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Despite various surgical approaches designed to ac-
cess its different segments, surgical exposure of 
the extracranial vertebral artery (VA) is challeng-

ing. Embedded in a rich venous plexus, as the VA ascends 
through the transverse foramina of the cervical vertebrae, 
it is progressively protected by multiple layers of muscles. 
This anatomical complexity reaches its zenith at the cra-
niocervical junction (occiput–C2 region), where the mean-
dering course of the VA through the C-1 and C-2 foramina 
is covered by multiple intersecting muscles.30

Exposure of the upper extracranial segment of the 
VA between C-1 and C-2 (atlantoaxial VA) may become 
necessary during surgical treatment of a variety of pa-
thologies including neoplastic, vascular, congenital, and 
degenerative lesions.3,17,26 Such an exposure may also be 

needed for reconstructive procedures on the VA, includ-
ing those involving a bypass between the external carotid 
artery (ECA) and the VA.9,10,15,27 This is usually achieved 
using lateral approaches through the anterior triangle of 
the neck4,7,12,14,20,21,29,32,45,46 or through an inferior extension 
of the far-lateral approach;8,30,44 however, these approaches 
require early identification of the C-1 transverse process 
and detachment of the deep muscles of the cranioverte-
bral junction in close vicinity of the VA.1,4,14,29,46 Such de-
tachment usually entails sharp dissection maneuvers that 
might cause VA injury. Furthermore, when the C-1 trans-
verse process is not available as a landmark (e.g., due to tu-
mor invasion), no other clear landmark exists to efficiently 
control the atlantoaxial VA.

We performed cadaveric surgical explorations to find 
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OBJECTIVE Exposure of the vertebral artery (VA) between C-1 and C-2 vertebrae (atlantoaxial VA) may be necessary 
in a variety of pathologies of the craniovertebral junction. Current methods to expose this segment of the VA entail sharp 
dissection of muscles close to the internal jugular vein and the spinal accessory nerve. The present study assesses the 
technique of exposing the atlantoaxial VA through a newly defined muscular triangle at the craniovertebral junction.
METHODS Five cadaveric heads were prepared for surgical simulation in prone position, turned 30°–45° toward the 
side of exposure. The atlantoaxial VA was exposed through the subatlantic triangle after reflecting the sternocleidomas-
toid and splenius capitis muscles inferiorly. The subatlantic triangle was formed by 3 groups of muscles: 1) the levator 
scapulae and splenius cervicis muscles inferiorly and laterally, 2) the longissimus capitis muscle inferiorly and medially, 
and 3) the inferior oblique capitis superiorly. The lengths of the VA exposed through the triangle before and after unroof-
ing the C-2 transverse foramen were measured.
RESULTS The subatlantic triangle consistently provided access to the whole length of atlantoaxial VA. The average 
length of the VA exposed via the subatlantic triangle was 19.5 mm. This average increased to 31.5 mm after the VA was 
released at the C-2 transverse foramen.
CONCLUSIONS The subatlantic triangle provides a simple and straightforward pathway to expose the atlantoaxial VA. 
The proposed method may be useful during posterior approaches to the craniovertebral junction should early exposure 
and control of the atlantoaxial VA become necessary.
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an anatomical gateway to expose the atlantoaxial VA 
through a posterior craniovertebral approach. We identi-
fied an anatomical triangle at the craniovertebral junc-
tion, the subatlantic triangle, the exposure of which leads 
to early and efficient localization of the atlantoaxial VA. 
This study defines the boundaries and contents of this tri-
angle and the surgical steps to expose it.

Methods
Five cadaveric heads, embalmed in an alcohol-based 

customized solution, were injected with colored silicone 
and prepared for surgical simulation. Of the 5 specimens, 
4 were Caucasian female specimens and 1 was a Cauca-
sian male specimen (mean age 69.7 years, range 37–88 
years). None of the specimens had any known intracra-
nial or craniocervical junction pathology. A preliminary 
dissection was performed on 1 craniovertebral junction to 
assess the anatomical location of the atlantoaxial segment 
of the VA and its relationship with the adjacent anatomi-
cal structures. Based on the findings of this preliminary 
dissection, the remaining heads (a total of 9 sides) under-
went surgical simulations to expose the atlantoaxial VA 
through the subatlantic triangle as follows.

