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Abstract

Background: The sphenopalatine ganglion (SPG) is
a parasympathetic ganglion that's implicated in
multiple primary headache disorders. Current
techniques are inconsistent or require imaging. A
suprazygomatic approach is thought to be safe
and effective. The main objectives are to
determine an accurate depth and needle
angulation to perform SPG blocks safely and
effectively.

respectively.

line in both transverse and coronal Frankfurt planes
create inferior and posterior angulations,

A cadaver dissection is performed to validate the
needle placement utilizing these measurements.
Contrast fluoroscopy is utilized to verify needle
placement in PMF.

Results: The mean length was 24.9 +/- 2.8mm for

males and 23.8 +/- 0.5mm for females. The

Methods: Cranial computerized tomography was
obtained from 40 Caucasians (20 male, 20 female).
For each patient, a line is drawn from the
frontozygomatic angle to the pterygomakxillary
fissure (PMF) to represent length. Intersection of the

difference was statistically significant (p =.019). In
patients younger than 40 years, the mean length
was 24.5 +/- 2.8mm. In patients greater than 40
years, the mean length was 26.1 +/- 3.1mm. The
difference was statistically significant (p = .018).
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Both inferior and posterior angles were not
statistically different between sex or age. Post-
contrast imaging confirmed presence of dye in the
PMF.

Conclusion: While there is a difference in depth
between sex and age groups, it's likely not clinically
significant. A depth of 25mm angulated at 6

degrees inferior and 27 degrees posterior is likely
generalizable. Bony landmark-based,
suprazygomatic SPG blocks via the PMF are
probably feasible, safe with minimal risk and may
be an option in special patient populations and/or
circumstances.

Introduction

The sphenopalatine ganglion (SPG) is the largest,
extracranial, predominately parasympathetic
ganglion 1. It is primarily innervated by the greater
petrosal branch of the facial nerve, a
parasympathetic branch, which originates in the
superior salivary nucleus in the dorsal pons. Post-
ganglionic fibers travel with deep branches of the
trigeminal nerve to the nose, soft palate, tonsils,
uvula, and lacrimal gland. The SPG is located within
the pterygopalatine fossa (PPF), which is an inverted
pyramid- shaped depression deep to the
infratemporal fossa, and accessible through the
pterygomaxillary fissure (PMF) 2. It is located between
the pterygoid process and the maxillary tuberosity
close to the apex of the orbit.

Interventions targeting the SPG, including anesthetic
blocks, have shown to provide benefits in both
cluster headache and migraine 345, There are a
number of approaches to performing the blocks with
the most common method being a fransnasal
approach using pledgets, cue tips, and infranasal
catheters, but these tend to have mixed responses
likely related to anatomical variances in mucosal
thickness in patients ¢ 7. The most consistent and
effective treatment response typically occurs with a
lateral infrazygomatic percutaneous approach with
fluoroscopic or CT guidance 8. Imaging is used due
to the risk of maxillary artery injury. Penetration of the
base of the skull as well as the orbit has the potential
to occur?.

Recent studies have shown that SPG blocks via a
suprazygomatic approach can be safe and
effective with some of these techniques better
described as a pterygopalatine fossa field block 3.8 7.
10, However, the standardization of this fechnique is,
to date, less well defined.

The main objective of this study is to identify a
reproducible, safe and reliable access pathway via
a suprazygomatic approach to target the SPG
located in the PPF.

Methods
Study Sample

The study relied on the retrospective analysis of
previously obtained cranial CTimages from 40
Caucasians of Russian origin; of which there were 10
males and 10 females below the age of 40 and 10
males and 10 females above the age of 40. The
mean age for all patients was 49.7 +/- 20.2 years
[range: 22.0-80.0]. The mean weight for all patients
was 75.6 +/- 14.8 kilograms [range: 54.0-112.0]. The
mean height for all patients was 171.5 +/- 9.9
cenfimeters [range: 150-194]. The CT imaging results
were verified with cadaveric dissections and
fluoroscopic imaging conducted in one male body
donor.

Computed Tomography Study Component

Cranial CT images were acquired from the Research
and Practical Center of Medical Radiology of the
Department of Health Care image database. Scans
were obtained during previous routine cranial CT
examinations. Scans showing cranial fractures or
irregularities of cranial bones were not included in
this analysis. Prior fo entering the image database,
each patient provided informed consent that they
would allow researchers to use their CT scans and
demographic data for scientific purposes in the
future. The ethics committee of the Department of
Health, Moscow, Russia approved the use of these
scans for the purpose of this study (refrospective
analysis of CT scans; protocol number 5).
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CT images were generated by a Toshiba Aquilion 64
scanner (Toshiba Medical Systems Corporation,
Otawara, Tochigi, Japan) utilizing the following
parameters: 220-mm field of view, 0.5-mm slice
thickness, automatically adapt the tube current (40-
500 mA) with SureExp3D (SDis 10 for 5.0mm
thickness), and 120-kV voltage. CT scans were
imported into Syngo.via VB20 (SIEMENS Healtheneers,
Germany), AGFA Enterprise (Agfa Healthcare),
Mimics Innovation Suite software (Materialise NV,
Leuven, Belgium), and OsiriX 8.0 (Pixmeo, Swiss) and
the temporal region was bilaterally analyzed.

