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Abstract
Background: Severe epistaxis is one of the most common emergencies in rhinology practices. The commonly used
endoscopic cauterization of the sphenopalatine artery (SPA), alone or with the anterior ethmoidal artery (AEA), has a
high success rate for controlling severe epistaxis. The current study was conducted to evaluate the endoscopic
intra-operative variations of SPA between epistaxis and non-epistaxis cases. Forty consecutive patients who
underwent exploration of SPA were included in the study. They were distributed into two groups depending upon
the indication of SPA exploration; the epistaxis group (group A, n=25 patients, n=26 sides) and the non-epistaxis
group (group B, n=15 patients, n=25 sides). Criteria of the main SPA in the two groups were compared regarding
four parameters; arterial diameter, arterial adherence to the mucosa of the lower part of the basal lamella,
sphenopalatine nerve bundle, and crista ethmoidalis erosion.
Results: A significant difference was found regarding the diameter of SPA between the two groups; a mean
diameter of 4.2±0.64 mm was compared to 3.2±0.35 mm for group A and B, respectively (p=0.043). Moreover, a
highly significant tendency was observed regarding the arterial adherence to the mucosa of the lower part of the
basal lamella and sphenopalatine nerve bundle in the epistaxis group; (p≤0.01).
Conclusion: These data clearly signify the importance of intraoperative identification of SPA criteria during surgical
management of severe epistaxis. These criteria may help in altering the surgical decision between solely SPA and
concomitant SPA/AEA cauterization.
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Background
The existence of a consensus protocol in the staggered
application of surgical treatments of severe epistaxis, aiming at the correct intraoperative identification of the
bleeding point, is of vital importance. The lack of a universal management protocol and the difficulty to identify the
bleeding source, in most cases of severe epistaxis [1, 2],
have given rise to many surgical paradigms targeting the
empirical ligation and/or cauterization of main feeding
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blood vessels of the nasal mucosa. The selected surgical
paradigm depends mainly upon the surgeon’s own experience and his/her expectation for the source of bleeding.
Like any surgical procedure, there is a learning curve
in order to consistently perform safe and efficient surgery. The management paradigms of severe epistaxis
have evolved from enormous measures to more concise
and less invasive procedures [3]. Recently, the endoscopic ligation and/or cauterization of SPA and its
terminal branches has been the commonly used surgical
procedure for controlling severe epistaxis. A concomitant endoscopic SPA/AEA ligation and/or cauterization
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may be considered if the source of bleeding could not be
identified pre-operatively [4–6].
With anatomical variations of the arteries supplying
the nasal cavity, particularly the main SPA and its
terminal branches [7, 8], the likelihood of recurrent
epistaxis is ever so often present [5, 9, 10]. The risk
of recurrent epistaxis has been always associated with
the preoperative localization of bleeding source, surgeon’s experience, intraoperative visualization, and
presence of anatomical variations [11]. In surgery, the
key for the efficient control of severe epistaxis is the
accurate identification of bleeding source that is similarly necessary for selecting the appropriate management procedure [5, 6, 12–14].
No previous studies had focused on a thorough
analysis of SPA variations in the surgical trajectory
between epistaxis and non-epistaxis cases. Therefore,
we have conducted this work to evaluate the intraoperative variations of SPA between epistaxis and nonepistaxis cases while taking into account the endoscopic perspective. This information can be of great
help in the operative training and can also provide a
base for future studies to help the intraoperative confirmation of bleeding source in an attempt to refine
the paradigm of surgical management of severe
epistaxis.

Methods
Study design

We have conducted a comparative evaluation of SPA
variations during surgical exploration of the artery in the
operative theater at our institution. The study included
40 consecutive patients who underwent exploration with
or without cauterization of SPA between January 2018
and November 2019. They were distributed into two
groups depending upon the indication of SPA exploration. The first group (group A); epistaxis group (n=25),
in which all patients underwent endoscopic exploration
and cauterization of SPA for controlling severe refractory epistaxis (unilateral; n=24 and bilateral; n=1; total
nasal sides; n=26). The second group (group B); nonepistaxis group (n=15), in which all patients underwent
exploration of SPA as a part of another surgical procedure; bilateral posterior nasal neurectomy for refractory
nasal allergy (n=10), unilateral medial maxillectomy for
inverted papilloma (the tumor was arising from the lateral nasal wall away from the region of SPA in all cases,
n=4), and unilateral trans-pterygoidal approach for repair of spontaneous CSF leak from lateral recess sphenoid sinus (n=1); (total nasal sides; n=25). The study was
approved by the Committee for Medical Research Ethics.
All patients signed a written consent prior to being included in the study.
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Exclusion criteria were the patients aged < 18 years,
patients on blood pressure medications, history of previous sinonasal surgery, and patients with coagulopathy.
Surgical procedure