Exposure of the Subatlantic Triangle
Each head was placed in a 3-pin Mayfield clamp in a 

prone position, with the vertex flexed toward the floor and 
turned 30°–45° toward the side of dissection, such that the 
mastoid process was the highest point in the field. This 
would mimic the positioning for a far-lateral approach. An 
L-shaped skin incision was started at the anterior border 
of the sternocleidomastoid muscle (SCM), 5 cm below the 
mastoid tip, and extended superiorly along the anterior 
SCM border to the level of the external auditory meatus, 
and then turned medially to reach the inion. The skin flap 
was reflected inferiorly and medially to expose the SCM 
(Fig. 1A). Leaving a 5-mm cuff, the SCM was sharply de-
tached from its insertion to the mastoid process to expose 
the underlying splenius capitis muscle (Fig. 1B), which 
was similarly detached from its insertion to the superior 
nuchal line. This maneuver exposed the underlying semi-
spinalis capitis medially, and longissimus capitis later-
ally (Fig. 1C). The fat pad lying lateral to the longissimus 
capitis was then removed to expose the levator scapulae 
and splenius cervicis muscles (Fig. 1D). These muscles at-
tached to the posterior aspect of the C-1 and C-2 transverse 
processes, which were palpable in the surgical field. The 
subatlantic triangle was then identified between 3 groups 
of muscles: 1) the levator scapulae and splenius cervicis 
muscles inferiorly and laterally, 2) the longissimus capitis 
muscle inferiorly and medially, and 3) the inferior oblique 
capitis superiorly. Next, the atlantoaxial VA was found in-
side the subatlantic triangle (Figs. 1D and 2). The impor-
tant anatomical relationships within and in the vicinity of 
the subatlantic triangle were observed. Also, the length of 
the VA exposed within the triangle was measured before 
and after unroofing the C-2 transverse foramen.

Results
The atlantoaxial VA was successfully exposed through 

the subatlantic triangle in all specimens. The VA was sur-
rounded by a venous plexus, and the anterior ramus of 
the C-2 nerve crossed the posterior aspect of the VA in 
all specimens (Figs. 2 and 3). The average length of the 
exposed VA was 19.5 ± 3.1 mm (range 17–25 mm) be-
fore and 31.5 ± 2.6 mm (range 28–35 mm) after unroofing 
the C-2 transverse foramen. The transverse processes of 
C-1 and C-2 were always palpable within the boundaries 
of the subatlantic triangle. The anterior ramus of the C-2 
spinal nerve crossed the posterior aspect of the atlanto-
axial VA in all specimens. The posterior ramus of the C-2 
nerve could also be found in the medial wall of the tri-
angle coursing posteriorly (Figs. 2 and 3); however, the 
spinal accessory nerve did not cross the triangle in any 
of the specimens. When dissection was continued ante-
rior to the levator scapulae muscle (i.e., anterolateral to 
the subatlantic triangle), the spinal accessory nerve was 
found to emerge under the posterior belly of the digastric, 
coursing inferiorly between the internal jugular vein (IJV) 
and the levator scapulae to reach the undersurface of the 
SCM (Fig. 4). The levator scapulae and splenius cervicis 
muscles formed a muscular cushion between the atlanto-
axial VA and the IJV in all specimens (Fig. 4).

Other structures consistently found within the subat-
lantic triangle included the C-2 pars interarticularis abut-
ting the anteromedial aspect of the atlantoaxial VA and 
the C2–3 facet joint located at the inferior half of the tri-
angle (Figs. 2 and 4).

Discussion
Utilization of the subatlantic triangle consistently leads 

to exposure of the whole length of the atlantoaxial VA 
(Fig. 5). Our results show that the subatlantic triangle is an 
efficient corridor to gain control over the atlantoaxial VA 
with minimal use of sharp dissection and without expos-
ing adjacent critical neurovascular structures, including 
the IJV and the spinal accessory nerve.