First, the injection site and target site were identified:
the frontozygomatic angle and the PMF,
respectively. To measure the length, a straight line
was drawn from the ipsilateral frontozygomatic angle
to the ipsilateral PMF. (Figure 1) This was done
bilaterally to obtain the distance in mm on each
side.

To measure the inferior angle, a straight line was
drawn from the frontozygomatic angle to the PMF
extending in each direction. (Figure 2) A transverse
Frankfurt plane (the anatomical position of the
human skull, based on a plane passing through the
inferior margin of the orbit and the upper margin of
each ear canal or external auditory meatus) was
then added. The angle at which the line intersected
the Frankfurt plane was considered the inferior angle.
In order fo measure the posterior angle, a straight

line was drawn from the frontozygomatic angle to
the PMF extending in each direction. A coronal
Frankfurt plane was then added. (Figure 3) The angle
at which the line intersected the coronal Frankfurt
plane was considered the posterior angle.
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Figure 1: Measurement of length: The blue line
represents the distance from the frontozygomatic angle
to the ptervaomaxillary fissure

Figure 2: Measurement of inferior angle: A line is
extended from the frontozygomatic angle through a
fransverse Frankfurt plane to measure the inferior angle

Figure 3: Measurement of posterior angle: A line is
extended from the frontozygomatic angle through a
horizontal Frankfurt plane to measure the posterior
angle
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Using the current sample population, the mean
angle in all three planes and length was calculated
along with standard deviation and range.

Cadaveric Study Component

The cadaveric study component was approved by
the Mayo Clinic Biospecimens Committee (19-
009344). Infratemporal fossa dissection and injection
simulation were performed in a non-embalmed
latex-injected male body donor.

Dissection Procedure

On the right side of the cadaver, dissection of the
infratemporal fossa was performed with exposure of
the maxillary nerve and artery along with their
respective branches. Branches of the makxillary artery
(sphenopalatine and infraorbital), branches of the
maxillary nerve (infraorbital) and the SPG were
carefully identified. (Figure 4) A simulated injection
was then performed utilizing the above
approximated mean angle and length. (Figure 5, 6A)
The tip of the needle is seen lateral to the PMF in
Figure 5.

On the left side, the suprazygomatic approach was
simulated under fluoroscopic imaging based on the
results obtained from the CT imaging study
component to validate the approach. The head of
the body donor was fixed in a lateral decubitus
position, and an injection was performed utilizing the
previously calculated mean angles and length. A
lateral cranial x-ray was performed to ensure correct
needle placement. The cadaver was then injected
with radiopaque confrast. A lateral cranial x-ray was
obtained to ensure adequate spread into the PMF. A
C-arm Siemens Arcadis x-ray machine was used to
generate these images (Siemens AG, Munich,
Germany) using the following parameters: 1.4 mA-
tfube current and 64-kV voltage.

Statistical Analysis
Direct comparison of groups was performed using a

two-sample t-test. Descriptive statistical analysis was
performed using SPSS 25.0 (IBM Corp., Armonk, NY).

Figure 4: Oblique view of infratemporal fossa and its
contents: frontozygomatic angle (A), inferior orbital
nerve (B), inferior orbital artery (C), maxillary (V2) nerve
(D), sphenopalatine ganglion (E), and maxillary artery

(F)

Figure 5: Oblique view of infratemporal fossa post
needle placement: The tip the needle is represented by
(A) and area of pterygomaxillary fissure (dashed yellow
circle). The needle is shown to fraverse the
frontozygomatic angle posteriorly at approximately a
25-30 degree angle
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Figure 6: (A) Lateral view of the cadaver showing the needle driven inferiorly at approximately a 5-degree angle.
(B) Lateral view x-ray demonstrating the inferior angle of the needle pre-contrast injection

Results

In both males and females, there was no statistical
difference in length between sides (p = .385 and p=
.638, respectively). Therefore, all other calculations
for length were performed independently of side.
The mean length from the frontozygomatic angle to
the PMF (referred to as mean length) for males was
24.9 +/- 2.8 mm [range: 19-32] and for females it was
23.8 +/- 0.5 mm [range: 18.5-28.8]. There was a
statistically significant difference noted between
males and females (p = .019). In patients younger
than 40 years of age, the mean length was 24.5 +/-
2.8 mm. In patients greater than 40 years of age, the
mean length was 26.1 +/- 3.1 mm. There was a
statistically significant difference between age
groups (p =.018). The average body mass index
(BMI) was 25.6 +/- 4.6 [range: 17.9-34.2]. There was no
statistically significant difference in length, in either
men or women, when comparing patients with a BMI
below 25 and above 25 (p=.28, p=.112,
respectively).