All cases from both groups underwent surgical exploration with or without cauterization of the SPA under
general anesthesia. We proposed the delineation of a
target area on the lateral nasal wall for identification of
the SPA instead of depending upon fixed landmarks that
may be variable or even absent. The proposed area is
located between the posterior medial maxillary wall;
superiorly, the posterior end of the middle turbinate;
inferiorly, the junction between the lower part of the
basal lamella and perpendicular plate of palatine bone;
posteriorly and the superior border of the inferior turbinate; anteriorly (Fig. 1).
A vertical incision was made on the mucosa of the
perpendicular plate of the palatine bone; 8–10 mm from
the posterior end of the middle turbinate, starting from
under the basal lamella of the middle turbinate and continued along, not beyond, the superior border of the inferior turbinate. A freer elevator was used to dissect the
mucoperiosteum from the perpendicular plate of palatine bone starting anteriorly just above the inferior turbinate and continued posteriorly till the exposure of the
sphenopalatine foramen with the sphenopalatine neurovascular pedicle exiting the foramen. The crista ethmoidalis of the palatine bone can be seen directly anterior to
the sphenopalatine foramen, and it was completely
removed using a 2-mm Kerrison rongeur for greater
exposure of the main arterial trunk. The dissection was
continued far posteriorly till the anterior wall of the
sphenoid sinus to be sure of not missing any other
accessory arterial branches; particularly in the epistaxis
group.
In the epistaxis group, once it was clearly exposed, a
bipolar electrocautery was placed on the main artery for
its cauterization with subsequent cauterization of its two
major branches; the posterior lateral and posterior septal
arteries plus the accessory arterial branches, if present.
In the non-epistaxis group, the main SPA was explored,
then the sphenopalatine nerve bundle was separated and
cut from the vascular pedicle, bilaterally, without
cauterization of SPA, in all cases of posterior nasal neurectomy. The main SPA was explored and cauterized in
the other cases of medial maxillectomy and transpterygoidal approach to the lateral recess of sphenoid
sinus.
Analysis of SPA criteria

Data collected from both groups was analyzed regarding
4 criteria of the main SPA that were defined in a preoperative survey. The diameter of the main arterial trunk
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Fig. 1 Picture of a left nasal cavity showing details of the target area on the lateral nasal wall for identification of SPA. In the superior border, the
posterior medial maxillary wall. The posterior end of the middle turbinate (*) is the inferior border. The junction between the basal lamella and
perpendicular plate of palatine bone is the posterior border. In the anterior border, the superior edge of the inferior turbinate. BL basal lamella,
SPA sphenopalatine artery, PPP perpendicular plate of the palatine bone, IT inferior turbinate, MS maxillary sinus

was measured at a midpoint between the foramen and
mucosal arterial ends and was taken on a millimetric
scale prior to arterial cauterization. The adherence of
the main artery to the mucosa of the lower part of the
basal lamella of the middle turbinate and the sphenopalatine nerve bundle was tested using a small blunt dissector. Erosion of Crista ethmoidalis of the palatine
bone was evaluated in all cases. All measurements were
carried out intraoperatively.
Statistical analysis

Statistical analyses were performed using IBM SPSS
22.0. A comparative statistical analysis of all variables
was carried out using Student’s t test and Fisher’s exact
test. The level of significance was set at p < 0.05 for both
tests.
Table 1 Group details
Groups
A

B

Gender (male to female)

(13:12)

(11:9)

Age (years), mean ± SD

34.4 ± 1.1

33.7 ± 1.03

Laterality (right to left), n

(14:9)

(1:4)

Bilateral, n

2

10

Total of nasal sides, n (%)

27 (51.9%)

25 (48.1%)