Indications and Current Existing Approaches for 
Exposure of the Atlantoaxial VA

In 1830, Louis Joseph Sanson reported the first surgi-
cal exposure of a gunshot-induced aneurysm of the atlan-
toaxial VA.31 He wrote, “The vertebral artery cannot be 
ligated…nor compressed…The wounds of this vessel are 
beyond the resources of art.” More than 180 years later, 
although much more confident, the cerebrovascular sur-
geon may still hesitate to surgically access the atlantoaxial 
VA, as evidenced by the increasing number of endovas-
cular procedures to treat the dissecting aneurysms of this 
artery.6,24,33,34 However, surgical exposure of the atlanto-
axial VA may be necessary in a variety of craniovertebral 
junction pathologies, including traumatic, neoplastic, vas-
cular, congenital, and degenerative lesions.1,2,9,10,12,14,21,27,43 
Dissecting aneurysms or tumors involving the V3 VA 
clearly exemplify scenarios in which vascular control on 
the atlantoaxial VA becomes necessary when a surgical 
treatment is contemplated. Another example is degenera-
tive joint disease, which causes impingement of the atlan-
toaxial VA and requires direct decompression (e.g., bow 
hunter’s syndrome).16,18,19,25,28
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The lateral approaches to this segment of the VA are 
well known. In these approaches, the plane between the 
SCM and the IJV is developed while the spinal accessory 
nerve is dissected all the way up to the skull base to enable 
its retraction away from the field.4,12,14,15,20,21,46 Next, the C-1 
transverse process is identified by palpation (Fig. 6).29,46 
Finally, the levator scapulae and splenius cervicis muscles 
are detached from the C-1 transverse process to expose 
the VA (Fig. 6B). This approach is usually performed with 
the patient in a supine position, with the head turned con-
tralaterally, or in the lateral position.14,15,29,46 Therefore, this 
approach is ideal for an ECA-VA bypass,10,15,27 as the ca-
rotid sheath and the VA are both exposed during the same 
surgical exposure.

When addressing the pathology necessitates a prone po-
sition, exposure of the atlantoaxial VA is difficult with a 
lateral approach, because it requires dissection between the 
SCM and the IJV. Classically, when a posterior trajectory 
is considered (e.g., to address a posterior fossa or posterior 
craniovertebral junction pathology), a far-lateral approach 
can be used to access the suboccipital (V3) and atlantoaxial 

segments of the VA.30,42 This is usually performed with 
subperiosteal dissection of the muscles of the cranioverte-
bral junction down to the C-2 vertebra. The main disadvan-
tage of this technique is that the risk of VA injury increases 
as the exposure is extended further inferiorly and laterally 
during the far-lateral approach.30 This risk is increased be-
cause when the bulk of muscles is being stripped off the 
C-1 and C-2 laminae, no other landmark exists to localize 
the atlantoaxial VA except the transverse processes of the 
C-1 and C-2. Also, bleeding from muscle and bone during 
the subperiosteal dissection can further obscure the anato-
my and increase the risk of vessel injury. Compounded by 
the tortuous course of the atlantoaxial VA, such a scenario 
could easily lead to iatrogenic VA injury. Therefore, early 
and bloodless localization of the atlantoaxial VA during 
the procedure could greatly increase safety and efficiency.

Advantages of Exposing the VA via the Subatlantic 
Triangle

The subatlantic triangle can be exposed in the initial 
steps of the muscular stage of the far lateral approach (Fig. 

