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Preface

This excellent and insightful book details abnormalities and treatments of the 
 craniovertebral junction. It provides an overview of the human anatomy, with an 
emphasis on biomechanics, including the sagittal balance concept of surgical tech-
niques. Even more so, it describes important perioperative considerations, such as 
the planning of surgical incisions, anesthesiological considerations, and types of 
preoperative and intraoperative image guidance.

In particular, the authors thoroughly explain surgery techniques per se. These 
include the traditional anterior, posterior, and posterolateral approaches, as well as 
innovative minimally invasive and endovascular approaches.

The last part of the book describes in detail how best to treat many of the wide 
variety of abnormalities that can afflict the craniovertebral junction. It examines 
both trauma and tumors, not only extra-axial tumors but also inflammatory tumors 
and foramen magnum tumors.

The authors close with a review of the vascular abnormalities that can afflict the 
craniovertebral junction and how best to treat them. Lastly, they discuss infectious 
metabolic diseases that can affect the craniovertebral junction.

This text is a comprehensive review of craniovertebral surgical techniques, anat-
omy, and abnormalities. The only aspect not covered is the embryological develop-
ment of this area of the spine, but the authors do not purport to do so. Other authors 
have written tomes addressing the treatment of craniovertebral junction abnormali-
ties. In this book, however, the authors describe techniques and provide added infor-
mation gleaned from the surgical literature published during the past several years. 
These include the sagittal balance concept applied to the craniovertebral junction; 
innovative approaches, such as the far-lateral transventricular, the extreme lateral, 
and the anterolateral approaches; innovative techniques applied to neurosurgery 
techniques; and recent minimally invasive and endovascular approaches. 
Subsequently, it provides much information to the reader that can aid diagnosis and 
treatment considerations to address abnormalities of the craniovertebral junction in 
the modern arena.

This comprehensive textbook on the management of abnormalities that can pres-
ent at the craniovertebral junction should be in the library of every surgeon who 
diagnoses and treats problems in this very complex area of the spine.

Phoenix, AZ, USA Volker K. H. Sonntag  
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1Relevant Anatomy 
of the Craniovertebral Junction

Elena d’Avella, Luigi Maria Cavallo, Matteo De Notaris, 
Jose Pineda, Alberto Di Somma, Paolo Cappabianca, 
and Alberto Prats-Galino

1.1  Introduction

Craniovertebral junction (CVJ) refers to the complex transition from the skull to the 
spine. Its bony structure consists of the occipital bone, atlas (C1), and axis (C2) 
(Fig 1.1) [1–3]. The occipital bone surrounds the foramen magnum and has three 
parts: a squamosal part located behind the foramen magnum, a clival portion located 
anterior to the foramen magnum, and a condylar part that connects the squamosal 
and clival parts. The atlas, the first cervical vertebra, is ring shaped and consists of 
two thick lateral masses situated at the anterolateral parts of the ring connected with 
short anterior and longer posterior arches. The upper facet of each lateral mass 
articulates with the occipital condyle that protrudes from the condylar part of the 
occipital bone (atlanto-occipital joints). The inferior facet of each lateral mass artic-
ulates with the superior articular facet of the axis. The axis, the second cervical 
vertebra, is distinguished by the odontoid process (dens), which projects upward 
from the body. On the front of the dens is an articular facet that forms a joint with 
the facet on the back of the anterior arch of the atlas. The body is connected to the 
lateral mass by short and strong pedicles. Articular facets of the axis extend lateral 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18700-2_1&domain=pdf
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from the body and articulate superiorly with the inferior facets of the atlas [1–5]. 
Muscles, ligaments, and membranes that provide stability and mobility to the cra-
niovertebral junction support the bony structure of this critical region [2, 5].

Major neurovascular structures are intimately related to the CVJ where they 
transverse membranous and bony orifices. These include the lower cranial and 
upper spinal nerves, the caudal brainstem and rostral spinal cord, the vertebral artery 
and its branches, and the venous drainages through the jugular vein and the verte-
bral plexus [1, 3, 6, 7]. Anatomy of the vertebral artery will be further detailed in a 
dedicated chapter.

A thorough understanding of three-dimensional (3D) CVJ anatomy and relations 
with surrounding neurovascular structures is paramount for the surgical manage-
ment of pathologies in this region. The aim of this chapter is to describe the relevant 
anatomy of the CVJ as seen from a posteromedial, posterolateral, anterolateral and 
anteromedial perspectives. Anatomical dissection through the anteromedial 

a b

c

Fig. 1.1 3D anatomical model of the craniovertebral junction (CVJ). Its bony structure consisting 
in the occipital bone, atlas and axis is shown as seen from an anterior (a), posterior (b), and 
superior- posterior intracranial perspective (c). The extracranial course of the vertebral artery, 
which is the major vessel related to the CVJ, is represented

E. d’Avella et al.
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corridor was carried out by an endoscopic endonasal access whereas posterior and 
lateral corridors were studied by microscopic vision.

Merging together anatomical information coming from endoscopic and micro-
surgical investigations with the reconstruction of 3D computed models might pro-
vide a 360° full and clear understanding of this complex area, more readily 
applicable to the operative setting.

1.2  Posteromedial Perspective of the CVJ (Fig. 1.2)

1.2.1  Bony Structures

The posteromedial perspective of the CVJ is focused on the squamosal part of the 
occipital bone bordering the foramen magnum and on the posterior arch of C1 and 
C2 (Fig. 1.3).

The posterior surface of the squamosal part of the occipital bone in its medial 
portion has some relevant protuberances on which muscles of the neck attach: the 
external occipital protuberance (EOP), situated at the central part of the external 
surface; the superior nuchal line (SNL) and the inferior nuchal lines (INL) that radi-
ate laterally from the protuberance; the posterior border of foramen magnum (FM); 
and the midline occipital crest, a vertical ridge that descends from the EOP to the 
midpoint of the posterior margin of the foramen magnum. The area below and 
between the superior and inferior nuchal lines is rough and irregular and serves as 
the site of attachment of numerous muscles. There is great variability in the position 
of the superior nuchal line, and therefore, it does not reflect the internal position of 

Fig. 1.2 3D anatomical 
model of the CVJ as seen 
from a posterior view. The 
area corresponding to the 
posteromedial perspective 
is highlighted with red 
dotted lines

1 Relevant Anatomy of the Craniovertebral Junction
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Fig. 1.3 The posteromedial perspective of the CVJ is focused on the squamosal part of the occipi-
tal bone bordering the foramen magnum and on the posterior arch of C1 and C2. On the left side 
of the image, the 3D model is for anatomical reference for the area of interest. The posterior sur-
face of the squamosal part of the occipital bone in its medial portion has some relevant protuber-
ances on which muscles of the neck attach: the external occipital protuberance; the superior nuchal 
line and the inferior nuchal lines; the posterior border of foramen magnum; the midline occipital 
crest. The area below and between the superior and inferior nuchal lines is rough and irregular and 
serves as the site of attachment of numerous muscles. On the posterior arch of the atlas is the 
median posterior tubercle, which substitutes the spinous process of any other vertebra. The poste-
rior arch of the axis distinguishes by harboring the thickest lamina than on any other cervical ver-
tebrae and a large spinous process serving as an attachment point of important suboccipital triangle 
muscles and the nuchal ligament. C2 spinous process of the axis; EOP external occipital protuber-
ance; FM posterior border of foramen magnum; INL inferior nuchal line; MOC midline occipital 
crest; MPT median posterior tubercle of the atlas; SNL superior nuchal line

E. d’Avella et al.
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transverse sinus accurately. The relation of confluence of the sagittal sinus with the 
transverse sinus (torcular Herophili) to EOP is more consistent [2, 4, 8].

On the posterior arch of the atlas is the median posterior tubercle, which substi-
tutes the spinous process of any other vertebra. The posterior arch of the axis distin-
guishes by harboring the thickest lamina than on any other cervical vertebrae and a 
large spinous process serving as an attachment point of important suboccipital tri-
angle muscles and the nuchal ligament [1, 5].

1.2.2  Muscular Relationships (Fig. 1.4)

The trapezius is the most superficial muscle that is encountered when exploring the 
CVJ through a posteromedial corridor. It extends from the medial half of the SNL, 
the EOP, and the spinous processes of the cervical and thoracic vertebrae and con-
verges on the shoulder to attach to the scapula and the lateral third of the clavicle. In 
a deeper layer, the splenius capitis is exposed in its medial half running to the spi-
nous processes of the lower cervical and upper thoracic vertebrae. Deep to the sple-
nius capitis, the semispinalis capitis begins medially at the midline occipital crest in 
the area between the superior and inferior nuchal lines and attaches below to the 
upper thoracic and lower cervical vertebrae (Fig. 1.5) [4, 8, 9]. In the next layer, 
along the posteromedial corridor, the rectus capitis posterior minor can be seen 
extending from the medial part and below the inferior nuchal line to the tubercle of 
the posterior arch of the atlas (Fig. 1.6) [6, 10].

a b

Fig. 1.4 3D model of the muscular layers visible through a posteromedial perspective to the 
CVJ. The anatomical area of interest is limited by the red dotted lines. The superficial layer (a) is 
represented by the trapezius muscle (dark brown), splenius capitis muscle (dark orange), and semi-
spinalis capitis (light brown). On the right half of the picture, trapezius and splenius capitis mus-
cles have been removed, revealing the semispinalis capitis muscle. The deep muscular layer (b) is 
represented by rectus capitis posterior minor muscles (dark brown), exposed after the removal of 
the superficial layer muscles on the left side of the picture

1 Relevant Anatomy of the Craniovertebral Junction
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In the midline, the nuchal ligament forms a septation dividing the posterior neck 
muscles on left and right sides. Moreover, some of these muscles attach medially to 
this structure. The nuchal ligament extends from the spinous process of the cervical 
vertebrae to the EOP [11].

1.2.3  Extradural Structures

The posterior border of the foramen magnum and the upper border of the posterior 
arch of the atlas are connected by the posterior atlanto-occipital membrane (PAOM) 

Fig. 1.5 Posteromedial perspective of the CVJ: muscular relationships. Trapezius is the most 
superficial muscle. It extends from the medial half of the superior nuchal line, the external occipital 
protuberance, and the spinous processes of the cervical and thoracic vertebrae and converges on 
the shoulder to attach to the scapula and the lateral third of the clavicle. Here, it has been partially 
resected in its rostral part to expose in a deeper layer the splenius capitis in its medial half, running 
to the spinous processes of the lower cervical and upper thoracic vertebrae. On the right side of the 
picture the splenius capitis has been resected. Deep to the splenius capitis, the semispinalis capitis 
begins medially at the midline occipital crest in the area between the superior and inferior nuchal 
lines and attaches below to the upper thoracic and lower cervical vertebrae. In the midline, the 
nuchal ligament forms a septation dividing the posterior neck muscles on the left and right sides. 
Moreover, some of these muscles attach medially to this structure. The nuchal ligament extends 
from the spinous process of the cervical vertebrae to the external occipital protuberance. EOP 
external occipital protuberance; NL nuchal ligament; SC splenius capitis; SNL superior nuchal line; 
SSC semispinalis capitis; TM trapezius muscle

E. d’Avella et al.
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that runs adjacent to the rectus capitis posterior minor posteriorly and the dura mater 
anteriorly. Connection or interdigitation of the PAOM with both the rectus capitis 
posterior minor muscles and the spinal dura mater can be observed. The PAOM is 
continuous inferiorly with a thin membrane named the posterior atlanto-axial mem-
brane, which is attached above to the lower border of the posterior arch of the atlas 
and below to the upper edges of the laminae of the axis, in series with the ligamen-
tum flavum [4, 12]. The posterior opening of the FM is wider posteriorly than ante-
riorly and transmits the medulla (Fig. 1.7).

The venous channels in the dura mater surrounding the foramen magnum in its 
posteromedial aspect are the marginal sinus and the occipital sinus. The marginal 
sinus is located between the layers of the dura in the rim of the foramen magnum. It 
communicates posteriorly with the occipital sinus. The occipital sinus courses in the 
cerebellar falx [9, 13].

Fig. 1.6 Posteromedial 
perspective of the CVJ: 
muscular relationships. 
The deepest layer of 
muscle consists of the 
rectus capitis posterior 
minor muscles. The 
muscles extend from the 
medial part and below the 
inferior nuchal line to the 
tubercle on the posterior 
arch of the atlas. C1 
median posterior tubercle 
of the atlas; C2 spinous 
process of the axis; 
INL inferior nuchal line; 
RCPm rectus capitis 
posterior minor muscle; 
SCM semispinalis cervicis 
muscle

1 Relevant Anatomy of the Craniovertebral Junction
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Fig. 1.7 Posteromedial 
perspective of the CVJ. The 
middle portion of the squamosal 
part of the occipital bone and the 
posterior arch of the atlas have 
been removed. The posterior 
border of the foramen magnum 
has been opened. The posterior 
border of the foramen magnum 
and the upper border of the 
posterior arch of the atlas are 
connected by the posterior 
atlanto-occipital membrane that 
runs adjacent to the rectus 
capitis posterior minor 
posteriorly and the dura mater 
anteriorly. The venous channels 
in the dura mater surrounding 
the foramen magnum in its 
posteromedial aspect are the 
marginal sinus and the occipital 
sinus. The marginal sinus is 
located between the layers of the 
dura in the rim of the foramen 
magnum. It communicates 
posteriorly with the occipital 
sinus. The occipital sinus 
courses in the cerebellar falx. 
C2 spinous process of the axis; 
EOP external occipital 
protuberance; INL inferior 
nuchal line; MOC middle 
occipital crest; MS marginal 
sinus; OS occipital sinus; 
PAOM posterior atlanto-occipital 
membrane; SNL superior nuchal 
line

1.2.4  Intradural Anatomy (Fig. 1.8)

Through a posteromedial perspective, the medulla can be exposed, occupying the 
foramen magnum. The medulla blends indistinguishably into the spinal cord at a 
level arbitrarily set to be at the upper limit of the dorsal and ventral rootlets forming 
the first cervical nerve. Posteromedially, the spinal cord is divided by the postero-
median sulcus into symmetrical halves. Each half is occupied by the posterior funic-
ulus. At the upper cervical level, the surface of the posterior funiculus is divided by 
another shallow longitudinal furrow, the posterior intermediate sulcus, into the fas-
ciculus gracilis medially and the fasciculus cuneatus laterally. Superiorly, the poste-
rior surface of the medulla is composed in the midline of the inferior half of the 
fourth ventricle and laterally by the inferior cerebellar peduncles. Inferiorly the pos-
terior surface is composed of the gracile fasciculus and tubercle medially, and the 
cuneate fasciculus and tubercle laterally [2, 8, 14].

E. d’Avella et al.
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Fig. 1.8 Posteromedial intradural perspective of the CVJ. The medulla is exposed where it blends 
indistinguishably into the spinal cord at a level arbitrarily set to be at the upper limit of the dorsal and 
ventral rootlets forming the first cervical nerve. The spinal cord is divided by the posteromedian sulcus 
into symmetrical halves. Each half is occupied by the posterior funiculus. At the upper cervical level, 
the surface of the posterior funiculus is divided by another shallow longitudinal furrow, the posterior 
intermediate sulcus, into the fasciculus gracilis medially and the fasciculus cuneatus laterally. The 
posteromedial aspect of the cerebellum related to the foramen magnum consists in the lower part of 
the hemispheres (formed by the tonsils and the biventral lobules) and the lower part of the vermis 
(formed by the nodule, uvula, and pyramid). Between the tonsils, the foramen of Magendie communi-
cates with the fourth ventricle. The vertebral artery in its third segment (V3) pierces the posterior 
atlanto-occipital membrane, then dura mater, to enter the posterior fossa. As the artery pierces the dura, 
it is encased in a fibrous tunnel that binds the posterior spinal artery, dentate ligament, first cervical 
nerve, and the spinal accessory nerve to the vertebral artery. The C1 nerve root passes through the dura 
mater on the lower surface of the vertebral artery. The accessory nerve is the only cranial nerve that 
passes through the foramen magnum, between the dentate ligament and the dorsal spinal roots. BVL 
biventral lobule of the cerebellar hemisphere; C1 dorsal root of the first cervical nerve; DL dentate liga-
ment; FC fasciculus cuneatus; FG fasciculus gracilis; FM foramen of Magendie; PF posterior funicu-
lus; PMS posteromedial sulcus; T tonsil; V vermis; VA vertebral artery; XI accessory nerve
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The posteromedial aspect of the cerebellum related to the foramen magnum con-
sists in the lower part of the hemispheres (formed by the tonsils and the biventral 
lobules) and the lower part of the vermis (formed by the nodule, uvula, and pyra-
mid). The cerebellar surface above the posterior part of the foramen magnum has a 
deep vertical depression, the posterior cerebellar incisura, which contains the falx 
cerebelli and extends inferiorly toward the foramen magnum. The vermis is folded 
into and forms the cortical surface within this incisura. The vermian surface within 
the incisura is composed of the pyramid in its upper half and of the uvula that proj-
ects downward between the tonsils. Inferiorly, the posterior cerebellar incisura is 
continuous with the vallecula cerebelli, an opening between the tonsils that extends 
upward through the foramen of Magendie into the fourth ventricle. Each tonsil is an 
ovoid structure that is attached along its superolateral border to the remainder of the 
cerebellum. The superior pole faces the inferior half of the roof of the fourth ven-
tricle. The anterior surface of each tonsil faces and is separated from the posterior 
surface of the medulla by the cerebello-medullary fissure. This fissure extends supe-
riorly to the level of the roof of the fourth ventricle and the lateral recesses of the 
fourth ventricle. The dorsal wall of the fissure is formed by the uvula in the midline 
and the tonsils and biventral lobules laterally. The ventral wall is formed by the 
inferior medullary velum and tela choroidea. The inferior medullary velum is a thin 
sheet of neural tissue that blends into the ventricular surface of the nodule medially 
and stretches laterally across the superior pole of the tonsil. The tela choroidea, 
from which the choroid plexus projects, forms the lowest part of the roof of the 
fourth ventricle [4, 5, 14, 15].

The vertebral artery in its third segment (V3) pierces the PAOM, then dura mater, 
to enter the posterior fossa. As the artery pierces the dura, it is encased in a fibrous 
tunnel that binds the posterior spinal artery, dentate ligament, first cervical nerve, 
and the spinal accessory nerve to it. The C1 nerve root passes through the dura 
mater on the lower surface of the vertebral artery. The posterior spinal artery arises 
from the posteromedial surface of V3 initial just outside or inside the dura mater. In 
the subarachnoid space, it courses medially between the accessory nerve and the 
dentate ligament. At the lower medulla, it divides into an ascending branch that sup-
plies the gracile and cuneate tubercles, the rootlets of the accessory nerve, and the 
choroid plexus near the foramen of Magendie, and a descending branch that sup-
plies the superficial part of the dorsal half of the cervical spinal cord. It anastomoses 
with the posterior branches of the radicular arteries that enter the vertebral foramen 
at lower levels. The descending branch gives rise to collateral branches, which 
course medially across the posterior surface of the spinal cord and join to form an 
artery that course in the posterior midline [2, 16, 17].