Single SPA (nasal sides), n

22

23

Accessory SPA (nasal sides), n

5

2

SD standard deviation, SPA sphenopalatine artery

Results
The results obtained from both groups are summarized
in (Table 1). A total of 47% of patients were females and
53% males, aged between 19 and 58 years (a mean of
34.1 years). In group A, SPA was explored and cauterized unilaterally in 24 cases and bilaterally in 1 case;
(total n= 26 sides). In group B, SPA was explored bilaterally in the 10 cases of posterior nasal neurectomy,
while it was explored and cauterized on one side in the
remaining 5 cases (total n= 25 sides).
All the intraoperative assessed parameters of all SPAs
are shown in (Table 2). In group A (epistaxis group), the
average diameter of the intermediate portion of the main
arterial trunk was 4.2±0.64 mm, ranging between 3 and
6 mm (Fig. 2a, b). In group B (non-epistaxis group), the
average diameter of the intermediate portion of the main
arterial trunk was 3.2±0.35 mm, ranging between 2.5
Table 2 Intraoperative differences between groups
Variable

Groups
A

Mean arterial diameter ± SD (mm)

B

P
value

4.24 ± 0.64 3.18 ± 0.35 0.043

Adherence to mucosa of basal lamella 24 (88.9%)

1 (4%)

< 0.01

Adherence to SP nerve bundle

21 (77.8%)

5 (20%)

< 0.01

Crista ethmoidalis erosion

14 (51.9%)

7 (28%)

0.097

Total of nasal sides

27 (51.9%)

25 (48.1%)

*Bold values are significant
SP sphenopalatine
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Fig. 2 a–d Intraoperative measurement variations of SPA diameter between 2 groups. a, b 2 cases from group A; 4.5-mm and 5-mm diameter,
respectively. c, d 2 cases from group B; 3-mm diameter for both

and 3.5 mm (Fig. 2c, d). By comparing arterial diameter
between both groups, in the epistaxis group (A), the
mean SPA diameter was found to be statistically significantly larger than in the non-epistaxis group (B) (4.2
mm vs 3.2 mm; p = 0.043).
A tendency was observed regarding the arterial adherence to the mucosa of the lower part of the basal
lamella and the sphenopalatine nerve bundle in the
epistaxis group with a high significant difference for
both variables (p≤0.01 for both). The main SPA was
found inseparable from the mucosa of the lower part
of the basal lamella and amalgamated with the sphenopalatine nerve bundle, in 89% and 78%, respectively, of all explored nasal sides, in group A, while it
was clearly separable from both, in 96% and 80%,
respectively, in group B (Fig. 3a–f). The incidence of
crista ethmoidalis erosion was also higher in the epistaxis group (Fig. 4a–d), but without statistical significance (52% vs 28%; p=0.097).
In the epistaxis group, a mean of 6 months follow-up
showed a successful control of severe epistaxis except in
3 cases. A retrospective review of medical records has
identified 3 nasal sides with a main arterial trunk diameter less than the measured mean diameter of this group.
In correlation with operative data, these were as follows:
2 sides with 3.5 mm diameter and 3 mm for the one
side. Moreover, the adherence of the main SPA with the
mucosa of the lower part of the basal lamella and sphenopalatine nerve bundle was missed in the 3 nasal sides.

The 3 patients of recurrent epistaxis were readmitted for
endoscopic exploration of the sphenopalatine region. No
missed arterial trunks were recorded in any case. This
was followed by an endoscopic exploration of the region
of AEA, and a bipolar diathermy was used to cauterize
the vessel with subsequent control of epistaxis.

Discussion
Despite progress in the endoscopic techniques and training for surgical management of severe epistaxis, both
failure to control epistaxis and recurrences continue to
occur. A retrospective audit was performed in 2002 over
a 2-year period to examine the efficacy of endoscopic
SPA ligation and/or cauterization, and the failure rate
was 33% [15]. In 2014, a systematic review has shown a
failure rate ranging between 3% and 8%. In the latter review, failure rates were inferred due to that it was part
of a learning curve, the often-indeterminate site of epistaxis despite endoscopic examination and the variable
branching pattern of the SPA [4].
In the same systematic review, the endoscopic ligation
and/or cauterization of AEA was described as a common
cause of controlling recurrent epistaxis when it was performed either concomitantly with or after SPA
cauterization [4]. This observation was again highlighted
in similar studies over the past years [1, 12, 16]. These
data clearly signify that the efficient identification of
bleeding source during surgical management of severe
epistaxis remains challenging in certain cases and
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Fig. 3 a–f Intraoperative endoscopic pictures from both groups showing the variable relationship of SPA with the mucosa of the lower part of
basal lamella (black star) and sphenopalatine nerve bundle (black arrow); it was separable from the main arterial trunk in the non-epistaxis group
(a–c) and amalgamated, inseparable in epistaxis group (d–f)