FIG. 1. Stepwise surgical simulation to expose the left atlantoaxial VA through the subatlantic triangle. A: After positioning the head 
for a far-lateral approach, an L-shaped skin incision is started 5 cm below the mastoid tip at the anterior border of the sternocleido-
mastoid muscle. Reflection of the skin flap exposes the sternocleidomastoid muscle. B: The sternocleidomastoid is detached from 
its insertion and reflected inferomedially to expose the underlying splenius capitis muscle. C: Similarly, the splenius capitis muscle 
is detached to expose the semispinalis capitis, medially, and the longissimus capitis, laterally. Note the fat pad lying lateral to the 
longissimus muscle, which covers the underlying subatlantic triangle (asterisk). D: Following removal of the fat pad lateral to the lon-
gissimus muscle, the subatlantic triangle is exposed with the atlantoaxial VA. The subatlantic triangle is limited by the inferior oblique 
capitis muscle superiorly, the levator scapulae muscle inferolaterally, and the longissimus capitis muscle inferomedially. C1TP = 
C-1 transverse process; IOM = inferior oblique muscle; LCM = longissimus capitis muscle; LSM = levator scapulae muscle; OA = 
occipital artery; SeCM = semispinalis capitis muscle; SpCM = splenius capitis muscle. Figure is available in color online only.
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1). This triangle provides a simple straightforward path to 
efficiently expose and control the atlantoaxial VA and of-
fers several advantages over the existing anterolateral and 
posterior approaches to expose the atlantoaxial VA. First, 
this triangle uses a natural corridor (between the longis-
simus capitis and levator scapulae muscles) to target the 
atlantoaxial VA without the need to detach the deep mus-
cular layers of the neck. This feature adds to the techni-
cal safety of this method, as no sharp dissection is needed 
to detach the muscles attached to the C-1 transverse pro-
cess, which is a routine maneuver proposed in currently 
existing lateral approaches.1,4,14,29,46 Such sharp dissection 
would endanger adjacent vascular structures, including 
the VA and the IJV. Using the subatlantic triangle, once 
the superficial muscles (SCM and splenius capitis) are de-
tached from the superior nuchal line, no additional sharp 

muscle dissection is necessary to expose the atlantoaxial 
VA. Even detachment of the splenius capitis may not be 
necessary if this muscle does not overlap with the lateral 
edge of the underlying longissimus capitis (Fig. 4). Sec-
ond, in all lateral approaches, the atlantoaxial VA is ac-
cessed through development of a plane tangential to the 
posterior aspect of the IJV.4,5,14,27,41 Such technique inher-
ently puts the IJV at risk, without any protective measure. 
Furthermore, approaching the atlantoaxial segment of the 
VA via this plane requires exposure and transposition of 
the spinal accessory nerve that normally crosses the surgi-
cal field (Fig. 5).4,14,27,41 In contrast, access to the VA via 
the subatlantic triangle may minimize the risk of IJV in-
jury because the IJV is not exposed during this approach 
(Fig. 1). Also, a cushion formed by the levator scapulae 
and splenius cervicis muscles is kept between the VA and 

FIG. 2. Dissection of the left craniovertebral junction to show the boundaries and contents of the subatlantic triangle. A: The 
subatlantic triangle (purple) is formed anterolateral to the longissimus capitis muscle. It is formed between 3 groups of muscles: 1) 
the levator scapulae and splenius cervicis muscles inferiorly and laterally, 2) the longissimus capitis muscle inferiorly and medially, 
and 3) the inferior oblique capitis superiorly. B: The longissimus capitis muscle has been retracted medially to widen the triangle. 
Please note the C-2 pars interarticularis (asterisk) and the C2–3 facet joint exposed within the triangle. The C-2 ganglion is not 
located in the subatlantic triangle. However, the posterior and anterior rami of the C-2 spinal nerve are inside the triangle. The 
anterior C-2 ramus crosses the posterior aspect of the atlantoaxial VA. The vertebral artery may have muscular and/or radicular 
branches originating at this segment. C: Retracting the levator scapulae and the splenius cervicis muscles widens the subatlantic 
triangle (highlighted). Note: The lesser occipital nerve has been dissected and saved during dissection. Br. = branch; C1TP = C-1 
transverse process; C2 ant. ramus = C-2 anterior ramus; C2 post. ramus = C-2 posterior ramus; GON = greater occipital nerve; 
IOM = inferior oblique muscle; LCM = longissimus capitis muscle; LON = lesser occipital nerve; LSM = levator scapulae muscle; 
OA = occipital artery; Proc. = process; SeCM = semispinalis capitis muscle; SpCvM = splenius cervicis muscle. Figure is available 
in color online only.
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FIG. 3. Dissection of the left craniovertebral junction and exposure of the course of the atlantoaxial and suboccipital segments of 
the VA. The C-2 ganglion is located just posterior to the C2–3 facet joint. Moving laterally the C-2 nerve divides into the anterior 
and posterior rami. The posterior ramus turns posteriorly while the anterior ramus embraces the atlantoaxial VA. The atlantoaxial 
VA may have a muscular (asterisk) and/or radicular branch (arrowhead) at this level. It may also give rise to the anterior meningeal 
artery which supplies the anterior dura of the craniovertebral junction. Note that the cranial aspect of the specimen is at the bottom 
of the figure –consult the green compass). AMA = anterior meningeal artery; C1TP = C-1 transverse process; C2 ant. ramus = C-2 
anterior ramus; C2 post. ramus = C-2 posterior ramus; DGM = digastric muscle; I = inferior; L = lateral; M = medial; OA = occipital 
artery; RCLM = rectus capitis lateralis muscle; S = superior; XI = accessory nerve. Figure is available in color online only.