The posterior meningeal artery arises from the posterosuperior surface of the 
vertebral artery. Its origin may be intra- or extradural and supplies the dura mater of 
the posterior and posterolateral part of the posterior cranial fossa [4, 17].

The median posterior spinal vein, which courses along the posteromedian spinal 
sulcus, is continuous above with the main vein on the posterior surface of the 
medulla and the median posterior medullary vein, which courses along the postero-
median medullary sulcus. The transverse medullary and transverse spinal veins 
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cross the medulla and spinal cord at various levels, interconnecting the major longi-
tudinal channels [3, 5, 14].

The accessory nerve is the only cranial nerve that passes through the foramen 
magnum between the dentate ligament and the dorsal spinal roots. The main caudal 
trunk from the spinal cord is exposed through a posteromedial perspective. There 
are frequently communications between the C1 nerve root and the spinal accessory 
nerve [18, 19].

The dentate ligament is a white fibrous sheet that is attached to the spinal cord 
medially and to the dura mater laterally. Its rostral attachment is at the level of the 
foramen magnum where the vertebral artery pierces the dura. The ligament courses 
behind the accessory nerve at that level [4, 14].

1.3  Posterolateral Perspective of the CVJ (Fig. 1.9)

1.3.1  Bony Structures

The posterolateral perspective of the CVJ is directed at the condylar part of the 
occipital bone and lateral masses of atlas and axis (Fig. 1.10).

On the posterolateral external surface of the squamosal part of the occipital bone 
that extends from the EOP to the mastoid process of the temporal bone, an impor-
tant bony landmark is the asterion. The asterion is located at the junction of the 
lambdoid, occipito-mastoid, and parieto-mastoid sutures and is commonly related 
to the lower half of the junction of the transverse and sigmoid sinuses. The superior 
and inferior nucal lines cross the posterolateral external surface of the occipital bone 
radiating laterally from the EOP and serves as the site of attachment of numerous 
muscles [2, 6].

Fig. 1.9 3D anatomical 
model of the CVJ as seen 
from a posterolateral 
perspective. Bony 
relationships with the main 
arterovenous structures are 
shown, i.e., with the 
vertebral artery, internal 
jugular vein, and internal 
carotid artery
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The condylar part of the occipital bone includes the occipital condyles and the 
condylar fossa, and it is situated at the sides of the foramen magnum. The occipital 
condyles protrude from the external surface of this part. They project downward 
along the lateral edges of the anterior half of the foramen magnum. The articular 
surfaces, which are ovoid with the long axis in the anteroposterior direction, are 
located on the lower-lateral margin of the condyles. They face downward and later-
ally to articulate with the superior facets of the atlas, which face upward and medi-
ally. The condylar fossa is a depression on the external surface of the occipital bone 
behind the condyle [20, 21].

Lateral masses are the most voluminous bony parts of atlas forming four facet 
joints. The upper surface of each lateral mass has an oval concave facet that faces 
upward and medially and articulates with the occipital condyle that faces downward 
and laterally. The inferior surface of each lateral mass has a circular, flat, or slightly 
concave facet that faces downward, medially, and slightly backward, and it articu-
lates with the superior articular facet of the axis. The lateral mass of the atlas on its 
upper-outer surface has a groove in which the V3 segment of the vertebral artery 

a

b

Fig. 1.10 3D anatomical 
model showing the CVJ 
bony structures focused by 
a posterolateral perspective 
on the extracranial surface 
(a) and on the intracranial 
surface after removal of the 
squamous part of the 
occipital bone and 
posterior arch of C1. 
(b) The condylar part of 
the occipital bone and 
lateral masses of atlas and 
axis are enclosed in a red 
dotted rectangular area
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courses. The groove may be partly or fully converted into a foramen by a bridge of 
bone that arches backward from the posterior edge of the superior articular facet of 
the atlas to its posterior arch. The medial aspect of each lateral mass has a small 
tubercle for the attachment of the transverse ligament of the atlas [1, 5, 22, 23].

Each lateral mass of the axis consists of a pair of large oval facets that extend 
laterally from the vertebral body onto the adjoining parts of the pedicles and articu-
late with the inferior facets of the atlas superiorly and the superior facet of the third 
cervical vertebra inferiorly. The superior facets do not form an articular pillar with 
the inferior facets but are anterior to the latter [5, 20, 23].

1.3.2  Muscular Relationships

The most superficial layer of muscles of the CVJ that is encountered through a pos-
terolateral perspective is formed by the sternocleidomastoid that passes obliquely 
downward across the side of the neck from the lateral half of the superior nuchal 
line and mastoid process to the upper part of the sternum and the adjacent part of the 
clavicle. The splenius capitis in its lateral half is partially covered by the sternoclei-
domastoid. It extends from the lateral third of the superior nuchal line medially to 
the spinous processes of the lower cervical and upper thoracic vertebrae. Deep to 
the splenius capitis and sternocleidomastoid are the semispinalis capitis beginning 
medially at the midline occipital crest and extending laterally to the occipito- 
mastoid junction in the area between the superior and inferior nuchal lines and the 
longissimus capitis muscle, which attaches above to the posterior margin of the 
mastoid process. Both of these muscles attach below to the upper thoracic and lower 
cervical vertebrae (Fig. 1.11) [4, 22, 24].

The occipital artery is also exposed together with the superficial and deep mus-
cles in this region. It courses medially related to the longissimus capitis and semi-
spinalis capitis just below the superior nuchal line to ascend in the superficial fascia 
of the posterior scalp. The great occipital nerve ascends with the occipital artery and 
supplies the scalp as far forward as the vertex and occasionally the back of the ear. 
It ascends obliquely between the inferior oblique and the semispinalis capitis mus-
cles and pierces the latter and the trapezius muscle near their attachments to the 
occipital bone [17, 25].

In the next layer, the muscles bounding the suboccipital triangle are covered by the 
semispinalis capitis medially and by the splenius capitis laterally (Figs. 1.12 and 1.13). 
The superior oblique muscle extends from the area lateral to the semispinalis capitis 
between the superior and inferior nuchal lines to the transverse process of the atlas. The 
inferior oblique muscle extends from the spinous process of the axis to the transverse 
process of the atlas. The rectus capitis posterior major extends from and below the lat-
eral part of the inferior nuchal line to the spine of the axis. The triangle deep to these 
muscles is covered by a layer of dense fibro-fatty tissue. The structures in the triangle 
are the V3 segment of the vertebral artery on the posterior arch of the atlas and the first 
cervical nerve [10, 17, 22, 25].

1 Relevant Anatomy of the Craniovertebral Junction
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1.3.3  Extradural Structures

Through a posterolateral perspective, the segment of the vertebral artery extending 
from the transverse foramen of C2 to its entrance to the dura is exposed (V3). The 
artery, after ascending through the transverse process of the atlas, is located on the 
medial side of the rectus capitis lateralis muscle. From here it turns medially behind 
the lateral mass of the atlas and the atlanto-occipital joint and is pressed into the 
groove on the upper surface of the posterior arch of the atlas, where it courses in the 
floor of the suboccipital triangle. The triangle is not always easy to identify because 
of the thick fascia, which covers the deepest layer of the posterior neck muscles. 
This fascia and the underlying fat and the rich paravertebral venous plexus obscure 
the anatomical relationship of these muscles (Figs. 1.14 and 1.15) [17, 23].

At the level of the intervertebral foramen dorsal and ventral cervical nerves, 
roots unite to form the spinal nerve. At the same level, the neurons of the dorsal 
roots collect to form ganglia. The ganglion associated at the first cervical dorsal 
root may be absent. The C1, C2, and C3 nerves, distal to the ganglion, divide into 
dorsal and ventral rami. The dorsal rami divide into medial and lateral branches 
that supply the skin and muscles of the posterior region of the neck. The C1 nerve, 
termed the suboccipital nerve, leaves the vertebral canal between the occipital 

a

b

Fig. 1.11 Muscular 
structures visualized 
through a posterolateral 
perspective of the CVJ are 
represented in a 3D 
anatomical model. The 
superficial layer (a) with 
the transparent 
sternocleidomastoid and 
the muscles bounding the 
suboccipital triangle (b) 
are reconstructed
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bone and atlas and has a dorsal ramus that is larger than the ventral ramus. The 
dorsal ramus courses between the posterior arch of the atlas and the vertebral 
artery to reach the suboccipital triangle, where it sends branches to the rectus capi-
tis posterior major and minor, superior and inferior oblique, and the semispinalis 
capitis, and occasionally has a cutaneous branch that accompanies the occipital 
artery to the scalp. The C1 ventral ramus courses between the posterior arch of the 

Fig. 1.12 The posterolateral perspective of the CVJ: muscular relationships. The most superficial 
layer of muscles is formed by the sternocleidomastoid that passes obliquely downward across the 
side of the neck from the lateral half of the superior nuchal line and mastoid process to the upper 
part of the sternum and the adjacent part of the clavicle. The splenius capitis in its lateral half is 
partially covered by the sternocleidomastoid. It extends from the lateral third of the superior nuchal 
line medially to the spinous processes of the lower cervical and upper thoracic vertebrae. Deep to 
the splenius capitis and sternocleidomastoid are the semispinalis capitis beginning medially at the 
midline occipital crest and extending laterally to the occipito-mastoid junction in the area between 
the superior and inferior nuchal lines, and the longissimus capitis muscle, which attaches above to 
the posterior margin of the mastoid process. Both of these muscles attach below to the upper tho-
racic and lower cervical vertebrae. The occipital artery is also exposed together with the superficial 
and deep muscles in this region. It courses medially related to the longissimus capitis and semispi-
nalis capitis just below the superior nuchal line to ascend in the superficial fascia of the posterior 
scalp. The great occipital nerve ascends with the occipital artery and supplies the scalp as far for-
ward as the vertex and occasionally the back of the ear. It ascends obliquely between the inferior 
oblique and the semisplenius capitis muscles and pierces the latter and the trapezius muscle near 
their attachments to the occipital bone. A asterion; EOP external occipital protuberance; GON 
great occipital nerve; LC longissimus capitis muscle; LSM levator scapulae muscle; MP mastoid 
process; OA occipital artery; SC splenius capitis; SCM sternocleidomastoid muscle, partially 
removed; SSC semispinalis capitis; TM trapezius muscle
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atlas and the vertebral artery and passes forward, lateral to the lateral mass of the 
atlas and medial to the vertebral artery, and supplies the rectus capitis lateralis. The 
C2 nerve emerges between the posterior arch of the atlas and the lamina of the axis 
where the spinal ganglion is located extradurally, medial to the inferior facet of C1 
and the vertebral artery. Distal to the ganglion, the nerve divides into a larger dor-
sal and a smaller ventral ramus. After passing below and supplying the inferior 
oblique muscle, the dorsal ramus divides into a large medial and a small lateral 
branch. The medial branch forms the greater occipital nerve. The lateral branch 
sends filaments that innervate the splenius, longissimus, and semisplenius capitis 
and is often joined by the corresponding branch from the C3 nerve. The C2 ventral 
ramus courses between the vertebral arches and transverse processes of the atlas 
and axis and behind the vertebral artery. Two branches of the C2 and C3 ventral 
rami, the lesser occipital and greater auricular nerves, curve around the posterior 
border and ascend on the sternocleidomastoid muscle to supply the skin behind the 
ear [1, 2, 6, 24].

Fig. 1.13 The posterolateral perspective of the CVJ: muscular relationships. The muscles bound-
ing the suboccipital triangle are exposed. The superior oblique muscle extends between the supe-
rior and inferior nuchal lines to the transverse process of the atlas. The inferior oblique muscle 
extends from the spinous process of the axis to the transverse process of the atlas. The rectus 
capitis posterior major extends from and below the lateral part of the inferior nuchal line to the 
spine of the axis. The triangle deep to these muscles is covered by a layer of dense fibrofatty tissue. 
The structures in the triangle are the V3 segment of the vertebral artery on the posterior arch of the 
atlas and the first cervical nerve. A asterion; EOP external occipital protuberance; IOM inferior 
oblique muscle; MP mastoid process; OA occipital artery; RCPM rectus capitis posterior major 
muscle; RCPm rectus capitis posterior minor muscle; SCM sternocleidomastoid muscle; SOM 
superior oblique muscle
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The condylar foramen is present in the condylar fossa posterior to the occipital 
condyle. It transmits the posterior condylar vein, which is an important emissary 
vein of the cranium. This vein connects the vertebral venous plexus with the 
sigmoid- jugular complex. The condylar foramen is one of the largest emissary 
foramina of the skull and the posterior condylar vein, which traverses it, forms an 
important alternative source of venous drainage when the venous flow into the sig-
moid sinus-jugular complex is impeded [22, 23, 25].

Fig. 1.14 The posterolateral perspective of the CVJ is directed at the external surface of the squa-
mosal part of the occipital bone that extends from the EOP to the mastoid process of the temporal 
bone. On this surface, an important bony landmark is the asterion, located at the junction of the 
lambdoid, occipito-mastoid, and parieto-mastoid sutures. The asterion is commonly related to the 
lower half of the junction of the transverse and sigmoid sinuses. The lateral mass of the atlas on its 
upper-outer surface has a groove in which the V3 segment of the vertebral artery courses. The 
groove may be partly or fully converted into a foramen by a bridge of bone that arches backward 
from the posterior edge of the superior articular facet of the atlas to its posterior arch. A asterion;  
C1 atlas; C1n suboccipital nerve; C2 axis; C2n second cervical nerve; C3 third cervical vertebra; 
C3n third cervical nerve; EOP external occipital protuberance; LM lateral mass of the atlas; 
MP mastoid process; V3 third segment of the vertebral artery
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The hypoglossal canal (HC), which transmits the hypoglossal nerve, is situated 
above the condyle and is directed forward and laterally from the posterior cranial 
fossa. The canal is surrounded superiorly by the jugular tubercle, supero-laterally 
by the jugular foramen, laterally by the sigmoid sinus, and inferiorly by the occipital 
condyle. The intracranial end of the HC is located approximately 5 mm above the 
junction of the posterior and middle third of the occipital condyle and appropriately 
5 mm below the jugular tubercle. The extracranial end is located immediately above 
the junction of the anterior and middle third of the occipital condyle and medial to 
the jugular foramen. The HC is surrounded by cortical bone. It consists of the hypo-
glossal nerve, a meningeal branch of the ascending pharyngeal artery, and the 
venous plexus of the hypoglossal canal, which communicates the basilar venous 
plexus with the marginal sinus that encircles the foramen magnum. The hypoglossal 
nerve enters the canal as two groups of roots that merge just before exiting the canal 
(Fig. 1.16) [6, 26, 27].

The sigmoid sinus borders the posterior cranial fossa laterally and descends 
along the sigmoid groove. It exits the cranium through the sigmoid part of the jugu-
lar foramen and descends anterolateral to the occipital condyle and anterior to the 
transverse process of the atlas [8, 13, 23].

Fig. 1.15 Posterolateral perspective of the CVJ. The squamosal part of occipital bone in its pos-
terolateral aspect, from the external occipital protuberance to the asterion and mastoid process, has 
been removed. The posterior border of the foramen magnum has been opened and the posterior 
arch of C1 removed. The dura mater covering the cerebellar hemisphere in the posterior cranial 
fossa is exposed. The sigmoid sinus borders the posterior cranial fossa laterally and descends along 
the sigmoid groove. It exits the cranium through the sigmoid part of the jugular foramen and 
descends anterolateral to the occipital condyle and anterior to the transverse process of the atlas. 
The condylar part of the occipital bone is situated at the sides of the foramen magnum and includes 
the occipital condyles and the condylar fossa. The condylar fossa is a depression on the external 
surface of the occipital bone behind the condyle. The occipital condyles, which articulate with the 
atlas, protrude from the external surface of this part. The articular surfaces are located on the 
lower-lateral margin of the condyles. They face downward and laterally to articulate with the supe-
rior facets of the atlas, which face upward and medially. Lateral masses are the most voluminous 
bony parts of atlas forming four facet joints. The upper surface of each lateral mass articulates with 
the occipital condyle. The inferior surface articulates with the superior articular facet of the axis. 
At the level of the intervertebral foramen dorsal and ventral cervical nerves roots unite to form the 
spinal nerve. At the same level, the neurons of the dorsal roots collect to form ganglia. The gan-
glion associated at the first cervical dorsal root may be absent. The C1 nerve, termed the suboccipi-
tal nerve, leaves the vertebral canal between the occipital bone and atlas and has a dorsal ramus 
that is larger than the ventral ramus. The C2 nerve emerges between the posterior arch of the atlas 
and the lamina of the axis where the spinal ganglion is located extradurally, medial to the inferior 
facet of C1 and the vertebral artery. Distal to the ganglion, the nerve divides into a larger dorsal and 
a smaller ventral ramus. A asterion; C1n suboccipital nerve; C2 spinous process of the axis; C2n 
second cervical nerve; CF condylar fossa; CHd dura mater covering the cerebellar hemisphere; 
EOP external occipital protuberance; IJV internal jugular vein; JP jugular process; OC occipital 
condyle; PAOM posterior atlanto-occipital membrane; SS sigmoid sinus; V2 second segment of the 
vertebral artery; V3 third segment of the vertebral artery
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1.3.4  Intradural Structures

The posterolateral perspective at the CVJ allows for intradural exposure of the 
cerebello- medullary cistern and posterior spinal cistern. The cerebello-medullary 
cistern extends from the dorsal margin of the inferior olive around the dorsolateral 
medulla to the biventral lobule of the cerebellum. The glossopharyngeal (IX) and 
vagal nerves (X) and the medullary portion of the accessory nerve (XI) arise within 
and course through this cistern to reach the jugular foramen (Fig. 1.17). The intra-
dural segment of the vertebral artery (V4) can be divided into a lateral medullary 
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segment and an anterior medullary segment. The V4 lateral medullary segment 
begins at the dural foramen and passes anterior and superior along the lateral medul-
lary surface to terminate at the pre-olivary sulcus. The posterior inferior cerebellar 
artery (PICA) enters this cistern after originating from the fourth segment (V4) of 

Fig. 1.16 Posterolateral perspective of the CVJ. The hypoglossal nerve is exposed after the open-
ing of the hypoglossal canal. The hypoglossal canal is situated above the condyle and is directed 
forward and laterally from the posterior cranial fossa. The canal is surrounded superiorly by the 
jugular tubercle, supero-laterally by the jugular foramen, laterally by the sigmoid sinus, and infe-
riorly by the occipital condyle. The intracranial end of the hypoglossal canal is located approxi-
mately 5 mm above the junction of the posterior and middle third of the occipital condyle and 
appropriately 5 mm below the jugular tubercle. The extracranial end of the hypoglossal canal is 
located immediately above the junction of the anterior and middle third of the occipital condyle 
and medial to the jugular foramen. The hypoglossal canal is surrounded by the cortical bone. C1n 
first cervical nerve; C2n second cervical nerve; HN hypoglossal nerve; LM lateral mass of the atlas; 
OC occipital condyle; PCFd dura of the posterior cranial fossa; SC spinal cord; V3 third segment 
of the vertebral artery
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the vertebral artery intradurally. In the cerebello-medullary cistern, the PICA passes 
dorsally between the rootlets of the IX, X, and XI cranial nerves and pursues a pos-
terior course around the medulla (Fig. 1.18) [19, 20, 28, 29].

