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Abstract We studied the ethmoidal arteries using preex-
isting computer tomography of the paranasal sinuses (CT
PNS) and statistically scrutinized data obtained between
genders. A descriptive study from 77 CT PNS dated Jan-
uary 2016-December 2016 were collected and reviewed by
two radiologists. A total of 54 (108 sides) CT PNS were
studied of patients aged 18—77 years. 37 are male, 17 are
female; with Bumiputera Sarawak predominance of 25
patients, 12 Malays, 16 Chinese and one Indian. Rate of
identification are as follows: anterior ethmoidal artery
(AEA)-100%, middle ethmoidal artery (MEA)-30%, pos-
terior ethmoidal artery (PEA)-86%. The average distance
from AEA-MEA is 8.1 &£ 1.52 mm, MEA-PEA is
5.5 £ 1.29 mm and AEA-PEA is 12.9 £ 1.27 mm. The
mean distance from PEA-the anterior wall of sphenoid is
7.7 £ 3.96 mm, and PEA-optic canal is 8.5 &= 3.1 mm
with no statistical difference when compared between
gender. AEA frequently presented with a long mesentery
57.4%, while 87.1% of PEA was hidden in a bony canal.
The vertical distance of the AEA-skull base ranges from 0
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to 12.5 mm whilst PEA-skull base is 0—4.7 mm. There is
no statistical difference in distances of AEA, MEA nor
PEA to skull base when analyzed between genders;
t(82) = 1.663, p > 0.05, t(32) =0.403, p>0.05 and
t(75) = 1.333, p > 0.05 respectively. We newly discov-
ered, that 50% of MEA is hidden in a bony canal, and its
distance to skull base ranged 0-5.3 mm. MEA and PEA
less commonly have a short or long mesentery. Knowledge
on the ethmoidal arteries especially in our unstudied pop-
ulation of diverse ethnicity, gains to assist surgeons
worldwide, when embarking in endoscopic transnasal
surgeries.

Keywords Computer tomography - Paranasal sinuses -
Ethmoidal arteries

Introduction

Caldwell [1] first described radiology of the paranasal
sinuses (PNS) in the 1900s. Since then, CT PNS (Computer
tomography of paranasal sinuses) has aided clinicians and
surgeons alike in establishing diagnosis and treatment. The
ethmoidal arteries which arise from the ophthalmic arter-
ies, are important anatomical landmarks in endoscopic
transnasal surgeries to critical structures such as the optic
nerve and skull base [2]. However, the middle ethmoidal
artery (MEA) has not been well studied. We set out to
study the ethmoidal arteries amongst our multi-diverse
ethnic population, attempting to identify any differences
from Caucasian data. We also analyzed the data, to see if
any differences existed when comparing a male to a female
patient. We aim to correlate radiological features to assist
surgeons, when planning for endoscopic transnasal surg-
eries and ultimately reduce perioperative complications.
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Methodology
Study Design and Method

Approval from Malaysia Research Ethics Committee
(MREC) was obtained and the study registered with
NMRR Research ID 32016.

A retrospective descriptive study of CT PNS of patients
from January 2016-December 2016 were collected and
analyzed. CT films were traced manually and loaded into
Osirix system. The CT films were done using SOMA-
TOTOM Sensation Cardiac 64 (Siemens) with a collimator
of 0.75 mm, 120 kV, mAS 100-150 and FOV 123 mm.
Subject inclusion criteria are well formed paranasal sinu-
ses, no history of previous sinus surgery and age above
18 years at the time the imaging was done. Films with
previous history of facial trauma, incomplete or inadequate
quality films, underdeveloped paranasal sinuses and
extensive sinusitis, were excluded from the study for more
accurate data collection. The films were reconstructed into
2D Orthogonal image and reviewed by two qualified
radiologists separately. Where discrepancies occurred, the
two radiologists would again review the films, to come to
an agreement.