FIG. 4. Posterolateral dissection of the right side of a cadaveric neck showing the exposure of the atlantoaxial VA and adjacent 
structures within the subatlantic triangle. Please note that the accessory nerve does not cross the subatlantic triangle and is 
related to the anterior aspect of the levator scapulae muscle. Also, the subatlantic triangle exposes the VA without the need to 
expose the internal jugular vein. A muscular cushion formed by the levator scapulae and splenius cervicis muscles separates the 
internal jugular vein and the atlantoaxial VA. The blue asterisk marks the rectus capitis lateralis muscle. C2TP = C-2 transverse 
process; DGM = digastric muscle; IOM = inferior oblique muscle; LCM = longissimus capitis muscle; LON = lesser occipital nerve; 
LSM = levator scapulae muscle; SOM = superior oblique muscle; SpCM = splenius capitis muscle; XI = accessory nerve. Figure is 
available in color online only.
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the IJV. In addition, the accessory nerve is not encountered 
when the subatlantic triangle is used.

Other adjacent nerves (such as the mandibular branch 
of the facial nerve, the vagus and hypoglossal nerves, 
and the sympathetic trunk) may also be exposed and in-
jured during VA exposure through the anterior triangle 
of the neck (Fig. 5).23,42 Such neural injuries are assumed 
to be uncommon with our proposed approach, because 
exposure of the subatlantic triangle does not expose any 
of these nerves. The only neural structure encountered 
when accessing the VA through the subatlantic triangle 
was the anterior ramus of the C-2 nerve (Figs. 2 and 3). 
This branch is the natural companion of the VA between 
the C-1 and C-2 vertebrae and most frequently crosses 
the posterior aspect of the artery.10,46 In all approaches, 
this nerve should be cut to expose the VA. Severing the 
C-2 nerve is not generally reported to cause complica-
tions;15 however, some have associated it with postoper-
ative headaches.11 It is possible to pass the stumps of the 
nerve underneath the VA and perform a reanastomosis as 
suggested by Yang et al.46

Another advantage of the use of the subatlantic triangle 
is that even without unroofing the C-2 transverse foramen, 
it could expose greater lengths of the atlantoaxial VA (ap-
proximately 20 mm) compared with the lateral approaches 
(approximately 15 mm).15 This length even increases by > 
50% when unroofing of the C-2 transverse foramen, which 
shows a promising potential of the proposed approach to 
generously expose the VA. Exposing such a long segment 
of the VA (up to 30 mm) may greatly facilitate bypass pro-
cedures by providing adequate space for placing tempo-
rary clips and performing an anastomosis. Also, when an 
ECA-VA bypass is planned during a posterior approach to 
address the pathology, the ECA can be efficiently exposed 
through the posterior triangle of the neck as previously 
described (Fig. 7).39

Another clear advantage of the proposed approach is 
evident when an extradurally originating posterior inferior 
cerebellar artery arising from the atlantoaxial VA needs to 
be exposed.13,35,36,38 In such cases, the simple and straight-
forward nature of using the subatlantic triangle may add 
to surgical safety and efficiency. Table 1 compares the fea-

FIG. 5. Neuronavigation system used to demonstrate and verify the exposure of the atlantoaxial VA via the subatlantic triangle. 
The right inferior panel shows the navigation pointer pointing at the atlantoaxial vertebral artery. Figure is available in color online 
only.
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tures of exposing the atlantoaxial VA though the subatlan-
tic triangle versus alternative existing approaches.

Finally, wound closure could be performed in layers by 
approximating the detached superficial muscles. Even if 
more extensive exposures are required, the exposure of the 
subatlantic triangle would not hinder closure.