The lateral surface of the medulla is formed predominantly by the inferior olives. 
The glossopharyngeal, vagus, and accessory nerves arise from the medulla as a line 
of rootlets situated along the posterior edge of the inferior olive in the post-olivary 
sulcus. The only location where the glossopharyngeal nerve may consistently be 
distinguished from the vagal nerve is just proximal to a dural septum, which sepa-
rates these nerves as they penetrate the dura to enter the jugular foramen. The hypo-
glossal nerve arises as a line of rootlets that exit the brainstem along the anterior 
margin of the lower olive in the pre-olivary sulcus, a groove between the olive and 
medullary pyramid. The rootlets of the XII pass behind the vertebral artery to reach 
the hypoglossal canal. The vertebral artery may stretch the hypoglossal rootlets pos-
teriorly over its dorsal surface. The accessory nerve in the cranial fossa is composed 
of one main trunk from the spinal cord and three to six small rootlets that emerge 
from the medulla. The nerve joins the vagus nerve entering the jugular foramen 
(Fig. 1.19) [6, 14].

At the level of the spinal cord, the posterior lateral sulcus is situated along the 
line where the dorsal roots enter the spinal cord. Each dorsal root is composed of a 

Fig. 1.17 Posterolateral intradural perspective of the CVJ. At the level of the spinal cord, the poste-
rior lateral sulcus is situated along the line where the dorsal roots enter the spinal cord. Each dorsal 
root is composed of a series of six to eight rootlets. The dorsal roots of the first two cervical nerves 
pass posterior to the dentate ligament and accessory nerve. CH cerebellar hemisphere; C1dr dorsal 
root of the first cervical nerve; C1n first cervical nerve; C2dr dorsal roots of the second cervical 
nerve; C2n second cervical nerve; DL dentate ligament; PICA posterior inferior cerebellar artery; 
PLS posterior lateral sulcus; T tonsil; V3 third segment of the vertebral artery; XI accessory nerve
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series of six to eight rootlets that fan out to enter the posterolateral surfaces of the 
spinal cord. The dorsal roots of the first two cervical nerves pass posterior to the 
dentate ligament and accessory nerve [2, 9].

The lateral posterior spinal vein, which courses along the line of origin of the 
dorsal roots in the posterior lateral spinal sulcus, is continuous above with the lateral 
medullary vein that courses along the retro-olivary sulcus, dorsal to the olive [4, 14].

1.4  Anterolateral Perspective of the CVJ

1.4.1  Bony Structures

The anterolateral perspective of the CVJ is directed to the jugular foramen and 
transverse process of C1 and C2 (Fig. 1.20).

Fig. 1.18 Posterolateral intradural perspective of the CVJ.  The posterior inferior cerebellar 
artery enters the cerebello-medullary cistern after originating from the fourth segment of the 
vertebral artery. In the cerebello-medullary cistern, the posterior inferior cerebellar artery passes 
dorsally between the rootlets of the IX, X, and XI cranial nerves and pursues a posterior course 
around the medulla. CH cerebellar hemisphere; C1 atlas partially removed; C2 second cervical 
nerve; C2dr dorsal roots of the second cervical nerve; C3 third cervical nerve; D dura mater 
opened; DL dentate ligament; FM posterior border of foramen magnum partially opened; PICA 
posterior inferior cerebellar artery; T tonsil; XI accessory nerve
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Fig. 1.19 Posterolateral intradural perspective of the CVJ. The lateral medullary segment of the 
vertebral artery begins at the dural foramen and passes anterior and superior along the lateral med-
ullary surface to terminate at the pre-olivary sulcus in the cerebello-medullary fissure. The hypo-
glossal nerve arises as a line of rootlets that exit the brainstem along the anterior margin of the 
lower olive in the pre-olivary sulcus. The medullary trunk of the accessory nerve running toward 
the jugular foramen together with the glossopharyngeal and vagal nerves is exposed. CH cerebellar 
hemisphere; HC hypoglossal canal;  SC spinal cord; T cerebellar tonsil; V4lms lateral medullary 
segment of the fourth segment of the vertebral artery; IX-X glossopharyngeal and vagal nerves; 
XI accessory nerve; XII hypoglossal nerve

a b

Fig. 1.20 3D reconstruction of the anterolateral perspective to the CVJ limited by a red dotted 
rectangular area on the extracranial (a) and intracranial (b) surfaces from a posterior view
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The jugular foramen (JF) is a canal-like aperture, which is formed by the combi-
nation of the most indented parts of the occipital and temporal bones. The jugular 
process consists of a quadrilateral plate of bone that extends laterally from the pos-
terior half of the condyle to form the posterior border of the jugular foramen. It 
serves as a bridge between the condylar and squamosal portions of the occipital 
bone and forms the posteromedial wall of the foramen. The jugular process is pen-
etrated by the hypoglossal canal. It articulates laterally with the jugular surface of 
the temporal bone. The jugular process also serves as the site of attachment of the 
rectus capitis lateralis muscle behind the jugular foramen. The upper surface of the 
jugular process at the junction of the basilar and condylar parts of the occipital bone 
presents an oval prominence, the jugular tubercle. It is situated above the hypoglos-
sal canal and medial to the lower half of the intracranial end of the jugular foramen 
[28, 30–32].

The transverse foramen of the atlas, which transmits the vertebral artery, is situ-
ated between the lateral mass and the transverse process. The transverse process of 
the atlas projects in the area between the mastoid process and the angle of the man-
dible, further lateral than the transverse processes on the adjacent cervical vertebrae. 
It has an apex that gives attachment to several muscles: the rectus capitis lateralis 
arises from the anterior portion; the superior oblique arises from the posterior por-
tion of the upper surface of the transverse process; the inferior oblique muscle 
inserts on the lateral tip of the transverse process; the levator scapulae, splenius 
cervicis, and the scalenus medius attach to the inferior and lateral surface of the 
transverse process [2, 9, 22].

The transverse processes of the axis are small. Each transverse foramen faces 
supero-laterally, thus permitting the lateral deviation of the vertebral artery as it 
passes up to the more widely separated transverse foramina in the atlas [5, 9].

1.4.2  Muscular Relationships

The sternocleidomastoid muscle that passes obliquely downward from the lateral 
half of the superior nuchal line and mastoid process divides the side of the neck into 
an anterior triangle and a posterior triangle. The anterior triangle corresponds to the 
anterolateral aspect of the CVJ. It is bounded posteriorly by the anterior border of 
the sternocleidomastoid, laterally by the mandible and parotid gland, superiorly by 
the region of the jugular foramen and the mastoid process and anteriorly by the 
median line of the neck. In the fatty pad situated deep to the sternocleidomastoid 
runs the accessory nerve that supplies the muscle. In a deeper layer the posterior 
belly of the digastric muscle arises in the digastric groove located medial to the 
mastoid process and the longissimus capitis. Reflecting the digastric muscle exposes 
the transverse process of the atlas, which is covered by the attachments of numerous 
muscles, including the superior and inferior obliques, which form the upper and 
lower margins of the suboccipital triangle (Figs. 1.21 and 1.22) [3, 6–8]. The rectus 
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capitis lateralis muscle is the muscle most intimately related to the jugular foramen. 
It is considered together with the anterior vertebral muscles. It extends vertically 
behind the internal jugular vein from the transverse process of the atlas to the jugu-
lar process of the occipital bone (Fig. 1.23) [34].

Fig. 1.21 Anterolateral perspective of the CVJ: muscular relationships. The sternocleidomastoid 
muscle has been reflected inferiorly and the semispinalis capitis laterally. Deeper to the sternoclei-
domastoid muscle, the posterior belly of the digastric muscle arises in the digastric groove located 
medial to the mastoid process and the longissimus capitis. Reflecting the digastric muscle exposes 
the transverse process of the atlas, which is covered by the attachments of numerous muscles, 
including the superior and inferior obliques, which form the upper and lower margin of the suboc-
cipital triangle. DG digastric groove; DMp posterior belly of digastric muscle; ICA internal carotid 
artery; IJV internal jugular vein; IOM inferior oblique muscle; LC longissimus capitis muscle; 
LSM levator scapulae muscle; MP mastoid process; OA occipital artery; RCPM rectus capitis pos-
terior major muscle; SOM superior oblique muscle; X vagal nerve; XI accessory nerve
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1.4.3  Extradural Structures

The endocranial surface of the jugular foramen is generally divided into three intra-
jugular compartments: two venous and a neural compartment (Fig. 1.24). The neu-
ral and vascular compartments are generally separated by a bone projection called 
the intrajugular process. The larger posterolateral venous compartment, the sigmoid 
compartment, receives the flow of the sigmoid sinus. The sigmoid sinus drains into 
the internal jugular vein at the jugular bulb. The smaller anteromedial venous 

Fig. 1.22 Anterolateral perspective of the CVJ. The relationship between the occipital artery and 
the muscles on the anterolateral aspect of the CVJ is exposed. It arises from the posterior surface 
of the external carotid artery at the level of the angle of the mandible and courses obliquely upward 
between the posterior belly of the digastric muscle and the internal jugular vein, to reach the area 
posteromedial to the styloid process. At that point, it changes its course to posterior and lateral, 
passing posterior to the rectus capitis lateralis and then between the superior oblique and the pos-
terior belly of the digastric where it courses in the occipital groove medial to the mastoid notch, in 
which the posterior belly of the digastric muscle arises. After exiting the area between the superior 
oblique muscle and the posterior belly of the digastric, it courses medially, being related to the 
longissimus capitis and semispinalis capitis. It courses medially behind the semispinalis capitis 
just below the superior nuchal line in the upper part of the posterior triangle to pass between the 
upper attachment of trapezius and the semispinalis capitis, where it pierces the attachment of the 
trapezius muscle to the superior nuchal line and ascends in the superficial fascia of the posterior 
scalp. DG digastric groove; ECA external carotid artery; ICA internal carotid artery; IOM inferior 
oblique muscle; LSM levator scapulae muscle; MP mastoid process; OA occipital artery; RCPM 
rectus capitis posterior major muscle; SOM superior oblique muscle; V3 third segment of the ver-
tebral artery; XI accessory nerve; X vagal nerve
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Fig. 1.23 Anterolateral perspective of the CVJ. The rectus capitis lateralis muscle is the muscle 
most intimately related to the jugular foramen. It is considered together with the anterior vertebral 
muscles. It extends vertically behind the internal jugular vein from the transverse process of the 
atlas to the jugular process of the occipital bone. DG digastric groove; IJV internal jugular vein; 
IOM inferior oblique muscle; JP jugular process; MP mastoid process; RCL rectus capitis lateralis 
muscle; SOM superior oblique muscle; V3 third segment of the vertebral artery; XI accessory 
nerve

Fig. 1.24 The intracranial 
surface of the jugular 
foramen is shown by 
means of a 3D 
reconstruction. The neural 
part is represented in 
yellow, the venous 
compartment in blue, and 
the vertebral arteries 
joining to form the basilar 
artery in red
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channel, the petrosal part, receives the drainage of the inferior petrosal sinus, besides 
receiving tributaries from the hypoglossal canal, petroclival fissure, and vertebral 
venous plexus. The neural part, through which the glossopharyngeal, vagus, and 
accessory nerves course, is located between the sigmoid and petrosal parts at the site 
of the intrajugular processes of the temporal and occipital bones, which are joined 
by a fibrous or osseous bridge. The dura over the neural part of the foramen has two 
characteristic perforations, a glossopharyngeal meatus, through which the glosso-
pharyngeal nerve passes, and a vagal meatus, through which the vagus and acces-
sory nerves pass. Along their exit from the jugular foramen, the glossopharyngeal, 
vagus, and accessory nerves penetrate the dura on the medial margin of the intra-
jugular process of the temporal bone to reach the medial wall of the internal jugular 
vein [28, 30, 33].

The glossopharyngeal nerve exits the jugular foramen and then turns forward, 
crossing the lateral surface of the internal carotid artery deep to the styloid process. 
At the external orifice of the jugular foramen, it gives rise to the tympanic branch 
(Jacobson’s nerve) that provides innervation to the parotid gland. At the level of 
the vagal meatus, the vagal nerve is joined by the accessory nerve and gives rise to 
the Arnold’s nerve, an auricular branch that join the facial nerve in the temporal 
bone. The vagal nerve exits the jugular foramen vertically, retaining an intimate 
relationship to the accessory nerve. At the level the two nerves exit the jugular 
foramen, they are located behind the glossopharyngeal nerve on the posteromedial 
wall of the internal jugular vein. As the vagal nerve passes lateral to the outer ori-
fice of the hypoglossal canal, it is joined by the hypoglossal nerve medially. The 
accessory nerve exiting the jugular foramen descends obliquely laterally between 
the internal carotid artery and internal jugular vein and then backward across the 
lateral surface of the vein to reach its muscles. The hypoglossal nerve does not 
traverse the jugular foramen. However, it joins the nerves exiting the jugular fora-
men just below the skull and runs with them in the carotid sheath. The nerve exits 
the inferolateral part of the hypoglossal canal and passes adjacent to the vagal 
nerve, descends between the internal carotid artery and the internal jugular vein to 
the level of the transverse process of the atlas, where it turns abruptly forward 
along the lateral surface of the internal carotid artery toward the tongue (Figs. 1.25 
and 1.26) [18, 19, 29, 35].

The internal jugular vein is the most volumetric structure in the JF. The proximal 
dilated part is called the jugular bulb. Anteriorly the inferior petrosal sinus and pos-
teriorly the sigmoid sinus are the venous structures that drain into the jugular bulb. 
The top of the jugular bulb may reach out the porus acusticus internus in the tempo-
ral bone. The internal jugular vein and its tributaries form the most important drain-
age system in the craniocervical area [36, 37].

The internal carotid artery passes, almost straightly upward, posterior to the 
external carotid artery and anteromedial to the internal jugular vein, to reach the 
carotid canal. At the level of the skull base, the internal jugular vein courses just 
posterior to the internal carotid artery, being separated from it by the carotid ridge. 
Between them, the glossopharyngeal nerve is located laterally and the vagus, acces-
sory, and hypoglossal nerves medially [7, 28].

E. d’Avella et al.



31

The external carotid artery ascends anterior to the internal carotid artery. Proximal 
to its terminal bifurcation into the maxillary and the superficial temporal arteries, it 
gives rise to the posterior branches that are related to the jugular foramen: the ascend-
ing pharyngeal artery, the occipital artery and the posterior auricular artery [1, 7].

The occipital artery is the largest branch of the posterior group. It arises from the 
posterior surface of the external carotid artery at the level of the angle of the 

Fig. 1.25 Anterolateral perspective of the CVJ. The extracranial opening of the jugular foramen 
is exposed. The glossopharyngeal nerve exits the jugular foramen and then turns forward, crossing 
the lateral surface of the internal carotid artery deep to the styloid process. The vagal nerve exits 
the jugular foramen vertically, retaining an intimate relationship to the accessory nerve. At the 
level the two nerves exit the jugular foramen, they are located behind the glossopharyngeal nerve 
on the posteromedial wall of the internal jugular vein. As the vagal nerve passes lateral to the outer 
orifice of the hypoglossal canal, it is joined by the hypoglossal nerve medially. The accessory nerve 
exiting the jugular foramen descends obliquely laterally between the internal carotid artery and 
internal jugular vein and then backward across the lateral surface of the vein to reach its muscles. 
The hypoglossal nerve does not traverse the jugular foramen. However, it joins the nerves exiting 
the jugular foramen just below the skull and runs with them in the carotid sheath. The nerve exits 
the inferolateral part of the hypoglossal canal and passes adjacent to the vagal nerve, descends 
between the internal carotid artery and the internal jugular vein to the level of the transverse pro-
cess of the atlas, where it turns abruptly forward along the lateral surface of the internal carotid 
artery toward the tongue. CF condylar fossa; CV condylar vein; DG digastric groove; IJV internal 
jugular vein; JF jugular foramen; JP jugular process; JT jugular tubercle; MP mastoid process; 
RCPM rectus capitis posterior major muscle; SP styloid process; SPM stylopharyngeus muscle;  
TP transverse process of the atlas; V3 third segment of the vertebral artery; IX glossopharyngeal 
nerve; X vagal nerve; XI accessory nerve; XII hypoglossal nerve
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mandible and courses obliquely upward between the posterior belly of the digastric 
muscle and the internal jugular vein, to reach the area posteromedial to the styloid 
process. At that point, it changes its course to posterior and lateral, passing posterior 
to the rectus capitis lateralis and then between the superior oblique and the posterior 
belly of the digastric where it courses in the occipital groove medial to the mastoid 
notch, in which the posterior belly of the digastric muscle arises. After exiting the 
area between the superior oblique muscle and the posterior belly of the digastric, it 
courses medially, being related to the longissimus capitis and semispinalis capitis. 
It courses medially behind the semispinalis capitis just below the superior nuchal 
line in the upper part of the posterior triangle to pass between the upper attachment 
of trapezius and the semispinalis capitis, where it pierces the attachment of the tra-
pezius muscle to the superior nuchal line and ascends in the superficial fascia of the 
posterior scalp [2, 25].

The vertebral artery, above the transverse foramen of the axis, veers laterally to 
reach the transverse foramen of the atlas, which is situated further lateral than the 
transverse foramen of the axis (second segment of the vertebral artery, V2). The 
artery, after ascending through the transverse process of the atlas, is located on the 
medial side of the rectus capitis lateralis muscle. From here it turns medially behind 
the lateral mass of the atlas and the atlanto-occipital joint and is pressed into the 
groove on the upper surface of the posterior arch of the atlas (V3) [5, 9, 17].

1.5  Anteromedial Perspective of the CVJ

The anteromedial perspective of the CVJ provides exposure of the clival portion of 
occipital bone, anterior border of foramen magnum, anterior arch of C1, and the 
odontoid process (Fig. 1.26).