Radiologic Parameters

Samples were analyzed for presence of anterior ethmoidal
artery (AEA), posterior ethmoidal artery (PEA) followed
by middle ethmoidal artery (MEA) using axial scans, then
confirmed with sagittal and coronal view (Fig. 1). Once
identified, the distances between the arteries and their
distances to skull base were measured on a sagittal plane.

The distance of PEA to anterior wall of sphenoid and optic
canal were measured in a tangential plane, using sagittal
view (Fig. 2). The presentation of the arteries whether in a
bony canal, a short mesentery or long mesentery were
documented and their vertical distance to skull base were
measured where possible (Fig. 3). The presentation of
artery in a bony canal is defined as running through the
skull base bone, a short mesentery is taken as vertical
distance less than 1 mm to skull base, where as a long
mesentery is calculated as more than 1 mm distance to
skull base [2].

Data and Statistical Analysis

Statistical analyses were performed using Statistical
Package for the Social Sciences (SPSS) software (Version
22) using descriptive statistics. T-test was used to identify
any significant differences in distances between AEA to
PEA, PEA to anterior wall of sphenoid, PEA to optic canal
amongst males versus females. T-test was also used to
examine the distances of ethmoidal arteries to skull base,
when compared between genders. A p value of less than
0.05, is taken as statistically significant.

Results

A sum of 54 patients totaling 108 samples, consisting of 37
males and 17 females aged between 18 and 77 years old
were studied. The majority are Bumiputera Sarawak 25
subjects, 12 Malays, 16 Chinese and one Indian. The AEA
was identified in 100% of all sides, MEA found in 30% and
the PEA was seen in 86% of all scans.

Fig. 1 a Axial view CT PNS showing all three ethmoidal arteries. b Sagittal view CT PNS demonstrating AEA, MEA and PEA
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Fig. 2 a Sagittal view CT PNS demonstrating distance of PEA to
anterior wall of sphenoid sinus. b Distance PEA to optic canal,
calculated using sagittal view CT PNS

The range of distances from AEA to MEA is
4.4-11.2 mm, MEA to PEA 3.3-8.8 mm, with a mean
distance of AEA to PEA measuring 7.7-17.9 mm, PEA to
anterior wall of sphenoid 0-18.7 mm and PEA to optic
canal 1-19 mm. The average distance from AEA to MEA

is 8.1 & 1.52 mm, MEA to PEA is 5.5 &+ 1.29 mm and
AEA to PEA is 12.9 £ 1.27 mm. The mean distance from
PEA to the anterior wall of sphenoid is 7.7 & 3.96 mm,
and PEA to optic canal is 8.5 £ 3.1 mm.

Using Independent Sample T-test we found, the dis-
tances between AEA to PEA comparing males versus
females have no obvious difference, t(85) = 1.415,
p > 0.05. There was no statistical difference between the
distance of PEA to anterior wall of sphenoid, nor the dis-
tance of PEA to optic canal when analyzed between males
and females, t(84) = 1.837, p > 0.05 and t(84) = 0.259,
p > 0.05 respectively. Distances of AEA, MEA and PEA
to skull base between genders, have no statistical differ-
ence; t(82) = 1.663, p > 0.05, t(32) = 0.403, p > 0.05 and
t(75) = 1.333, p > 0.05 accordingly.

The AEA frequently presented with a long mesentery
57.4%, short mesentery 22.2% and found in a bony canal in
20.4%. The MEA is more commonly seen in a bony canal
50%, had a short mesentery in 38.2% while 11.8% had a
long mesentery. A majority of PEA was hidden in a bony
canal 87.1%, had a short mesentery in 9.7% and long
mesentery in 3.2%. The vertical distance of the AEA to the
skull base ranges from 0 to 12.5 mm, MEA to the skull
base is 0-5.3 mm, whilst PEA to the skull base 0—4.7 mm.