Subatlantic Triangle Versus Suboccipital Triangle
As the suboccipital triangle is commonly used for ex-

posing the V3 segment of the VA, it is critical to delineate 
the surgical-anatomical differences between these two tri-
angles. The suboccipital triangle is bounded by the rec-
tus capitis posterior major, superior oblique, and inferior 
oblique muscles.30 This triangle (usually exposed via a far-
lateral approach) is used for the surgical exposure of the 
suboccipital (V3) segment of the VA when the V3 segment 
is being considered as a donor or recipient for a bypass 
procedure.37,46 In contrast, the subatlantic triangle is lo-
cated inferolateral to the suboccipital triangle (i.e., inferior 
and lateral to C-1 and inferior oblique muscle). Surgical 
exploration of this triangle leads us to the most superior 
portion of the V2 VA (atlantoaxial VA), which could be 
used as a donor or recipient in various craniovertebral 
junction of posterior fossa pathologies (Table 1).

Subatlantic Triangle Versus the Inferior Suboccipital 
Triangle

Recently, La Rocca et al. described the inferior suboc-

cipital triangle for early localization of the atlantoaxial 
VA.22 This triangle is bound by the following structures: 1) 
the inferior oblique capitis muscle, superiorly, 2) the pos-
terior intertransverse muscle, laterally, and 3) C-2 lamina, 
inferiorly. However, their approach requires a medial-
to-lateral subperiosteal dissection of the craniovertebral 

FIG. 7. Exposure of the ECA through the posterior triangle of the neck. 
The ECA is exposed through a plane developed between the parotid 
gland and the posterior belly of the digastric muscle. When the VA is 
exposed through the subatlantic triangle, a VA-ECA anastomosis can be 
completed by simultaneous exposure of the ECA in the operative field. 
Proc. = process. Figure is available in color online only.

FIG. 6. Cadaveric surgical simulation showing the anterolateral approach to the atlantoaxial VA. A: The carotid sheath containing 
the internal jugular vein is exposed in the anterior triangle of the neck medial to the sternocleidomastoid muscle. The accessory 
nerve is exposed lateral to the internal jugular vein. The C-1 transverse process is palpated at the superior point of exposure.  
B: The internal jugular vein is retracted medially and the accessory nerve is also retracted away from the surgical field. The plane 
between the sternocleidomastoid and the internal jugular vein is developed. This exposes the levator scapulae and splenius 
cervicis muscles attached to the posterior aspect of the C-1 transverse process. The atlantoaxial VA could be found medial (deep) 
to the levator scapulae (elevated and marked with a yellow star). The levator scapulae muscle is routinely detached from C-1 trans-
verse process to widen the VA exposure (not shown). Note the proximity of the sympathetic trunk and the vagus nerve during ex-
posure of the VA via a lateral approach. C1TP = C-1 transverse process; IJV = internal jugular vein; IOM = inferior oblique muscle; 
LSM = levator scapulae muscle; SCM = sternocleidomastoid muscle; SpCvM = splenius cervicis muscle; Symp. = sympathetic; X = 
vagus nerve; XI = accessory nerve; XII = hypoglossal nerve. Figure is available in color online only.
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junction musculature to localize the C-1 and C-2 trans-
verse processes.22 The limitations of this approach are 
essentially similar to any other inferior extension of the 
far-lateral approach to expose the atlantoaxial VA, because 
the bulk of muscles pushed laterally would create an ob-
stacle against easy identification of the C-1 and C-2 trans-
verse processes. Furthermore, the technique proposed by 
La Rocca et al. is dependent on identification of the suboc-
cipital triangle, which may be distorted by the pathology 
or scarring from previous surgery.

Study Limitations
This study lacks clinical material to support our results. 

Specifically, when a lesion distorts the regional anatomy, 
the subatlantic triangle may be less useful for early local-
ization of the atlantoaxial VA. However, the present work 
lays a foundation for the clinical application of the pro-
posed technique for early and safe exposure and control of 
the atlantoaxial VA through a posterior trajectory.

Conclusions
The subatlantic triangle offers a simple and straight-

forward gateway to expose the atlantoaxial VA without 

exposing the IJV or the accessory nerve. This technique 
could be of benefit when early control of the atlantoaxial 
VA is required during a posterior approach to the cranio-
vertebral junction. It could be easily integrated into the 
muscular stage of the far-lateral approach. Clinical appli-
cation of this technique helps in defining its role in the 
surgery of the craniovertebral junction.