When comparing angulations from the right and left
side in males, there was no statistically significant
difference in either the inferior or posterior angles (p
=.281 and p = .353, respectively). When comparing
angulations from the right and left side in females,

there was no statistically significant difference in
either the inferior or posterior angles (p = .619 and p
=.726, respectively). Therefore, all other calculations
for angulations were performed independently of
side. With the specimen in a lateral decubitus
position with the nose being parallel to the floor, the
mean angle of frajectory to most accurately
approximate from the frontozygomatic angle to the
PMF in males was 6.3 +/- 7.4 degrees [range: 0-48]
inferior and 27.0 +/- 8.9 degrees [range: 8-48]
posterior. The mean angle of frajectory in females
was 6.0 +/- 5.0 degrees [range: 0-30] inferior and 28.4
+/- 10.6 degrees [range: 3-55] posterior. There was no
statistical significance in either the inferior angle or
posterior angle when comparing genders (p =.791
and p = .518, respectively). In patients younger than
40 years of age, the mean inferior angle was 5.8 +/-
6.6 degrees [range: 0-39] and the mean posterior
angle was 27.6 +/- 10.0 degrees [range: 8-56]. In
patients greater than 40 years of age, the mean
inferior angle was 6.5 +/- 6.0 degrees [range: 0-30]
and the mean posterior angle was 27.8 +/- 9.6
degrees [3-48]. There was no statistical significance in
either the inferior or posterior angles when
comparing age groups (p = 633, p =.919
respectively). To simulate the injection in our male
cadaveric specimen, a 25-gauge 2-inch needle was
clamped with a bent nose plier at 25mm. (Figure 7)
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Figure 7: Depth of needle: the bent nose plier is
clamped at 25 mm

This depth was chosen as it is approximately the
average depth (24.9mm) seen in our male
specimens. Similarly, an approximated angle of 6
degrees inferior and 27 degrees posterior was used
to reflect the averages noted above.

After the CT measurements were validated on the
dissected side, the contralateral side, which was not
dissected, was placed in a lateral decubitus position
with the specimen’s nose parallel to the ground. The
needle was injected using the same trajectory. A
lateral cranial x-ray was obtained to ensure proper
placement of the needle tip near the PMF. (Figure
6B) After confirmation of placement via x-ray, TmL of
radiopaque contrast was injected. A second lateral
cranial x-ray was obtained which revealed contrast
within the PMF, our primary target. (Figure 8)

Discussion

We present the first anatomical validation of SPG
blocks in adult patients utilizing a suprazygomatic
approach which reports the distance from the
frontozygomatic angle to the PMF, needle
angulations, and confirmation of target with
radiopaque contrast injection.

While depth was increased in males and in patients
greater than 40 years of age, we do not feel that this
statistical difference is clinically significant. The
average surface of the skin is approximately 1.65-
1.78mm above the zygomatic arch which should be
sufficient to prevent penetration of the needle into
unwanted structures in the majority of patients in the

Figure 8: Lateral view x-ray demonstrating radiopaque
contrast near the pterygomaxillary fissure (arrow)

proposed method described below. The measured
inferior and posterior angles are generalizable to
both genders and different age groups as there is no
statistical difference when comparing these groups.