Discussion

Computer Tomography is the gold standard for evaluation
of the paranasal sinuses and are mandatory prior to
embarking on any endoscopic or transnasal sinus surgery
[3]. It is a vital guide in identification of the ethmoidal
arteries, which in turn acts as an anatomical landmark
intraoperatively. In succession, the surgeon is thus able to

Fig. 3 a “Nipple sign” identified on Coronal view of CT PNS (right side), representing AEA. Distance from notch of AEA to skull base
depicted by vertical white line. b Arrow points to PEA in a bony canal (coronal view)
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steer clear of danger zones, and ultimately reduce postop-
erative complications.

We found AEA to be the most consistently identifiable
artery, which is seen in all 108 images studied. Vatanasapt
et al. and Ferrari et al. also reported a 100% rate of AEA
detection on CT scan [4, 5]. Other authors recorded a
92-95% rate of AEA identification (Table 1) [4-7]. We
demarcated MEA in 31% of all images. Similarly, MEA
was reported at a frequency of 28.6-36% in other studies
(Table 1) [4, 8]. We detected PEA in 81% of our images.
Other studies, showed a wide range from 35 to 100%
identification of PEA in CT scan (Table 1) [4-7].

The average distance of AEA to MEA is
8.1 £ 1.52 mm and MEA to PEA is 5.5 £ 1.29 mm.
Mason et al. [8] reported the mean distance from AEA to
MEA and MEA to PEA are both 11.3 mm (Table 2). We
postulate, there may be a difference in anatomy comparing
Asian (Malaysian) versus Caucasian population, or perhaps
a difference in methodology in obtaining these measure-
ments. However, we found the average distance from AEA
to PEA to be 12.9 & 1.27 mm, which correlates with
several other studies done in Spanish, Turkish and Thailand
population whose results ranged from 11.24 to 13.7 mm
(Table 2) [4, 6, 7]. The mean distance from PEA to the
anterior wall of sphenoid is 7.7 & 3.96 mm. Han et al. [7]
reported almost similar findings of 8.1 mm, but Vatanasapt
et al. [4] had inconsistent readings ranging 0—18 mm. The
average distance from PEA to optic canal is 8.5 & 3.1 mm.
Other authors reported distances ranging from 6.4 to
8.5 mm (Table 2) [4, 6, 7].

Previous texts describe three variations of presentation
of AEA [2, 10]. In our study, the majority of AEA 57.4%
had a long mesentery. Ko et al. [2] reported 50.5% of AEA
having a long mesentery, 33.7% with a short mesentery and
remaining 16% hidden in a bony canal. Contrary to this,
Basak et al. [11] and Moon et al. [12] reported the majority
of AEA 57% and 90% respectively, was hidden in a bony
canal. When AEA is exposed as a long mesentery, it puts it
at higher risk to be injured during drilling of the skull base.
Accidental injuries of the lamella of the cribiform plate and
the AEA are the main potential risks during endoscopic
surgery, and may cause disastrous consequences [13, 14].

In our series, 50% of MEA is hidden in a bony canal. A
short mesentery is seen in 38.2% of MEA while the
remaining 11.8% has a long mesentery. Takahashi et al.
reported an accessory ethmoidal foramina in 33.3% of their
study subjects [15], while Mason et al. demonstrated 26%
MEA in their series [8]. In these papers, the existence of
MEA has been inferred by the presence of a bony foramina
[8, 15]. We identified PEA predominantly in a bony canal
87.1%, while 9.7% had a short mesentery and 3.2% with a
long mesentery. This raises a point of interest, as to the
authors knowledge, no study has mentioned the possibility
of MEA nor PEA presenting with a short or long mesen-
tery. In terms of endoscopic transnasal surgery, the longer
the mesentery, the more prone it is, for the artery to be
injured. Once injured, it may retract deep into its bony
foramina, making it difficult to achieve hemostasis. When
hidden in a bony canal, this gives the surgeon some
direction, to know that a sufficient amount of drilling is
required before reaching the artery.