Fig. 1.26 The 
anteromedial perspective 
of the CVJ with removal of 
the anterior arch of C1 is 
limited by a red dotted 
rectangular area on a 3D 
model
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1.5.1  Bony Structures

The clivus, or basilar part of the occipital bone, is a thick quadrangular plate of bone 
that extends forward and upward, at an angle of about 45° from the foramen mag-
num. It joins the sphenoid bone at the spheno-occipital synchondrosis just below the 
dorsum sellae. The clivus is separated on each side from the petrous part of the 
temporal bone by the petroclival fissure. This fissure has the inferior petrosal sinus 
on its upper surface and ends posteriorly at the jugular foramen. Clivus is divided 
into three parts: superior, middle, and inferior. The superior portion is located above 
the level of the sellar floor; the middle portion extends from the sellar level to the 
level of sphenoid floor; and the inferior portion from the sphenoid floor to the fora-
men magnum. On the inferior surface of the basilar part, in front of the foramen 
magnum, a small elevation, the pharyngeal tubercle, gives attachment to the fibrous 
raphe of the pharynx (Fig. 1.27) [4, 38, 39].

Fig. 1.27 Endoscopic endonasal exposure of the anteromedial aspect of the CVJ. The clivus, or 
basilar part of the occipital bone, is a thick quadrangular plate of bone that extends forward and 
upward, at an angle of about 45° from the foramen magnum. On the inferior surface of the basilar 
part, in front of the foramen magnum, a small elevation, the pharyngeal tubercle, gives attachment 
to the fibrous raphe of the pharynx. The anterior arch of the atlas is short and convexed forward and 
has a median anterior tubercle. The anterior atlanto-occipital membrane is a thin structure that 
attaches the anterior aspect of the atlas to the anterior rim of the foramen magnum. It is located just 
posterior to the pre-vertebral muscles of the neck. AOM anterior occipital membrane; C1 atlas; 
mat middle anterior tubercle; OC occipital condyle; PT pharyngeal tubercle
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The atlas lacks a vertebral body, whose usual position is occupied by the odon-
toid process of the axis. The anterior arch is short and convexed forward and has a 
median anterior tubercle. The internal wall of the anterior arch is in contact with 
odontoid process forming a facet (fovea dentis). It is the widest cervical vertebra, 
with its anterior arch approximately half as long as its posterior arch [1, 39, 40].

The dens of the axis, or odontoid process (dens), projects upward from the body 
of vertebra. The dens has a pointed apex, has a flattened side where the alar liga-
ments are attached, and is grooved at the base of its posterior surface where the 
transverse ligament of the atlas passes [1–3].

1.5.2  Muscular Relationships

The anterior vertebral muscles insert on the clival part of the occipital bone anterior 
to the foramen magnum. The longus colli is located on the anterior aspect of the 
cervical spine and consists of three portions. The superior oblique portion originates 
from the anterior tubercle of the transverse processes of the third through fifth cervi-
cal vertebrae and inserts on the tubercle of the anterior arch of the atlas; the inferior 
oblique and vertical portions extend from the fifth cervical vertebra downward to 
the third thoracic vertebra. The longus capitis originates from tendinous slips from 
the anterior tubercles of the transverse processes of the third through sixth cervical 
vertebrae, rising to insert on the basilar portion of the occipital bone. It is supplied 
by the anterior ramus of first through the third cervical spinal nerves. The rectus 
capitis anterior, located just deep to the superior aspect of the longus capitis, origi-
nates from the anterior surface of the lateral mass and the root of the transverse 
process of C1. It inserts on the foramen magnum anteriorly and on the basilar por-
tion of the occipital bone. The rectus capitis lateralis has already been described as 
related to the jugular foramen (Fig. 1.28) [4, 8, 38, 40]. The anterior vertebral mus-
cles are covered by the basipharyngeal fascia and on the midline by the median 
raphe. Median raphe is a thick band of connective tissue, which is attached to pha-
ryngeal tubercle in the midline at clivus and continues below as anterior longitudi-
nal ligament [12, 39].

1.5.3  Extradural Structures

The two atlanto-occipital joints are true synovial joints. They contain synovial 
membrane and are covered by capsular ligaments. The atlas and the occipital bone 
are united anteriorly by the anterior atlanto-occipital membrane. The anterior 
atlanto-occipital membrane (AAO) is a thin structure that attaches the anterior 
aspect of the atlas to the anterior rim of the foramen magnum. It is located just pos-
terior to the pre-vertebral muscles of the neck and serves as the anterior wall of the 
supra-odontoid space, which houses the alar and apical ligaments, as well as fat and 
veins (Fig. 1.29). The alar ligament attaches the lateral aspects of the odontoid pro-
cess to the base of the skull on the medial aspect of the occipital condyles. The 
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apical ligament, also known as the middle odontoid ligament or suspensory liga-
ment, attaches the tip of the odontoid process to the middle point of the anterior 
border of the foramen magnum (basion). The ligament runs in the supra-odontoid 
space between the left and right alar ligaments and travels just posterior to the alar 
ligaments and just anterior to the superior portion of the cruciform ligament. The 
cruciform ligament has transverse and vertical parts that form a cross behind the 
dens. The transverse ligament is the key component of the cruciform ligament and 
is one of the most important ligaments in the body. It is the largest, strongest, and 
thickest craniocervical ligament. The superior and inferior limbs of the vertical part 
of the cruciform ligament are extremely thin. The transverse ligament runs posterior 
to the odontoid process of the axis and attaches to the lateral tubercles on the lateral 
mass of the atlas bilaterally. The transverse ligament maintains stability at the CVJ 
by locking the odontoid process anteriorly against the posterior aspect of the ante-
rior arch of the atlas, and it divides the ring of the atlas into two compartments: the 
anterior compartment houses the odontoid process and the posterior compartment 
contains primarily the spinal cord and spinal accessory nerves. A synovial capsule 
is located between the odontoid process and the transverse ligament. The tectorial 
membrane, epidural fat, and dura mater are located dorsal to the transverse liga-
ment. The tectorial membrane is a thin structure at the CVJ that serves as the poste-
rior border to the supra-odontoid space. It runs posterior to the cruciform ligament 

a b

Fig. 1.28 Muscles related to the anteromedial perspective of the CVJ are represented through a 
3D model. The superficial layer of the anterior vertebral muscles is exposed. The longus capitis 
originates from tendinous slips from the anterior tubercles of the transverse processes of the third 
through sixth cervical vertebrae and inserts on the basilar portion of the occipital bone. Below, the 
superior oblique portion of the longus colli originates from the anterior tubercle of the transverse 
processes of the third through fifth cervical vertebrae and inserts on the tubercle of the anterior arch 
of the atlas (a). The rectus capitis anterior, located just deep to the superior aspect of the longus 
capitis, originates from the anterior surface of the lateral mass and the root of the transverse pro-
cess of C1. The rectus capitis lateralis extends vertically behind the internal jugular vein from the 
transverse process of the atlas to the jugular process of the occipital bone (b). The anterior verte-
bral muscles are covered by the basipharyngeal fascia and on the midline by the median raphe. 
Median raphe is a thick band of connective tissue, which is attached to pharyngeal tubercle in the 
midline at clivus and continues below as anterior longitudinal ligament
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in intimate contact with the dura mater of the clivus posteriorly. The tectorial mem-
brane firmly adhered to the cranial base and body of the axis, where it is continuous 
with the posterior longitudinal ligament, but not to the posterior odontoid process. 
The posterior longitudinal ligament is attached below to the posterior surface of the 
body of the axis, and above to the transverse part of the cruciform ligament and the 
clivus. In front, the atlas and axis are connected by the anterior longitudinal liga-
ment, which is a wide band fixed above to the lower border of the anterior arch of 
the atlas and below to the front of the body of the axis (Fig. 1.30, 3D model with 
reconstruction of the dens and ligaments) [4, 12, 38].

The basilar venous plexus is located between the layers of the dura mater on the 
upper clivus. It is formed by interconnecting venous channels that anastomose with 

Fig. 1.29 Endoscopic endonasal exposure of the anteromedial aspect of the CVJ. The atlanto- 
occipital joints consist of the articulation between the upper facet of each lateral mass of the atlas 
and the occipital condyle that protrudes from the condylar part of the occipital bone. The two 
atlanto-occipital joints are true synovial joints. They contain synovial membrane and are covered 
by capsular ligaments. The supra-odontoid space between the anterior arch of the atlas and the 
anterior border of foramen magnum is exposed. The basilar venous plexus is located between the 
layers of the dura mater on the clivus. It is formed by interconnecting venous channels that anas-
tomose with the inferior petrosal sinuses laterally, the cavernous sinuses superiorly, and the mar-
ginal sinus and epidural venous plexus inferiorly. AOJ atlanto-occipital joint; BPV basilar venous 
plexus; CD clival dura; C1 atlas; FM foramen magnum; OC occipital condyle; SOS supra-odontoid 
space
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the inferior petrosal sinuses laterally, the cavernous sinuses superiorly, and the mar-
ginal sinus and epidural venous plexus inferiorly [4, 38, 39].

On the anteromedial aspect of the CVJ, at the level of the superior surface of the 
occipital condyle, the supracondylar groove corresponds to an area formed by the 
insertion of the rectus capitus anterior muscle, anterior atlanto-occipital membrane, 
and atlanto-occipital capsule joint. The hypoglossal canals are situated posterior 
and lateral to the supracondylar groove (Fig. 1.31) [41–43].

1.5.4  Intradural Structures

The intradural anteromedial aspect of the CVJ corresponds to the medullary pyra-
mids, which face the clivus, the anterior edge of the foramen magnum, and the 

a b
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Fig. 1.30 3D model of the odontoid process and ligaments as seen through a posterior view after 
removal of the posterior arch of C1. The tectorial membrane is a thin structure at the CVJ that runs 
posterior to the cruciform ligament in intimate contact with the dura mater of the clivus posteriorly. 
The tectorial membrane firmly adhered to the cranial base and body of the axis, where it is continu-
ous with the posterior longitudinal ligament, but not to the posterior odontoid process. The poste-
rior longitudinal ligament is attached below to the posterior surface of the body of the axis and 
above to the transverse part of the cruciform ligament and the clivus (a). The cruciform ligament 
has transverse and vertical parts that form a cross behind the dens. The transverse ligament is the 
key component of the cruciform ligament and is one of the most important ligaments in the body. 
It is the largest, strongest, and thickest craniocervical ligament. The superior and inferior limbs of 
the vertical part of the cruciform ligament are extremely thin (b). The alar ligament attaches the 
lateral aspects of the odontoid process to the base of the skull on the medial aspect of the occipital 
condyles. The apical ligament attaches the tip of the odontoid process to the middle point of the 
anterior border of the foramen magnum (c)
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rostral part of the odontoid process. The anterior median sulcus divides the medulla 
between the pyramids and is continuous caudally with the anterior median fissure of 
the spinal cord. The rootlets forming the hypoglossal nerve, the glossopharyngeal, 
vagus, and accessory nerves run laterally from the lateral surface of the brainstem in 
the cerebello-medullary cistern (Figs. 1.32 and 1.33) [38–45].

The anterior medullary segment of the vertebral artery (V4) begins at the pre- 
olivary sulcus, courses in front of, or between, the hypoglossal rootlets, and 
crosses the pyramid to join with the other vertebral artery at or near the ponto-
medullary sulcus to form the basilar artery. Branch of the anterior medullary seg-
ment is the anterior spinal artery. The anterior spinal artery is formed by the union 
of the paired anterior ventral spinal arteries near the origin of the basilar artery. 
The artery descends through the foramen magnum on the anterior surface of the 

Fig. 1.31 Endoscopic endonasal exposure of the anteromedial aspect of the CVJ. The supracon-
dylar groove corresponds to an area at the level of the superior surface of the occipital condyle 
formed by the insertion of the rectus capitis anterior muscle, anterior atlanto-occipital membrane, 
and atlanto-occipital capsule joint, which have been removed. The tectorial membrane is a thin 
membranous structure at the anteromedial CVJ that serves as the posterior border to the supra- 
odontoid space. It runs posterior to the cruciform ligament in intimate contact with the dura mater 
of the clivus posteriorly. The tectorial membrane firmly adhered to the cranial base and body of the 
axis, where it is continuous with the posterior longitudinal ligament. CD clival dura; C1 atlas; 
mat  median anterior tubercle; OC  occipital condyle; SCG supracondylar groove; TM tectorial 
membrane
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medulla and the spinal cord in or near the anteromedian fissure. On the medulla, 
it supplies the pyramids and their decussation, the medial lemniscus, the inter-
olivary bundles, the hypoglossal nuclei and nerves, and the posterior longitudinal 
fasciculus. It anastomoses with the anterior branches of the radicular arteries 
entering the cervical foramina [1, 2, 43]. The median anterior spinal vein, that 
courses in the anteromedian spinal fissure deep to the anterior spinal artery, is 
continuous with the median anterior medullary vein that courses on the anterome-
dian sulcus of the medulla [38–40].

Fig. 1.32 Endoscopic endonasal exposure of the intradural anteromedial aspect of the CVJ. The 
intradural anteromedial aspect of the CVJ corresponds to the medullary pyramids, which face the 
clivus, the anterior edge of the foramen magnum, and the rostral part of the odontoid process. The 
anterior median sulcus divides the medulla between the pyramids and is continuous caudally with 
the anterior median fissure of the spinal cord. The fourth segment of the vertebral artery (V4) in its 
anterior medullary segment is visible. This segment begins at the pre-olivary sulcus, courses in 
front of, or between, the hypoglossal rootlets, and crosses the pyramid to join with the other verte-
bral artery at or near the ponto-medullary sulcus to form the basilar artery. The anterior spinal 
artery is formed by the union of the paired anterior ventral spinal arteries near the origin of the 
basilar artery. The artery descends through the foramen magnum on the anterior surface of the 
medulla and the spinal cord in or near the anteromedian fissure. The rootlets forming the hypoglos-
sal nerve, the glossopharyngeal, and vagal nerve run laterally from the lateral surface of the brain-
stem in the cerebello-medullary cistern. The only location where the glossopharyngeal nerve may 
consistently be distinguished from the vagal nerve is just proximal to its entrance at the jugular 
foramen. AMS anterior median sulcus; ASA anterior spinal artery; MPl left medullary pyramid; 
MPr right medullary pyramid; VAams vertebral artery anterior medullary segment; IX glossopha-
ryngeal nerve; X vagal nerve; XII hypoglossal nerve
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1.6  Conclusions

The complex anatomy of the CVJ deserves to be unlocked through a chamaleontic 
perspective based on microsurgical posterior and lateral and anterior endoscopic 
investigation. The integration of the anatomic knowledge coming from different and 
complementary perspectives with three-dimensional computer-based information is 
mandatory to create a safe and effective surgical decision-making process.

Fig. 1.33 Endoscopic endonasal exposure of the cerebello-medullary fissure through an antero-
medial perspective. The glossopharyngeal, vagal, and medullary portions of the accessory nerve 
origin from the posterior edge of the inferior olive in the post-olivary sulcus. In the cerebello- 
medullary cistern, the medullary and spinal portions of the accessory nerve unite and run together 
with the glossopharyngeal and vagal nerves to the jugular foramen. The hypoglossal nerve arises 
as a line of rootlets that exit the brainstem along the anterior margin of the lower olive in the pre- 
olivary sulcus, a groove between the olive and medullary pyramid. The rootlets of the hyploglossal 
nerve pass behind the vertebral artery to reach the hypoglossal canal. The posterior inferior cere-
bellar artery enters the cerebello-medullary cistern after originating from the fourth segment (V4) 
of the vertebral artery intradurally. In the cerebello-medullary cistern the artery passes around the 
rootlets of the glossopharyngeal, vagal, and accessory nerves and pursues a posterior course 
around the medulla. HC hypoglossal canal; IO inferior olive; PICA posterior inferior cerebellar 
artery; IX glossopharyngeal nerve; X vagal nerve; XI accessory nerve; XII hypoglossal nerve
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2Surgical Anatomy of the Vertebral Artery 
at Craniovertebral Junction Level

Michael Bruneau and Bernard George

2.1  Anatomy of the Vertebral Artery V3 Segment

The vertebral artery (VA) course is subdivided into four segments.
The V1 segment, or ostial segment, takes its origin from the subclavian artery 

and usually ends at the transverse foramen of C6.
The V2 segment, or transversary segment, courses in and between the transverse 

foramina up to the C2 level. While the VA course is vertical between C6 and C3, its 
trajectory changes between C3 and C2 because the C2 transverse process is longer 
than the other ones and then located more laterally, with an orientation obliquely 
and inferiorly [1]. After exiting the C3 transverse foramen, the VA still runs verti-
cally for 5–6 mm, before sharply bending along the base of the C2 vertebral body 
and running horizontally a few millimeters below the base of the C2 transverse 
process toward the C2 transverse foramen [1].

The V3 segment, or suboccipital segment, is located at the level of the craniover-
tebral junction, between the C2 transverse foramen and the dura mater of the fora-
men magnum (FM) (Fig. 2.1) [2–6].

The V4 segment, or intradural segment, fuses normally with the contralateral one 
to form the basilar artery.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18700-2_2&domain=pdf
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a b

c

Fig. 2.1 Essential anatomy of the vertebral artery V3 segment on 3D angio-CT, illustrating bone 
relations. (a) Anterior view. (b) Lateral view. (c) Posterolateral view. The vertebral artery V3 seg-
ment extends from the C2 transverse foramen (white arrow) to the dura mater of the foramen 
magnum (black arrow). Its course is subdivided into three portions. The vertical portion, its first 
portion, runs between the C2 (white arrow) and C1 (white arrowhead) transverse foramina. Then, 
the artery courses posteriorly around the C1 lateral mass. The horizontal portion, its second por-
tion, runs lateromedially above the C1 posterior arch up to the level of a medial step (black arrow-
head). At this moment, starts the oblique portion (the third portion) that follows an ascending 
course up to the dura mater of the foramen magnum (black arrow). At each level, the vertebral 
artery gives off muscular branches. Note: The vertical portion of the vertebral artery V3 segment 
has a course lateral to that of the V2 segment. Under the C2 vertebral body (gray arrowhead), a 
horizontal loop exists in between, which is masked by the bone. The left vertebral artery is hypo-
plasic. Pictures created with Osirix software. (From George B, Bruneau M, Spetzler RF (eds). 
Pathology and surgery around the vertebral artery. Springer; 2011)
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2.1.1  V3 Segment Portions

Along its course, the V3 segment is subdivided into three portions (Figs. 2.1 and 2.2). 
The vertical portion courses between the C2 and C1 transverse foramina. Its name 
comes from its course orientation when the head is considered in a neutral position. 
The horizontal portion follows the groove situated on the superior aspect of the pos-
terior arch of the atlas. The junction between the vertical and horizontal portions 
forms a 90° angle in neutral position. The oblique portion prolongs the medial aspect 
of the horizontal portion toward the dura mater of the foramen magnum. Its course is 
oblique following the shape of the bone of the posterior arch of the atlas that forms a 
step at this level.

