between the identified internal carotid artery edge and the
selected intracranial segment of the ophthalmic artery; IOA-EOA, dis-
tance between the selected intracranial and extracranial segments of
the ophthalmic artery.
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Table 2. Depth and distance data of the located edge of the
internal carotid artery and segments of the ophthalmic artery
in healthy volunteers.

No. of
healthy ICA edge, I0A, EOA, ICA edge-IOA, I0A-EOA,
volunteers Eye mm mm  mm mm mm
1 R 62 59 49 3 10
L 56 53 45 3 8
2 R 60 57 48 3 9
L 58 55 45 3 10
3 R 62 58 48 4 10
L 64 60 50 4 10
4 R 66 61 51 5 10
L 58 55 45 3 10
5 R 58 55 45 3 10
L 58 54 44 4 10
6 R 69 65 55 4 10
L 67 62 52 5 10
7 R 61 58 48 3 10
L 54 51 42 3 9
8 R 70 65 55 5 10
L 71 66 56 5 10
9 R 64 62 52 2 10
L 64 60 50 4 10
10 R 64 61 50 3 1
L 65 59 52 6 7
1 R 62 57 49 5 8
12 L 65 61 50 4 1
13 L 62 59 49 3 10
14 R 62 59 50 3 9
15 L 64 61 51 3 10
16 R 61 58 48 3 10
17 R 62 59 51 3 8
18 R 66 63 53 3 10
19 R 65 61 52 4 9
20 R 71 64 55 7 9
21 R 64 61 51 3 10
22 R 61 58 49 3 9
23 R 64 61 52 3 9
MEAN 63.0 59.3 4938 37 9.6
SD 4.0 34 33 1.1 0.9

Data are presented for each healthy volunteer separately, including all 23
volunteers and 33 examined eyes. Means + SD are also presented. R
indicates right eye; L, left eye; ICA edge, identified depth of the internal
carotid artery edge from the closed eyelid; I0A, selected depth of the
intracranial segment of the ophthalmic artery from the closed eyelid;
EOA, selected depth of the extracranial segments of the ophthalmic
artery from the closed eyelid; ICA edge-IOA, distance between the
identified internal carotid artery edge and the selected intracranial
segment of the ophthalmic artery; I0A-EOA, distance between the
selected intracranial and extracranial segments of the ophthalmic
artery.

ence between the selected mean depth of the I0A
segment for HTG patients [59.2 mm (SD = 3.5 mm)]
and HVs [59.3 mm (3.4 mm)] was not statistically
significant (p = 0.91). The difference between the
selected mean depth of the EOA segment for HTG
patients [48.5 mm (SD = 3.8 mm)] and HVs [49.8 mm
(SD = 33 mm)] was not statistically significant
(p = 0.14).

Distribution graphs of identified depths of the edge
of the ICA as well as the selected depth of IOA and EOA
segments for graphical assessment are presented in
Figure 2 (data collected on both groups are included).
Distribution graphs of the calculated distances between
the identified segments are presented in Figure 3 (data
collected on both groups are included).

Alpha and beta angles of the UT on the closed
eyelid were measured (Figure 1(b,c)) on 13 healthy
volunteers (10 right eyes and three left eyes).
Considering the workload in the eye clinic, we
decided not to measure the alpha and beta angles
of the UT on glaucoma patients. The results are pre-
sented in Table 3. The mean angle alpha in the case of
the selected I0A segment simultaneously with EOA
was 62.3° (SD = 4.8°). The mean angle alpha in the
case of the identified edge of the ICA was 68.7°
(SD = 21.0°); however, the difference was not statisti-
cally significant (p = 0.30). The mean angle beta in the
case of the identified I0A segment simultaneously
with EOA was 90.3° (SD = 4.3°; it was 99.4°
(SD = 6.3°) for the identified ICA edge. The difference
was statistically significant (p = 0.0002).

The relative UT positions on the closed eyelid in
the case of the identified ICA edge and IOA segment
selected simultaneously with the EOA were registered
on 33 glaucomatous eyes and 33 healthy eyes. Using
the average adult human orbit geometry, we esti-
mated that the UT surface in all the cases of
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Figure 2. Distribution graphs of (a) identified depths of the internal carotid artery (ICA) edge (b) depths of the intracranial
segment of the ophthalmic artery (IOA) selected simultaneously with the extracranial segment of the ophthalmic artery (EOA).
Data collected on 25 high tension glaucoma patients (14 right eyes and 19 left eyes) and 23 healthy volunteers (20 right eyes

and 13 left eyes) are included.
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Figure 3. Distribution graphs of (a) distances between the identified edge of the internal carotid artery (ICA) and the selected
depth of the intracranial segment of the ophthalmic artery (I0A) (ICA-IOA) (b) distances between the selected depth of the I0A
and the extracranial segment of the ophthalmic artery (EOA) (IOA-EOA). Data collected on 25 high tension glaucoma patients
(14 right eyes and 19 left eyes) and 23 healthy volunteers (20 right eyes and 13 left eyes) are included.

Table 3. Angles of the ultrasonic transducer on the closed
eyelid in the case of the identified edge of the ICA and I0A
segment selected simultaneously with the EOA in healthy
volunteers.