The vertical distance of the AEA to the skull base ranges
from 0 to 12.5 mm. Ko et al. [2] reported the mean distance
of AEA to skull base is 0-22.6 mm. We found the distance
from MEA to skull base ranged from O to 5.3 mm, whilst
PEA to the skull base is 0—4.7 mm. We discovered that, the
anatomy between men and women was not affected, when
comparing distances of ethmoidal arteries to essential
structures such as the optic canal and skull base.

Radiological Perspective

We found the ethmoidal arteries more easily identifiable on
the axial view. This coincides with findings by Cankal in
2004 where he reported 92% identification of AEA on axial
scans, versus 84% identification on coronal scans from the
same sample pool [6]. In 2006, Takahashi concluded that
thin-section axial images using multidetector row CT are
useful in identification of AEA, whilst coronal multiplanar
reconstruction images at a section of 1 mm depicted AEA
[15]. Ko et al. clearly demarcated 140 images of AEA out
of 157 samples using the coronal view, versus 119 identi-
fied on a sagittal plane [2]. However, a study by Souza
et al. in 2009, purely employed the use of coronal CT scans

Table 1 Frequency (%) of ethmoidal arteries identified in previous studies [Refs. 4-8]

Percentage (%) Cankal et al. [6] Canovas et al. [7]

Vatanasapt et al. [4] Mason et al. [8] Ferrari et al. [5]

Variable

AEA 92 95 100 N/A 100
MEA N/A N/A 36 38 28.6
PEA 92 35 100 N/A 100
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Table 2 Distances of ethmoidal arteries in relation to each other, anterior sphenoid wall and optic canal in other studies [Refs. 4, 6-9]

Distance Cankal et al. [6] Canovas et al. [7] Vatanasapt et al. [4] Mason et al. [8]
AEA-MEA - - - 11.31
MEA-PEA — — - 11.31
AEA-PEA 13.7 11.24 13.5 -

Distance Cankal et al. [6] Canovas et al. [7] Vatanasapt et al. [4] Han et al. [9]
PEA-anterior wall of sphenoid - - 0-18 8.1
PEA-optic canal 8.5 7.26 6.4

for identification of AEA [16]. Mason et al. also felt
coronal cuts to be most conducive in identifying the middle
ethmoidal foramina [8].

The sagittal plane, secondarily aided with an axial view,
is best used for any form of measurements (distances of the
arteries from each other and from important structures).
This is supported by studies done by Canovas et al [7].

In addition, we gained the assistance of two certified and
qualified radiologists in this study, to test the repro-
ducibility of the methodology of our study. We found
consistent results between the two experts. This ensures
that our results are more reliable, and allows reduced
biasness in data collection.

Conclusion

Detailed Computer tomographic study of the ethmoidal
arteries aid surgeons in endoscopic nasal and skull base
surgeries, by assisting in planning the approach of surgery,
avoid complications from injury to neurovascular and other
important structures, as well as serve as important
anatomical landmarks to the skull base, anterior wall of
sphenoid and optic canal. The axial cut is the best view for
identification of all three ethmoidal arteries, while the
sagittal plane allows measurement of distances to impor-
tant structures. There exists a tertiary (Middle Ethmoidal
Artery) in one third of subjects, predominantly found in a
bony canal (50%), which puts it at lower risk of injury,
during endoscopic transnasal surgery. The MEA and PEA
to a lesser extent, presents with a short or long mesentery.
Our results differ from the Caucasian data. We infer that
the anatomy of Caucasians may differ from Asians, or the
technique used for acquiring data may be different. It is
good, for the operating surgeon to bear in mind this
anatomical difference, when dealing with a patient from a
different country. Comparison of distances of all three
ethmoidal arteries to the skull base between genders,
yielded no difference. There is also no significant
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difference in distances between arteries, PEA to anterior
wall of sphenoid nor PEA to optic canal when comparing
men to women. This leads us to conclude that operating in
a female or male patient is the same, in terms of distances
to important structures. An indepth knowledge of the eth-
moidal arterial system in the nasal cavity, allows preven-
tion of unwanted complications and is clinically relevant.
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