Bone structures represent crucial landmarks during the exposure of the V3 seg-
ment. During a posterolateral approach (Fig. 2.3a), the VA is safely exposed at C1 
by a lateromedial subperiosteal dissection along the C1 posterior arch. This tech-
nique allows to localize safely the step formed by the bone and then the VA that runs 
just above it. During an anterolateral approach (Fig. 2.3b), the C1 transverse process 
represents a crucial landmark that can be palpated 15 mm below the mastoid tip. 
Dividing the muscles that insert on it (the superior oblique, the rectus capitis latera-
lis, the inferior oblique, the levator scapulae, the splenius cervicis, and the scalenius 
medius muscles) will bring the VA into view.

a b

Fig. 2.2 Essential anatomy of the vertebral artery V3 segment on angiography. (a) Anterior view. 
(b) Lateral view. The same arrow indications as that on Fig. 2.1 are used. Note the origin of mus-
cular branches at the C1 and C2 levels. (From George B, Bruneau M, Spetzler RF (eds). Pathology 
and surgery around the vertebral artery. Springer; 2011)
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2.1.2  Periosteal Sheath, Venous Plexus, and Distal Dural Ring

Like the V2 segment, the V3 segment and its venous plexus are enclosed within a 
periosteal sheath (Fig. 2.4). The periosteal sheath is in fact an extension of the peri-
osteal sheath of the transverse processes [6, 7]. Performing a subperiosteal dissec-
tion is a key step in the surgical technique for exposing the VA in safe conditions. 
This technique avoids to enter inside the periosteal sheath with the subsequent 
venous bleedings of the venous plexus.

At the FM level, the periosteal sheath fuses tightly with the dura mater forming 
a ring called the distal dural ring. The ring is located about 10 mm from the midline. 
At the level of the dural crossing that is 1–2 mm long, the VA cannot be separated 
from the dura mater due to collagenous fibers of the dura that penetrate the adventi-
tia to reach the media and perforating fibers that really anchor into the arterial wall 
[8]. For this reason, mobilizing the VA at the V3-V4 junction requires to divide the 
dura mater circumferentially at the level of the ring.

2.1.3  Normal Variability in the Course of the V3 Segment

The course of the V3 segment is variable because it depends on head rotation 
(Fig. 2.5). Indeed, since the C1 transverse process moves anteriorly with head rota-
tion as the atlas turns around the axis, the vertical segment becomes more and more 
oblique anteriorly and the angle between the VA segments above and below C1 
becomes acute with increasing angle of rotation. At the maximum of rotation, the 
horizontal and vertical segments are stretched, so that they run parallel, separated 

a b

Fig. 2.3 Approaches to the vertebral artery V3 segment. (a) The posterolateral approach. (b) The 
anterolateral approach. (From George B, Bruneau M, Spetzler RF (eds). Pathology and surgery 
around the vertebral artery. Springer; 2011)
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only by the bone of the posterior arch of the atlas [6, 7]. This anatomical displace-
ment of V3 segment depending on head rotation should be perfectly understood for 
surgical positioning and for anticipating anatomical relations at surgery.

The displacement of C1 relative to C2 during head rotation explains some 
motion-related vascular pathologies with VA occlusion during rotation and 
 subsequent strokes, named Bow hunter strokes, or extradural PICA origin 
 occlusion [9, 10].

2.1.4  Branches

Several branches take their origin along the course of the V3 segment (Fig. 2.2):

 – A C2 radicular artery. This artery starts in the middle of the posterolateral aspect 
of the C1-C2 portion. This branch accompanies the C2 nerve laterally and pro-
vides the blood supply to the C2 ganglion and nerve.

 – A muscular branch that arises posteriorly at the upper exit of the transverse fora-
men of the atlas.

 – A posteromedial branch, located at the junction of the horizontal and oblique 
portions.

Fig. 2.4 Left-sided cadaver posterolateral approach to the vertebral artery V3 segment. The verti-
cal portion of the V3 segment that runs between the C2 and C1 transverse processes is exposed. 
The vertebral artery is enclosed within a periosteal sheath surrounded by a huge venous plexus. 
The plexus has been opened to show the vertical portion of the vertebral artery V3 segment. Above 
the C1 posterior arch, the horizontal and oblique portions are within the venous plexus. V3v verti-
cal portion of the vertebral artery V3 segment, VP venous plexus. (From George B, Bruneau M, 
Spetzler RF (eds). Pathology and surgery around the vertebral artery. Springer; 2011)
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2.2  Anatomical Variations

Anatomical variations expose the VA at risk of inadvertent intraoperative trauma-
tism. Their detection is most of the time possible on preoperative workup as soon as 
the attention is focused on the VA trajectory or subtle bone modifications. The opti-
mal visualization of the VA course is provided by angio-CT or angio-MR (MRA) 
with 3D reconstructions. Due to its invasive character, angiography is never neces-
sary for this purpose.

2.2.1  Size

In 20–40% of the cases, both VAs may be of different sizes with the left VA usually 
larger than the right one (Fig. 2.6) [5, 7, 11–13]. The mean size of the left VA at its 
origin is 5.0 mm (3.3–6.2 mm) compared to 4.1 mm (2.2–5.5 mm) on the right side. 
The VA and its V3 segment can even be smaller in case of hypoplasia or atresia. This 
variation is predominantly observed on the right side [14–16]. The size cut-off to 

Fig. 2.5 Relative position of the C1 and C2 vertebrae during head rotation. The relations of the 
vertebral artery move accordingly. Superior views: left: head turned to the left; center: neutral 
position; right: head turned to the right. When the head is turned to one side, the homolateral C1 
transverse process moves posteriorly and the contralateral one anteriorly. (From George B, 
Bruneau M, Spetzler RF (eds). Pathology and surgery around the vertebral artery. Springer; 2011)

M. Bruneau and B. George
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consider hypoplasia is highly variable in the literature, between 2 and 3.5 mm [14, 
15, 17, 18]. Depending on the cut-off considered, the incidence of the variation is 
reported between 2.34 and 26.5% [14, 15, 17–20]. The difference between hypopla-
sia and atresia is that in the former condition both VAs fuse to form the basilar trunk, 
while it is not the case in the latter condition, the VA ending by the PICA (Fig. 2.6) 
or another vessel such as the occipital artery or a spinal artery [7, 21, 22]. Hypoplasia 
is relatively common in the general population. Despite being generally an inciden-
tal discovery, a high association of VA territory ischemic stroke with ipsilateral 
hypoplasia has been observed [17, 19]. On the contrary, VA atresia has been reported 
in a very limited number of cases [22]. At surgery, a hypoplasic VA could be sacri-
ficed (the anterior spinal artery must never be interrupted to avoid a spinal cord 
infarction, but this branch is never coming from the V3 segment) while an atretic VA 
ending by the PICA cannot be sacrificed to avoid a posterior fossa stroke.

Anatomical variations are due to the absence of the development of segmental 
arteries during the embryonic stage; the blood flow is subsequently provided by 
other vessels that compensate the unformed segment with increased velocity in the 
contralateral vessel [23]. Bilateral agenesis of the vertebrobasilar junction is excep-
tional with blood supply to the basilar artery by carotid-vertebral anastomoses [24].

2.2.2  Abnormal Course of the Vessels at the Craniovertebral 
Junction

Several types of vessels variations can be observed at the craniovertebral junction 
(CVJ) with an incidence of 5% on MRA [25].

Fig. 2.6 The right VA is 
smaller than the left one. 
The artery is considered 
hypoplasic because it fuses 
with the contralateral 
vertebral artery to form the 
basilar trunk. (With 
permission of Erasme 
Hospital, ULB)
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The most common vascular anatomical variation at the CVJ is the extracranial–
extradural origin of the PICA.  Several other anomalies can be less frequently 
encountered such as an abnormal course, duplications, fenestrations, and anastomo-
ses. In case of duplication or persisting first intersegmental artery, the abnormal 
vessel course below C1 in the C1-C2 interspace. Such conditions have direct impli-
cations during approaches to the CVJ, and they need to be ruled out by means of a 
CT angiogram. Many bone variations can also be present and are important to know 
due to the consequences for the VA exposure and fixation procedures.

2.2.2.1  Extracranial–Extradural Origin of the PICA
The PICA may have an extradural origin in up to 20.8% of the cases (Fig.  2.7) 
[26–29]. This anomaly is most of the time unilateral but can be encountered bilater-
ally in few cases [26–28].

A PICA with an extradural origin may arise from the horizontal portion just out-
side the dura mater, further laterally above the transverse foramen of the atlas, or 
from the vertical portion of the V3 segment [26].

When arising from the horizontal VA portion, the extradural PICA courses paral-
lel to the VA and the C1 nerve, and these three structures will enter the dura together 
[26]. Intradurally, the PICA will remain lateral and posterior to the brainstem, pro-
viding the blood supply to the lateral and posterior medulla [26]. This situation is 
different from the one observed with the classical intradural PICA origin in which 
the first segment of the PICA courses anterior to the medulla and provides blood 
supply to the anterior aspect of the brainstem [26].

When originating from the vertical portion, the vessel penetrates the dura mater 
between C2 and C1 [26].

Fig. 2.7 PICA variations: 
extracranial-extradural 
origins. (From George B, 
Bruneau M, Spetzler RF 
(eds). Pathology and 
surgery around the 
vertebral artery. Springer; 
2011)

M. Bruneau and B. George
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An extradural PICA origin is associated with a highest risk of dissection, as is the 
V3 segment. The risk of inadvertent injury is also higher during posterior approaches 
to the CVJ, and the PICA may be mistaken for a muscular branch, the posterior 
meningeal artery, and posterior spinal branches [26]. Extradural PICA origin can be 
detected on CTA [29]. This anomaly can be missed on a three-vessel angiogram if 
the contrast medium cannot reflux toward the PICA origin [26]. Extradural origin of 
the PICA can only be suspected on angiography if the PICA arises below the FM 
level, but this criterion is not absolute since the PICA may originate intradurally 
between the atlas and the FM [26].

2.2.2.2  Anastomoses
Proatlantal arteries are developmental anomalies located at the CVJ due to the 
absence of regression of anastomosing vessels during embryogenesis.

Despite rare, detecting this kind of congenital anomalies is important for explain-
ing some posterior circulation pathologies, before any surgery on the carotid artery 
that could result in devastating consequence due to flow interruption in the absence 
of collateral flow [30] and when exposing the VA at the CVJ level.

Two types of proatlantal arteries have been described by Lasjaunias et al. [31] 
according to their origin from the ICA (type I) (Fig. 2.8) or ECA (type II). They 
result, respectively, from the persistence of the first and second embryonic interseg-
mental arteries [32]. These intersegmental arteries arise at the second or third cervi-
cal vertebral body level [32].

The type I proatlantal artery takes its origin from the posterior aspect of the cer-
vical ICA; the artery then ascends posteriorly and medially toward the 

a b

Fig. 2.8 Proatlantal artery type I. Anterior view (a), lateral view (b). (From George B, Bruneau 
M, Spetzler RF (eds). Pathology and surgery around the vertebral artery. Springer; 2011)
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occipitocervical space where it joins the V3 segment before penetrating the foramen 
magnum [33–35].

The type II proatlantal artery starts shortly after the ECA origin and joins the V3 
segment horizontal or vertical portion [33].

More than 40 cases have been reported in the literature [32, 33]. Persistence of 
bilateral proatlantal arteries is extremely rare [32, 36–38]. The proatlantal artery is 
commonly associated with other anomalies such as VA agenesis [36, 39, 40], VA 
hypoplasia, increased incidence of intracranial aneurysms [38], and Galen’s vein 
malformation [32].

At the CVJ level, a hypoglossal artery can be misinterpreted for a proatlantal 
artery. The distinction between them is based on the vessel trajectory on angiogra-
phy and on the point of entrance in the skull base on 3D CTA. On lateral digital 
subtraction angiography, the hypoglossal artery has indeed a less posterior course 
than the proatlantal artery because the hypoglossal artery passes through the hypo-
glossal canal which is anterior to the foramen magnum in which passes the proat-
lantal artery [33].

2.2.2.3  Duplications–Fenestrations
Duplications and fenestrations (Fig. 2.9) are classically incidental findings discov-
ered during MRA, digital subtraction angiography, and autopsies [41–47]. 
Duplications and fenestrations represent different entities that are often used errone-
ously as synonyms in the literature [31, 41, 48, 49].

According to Lasjaunias et al. definition [31, 49], in the presence of a duplica-
tion, one of the vessels leaves the transverse foramen, enters the spinal canal, and 

a b

Fig. 2.9 Vertebral artery duplication (a) and fenestration (b). (From George B, Bruneau M, 
Spetzler RF (eds). Pathology and surgery around the vertebral artery. Springer; 2011)
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runs into the subarachnoid space with the nerve root. In the presence of a VA fenes-
tration, a double vessel runs in the transverse foramen as well as in between [31, 
49]. Fenestrations result at the V3 level from the persistence of both proatlantal 
intersegmental artery and first cervical intersegmental artery that normally disap-
pear during the VA development [49, 50].

The incidence of duplications is around 0.7% while the true incidence of cervical 
VA fenestrations is very low. In fact, several cases reported as fenestrations should 
in fact be considered as duplications with Lasjaunias’s definition [42, 43, 45, 51–
53]. Several cases of fenestrations have been reported in the literature, only at high 
cervical levels [48–50].

2.2.2.4  Intradural Course of the C1–C2 VA
In 0.6% of the cases, the VA may turn medially directly after leaving the C2 trans-
verse foramen. Instead of passing through the C1 transverse foramen, the VA thus 
enters the spinal canal between C1 and C2 [54–56]. If a congenital osseous anomaly 
(such as os odontoideum, ossiculum terminale, hypoplastic odontoid, bifid C1 pos-
terior arch, or occipitoatlantal assimilation in case of Chiari malformation [52, 57]) 
is noted at the CVJ level, the incidence increases up to 19–36.4% [52, 54]. This 
abnormal VA course is embryologically linked to the persistence of the first inter-
segmental artery [52]. Despite most anomalies remain asymptomatic, some cases of 
medulla or cervical cord myelopathy due to a compression and accessory nerve 
palsy have been described [58–64]. One case of associated PICA aneurysm has 
been reported [65].

2.2.2.5  High-Riding VA
In case of high-riding vertebral artery (HRVA),  the acute lateral bend that makes 
classically the VA V2 segment at the lower aspect of the axis, just under its superior 
articular facet is more medial, posterior, or superior resulting in the narrowing of the 
height and/or the width of the isthmus and pedicle of the axis (Fig. 2.10) [11, 13, 
66]. This anatomical situation can be encountered unilaterally in 10–24% of the 
cases and bilaterally in 3–6% [13, 67–72]. Therefore, the height of the isthmus and 
pedicle must be evaluated routinely preoperatively on high-resolution CT scans 
before C1-C2 instrumentation. Screw placement will be contraindicated in the pres-
ence of a HRVA due to the risk of inadvertent VA injury. The left side is commonly 
more affected than the right one [13]. Female sex and age over 70 years are risk 
factors for HRVA [13] as well as rheumatoid arthritis due to bone osteoporosis.

2.2.3  Bone Anomalies

The groove of the arch of the atlas can be turned into a tunnel due to calcification or 
ossification of the occipitoatlantal membrane that lies above the groove (Fig. 2.11) 
[73, 74]. In this situation, it becomes more difficult for exposing the horizontal por-
tion of the V3 segment [11].
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Posterior bridges are bony spicules that extend from the superior articular facet 
overhanging the dorsal arch. Partial and complete posterior bridges can be noted in 
3.1% and 3.4% of the cases, respectively [74]. Lateral bridges correspond to bone 
extension from the C1 lateral masses to the transverse process. They have an inci-
dence of 2% [74]. Posterolateral tunnels represent a combination of both posterior 
and lateral bridges noted in 1.1% of the cases [74]. Several factors influence the 
incidence of bridges such as age, sex, ethnicity, and type of work with laborers hav-
ing a higher incidence of bony canal than non-laborers [75, 76].

a b

c d

Fig. 2.10 High-riding left vertebral artery. The vertebral artery on the left side (arrow) makes an 
acute lateral bend at the base of C2 more cranially (a) and medially (b) than on the right side 
(arrowhead) narrowing the width (b) and height (c, abnormal left side; d, normal right side) of the 
isthmus and pedicle of the axis. (With permission of Erasme Hospital, ULB)
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Incomplete closure of the C1 posterior arch is another variation that is frequently 
encountered [11]. In this condition, the classical subperiosteal dissection must be 
done cautiously and is associated with increased risks.

The presence of an osseous anomaly at the CVJ is associated with a higher inci-
dence of persistent first intersegmental artery, extracranial–extradural origin of the 
PICA, and high-riding VA [77]. Therefore, the risk for VA injury at surgery is 
increased. For this reason, in case of CVJ osseous anomaly, it is advised to perform 
preoperatively a CTA with 3D reconstruction to look for VA anomalies [11].

2.3  Conclusions

The normal anatomy of the suboccipital segment of the VA, as well as all variations, 
must be perfectly known before any procedure at the level of the craniovertebral 
junction. It must be remembered that the different portions of this segment are mod-
ified by head position. The VA at this level is located inside a periosteal sheath sur-
rounded by a venous plexus.
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of the Craniovertebral Junction
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Gianluigi Guarnieri, and Roberto Izzo

3.1  Introduction

The craniocervical junction (CCJ) is the transition from the head to the spine, and it 
carries peculiar anatomical and biomechanical properties in order to dispatch its 
primary function: ensure a wide mobility of the head for space exploration both 
visual and auditory in all the three axes.

It is designed to reconcile seemingly opposed necessities being at same time 
loose enough to allow a great variety of movements and strong enough to preserve 
the spinal cord and vertebral arteries and to resist the head weight and muscular 
action.

Occiput, atlas, and axis are the three bony elements that form the CCJ, with atlas 
representing the connecting pivot between the occipital-atlas joint and the atlas- 
axial joint.