There may be instances when a SPG block is
indicated but fluoroscopic or CT guidance is not
available for use to perform a block via an
infrazygomatic approach. Case reports have been
demonstrated pain relief and no significant adverse
events with suprazygomatic SPG blocks for patients
with headache afttributable to acute aneurysmal
subarachnoid hemorrhage ''. These patients have
infractable headaches and analgesic opfions are
limited as opioids confound the neurological exam.
In this circumstance the use of a suprazygomatic
SPG block may be indicated when a fluoroscopically
guided SPG block via an infrazygomatic approach is
not feasible in the ICU. In addition, patients
presenting with status migrainosis may also benefit
from a suprazygomatic block in the ED or outpatient
setting when a fluoroscopically guided SPG block is
not available in a timely manner 3. In situations when
a fluoroscopic or CT guided infrazygomatic SPG
block are not available in a timely manner, the
suprazygomatic approach may be a consideration.
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Echaniz et al investigated suprazygomatic ultrasound
(US)-guided maxillary nerve blocks through the PPF
through the use of two cadavers 2. Utilizing US, they
stated that the needle be placed at the
frontozygomatic angle and advanced 14 degrees
inferiorly and 15 degrees posteriorly and at a depth
of 37mm to approximate inside the PPF. Using TmL of
injectate, inconsistent coverage of the makxillary
nerve and SPG was obtained. They suggested that
slightly more than 1mL be used to ensure effective
analgesia. With the depth used in the technique, US
guidance is likely needed to minimize the risk of injury
of nerve structures, injury of the sphenopalatine
artery, or penetration of the nasal cavity 13, US-
guided maxillary nerve blocks utilizing a
suprazygomatic approach have been described
previously, but the distance from the surface of the
skin to the PPF was not measured 415, 15% of skulls
have enlarged sphenoid processes or narrow PMFs,
thus it might not be feasible to traverse the PMF o
the PPF 16.

Other studies have performed suprazygomatic
maxillary nerve blocks though mainly in pediatric
patients 131417 Most of these studies report various
needle angulations and depths into the
infratemporal fossa. Given the significant disparity in
reported measurements, it is probable that, unless
directly visualized, needle tips are not exactly in the
location they are reporting. Variance in angle can
be attributed to variation in patient size (neonate,
infant, or adult). It is more likely that block efficacy is
achieved through large volumes of local anesthetics.
Large volumes allow spread of the injectate from the
infratemporal fossa through the PMF to the PPF to
affect either the maxillary nerve or SPG. Utilizing large
volume of local anesthetic creates arisk that
injectate can spread into nearby structures such as
the orbit, or skull base. Injections are routinely
between 2-5mL 4.16.17. A 5mL injection in the PPF
spread backwards info the infratemporal fossa and
above the temporal muscle, affecting branches of
both the maxillary and mandibular nerves 12. Despite
the large volume of injection directly into the PPF,
further dissection revealed that injectate was not
found to have spread into the orbit, nasal cavity, or
cranial fossa 12,

One of the main strengths of using the approach
presented in this study is that there appears to be no
significant risk of penetration of the base of the skull

or orbif 13.15.17_Strength of this study also lies in the
large sample size of patients. By utilizing a large
sample size, a more precise depth and angulation
could be measured which will hopefully translate into
a consistent patient response. These patients are
representative of a wide range of age and weight as
well. Additionally, with the calculated depth in this
study, the risk of penetrating the maxillary artery is
reduced as it lies ventrally and inferiorly to the

that bleeding of the sphenopalatine artery info the
infratemporal fossa would likely just result in mild
hematoma formation and would not be life
threatening 0. With the suprazygomatic approach
described sedation and imaging with fluoroscopy
may not be required.

The main limitation of this study is that the proposed
depth and angles may not universally apply to all
patients due to anatomical differences as
evidenced by the significant range in all measured
variables. Because of this, it is recommended that a
larger volume of injectate be used to ensure
adequate spread to the SPG. While larger volumes
can lead to unnecessary complications, it is likely
that unwanted side effects of local anesthetics will
be transient 317, Another limitation of this study is that
the cranial CT measurements were created using
Caucasians of Russian origin and therefore limits its
applicability to a more diverse ethnic cohort, i.e.,
Asian, Indian, or of African descent.

Based on this study, a depth of 25mm (1 inch) at an
inferior angle of 6 degrees and a posterior angle of
27 degrees should be sufficient to reach just outside
the PMF if starting at the frontozygomatic angle in
the maijority of patients. However, while this angle
may be generalizable, there is a significant minority
of patients in which this may not work given the large
range of angulation. In some patients, the shallow
angle may lead to contact with the greater wing of
the sphenoid as opposed to entering the
infratemporal fossa. Redirection of the needle would
be required which would likely lead to increased
patient discomfort. For this reason, US guidance using
this method may be needed to identify the
frontozygomatic angle in order to deliver consistent
results in a wide variety of patients.
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Conclusion

Our findings suggest that using the frontozygomatic
angle as an anatomical landmark, along with an
approximation of the calculated inferior and
posterior angulation for needle trajectory in this
study, and a needle depth of 1 inch would be the
optimal approach to perform suprazygomatic SPG
blocks via the PMF that would be safe and effective
on an anatomical basis. This method is generalizable
and can be used in different age groups and
genders. In special patient populations and
circumstances, when fluoroscopic guidance is not
readily available to perform a SPG block via an
infrazygomatic approach, the suprazygomatic
approach may be an option to provide pain relief.
Further studies are needed to determine if image
guidance is required to identify anatomicall
landmarks and guide needle trajectory in the clinical
setting.
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