Fig. 4 a–d Endoscopic view of Crista ethmoidalis (black star); it was partially eroded in 2 cases from epistaxis group (a, b) and intact in 2 cases
from the non-epistaxis group (c, d)
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probably for some surgeons. However, it has been still a
subject of great controversy, whether to control AEA
concomitantly with SPA cauterization [4, 16] or to keep
it for recurrent cases [15–19] and which of these procedures will be responsible for the successful control of
epistaxis [12].
In our study, when comparing the intraoperative characters of SPA in the current 2 study groups, some points
should be highlighted. In the epistaxis group, the mean
SPA diameter was found to be statistically significantly
larger than in the non-epistaxis group (B) (4.2 mm vs
3.2 mm; p = 0.043). It should be also noted that many
previous studies reported a smaller arterial diameter
range of 1.5–2.4 mm [8, 20–23]. However, the thorough
analysis of SPA variations in such studies was performed
postmortem in cadavers.
In this comparative work, the incidence of arterial
adherence with the mucosa of the lower part of the
basal lamella and the sphenopalatine nerve bundle
was higher in the epistaxis group (89% and 78%, respectively) when compared with the non-epistaxis
group (4% and 20%, respectively). Our explanation for
this finding that recurrent attacks of bleeding may
lead to minor arterial surface inflammations causing
arterial adherence to the surrounding mucosal and
nerve structures. Since the preoperative duration of
epistaxis may be potentially influenced the erosion
rate of crista ethmoidalis and such erosion could be
just an anatomical variant due to the vessel location,
we had to acknowledge the limitation of using the incidence of crista ethmoidalis erosion as a definite sign
for the source of epistaxis.
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It is worth mentioning that, in the current study,
the failure rate of the endoscopic cauterization of
SPA was (11.1%, n= 3). Interestingly, all failures
showed a smaller diameter of the main arterial trunk
less than the mean diameter of the epistaxis group
(4.2±0.64 mm) and also lacked adherence with the
mucosa of the lower part of the basal lamella and
sphenopalatine nerve bundle. All three failures required AEA exploration and cauterization with subsequent control of epistaxis, and this means that in
those 3 cases, the cause of failure was that the AEA
was the source of bleeding in these cases. It was
noted in several previous studies that improved control of severe epistaxis occurred when combining
SPA/AEA cauterization, and it would reduce the
number of theater returns [1, 4, 5, 16, 24]. The authors suggest that it may be prudent to control the
AEA with the SPA in cases lacking two or more of
the following arterial criteria (arterial diameter ≤ 4,
adherence to the mucosa of the lower part of the
basal lamella, adherence to the mucosa of sphenopalatine nerve bundle).
The SPA variations presented in the current study are
not meant to ask the surgeon to take measurements intraoperatively, but instead to improve surgeons’ awareness of the intraoperative identification of the SPA
criteria and to give him or her an estimate about when
to perform a sole cauterization of SPA and when it
should be combined with AEA cauterization for surgical
management of severe epistaxis. This is clearly
highlighted in our flow diagram for surgical management of severe epistaxis (Fig. 5).

Fig. 5 Flow diagram for surgical management of severe epistaxis. SPA sphenopalatine artery, BL basal lamella, CE crista ethmoidalis, AEA anterior
ethmoidal artery
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Conclusion
It might be helpful to recall the intraoperative active
search for SPA criteria during surgical management of
severe epistaxis. Attention to these criteria may similarly
help surgeons to get a step forward in performing closely
efficient endoscopic control of severe epistaxis. This
information can help in surgical training and may also
assist in defining surgical management scenarios of
severe epistaxis.
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