From a radiological point of view, it is crucial to understand the unique atlas 
anatomy in order to quickly assess a first-look evaluation. Atlas has two peculiar 
aspects: it presents neither an intervertebral disc nor an anterior vertebral body; 
therefore, it is “simply” a ring-shaped bone made by two arches, anterior and poste-
rior, connecting two lateral masses. These paired lateral masses articulate superiorly 
with the condyles of the occiput and inferiorly with the superior articular processes 
of the axis. Furthermore, the joint composed by the posterior articular facet of the 
anterior atlas arch and the anterior profile of the odontoid process of the axis should 
always be evaluated. Finally each lateral mass of atlas presents a groove where the 
V3 segment of the vertebral artery runs just before entering the foramen magnum.
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So an initial radiological assessment of the CCJ should be based on a threefold 
look of atlas: lateral mass articulations both superior and inferior, anterior arch joint 
with odontoid process, and vertebral artery grooves. All these elements need to be 
evaluated by computed tomography (CT) with thin layer reconstructions (Fig. 3.1).

The three abovementioned bony structures are linked by multiple ligaments, 
intrinsic and extrinsic.

Certainly the three intrinsic ligaments of the CCJ represent the most important 
stabilizers: odontoid ligament, cruciate ligament, and tectorial membrane.

 – The odontoid ligament is composed of three structures: the alar ligaments, paired 
lateral elements from the posterolateral surface of the odontoid process to the 
medial margin of the occipital condyles (Fig. 3.2), the apical ligament, and single 
anterior element from the tip of the odontoid process to the anterior margin of the 
foramen magnum (Figs. 3.3 and 3.4).

 – The cruciate ligaments is composed of three structures: the transverse ligament, 
the strongest one, connecting just behind the odontoid process, the opposite pos-
terior segments of the anterior atlas arch each other, thus dividing the atlas ring 
in an anterior compartment including the odontoid process, and a posterior com-
partment including the thecal sac (Figs. 3.1 and 3.2); the crus superioris, a median 

Fig. 3.1 CT scan with 
1 mm slice thickness, axial 
MIP reconstruction: the 
blue line represents the 
transverse ligament. Atlas 
transverse foramina, 
articular facets for the 
occipital condyles, and the 
odontoid process are 
clearly appreciable

Fig. 3.2 CT scan with 
1 mm slice thickness, 
coronal MPR 
reconstruction: the orange 
lines represent the alar 
ligaments and the blue line 
the transverse ligament. 
The odontoid process is 
visualized in its long axis
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cranial extension of the transverse ligament attaching to the lower margin of the 
occipital bone; the crus inferioris, a median caudal extension of the transverse 
ligament attaching to the posterior surface of the axis body (Figs. 3.3 and 3.4).

 – The tectorial membrane is the cranial continuation of the posterior vertebral 
longitudinal ligament running from the posterior surface of the body of axis, 

Fig. 3.3 CT scan with 
1 mm slice thickness, 
coronal oblique MPR 
reconstruction: the orange 
lines represent the alar 
ligaments, the green line 
the apical ligament, and 
the red line the cruciate 
ligament. The odontoid 
process is visualized in its 
long axis

Fig. 3.4 CT scan with 
1 mm slice thickness, 
sagittal MIP 
reconstruction: the orange 
line represents the tectorial 
membrane, the blue line 
the superior and inferior 
crus of the cruciate 
ligament, and the red line 
the apical ligament
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passing behind the cruciate ligament and attaching on the anterior margin of 
the foramen magnum (Fig. 3.4).

The occipital-atlas joint is mainly responsible of the flexion-extension move-
ments: the flexion is restricted by the odontoid process, blocking the anterior margin 
of the foramen magnum while the extension is limited by traction of the tectorial 
membrane.

The atlas-axis joint is mainly responsible for the rotational movements: the trans-
verse portion of the cruciate ligaments stabilize the rotation while the alar portions 
of the odontoid ligaments limit the rotation.

So, in terms of radiological assessment of the stability of the CCJ, the evaluation 
should focus on tectorial membrane, odontoid process, and anterior margin of fora-
men magnum about the flexion-extension movements related to the occipital-atlas 
joint; and transverse and alar ligaments about the rotational movements related to 
the atlas-axial joint.

All these elements need to be evaluated by high-field magnetic resonance imag-
ing (MRI) with thin slice acquisitions (Figs. 3.5, 3.6 and 3.7).

Fig. 3.5 CT scan with 1 mm slice thickness, coronal MPR reconstruction: occipital condylar frac-
tures according to the classification described by Anderson and Montesano (a = type 1, b = type 2, 
c = type 3); the blue lines represent the alar ligaments, the green line the course of fracture
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Thirty percent of all cervical spine injuries occurs at the CCJ, mainly related to 
motor vehicle accidents [1]; in the past these lesions frequently led patients to death 
on place. Nowadays the management of this kind of injuries has improved, and this 
is why lesions affecting the CCJ are more and more encountered in the daily prac-
tice in emergency departments.

Furthermore anatomical variants of this district can frequently be observed 
because of different embryologic developments [2].

The surgical approach to the CCJ, especially with the developing of modern less 
invasive techniques, requires a clear and accurate preoperative assessment of the 
anatomy of this area, including bones, ligaments, and also vascular structures [3].

In this scenario, role of imaging is not only to recognize the lesion or the ana-
tomical variants but also to support the surgeon in the choice of the correct treat-
ment planning.

3.2  Imaging in Trauma

Thanks to the spread of CT systems in almost all the emergency departments in 
Western countries, conventional radiography should not be applied anymore in case 
of cervical injuries. Furthermore, the continuous technological progress allows to 
obtain fast acquisitions with thin layer and reformatted multiplanar imaging [4, 5]. 

Fig. 3.6 CT scan with 1 mm slice thickness, axial MIP reconstruction: atlas fractures according 
to the classification described by Jefferson (a = anterior arch fracture, b = posterior arch fracture, 
c = lateral mass fracture, d = burst fracture); the black lines represent the course of fracture, and 
the blue line the transverse ligament
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Actually the radiological gold standard for the first approach evaluation in case of 
acute cervical trauma is represented by multiplanar CT imaging with almost 
1.25  mm thickness [6]. The new viewer softwares allow radiologists to quickly 
modify the standard imaging acquisitions with different reformatting tools, such as 
MultiPlanar Reconstruction (MPR), Maximum Intensity Projection (MIP), and 3D 
imaging. MPR produces 2D images in any plane of the space in order to choose the 
best 2D visualization based on the lesion site; MIP is used to improve the sense of 
depth of the original data; 3D is a bit longer computational process, mainly applied 
to obtain a panoramic view of a district that will be faced by the surgeon; these 
softwares also allow to erase part of the imaging not of interest in order to highlight 
the target (e.g., deleting bony or vascular segments that cover an underlying lesion).

The second step is MR. This is required to detect soft tissue lesions, in particular 
spinal cord. Today, with high-field magnet (almost 1.5 Tesla) and thin slice acquisi-
tions, it is also possible to assess the joint stability by evaluating the intrinsic ligaments: 

Fig. 3.7 Contrast- enhanced CT scan with 0.6 mm slice thickness, 3D reconstruction: standard 
vertebral artery segmentation in four parts in lateral (a) and anterior (b) view

M. Muto et al.



67

dedicated protocols are required, especially applying T2-weighted and GRE sequences 
where normal ligaments appear as linear homogeneously hypointense structures and 
lesions are characterized by areas of heterogeneous signal intensity [7]. As for CT scan, 
MPR softwares are available for isometric thin slice MR acquisitions.

In the trauma scenario, the lesion pattern depends mainly on the following ele-
ments: the intensity and the direction of the force hitting the CCJ as well as the 
position of the junction itself; when available, these elements greatly support the 
radiologist in the diagnostic process. On the other hand, the radiologist can recon-
struct the dynamic of the trauma on the basis of imaging findings [8].

3.2.1  Imaging in Joint Dislocations

3.2.1.1  Occipital-Atlas Dissociation
High energy trauma, especially occurring after motorbike accidents, frequently 
cause extreme hyperextension of the CCJ causing lesions of the tectorial membrane 
and alar ligaments. These kinds of lesions, presenting in approximately 30% of 
motor vehicle accidents, produce occipital-atlas dissociation which is a lesion with 
high mortality rate because of brainstem involvement [9]. Bone lesions may not be 
present because the occipital-atlas joint is stabilized mainly by ligaments rather than 
osseous contacts; however, sometimes condylar avulsion fractures can be associated 
because of alar ligaments traction.

Three types of occipital-atlas dissociation are classified:

 – I. Ventral dislocation of the occipital bone, it is the most frequent.
 – II.  Longitudinal distraction of the occipital bone, it is more dangerous being 

more unstable.
 – III. Posterior dislocation of the occipital bone.

The first evaluation is performed with CT in sagittal plane: an imaging accepted 
criteria to diagnose occipital-atlas dissociation is to measure a distance >10 mm 
between the anterior margin of the foramen magnum and the odontoid process [10]. 
Condylar fracture must be detected as well in the other planes.

After diagnosis at CT evaluation, MR is imperative in order to assess injuries of 
the spinal cord and lower cranial nerves; finally tectorial membrane and alar liga-
ments not appreciable at CT should be analyzed at MR. Indeed these evaluations 
may lead the surgeon to choose a treatment of internal fixation.

3.2.1.2  Atlas-Axis Distraction
This is a challenging condition to evaluate because of the heterogeneous spectrum 
that the radiologist can observe; indeed the distance between atlas and axis can 
amply vary on the basis of patient age [11]. Moreover, after trauma, the lesion can 
be symmetric and so more difficult to appreciate. It must be taken into account that 
the atlas-axial joint is the most mobile of the spine because of the flat morphology 
of the articular facet essential to allow wide movement excursion.
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In case of trauma, especially secondary to hyperflexion and hyperotation, lesions 
of the alar ligaments can occur and lead to rotatory atlas-axial subluxation; it is 
prevalent in children because the facets are even more shallow.

Rotatory atlas-axial subluxation can occur even in nontraumatic conditions: 
this is named Grisel syndrome and occurs especially in children affected by path-
ological ligamentous laxity (e.g., Down or Marfan syndromes). In this case, to 
diagnose Grisel syndrome, CT evaluation is not enough, and clinical assessment 
is required.

3.2.2  Imaging in Fractures

3.2.2.1  Fractures of the Occipital Condyles
Fractures of the occipital condyles are distinguished according to two classifica-
tions: from Anderson and Montesano [12, 13] and from Tuli [14].

The classification from Anderson and Montesano presents three types of lesions 
(Fig. 3.8):

 – I. Comminuted fracture of the condyle without foramen magnum involvement, 
related to compression injuries

 – II. Linear fracture of the skull with the involvement of the occipital condyle, 
related to direct head injuries

 – III.  Fracture with avulsion of the occipital condyle, related to alar ligaments 
injuries.

Fig. 3.8 Contrast-enhanced CT scan with 0.6 mm slice thickness, 3D reconstruction: vertebral 
artery segmentation in relationship to C1–C2 vertebrae from C3 transverse foramina to the point 
of its dural entry according to Cacciola et al. in lateral (a) and posterolateral (b) view
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The classification from Thuli presents two types:

 – I. Fractures without fragment displacement
 – II. Fractures with fragment displacement, to be distinguished in stable (IIa) and 

unstable (IIb) according to ligaments involvements.

The benefit from Thuli classification is that it clearly indicates the treatment 
strategy: types I and IIa fractures are managed with a rigid collar, and type IIb frac-
tures require surgery.

In all these conditions, CT is required to detect condyle fractures; in Anderson 
and Montesano type III as well as Thuli type II injuries, MR is essential to investi-
gate ligaments involvement and assess joint stability/instability.

3.2.2.2  Fractures of Atlas (C1)
Atlas is a ring-shaped bone with paired lateral masses and thin anterior and poste-
rior arches; therefore, the arches are the more fragile structures and more frequently 
ruptured in case of trauma. Because of the morphology, the fractures occur in more 
than one point.

These lesions are also called Jefferson fractures, according to the classification 
that this author proposed into four types (Fig. 3.9):

 – I. Anterior arch fracture, related to hyperflexion injuries
 – II. Posterior arch fracture, related to hyperextension injuries
 – III. Lateral mass fracture, related to lateral hyperflexion injuries
 – IV. Burst fractures with the involvement of anterior and/or posterior arches and 

lateral masses, related to excessive axial load to the skull

a b

Fig. 3.9 Contrast-enhanced CT scan with 0.6 mm slice thickness, 3D reconstruction: vertebral 
artery loop in relation to the transverse foramina and posterior arch of C1 (a) and C2 (b)
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While anterior and posterior isolated fractures are stable, lateral mass and burst 
fractures are frequently unstable because these lesions may involve the transverse 
ligament; if the transverse ligament is injured, the odontoid process is free to dis-
place posteriorly with consequent pressure on the thecal sac and injury of the ence-
phalic trunk [15].

As well as in the case of condyle fractures, CT must be performed in the first 
instance in order to detect the fracture lines; a quick way to assess lateral mass 
involvement is to reconstruct thin slice CT in the coronal plane and search for exter-
nal dislocation of atlas lateral mass compared to the axis body.

Then MR in case of lateral mass or burst fractures must be acquired in order to 
detect transverse ligament involvement and direct patient to surgery.

3.2.2.3  Fractures of Axis (C2)
An overflow of classifications of axis fractures is present in literature [16]. To 
approach this issue in a schematic and practical way, three main groups of lesions 
depending on the anatomical area involved can be considered: the odontoid process, 
the Hangman’s fracture (both pedicles), and miscellaneous (non-odontoid and non- 
Hangman’s fractures).

The traditional classification of odontoid fractures is the one proposed by 
Anderson and D’Alonzo into three types [17]: (I) apical dens fracture, (II) base of 
the dens fracture, and (III) fracture involving any part of the dens and extending into 
the body of the axis. These may be due to different kind of trauma, related to hyper-
flexion, hyperextension, and axial load. Type II has been subdivided by Roy-Camille 
according to the inclination of the fracture line into four more subtypes [18]: (II1) 
anterior, (II2) posterior, (II3) lateral, and (II4) rotational.

The Hangman’s fracture presents three injury patterns with increasing severity: 
displacement of C2 over C3, angulation of C2 over C3, and involvement of the 
C2-C3 intervertebral disc [19].

The non-odontoid and non-Hangman’s fractures include a wide range of lesions 
affecting the body, lateral mass, laminae, and spinous processes. Body fractures are 
classified on the basis of the fracture line in three types [20]: (I) coronal, (II) sagittal, 
and (III) transverse.

All these lesions require multiplanar CT imaging to be recognized, and this is 
crucial for subsequent treatment: displaced and angulated fractures as well fractures 
with C2-C3 disc disruption require surgery.

3.3  Imaging in Vascular Anatomy: The Vertebral Artery

According to the classical division of the vertebral artery into four parts (Fig. 3.10), 
the last portion of the second segment (V2) and the third segment (V3) show serpen-
tine flow in CCJ and present a complex relation with atlas and axis. Detailed knowl-
edge of the anatomy and course of this artery before attempting surgery at the 
posterior fossa and CCJ is mandatory, especially when approaching with a lateral 
access; indeed an injury of vertebral artery would represent a catastrophic event.
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Furthermore, vertebral artery injuries associated with cervical trauma occur in 
V2 and V3 in more than 80% of the cases [21].

A recent classification of this vascular area detailed the vertebral artery from its 
course from the C3 transverse foramen to the C2 transverse foramina as V1, the 
artery during its course from C2 transverse foramina to C1 transverse foramina as 
V2, and the artery in its course from the transverse foramen of C1 to the point of its 
dural entry as V3 segment (Fig. 3.11) [22].

Reliable landmarks could facilitate safe exposure and identification of the artery 
and the role of the radiologist should support the surgeon in analyzing these aspects 
(Fig. 3.12).

Certainly CT angiography images has rapidly improved in the last two 
decades, especially thanks to fast acquisitions and postprocessing techniques, 
including maximal intensity projection, multiplanar reconstruction, and three-
dimensional volume rendering; as already mentioned above, CT allows even an 
optimal evaluation of the bone structures, and because of this, it is considered 
the radiological technique of choice in this issue to analyze bony and arterial 
structures together.

Fig. 3.10 Contrast-enhanced CT scan with 0.6 mm slice thickness, axial MIP reconstruction (a), 
and standard axial imaging (b, c): distances from the point of vertebral artery transverse foramen 
exit (yellow line in a and b) and from the midpoint of vertebral artery V2 segment loop (red line in 
a and c) to the midline (blue dotted line in a, b, and c)
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Fig. 3.12 Contrast-
enhanced CT scan with 
0.6 mm slice thickness, 3D 
reconstruction: distance 
from the central point of 
the posterior arch of C1 to 
the point of vertebral artery 
intersecting the C1 
vertebra most laterally 
(blue line) and most 
medially (red line)

Fig. 3.11 Contrast-
enhanced CT scan with 
0.6 mm slice thickness, 
3D reconstruction: 
vertebral artery course in 
relation to C1 and C2 in 
lateral view; the blue line 
shows the maximum 
width of the arterial loop
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Optimal imaging requires patient head standing in neutral position without rota-
tion or flexion-extension and correct intraluminal contrast enhancement regulating 
the acquisition time with bolus-tracking technique; 100  mL of contrast agent is 
enough and slice thickness of almost 1 mm is necessary, possibly even 0.75 mm [21].

To clarify the relationship of the vertebral artery loops with atlas and axis bones, 
transverse foramens and foramen magnum, especially to drill the bone tissues 
safely, is fundamental (Figs. 3.13, 3.14 and 3.15).

Fig. 3.13 T2-weighted 
FLAIR MR in axial 
plane with 1 mm slice 
thickness; transverse 
ligament (red arrows) 
spanning from the 
lateral masses of the 
atlas

a b

Fig. 3.14 T1-weighted (a) and T2-weighted FLAIR (b) MR in coronal plane with 1 mm slice 
thickness; alar ligaments (red arrows) spanning from the tip of the odontoid process to the 
medial margin of the occipital condyles
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The loop formation of the atlas-axis part of the vertebral artery has been classi-
fied into four types according to Lang and Kessler [23], but many variations have 
been described in literature [24, 25]; therefore, a dedicated vertebral artery evalua-
tion with CT angiography before CCJ surgery could prevent serious 
complications.

3.4  Bone Anomalies at the CCJ

The CCJ anomalies usually become symptomatic by compressing neural or vascu-
lar structures. A detailed knowledge of bone abnormalities and syndromes associ-
ated with craniovertebral pathology is critical for radiologists and surgeons in order 
to promptly diagnose and treat these complex conditions and to prevent potential 
long-term complications.

In this section, we discuss the most common congenital bone anomalies and 
syndromes involving the CCJ.

3.4.1  CCJ Craniometry

Pathology at the CCJ can show slight imaging abnormality and can be insidious to 
diagnose for radiologists. Familiarity with the main lines and angles used to evalu-
ate CCJ craniometry is essential in order to correctly recognize congenital as well 
as acquired diseases.

Some basic remarks of the most commonly used measure in clinical practice are 
presented below (Fig. 3.16) [2].