References
 1. Al-Mefty O, Borba LA, Aoki N, Angtuaco E, Pait TG: The 

transcondylar approach to extradural nonneoplastic lesions of 
the craniovertebral junction. J Neurosurg 84:1–6, 1996

 2. Avellanosa AM, Glasauer FE, Oh YS: Traumatic vertebral 
arteriovenous fistula associated with cervical spine fracture. 
J Trauma 17:885–888, 1977

 3. Bertalanffy H, Seeger W: The dorsolateral, suboccipital, 
transcondylar approach to the lower clivus and anterior por-
tion of the craniocervical junction. Neurosurgery 29:815–
821, 1991

 4. Bruneau M, Cornelius JF, George B: Anterolateral approach 
to the V2 segment of the vertebral artery. Neurosurgery 57 
(4 Suppl):262–267, 2005

 5. Bruneau M, Cornelius JF, George B: Antero-lateral approach 
to the V3 segment of the vertebral artery. Neurosurgery 
58:ONS29–ONS35, 2006

TABLE 1. Comparison between the current practiced approaches and the subatlantic triangle approach to expose the atlantoaxial VA

Approach* Essentials of Technique Advantages Disadvantages Sample Clinical Scenarios*
Procedure 
Examples*

Anterior/an-
terolateral 
approaches

Detachment of SCM
Dissection & transposi-

tion of the spinal 
accessory nerve

Developing the plane 
posterior to IJV

Identification of C-1 
transverse process

Detaching levator scapu-
lae & splenius cervicis 
from C-1 transverse 
process

Compatible w/ lateral & 
supine positions

Gaining proximal control 
relatively early during the 
procedure

Risk of IJV injury
Risk of spinal acces-

sory nerve injury
Need for sharp 

muscle dissection 
near the VA

High risk of VA injury 
when C-1 trans-
verse process is 
damaged or infil-
trated by tumor

Vertebrobasilar insufficiency
C1–2 VA compression because 

of degenerative joint disease

ECA-V2 VA 
bypass

C1–2 VA decom-
pression

Far-lateral 
approach

Subperiosteal dissection 
of craniovertebral 
junction muscles 
down to C1–2 laminae

Exposure of VA from 
medial to lateral & 
distal to proximal

Compatible w/ (three-quarter) 
prone position

Efficient for exposing suboc-
cipital triangle & V3 VA

Risk of VA injury dur-
ing subperiosteal 
muscle dissection

Proximal control 
achieved late in 
the procedure

Dissecting V3 aneurysm
Posterior fossa pathologies (e.g., 

tumors, aneurysms, vascular 
insufficiency) requiring bypass

Supratentorial pathologies requir-
ing bypass

V2/V3-RAG-V4 
bypass

V2/V3-RAG-AICA 
bypass

V2/V3-MCA 
bypass

Subatlantic 
triangle 
approach

Detachment of SCM and 
splenius capitis

Removal the fat pad 
lateral to longissimus 
capitis to expose the 
subatlantic triangle

Compatible w/ (three-quarter) 
prone & lateral positions

The “natural” tissue planes 
are used to expose the VA

Minimal sharp dissection re-
duces the risk of VA injury

Proximal control gained early 
during the procedure

Not compatible 
w/ anterior ap-
proaches

Risk of wound dehis-
cence because of 
initial layer-by-
layer dissection

Dissecting V3 aneurysm
Traumatic C1–2 VA injuries
Craniocervical junction tumors 

encasing V3
Posterior fossa pathologies (e.g., 

tumors, aneurysms, vascular 
insufficiency) requiring bypass

Congenital or degenerative 
C1–2 pathologies requiring 
decompression

V2-RAG-V4 
bypass

C1–2 VA injury 
repair

V2-RAG-PICA 
bypass

V2-RAG-PICA 
bypass

C1–2 VA decom-
pression

AICA = anterior inferior cerebellar artery; MCA = middle cerebral artery; PICA = posterior inferior cerebellar artery; RAG = radial artery graft.
* The listed scenarios and procedure examples are not inclusive of all plausible clinical scenarios in which each approach could be used.
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