I0A and EOA ICA edge
No. of healthy volunteers  Eye  Alpha,° Beta,° Alpha,° Beta’
1 R 59.0 89.0 68.5 96.5
2 L 59.5 92.8 54.0 105.5
3 L 64.0 88.5 50.5 102.0
4 R 69.0 85.5 50.0 93.5
5 L 67.5 88.0 27.7 93.0
6 R 68.5 91.0 55.0 104.0
7 R 57.0 90.0 94.0 102.0
8 R 63.5 100 98.0 108.0
9 R 66.0 85.0 71.5 107.5
10 R 62.5 91.0 98.0 99.5
11 R 60.0 97.5 74.0 88.0
12 R 61.0 90.5 74.5 93.0
13 R 52.5 85.0 77.5 103.0
MEAN 62.3 90.3 68.7 99.4
SD 4.8 43 21.0 6.3

Data are presented for each healthy volunteer separately, including all
13 volunteers and 13 examined eyes. Means + SD are also pre-
sented. R indicates the right eye; L, left eye; ICA edge, identified
depth of the internal carotid artery edge from the closed eyelid;
IOA, selected depth of the intracranial segment of the ophthalmic
artery from the closed eyelid; EOA, selected depth of extracranial
segments of the ophthalmic artery from the closed eyelid; alpha,
angle between the longitudinal axis of the ultrasonic transducer and
the frontal axis of a human head; beta, angle between the long-
itudinal axis of the ultrasonic transducer and the vertical axis of a
human head.

simultaneously selected IOA and EOA segments falls
into a window of 26 mm in width and 20 mm in
height (Figure 4(a)). The UT surface in all the cases
of the identified ICA edge falls into a window of
28 mm in width and 22 mm in height (Figure 4(b)).

4. Discussion

The distances of the identified arteries are measured
from the external surface of the closed eyelid via

established TCD measurement methodology in clini-
cal practice. However, in some cases, e.g. high tension
glaucoma, the internal structures of the eyeball can
be deformed by high intraocular pressure. Thus, dis-
tances measured from the surface of the closed eyelid
of the identified arteries might be different than in
normal cases. Distances between the ICA edge and
IOA segment as well as distances between IOA and
EOA segments should be selected independently
from the thickness of the closed eyelid and patient-
specific anatomical features of an eyeball and orbit
before non-invasive ICP measurement.

Here, a method to simultaneously locate intracranial
and extracranial segments of the OA beginning with ICA
edge location was tested prospectively. According to
the proposed location method, the depth at which the
OA branches from the ICA should be identified (ICA
edge) in the first place. The edge of the ICA should be
kept as a reference depth, and the intracranial segment
of the OA should be selected 3-5 mm away from the
identified ICA edge. The range of depth of the selected
extracranial segment of the OA should be 8-12 mm
away from the selected IOA depth.

In this prospective study, the edge of the ICA as well
as the I0A and EOA segments were located using a
multi-depth TCD device (Vittamed 205) dedicated to
non-invasive ICP measurements. The probability of
selecting an I0A segment at a distance not more than
5 mm from the identified ICA edge was 74% (49 cases
from 66). Although the IOA segment was not always
selected according to the proposed depth range (3-
5 mm away from the identified ICA edge) for the non-
invasive ICP measurement, the maximum selected dis-
tance was 9 mm, which fits the potential range of the
IOA distance according to anatomical studies 0.5-
9.5 mm [18,20-22]. The probability of selecting an EOA
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b

Figure 4. Relative positions of the ultrasonic transducer (UT) on the closed eyelid in the case of the located (a) intracranial
segment of the ophthalmic artery simultaneously selected with the extracranial segment of the ophthalmic artery and (b) edge
of the internal carotid artery. The width and height of the window within which the UT surface falls are indicated in millimetres.

segment according to the proposed depth range
8-12 mm from the selected IOA segment was 92% (61
cases from 66). However, the OA segment selected at a
distance more than 12 mm from the selected I0A is in
the range of the extracranial portion of the OA. This can
be confirmed via the TCD spectral pattern. The reasons
for selecting the I0A and EOA segments out of pro-
posed distance range were that it was not possible to
locate blood flow in such a distance range or the signal
was too weak for the non-invasive ICP measurement.

Registered positions of the UT on the closed eyelid
in the case of the identified ICA edge and IOA segment
selected simultaneously with the EOA show that such
positions are individual to each subject. This makes
difficulties for the operator who manually locates OA
segments for the non-invasive measurement of ICP.

However, the probability of finding the ICA edge
and I0A simultaneously with the EOA for non-invasive
ICP measurement is high by using the window of
location areas defined in this study.

The results of this study reveal a statistically signifi-
cant difference in the measured UT angles in the case of
the identified ICA edge and IOA segment selected simul-
taneously with the EOA. We suggest that the operator
who measures the ICP using this technique should
expect to locate OA segments using different angles of
UT compared with the case of the located ICA edge.

There are several limitations of our study. First, the
investigation was conducted on only a limited number
of adult subjects; therefore, the same ICA, IOA, and EOA
segment location study might produce different results
in children. Only Caucasian subjects were examined in
both groups; therefore, we cannot assume that same
results would be obtained in other races.

Additional medical imaging techniques such as
magnetic resonance imaging (MRI) have not been
used to support findings of multi-depth TCD. MRI
can be used to identify abnormal anatomical struc-
tures around the ICA and OA, which can influence the
accuracy of the location. Further studies that use MRI
as an additional imaging technique are necessary to
improve the accuracy and precision of identifying I0A
and EOA segments.

This prospective study offers guidance for locating
intracranial and extracranial segments of the ophthal-
mic artery to perform a reliable and non-invasive
measurement of the intracranial pressure, which is
important for the diagnosis and/or treatment of
glaucoma.

5. Conclusions

We demonstrated that the location of the intracranial
and extracranial segments of the ophthalmic artery
can be achieved by identifying the edge of the inter-
nal carotid artery and by using that depth as a refer-
ence point for the reliable selection of I0OA and EOA
segments to non-invasively measure intracranial pres-
sure absolute values.
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