Fig. 3.15 T1-weighted 
MR in sagittal plane with 
1 mm slice thickness; red 
arrows indicate the 
tectorial membrane
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 – Chamberlain’s line: From the posterior margin of the hard palate to the opis-
thion. The tip of the odontoid process should normally be below or just tangent 
to the line. The basilar impression can be diagnosed if the tip of the odontoid 
projects more than 5 mm above Chamberlain’s line.

 – McGregor’s line: From the posterior margin of the hard palate to the lowest 
point of the occipital squamosal surface. This line is used on plain radiographs 
instead of Chamberlain’s line. The tip of the odontoid process should normally 
be above this line no more the 6 mm in females and 7 mm in males.

 – Wackenheim’s clivus baseline: Line along the clivus and extending inferiorly 
into the upper cervical spinal canal. This line should normally be tangent to the 
posterior aspect of the odontoid tip. The abnormal findings are whether the line 
is too posterior to the odontoid (posterior craniocervical dislocation may be pres-
ent) and whether the line intersects the body or base of the odontoid (anterior 
craniocervical dislocation may be present).

 – The basal angle: Intersection of nasion–midsella and midsella–basion tangents. 
A different version of this angle is with the use of tuberculum sella rather than 
midsella (nasion–tuberculum and tuberculum–basion tangents). There variation 
between these two methods is about 2–3°. The average value is 134–135°, the 
minimum is 121°, the maximum is 148–149°, and a platybasia can be diagnosed 
if the angle is >150° [2].

 – The clivus-canal angle: Intersection of Wackenheim’s line and a line along the 
posterior margin of the dens and axis body. The angle normally should be between 
150° in flexion and 180° in extension. The abnormal finding is if the angle is less 
than 150°, in these cases ventral spinal cord compression may be present.

a b c

d e f

Fig. 3.16 T1 sagittal (a, b, c, d, and e) and coronal MR images (f). Chamberlain’s line (a), 
McGregor’s line (b), Wackenheim’s clivus baseline (c), basal angle (d), clivus-canal angle (e), and 
atlanto-occipital joint angle (f)
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 – The atlanto-occipital joint angle: Formed by the intersection of tangents drawn 
parallel to the atlanto-occipital joints. If the condyles are symmetric, these 
 tangents intersect at the center of the odontoid process. The average value is 
124°–127°. If the angle is more obtuse, an occipital condylar hypoplasia may be 
present (>180° in severe cases).

 – Atlantodental interval (ADI): Anterior atlantodental interval should be <5 mm. 
If is more than 5 mm, atlanto-axial instability may be present.

3.4.2  Bone Anomalies

3.4.2.1  Occipital Bone
 – Basiocciput hypoplasia

 In basiocciput hypoplasia (or short clivus), the tip of the odontoid process and the 
anterior arch of C1 are above the Chamberlain’s line, the clivus-canal angle can be 
decreased, and Wackenheim’s clivus baseline may be normal or abnormal.

This condition is associated with basilar invagination and can be associated to 
condyle hypoplasia and to Chiari I malformation. Basiocciput hypoplasia fre-
quently results in compression of the cervicomedullary junction (Fig. 3.17).

 – Occipital condyle hypoplasia
 In occipital condyle hypoplasia, the occipital condyles show an abnormal shape, 

length, width, or orientations. The abnormality can be unilateral or bilateral and 
usually asymmetric. The odontoid process and the anterior arch of C1 are above 
Chamberlain’s line with decreased skull base height and basilar invagination, 
atlanto-occipital joint axis angle is increased, and Wackenheim’s clivus baseline 
may be normal or abnormal (Fig. 3.18).

Fig. 3.17 Plain radiograph (a); sagittal CT scan (b); and sagittal MR images (c, d). Hypoplastic 
appearance of the basiocciput in the four patients (dots in a, b, c, and d). The tip of the odontoid 
process and the anterior arch of C1 are above Chamberlain’s line in the four cases. The clivus canal 
angle is abnormal in patients a and c. There is associated Chiari I malformation and C2–C3 non- 
segmentation in patient d. (Reprinted with permission from Smoker and Khanna 2008 [2])
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Fig. 3.17 (continued)

Fig. 3.18 Parasagittal CT images showing bilateral occipital condyle hypoplasia (a and b arrow), 
severe on the right side (a). Coronal CT image demonstrating abnormal atlanto-occipital joint axis 
angle (140°); (c) in round graft, after 140°, white lines. (Modified with permission from Smoker 
and Khanna 2008 [2])
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Occipital condyles hypoplasia, due to third occipital sclerotome hypoplasia or 
aplasia, is frequently associated with hypoplasia of the exoccipital bone and 
jugular tubercles.

Condylar hypoplasia may reduce the mobility of the atlanto-occipital joint or 
cause articular instability potentially resulting in compression of the vertebral 
artery [26].

 – Atlanto-occipital non-segmentation
 The atlanto-occipital non-segmentation (or occipitalization of the atlas) is char-

acterized by a failure of segmentation between the fourth occipital sclerotome 
and the first cervical sclerotome. This abnormality may involve the anterior arch, 
the posterior arch, the lateral masses, or a combination [27] (Fig. 3.19). Instability 

Fig. 3.19 Sagittal CT image showing posterior atlanto-occipital nonsegmentation (arrow in a). 
Widening of the anterior atlantodental interval (double arrow in a). Basilar invagination with the 
odontoid process and the anterior arch of C1 above Chamberlain’s line (a). Abnormal Wackenheim’s 
clivus baseline (dotted line in a). Right (b) and left (c) parasagittal CT images indicative of lateral 
atlas masses non-segmentation. (Modified with permission from Smoker and Khanna 2008 [2])
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at C1–C2 is associated in half of patients due to increased mechanical stress 
consequent to the reduction of mobility at the atlanto-occipital junction. Non- 
segmentation at C2–C3 is associated in up to 70% of patients [28].

If the non-segmentation is between the anterior atlas arch and the anterior 
portion of the foramen magnum, a “comma-shaped” appearance of the clivus tip 
can be observed (Fig.  3.20). In these cases, there is association with basilar 
invagination, dorsal displacement of the odontoid process, stenosis of the fora-
men magnum, and compression of the cervicomedullary junction.

Clinically, patients might often have a low hairline, short neck, and restriction 
of neck movement. In about 20% of patients, other congenital abnormalities may 
be present, including incomplete clefting of the nasal cartilage, cleft palate, exter-
nal ear deformities, cervical ribs, hypospadias, and urinary tract anomalies [29].

3.4.2.2  Atlas
The lateral masses and superior portion of the posterior atlas arch derive from the 
caudal division of the neural arch of the proatlas and the atlas vertebra from the first 
spinal sclerotome [30]. The posterior arch anomalies represent the most common 
anomalies of the atlas and include complete aplasia, Keller-type aplasia with the 
persistence of the posterior tubercle, aplasia with a unilateral or bilateral remnant, 
midline rachischisis and hemiaplasia or partial hemiaplasia of the posterior arch.

 – Rachischisis
Among the posterior arch anomalies, the posterior arch rachischisis is the most 
common, reported to be present in 4% of the autopsy [31]. The vast majority of 
them (97%) are arch cleft of the midline; only 3% are lateral clefts through the 
sulcus of the vertebral artery [2]. Posterior atlas arch rachischisis can be diag-

FIg. 3.20 Sagittal CT-myelogram (a) and T2-weighted MR (b) images. A complete anterior 
atlanto-occipital non-segmentation with “comma” configuration is depicted. (Reprinted with per-
mission from Smoker and Khanna 2008 [2])
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nosed with plain lateral radiographs as two separate hemiarches (Fig. 3.21). This 
condition could mimic a vertical fracture, especially in trauma setting, requiring 
a CT scan.

Anterior arch rachischisis is a rare entity, reported in only 0.1% of the autopsy 
[32]. On a plain lateral radiograph, when rachischisis is present, the anterior arch 
assumes a “rounded” or “plump” shape, overlapping the odontoid process and 
the anterior atlantodental interval. On sagittal MR images, there is anterior arch 
hypointensity due to fibrous tissue replacing the normal marrow signal intensity, 
a condition known as anterior arch pseudotumor (Fig. 3.22).

Anterior arch rachischisis is often associated with rachischisis or aplasia/
hemiaplasia of the posterior arch known as “split atlas” and may cause atlas 
instability.

 – Aplasia-hypoplasia
Partial hemiaplasias and aplasia of the posterior arch are usually asymptomatic, 
although anterior atlanto-axial subluxation and bilateral atlanto-axial offset can 
be associated. On plain radiographs, these conditions could simulate fractures 
(Fig. 3.23). Complete posterior hypoplasia may cause a spinal canal stenosis and 
high cervical myelopathy and become symptomatic with Lhermitte’s phenome-
non, transient quadriparesis, and chronic neck pain [2, 33].

Fig. 3.21 Lateral radiograph (a) and axial CT (b) images, demonstrating posterior atlas arch 
rachischisis. (Reprinted with permission from Smoker and Khanna 2008 [2])
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3.4.2.3  Axis
The odontoid process derives from the centrum of the first spinal sclerotome, the C1 
arch from the neural arch of this sclerotome. The axis body originates from the 
centrum of the second spinal sclerotome and the facets and posterior axis arch form 
from the neural arch of this sclerotome. The terminal portion of the dens derives 
from the proatlas.

Fig. 3.22 Lateral radiograph (a) of a normal anterior atlas arch with well-corticated margins 
(short arrows) and normal anterior atlantodental interval (long arrow). Lateral radiograph (b) 
showing abnormally rounded and hypertrophic anterior atlas arch without cortex (arrows). Sagittal 
T1-weighted MR image (c) shows a rounded, low signal intensity, midline fibrous tissue (dot). 
(Reprinted with permission from Smoker and Khanna 2008 [2])
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The odontoid is separated from the axis body at birth by the neural central syn-
chondrosis that disappears about 8 years of age. The terminal ossicle usually ossi-
fies in about 3 years of age and fuses with the rest of the dens by 12 years of age.

 – Os odontoideum
The term “os odontoideum” was introduced by Giacomini in 1886 [34].

The most accepted theory about os odontoideum etiology states that it represents 
an acquired condition caused by a trauma between 1 and 4 years of age [2, 35].

The os odontoideum appears as a rounded, well-corticated structure just 
below the basion that can be diagnosed with X-ray, CT, or MRI (Fig. 3.24). It is 
usually associated with a rounded, hypertrophic appearance at the anterior arch 
of the atlas that is in important feature, especially in trauma setting, to guide the 
differential diagnosis with type II odontoid fracture. Findings like flattened, 
sharp, and uncorticated upper margin of the axis body with half-moon crescentic 
appearance of the anterior C1 arch are indicative of type II odontoid fracture. Os 
odontoideum is often associated with atlanto-axial instability due to gap between 
the os and the axis body extending above the level of the superior articular facets 
with incompetence of the cruciate ligament; compression of the spinal cord is 
common. Thus, from an imaging standpoint, flexion and extension plain radio-
graphs can give more information about atlanto-axial instability, CT can better 
study the osseous relationships and anatomy and MRI is as essential technique to 
rule out cord compression and myelopathy.

Patients with os odontoideum can be asymptomatic or may experience neck 
pain, paresis or myelopathic symptoms with or without history of trauma. Os 
odontoideum can be associated with congenital syndromes such as Down syn-
drome, Morquio syndrome, spondyloepiphyseal dysplasia, Klippel–Feil anom-
aly and Laron syndrome [2].

Fig. 3.23 Lateral radiograph (a) and axial CT images (b) showing posterior atlas arch aplasia. 
(Reprinted with permission from Smoker and Khanna 2008 [2])

M. Muto et al.



83

 – Persistent ossiculum terminale
Persistent ossiculum terminale (or Bergman’s ossicle) is the result of an 

absent fusion of the proatlas to the rest of the odontoid process.
The presence of a cortical bone in persistent ossiculum terminale can guide 

the differential diagnosis with a type I odontoid fracture.
Persistent ossiculum terminale, if not associated with other anomalies, is usu-

ally stable and of poor clinical significance.
 – Odontoid hypoplasia and aplasia

Odontoid hypoplasia and aplasia are rare conditions. There is a predisposition 
to atlanto-axial instability and consequent cord compression in both hypoplasia 
and aplasia, due to the absent attachments for the apical and alar ligaments.

Odontoid hypoplasia can be associated with syndromes including spondylo-
epiphyseal dysplasia, the mucopolysaccharidoses, and metatropic dwarfism [2].

3.5  Conclusions

In the last two decades, technology has produced significant progresses in medical 
imaging, especially in CT and MR apparels development.

a b

Fig. 3.24 Sagittal (a) and coronal CT images (b). A 57-year-old woman with os odontoideum 
(arrows in a and b)
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Fast acquisitions, thin slice thickness, postprocessing reconstructions, high-field 
magnets, and dedicated MR sequences are the weapons in the hands of the twenty- 
first- century radiologist.

In the CCJ district, a deepen radiological evaluation is possible regardless of the 
clinical scenario, no matter if trauma, vascular, pre-surgery, or anatomical variants.

Thin-section multidetector CT should be the primary screening study for sus-
pected cervical spine injury, with sagittal and coronal multiplanar reconstruction to 
improve identification and characterization of fractures and subluxations. In the 
same way, MR imaging is essential for detecting soft-tissues injuries, especially 
ligaments disruption and encephalic trunk in accordance with the clinical data.

CT angiography represents an accurate tool to assess the vertebral artery rela-
tionship with atlas and axis and planning the surgical strategy.

In this context, a detailed knowledge of anatomy, basic craniometric measure-
ments, as well as bone abnormalities associated with craniovertebral pathology is 
essential in order to promptly diagnose and treat these complex conditions and to 
prevent potential long-term complications.
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4Biomechanics of the CVJ

Francesco Signorelli and Massimiliano Visocchi

4.1  CVJ Motion

Spinal movements are characterized by two types of motion: angular (rotation) and 
linear (translations). Each type of motion is described relative to each of the three 
axes of motion on a three-dimensional Cartesian coordinate system (x, y, and z) [1]. 
Rotation about the x-axis is referred to as flexion/extension, y-axis rotation is 
referred to as axial rotation, and z-axis rotation is referred to as lateral bending 
(Fig. 4.1). Clinically, most translations are referred to as subluxations.

Both types of movement, rotations and translations, are important for under-
standing normal and pathological spinal behaviors.

Different spinal movements are coupled together. Coupling refers to simultane-
ous motions (rotation and\or translation) that occur secondarily and in combination 
to a main motion (rotation and\or translation) [2, 3].

4.2  Biomechanics Flexibility Testing

Most of biomechanical information concerning the CVJ has been derived from the 
experimental method known as Flexibility Testing. It uses, in vitro, cadaveric spinal 
segments of two or more vertebrae that have been deprived of muscle tissue, leaving 
the ligaments and the bone structures intact. Torsional forces (bending moments), 
lateral forces, or combined loads are applied to the spinal segments, and the spinal 
movement thus obtained are then misurated [4]. Analysis of load-deformation 
responses reveals parameters such as stiffness, flexibility, range of motion, rotation, 
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translation, neutral zones, elastic zones, and axes of rotation. These biomechanical 
parameters are different and unique for each single spinal segment and are sensitive 
indices of spinal instability. The information obtained through the flexibility test “in 
vitro” represents the total contributions provided by bone joints and the ligamentous 
apparatus between each motion segment.

4.3  Load-Deformation Response of the CVJ

Several parameters can be calculated from the load-deformation curve.
Flexibility represents the amount of deformation in response to a unit load [5, 6]. 

Stiffness is the opposite of flexibility. It is the amount of resistance to a unit incre-
ment of displacement in the specimen.

Range of motion (ROM) is defined as the displacement between the neutral or 
resting position of the motion segment and the limit of its physiological motion. The 
neutral position is defined as the posture where minimal joint stresses occur and 
where minimal muscular effort is required to maintain the spatial orientation. This 
neutral position is best approximated by the midpoint of the bilateral neutral zone 
(NZ) [7].

The NZ is the portion of the ROM where the ligaments are lax and small forces 
produce large vertebral displacements. The elastic zones (EZ) is the steep portion of 
the load-deformation curve where the ligaments become stretched and stiffness 
increases, causing resistance to any further movement.

The motion characteristics of the different levels of the CVJ are due to the geom-
etry of the vertebrae and skull base, the shapes of the joints, and the arrangements 
of the ligaments.

x

y

z

Fig. 4.1 Cartesian 
coordinate system for 
analyzing CVJ motions
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Neither the C0-C1 nor the C1-C2 joints have an intervertebral disc. The spherical 
shape (concave-convex) of C0-C1 joint allows slightly more flexion and extension 
than the other levels of the cervical spine, although these are quite rigid in axial 
rotation and lateral bending. The biconvex articular surfaces of the C1-C2 joints 
allow wide rotation of C1 around the dens. The atlantoaxial motion segment is the 
most flexible of the entire spine with respect to axial rotation, allowing a bilateral 
ROM of 80° or more. More than half of all cervical axial rotations occur at the 
atlantoaxial motion segment. Both C0-C1 and C1-C2 allow less lateral bending than 
the subaxial cervical motion segments, which average approximately 8° unilaterally 
[3] (Figs. 4.2 and 4.3).

EZ EZNZ
EZ EZNZ EZ EZ

NZ

CO-C1 FLEXION EXTENSION CO-C1 AXIAL ROTATION CO-C1 LATERAL BENDING

Fig. 4.2 Representation of the normal angular motions at the occipitoatlantal motion segments

EZ EZ
EZ EZ EZ EZNZ NZ NZ

C1-C2 FLEXION EXTENSION C1-C2 AXIAL ROTATION C1-C2 LATERAL BENDING

Fig. 4.3 Representation of the normal angular motions at the atlantoaxial motion segments
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4.4  Physiological Biomechanics

The cervical spine’s range of motion is approximately 80°–90° of flexion, 70° of 
extension, 20°–45° of lateral flexion, and up to 90° of rotation on both sides. 
However, movement of the cervical spine is complex and movement into any range 
is not the simple sum of equal motion from one vertebra to the next.

The occipitoatlantal junction contributes to 23°–24.5° of flexion/extension of the 
skull and the atlantoaxial joint provides an additional 10.1°–22.4° [6]. At the occipi-
toatlantal junction, the abutment of the dens against the foramen magnum prevents 
supraphysiologic flexion, whereas odontoid contact with the tectorial membrane 
has been proposed to limit extension. The transverse ligament prevents pathological 
flexion of the atlantoaxial segment while extension is inhibited by the bony ele-
ments of the atlantoaxial joint facets [8–10]. Physiological motion of the cervical 
spine can accomplish 90° of rotation from the midline. The atlantoaxial junction 
contributes to 25°–30°, at which point the motion occurs through subaxial seg-
ments. The bone facets of the atlantoaxial junction will permit up to 40° rotation 
before locking, contributing a major restriction to over rotation. The contralateral 
alar ligament and the ipsilateral transverse ligament also resist pathological rotation 
with support from the joint capsules of the occipitoatlantal and atlantoaxial junc-
tions [11, 12]. The occipital condyles restrict lateral bending of the occipitoatlantal 
junction to 3.4°–5.5° in either direction.

The atlantoaxial segment reaches 6.7° before the alar ligaments discourage fur-
ther motion [6]. Movement in the other planes of motion is minimal at the CVJ, 
including translation, distraction, and compression.

Ligamentous as well as osseous structures are responsible for this stability. The 
transverse ligament, alar ligaments, and capsular joints resist anterior translation in 
the sagittal plane while the occipital condyles and the contact of the dens with the 
atlas and foramen magnum constitute bone barriers against posterior translation 
[10, 11, 13, 14].

The capsular joints of the occipital condyles and the atlantoaxial zygapophyseal 
joints resist compression. Distraction is not a physiological motion of the CVJ [14].

4.5  Biomechanics of Simple CVJ Pathology: Overview

In response to trauma, the CVJ exhibits predictable patterns of failure based on the 
mechanism of injury [15]. The most commonly encountered traumas occur during 
motor vehicle accidents, falls, diving accidents, and gunshot wounds [16]. Fracture- 
dislocation or occipitocervical dissociation at the CVJ is a leading cause of death in 
motor vehicle accidents [16]. Multiple mechanisms have been proposed to explain 
these patterns, such as whiplash and flexion-distraction injury.

Pathological flexion increases tension on the transverse ligament, resulting in 
failure of either the cruciate ligament or the odontoid waist [16]. Failure of the tec-
torial membrane has also been associated with flexion in front-end motor vehicle 
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collisions [17] and may lead to dural tears. Isolated tectorial membrane failure con-
tributes minor instability in flexion and extension [18–20].

Hyperextension may lead to fracture of the atlas at the posterior ring or fracture of 
the axis at the pars interarticularis or the odontoid. Shearing injury may occur to the 
ligaments of the anterior CVJ, including the alar ligaments, accessory atlantoaxial 
ligaments, cruciform ligament, and tectorial membranes. Supraphysiologic rotation 
at the atlantoaxial junction can predict, or even diagnose, alar ligament disruption.

Traumatic compression of the CVJ commonly causes osseous pathology at the 
occipitoatlantal junction. Axial loading has been associated with burst fractures of 
the atlas and with occipital condyle fractures. When evaluating trauma to the CVJ, 
current guidelines recommend initial evaluation by CT followed by MRI to assess 
ligamentous injury [21]. T2-weighted MRI obtained within 72 h of injury is the 
preferred modality for diagnosing soft-tissue injury. After 72 h, decreased tissue 
edema may lead to overlooked ligamentous damage [22]. Disruption of the liga-
mentous structures is sufficient to cause instability at the CVJ; additionally, these 
ligaments are irreparable once torn [23]. The most critical ligaments to evaluate for 
stability in the CVJ are the transverse ligament of the cruciform complex, the alar 
ligaments, and the tectorial membrane [9, 17, 24, 25].

4.6  Alar Ligament Failure

Failure of one alar ligament results in modest rotatory atlantoaxial instability. This 
instability is manifested as an increase in the C1-C2 ROM during the axial rotation, 
mostly through an increase in the NZ [26, 27]. The EZ and the flexibility, however, 
do not change significantly.

The bilateral transection of the alar ligaments determines considerably more 
extensive alterations of C0-C1-C2 motion than unilateral alar ligament disruption. 
The NZ and ROM during axial rotation, lateral bending, and flexion-extension are 
all increased significantly. The pivotal function of the alar ligaments is to stabilize 
the spine during flexion and extension and to limit axial rotation and lateral bending 
[3]. Failure of an alar ligament most likely occurs near the condylar insertion [25] 
and introduces instability in rotation and an increase in flexion, extension, and lat-
eral bending [9]. Isolated rupture of the alar ligament is rare but has been associated 
with hyperflexion paired with rotation in all reported cases. Unfortunately, evalua-
tion of the alar ligaments by MRI is complicated by their size and anatomical con-
formation [28, 29].

4.7  Transverse Ligament Failure

The transverse atlantal ligament is the thickest (1 cm) and strongest ligament of the 
entire spine. It is the most important stabilizer of the atlas, constraining C1 around 
the dens. Extremely high loads with anteriorly directed vectors at C1 are required to 
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disrupt the transverse ligament. The mechanisms leading to failure of the transverse 
ligament have been extensively evaluated in vitro [30]. The accessory ligaments at 
C1-C2 are relatively weak and stretch with ease after the transverse ligament is 
rendered incompetent. This feature has important clinical consequences. The trans-
verse ligament tears suddenly with a principle of “all or nothing” because it is stiff 
and inelastic. This ligament does not tear partially or gradually. When torn, the 
transverse ligament is incapable of repair. Because the transverse ligament injury 
renders the articulation of C1 enormously unstable, stabilization (fusion) of the 
C1-C2 complex must be performed.

4.8  Capsular Ligament Failure

Failure of the C1-C2 joint capsular ligament primarily slightly increases the ROM 
during axial rotation but has a minimal effect on lateral bending or flexion and 
extension [31]. Most of the increase in ROM is due to an increase in the EZ. Injury 
to the capsular ligaments is an important mechanism associated with rotatory C1-C2 
subluxation.

Avulsion of a synovial joint capsule causes only a mild increase in rotatory 
motion; however, a rupture of the joint capsule warrants investigation of the more 
critical ligaments as it has been associated with the disruption of the transverse 
atlantal and alar ligaments.

4.9  Biomechanics Effects of Atlas Fractures

Experimental laboratory studies regarding atlas injuries indicate that burst fractures 
of the atlas outbreak derive from compressive injuries [32, 33]. Atlas burst fractures 
result in instability that is manifested as increases in the NZ and the ROM during 
flexion, extension, and lateral bending. In these studies, “in vitro” compressive 
injury caused a 90% increase in the flexion\extension NZ, a 44% increase in the 
flexion\extension ROM, and a 20% increase in lateral bending NZ and 
ROM. However, no significant changes were seen in axial rotation NZ or ROM.
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to the Craniovertebral Junction
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5.1  Comparative Anatomy and Evolution of Balance

The acquisition of vertical posture and bipedal locomotion represents the most 
important transformation in the history of the Hominidae, including the change in 
relationship between the foramen magnum orientation and cervical spine [1].

With the evolution of our species has come significant change in the function and 
alignment of the cervical spine, defined by adaptive abilities to feed, move, and 
breath. The amphibian typically has a singular cervical vertebra with a non-mobile 
craniovertebral joint (CVJ), and it may possess a long extensible tongue to eat its 
prey. While the reptile has a less constrained CVJ, it is constrained by the force 
required to lift a relatively heavy head; the tetrapod can rapidly project and retract 
the mouth, armed with teeth, toward its prey or aggressor.

Sagittal alignment of the CVJ has evolved in synchrony with our progression 
from quadruped to biped posture [2]. The center of gravity of the head in quadrupeds 
is located quite anterior of the CVJ due to the development of the splanchnocranium, 
the horizontality of the base of the skull, and the posterior position of the occipital 
condyles, so that the occipito-atlantal (OC1) joint alignment is almost vertical. In 
primates and even more markedly in humans, basicranial flexion is observed in the 
sphenoid, with the clivus then forming an angle with the anterior part of the base of 
the skull. This process, probably related to the development of the cerebral hemi-
spheres and the reduction of the facial mass, coincides with the anterior migration of 
the occipital condyles, which has the effect of considerably reducing the bending 
moment of the center of gravity of the head. In humans, the OC1 articulation is hori-
zontal, and the center of gravity of the head vertical line passes right in front of the 
dens. Head posture is governed by the ability to maintain horizontal gaze, hearing, 
equilibrium, nasorespirational function, and even psychological  condition (Fig. 5.1).
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5.2  Functional Anatomy

The CVJ functions primarily in rotation of the head and secondarily in flexion and 
extension. At the outset, slightly more flexion/extension occurs at the OC1 joint, 
and most axial rotation occurs at the C1C2 complex. Adult OC1 motion includes 
approximately 25° of flexion–extension, 5° of lateral bending, and 5° of rotation. 
C1C2 motion includes approximately 20° of flexion–extension, 5° of lateral bend-
ing, and 40° of rotation [3]. There should be no translation at the OC1 junction.

Compared with the sub-axial spine (SAS), the ratio of lordosis of OC2 to C2-C7 
is 77%:23% [4]. Cranial dimensions vary significantly, but the natural head position 
is constant [5]. As mentioned, the center of gravity of the head sits almost directly 
over the centers of C1 and C2 vertebrae, as reflected by the external auditory meatus 
(EAM) so the associated short radii may explain why most cervical spine lordosis 
occurs between C1 and C2 [6]. This anatomic feature also allows assessment of 
EAM tilt, a global alignment assessment of the cervical spine, represented by the 
angle between the vertical and the line joining the center of C7 and the EAM.

Given the intimate relations of the occiput, atlas, and axis bones, the optimal 
angle for portraying alignment of the CVJ is the occipitocervical angle, the OC2 
angle between McGregor’s line (external occipital cortex to hard palate) and the 
lower end plate of C2 [7, 8]. Its mean value is 14° (±7°) in asymptomatic subjects 
over 18 years, 12° (±6°) in those over 60 years and significantly greater in females 
[8, 9]. The C1C2 angle is defined as the angle between the horizontal axis of C1 and 
the lower end plate of C2, found to be 29° (±7°) [10]. OC2 is always lordotic in an 
asymptomatic normal population, whereas C2C7 may be neutral or sinusoid or 
kyphotic in up to a third of the normal population [10].

a b

Fig. 5.1 In quadrupeds (a) the skull base is horizontal (platybasia), the occipital condyles are 
located at the back of the skull and the foramen magnum is tilted back and top. In humans (b) 
basicranial flexion is more important between the anterior floor of the skull base and clivus, the 
occipital condyles are almost under the skull and the foramen magnum is horizontal. (With permis-
sion from Vital JM, Anatomie de la Colonne Vertebrale)
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Sagittal alignment of the CVJ with respect to overall vertical sagittal balance has 
only recently been described using data from EOS imaging, a new low-dose radio-
graphic system that images the upright skeleton. The system therefore relies on the 
depiction of one’s natural posture. As described by Morvan et al., the individual is 
required to place one’s fingertips on their clavicles and look straight ahead at the 
mirror mounted in front of them [11]. A higher C7 slope is associated with a higher 
lordosis in the SAS and a lower slope means a lower lordosis, but this does not 
affect the sagittal orientation of the CVJ. Le Huec et al. found that the median C7 
slope value was 20°. They evaluated the OC2 of two groups—those with a value 
less than, and greater than 20°—finding that the C2C7 values were −2.5° and 11.5°, 
respectively, but that the OC2 value was 15.8° in both the groups. Despite signifi-
cant variations in cervical spine lordosis or the slope of the C7 vertebra, the OC2 
angle displayed constant values [10].

Both the OC1 and the C1C2 articulations have the capacity to contribute to sagit-
tal alignment of the cervical spine, 25% and 20%, respectively. There are two basic 
postures of the neck (retraction-protraction) in primates including humans (Figs. 5.2 
and 5.3). Retraction refers to an active position when the OC1C2 joints are flexed 
under the effect of the posterior musculature, such as in the “military tuck” position. 
Protraction corresponds to a passive rest position when the OC2 joint is extended 
(as in reading or sleep in a sitting position). This would increase the SVA, the hori-
zontal offset distance from C2C7 causing flexion of C2C7 segments and hyperex-
tension of C0C2 segments to maintain horizontal orientation of the head [12]. This 
is in fact a “push-forward with the head attitude” which one observes through efforts 

Fig. 5.2 Clinical photographs of protraction (protrusion) and retraction (“military tuck”) of the 
neck

5 Sagittal Balance Concept Applied to the Craniovertebral Junction



98

of pushing (as in collision sports). It is in this posture that the CVJ reaches its maxi-
mum amplitude in extension [2].

The only constant variable in this context is gaze direction. A coupling mecha-
nism is evident to achieve it: flexion of the subaxial cervical spine induces extension 
at the craniovertebral junction and vice versa [13].

What is further relevant to the CVJ is the effect that distal curves have on the cervi-
cal spine (Fig. 5.4). Given the fixed relationship between the pelvis and spine (pelvic 
incidence) and stiffness of the thoracic spine, the more mobile lumbar and cervical 
spinal articulations compensate for this as required. As thoracic kyphosis increases, 
cervical lordosis increases. In young adults with thoracic hyperkyphosis, for example, 
patients have a lordosis of 27° at C1C2 compared with 20° in the normal population 
[14], despite similar head positions and craniofacial morphology [15]. Furthermore, a 
reversal of the kyphosis induces a reduction in cervical lordosis (Fig. 5.5).

While the OC2 parameters of asymptomatic subjects remain constant despite the 
variables of C7 slope and C2C7 lordosis, compensatory abilities with increasing age 
and deformity include the CVJ as well as other mechanisms. If the global alignment 
predisposes to a head forward position, the CVJ can contribute to horizontal posi-
tioning of the head and gaze. This “fine tuning” concept is a representative feature 
of the CVJ, an adaption to changing alignment characteristics as required through-
out both the cervical and thoracic/lumbar spine. These principles are evident in 
Figs. 5.2, 5.3, and 5.5 in both normal physiological functioning and as an adaptive 
feature in pathological conditions.

While our understanding of the compensatory alignment features of the CVJ are 
known in the sagittal context, we can assume that the CVJ can function to adapt to 
maintain a horizontal position of the head in coronal and rotatory planes as well.

Fig. 5.3 Radiographs (lateral view) of protraction and retraction of the neck, demonstrating the 
reverse behaviors of the CVJ and SAS
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Fig. 5.4 Three poses in profile with the evidence of compensation along the entire spine from the 
CVJ to the pelvis (erect-relaxed-slouched)
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5.3  Degenerative Conditions

The most accurate method of assessing C2C7 alignment is the Harrison method of 
comparison between the tangents of each posterior wall along the subaxial cervical 
spine [16, 17]. It has been suggested that the Cobb C1C7 angle overestimates cervi-
cal lordosis, that the Cobb C2C7 angle underestimates cervical lordosis, and that the 
Harrison method (C2C7) may provide the best estimate of lordosis. Thus, little is 

Fig. 5.5 Scheuermann’s kyphosis pre- and post-deformity correction with the evidence of reduc-
tion of thoracic kyphosis and reduction of cervical lordosis
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known on the contributions of the CVJ in cervical disc degeneration. Furthermore, 
despite the roles of OC1 and C1C2 articulations are quite different, their contribu-
tions are mostly quoted summarily as OC2.

Normal lordosis at the C4C7 levels only accounts for 6° (15%) of that of the 
cervical spine and includes the levels that undergo most degenerative change. 
Degenerative changes of the cervical spine are commonly associated with a reduc-
tion or loss of the segmental or global lordosis [17]. The net effect of loss of lordosis 
at distal levels contributes proportionally to a greater loss of sagittal alignment. This 
is compensated for by an increase at the CVJ, particularly OC1, to maintain hori-
zontal gaze [18]. Appropriate correction of lordosis will reverse this (Fig. 5.6).

Traditionally, posterior-based approaches for posterior-based stenotic pathology 
with laminectomies of the cervical spine have been implicated in causing postopera-
tive kyphosis and neck pain (Fig.  5.7). This is mostly due to the detachment of 
subaxial deep extensor muscles from the C2 or C7 spinous processes. Laminoplasty 
of C3 and at levels caudal to it results in less kyphosis than a dome-shaped lami-
notomy or especially C2 laminectomy [19]. C4–C7 laminoplasty with C3 laminec-
tomy preserving the semispinalis cervicis insertion into C2 can reduce postoperative 
axial symptoms compared with C3–C7 laminoplasty and reattaching the muscle to 
the C2 spinous process [20]. The range of motion across OC1C2 has been shown to 
increase over time post-laminoplasty and is thought to represent a compensation for 
increasing stiffness from C2C7 [21].

Resection of C3 spinous process is thought to reduce the incidence of C2C3 
spinous process autofusion post-laminoplasty which may otherwise occur in up to 
53% [22]. Potentially some of what is described as neck pain may alternatively be 

Fig. 5.6 Preoperative EOS radiograph of a degenerative cervical spine with a history of dropped- 
head syndrome with anterior multilevel autofusions. Postoperative radiograph with anterior oste-
otomies and cage placement (first stage) and posterior construct with pedicle and lateral mass 
screws (second stage). Notably there is a significant increase in SAS lordosis (from −44° to +1°) 
and decrease in CVJ lordosis (from 43° to 32°)
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OC2 extension with occipital neuralgia and warrants consideration when evaluating 
sagittal images on MRI.

Decompensation of cervical sagittal balance can be represented as an increase in 
chin brow vertical angle (CBVA), a reliable clinical measure of horizontal gaze. 
This angle reflects activities of daily living and quality of life. It is commonly used 
as a reference for ankylosing spondylitis and has been identified in many studies as 
an important parameter when correcting cervical deformity. It should be close to 0° 
in asymptomatic individuals. This may not be as apparent on lateral cervical spine 
radiographs, thus the C2 slope may be used to correlate with one’s ability to main-
tain a horizontal gaze. Therefore, the C2 slope should be close to 15° for a comfort-
able horizontal gaze. What is often apparent on clinical examination are other 
adaptive features of compensation to maintain sagittal balance, such as thoracic 
extension, pelvic retroversion, and knee flexion.

Normalization of cervical spine alignment has been demonstrated after lumbar 
deformity correction (Fig. 5.8). A review of 31 lumbar pedicle subtraction osteotomy 
(PSO) cases was taken by the author with the evaluation of spinopelvic parameters 
[23]. A pattern resembling previous compensatory mechanisms emerged: there was 
a significant decrease of C7 slope, a decrease in distal C2C7 lordosis, and an increase 
in proximal cervical lordosis and OC2 angle. There was no significant difference 
between global cervical lordosis angle and EAM tilt (Fig. 5.9). The decrease in C7 
tilt was caused by the corrective lumbar surgery, so the distal cervical lordosis mani-
fested because there was no longer a requirement for compensation at this level. The 

Fig. 5.7 Preoperative EOS radiograph of degenerative cervical spine with a history of a previous 
posterior laminectomy/laminoplasty and loss of extensor muscle action with the evidence of com-
pensatory OC2 hyperlordosis. Postoperative radiograph with SAS lordosis increases and CVJ lor-
dosis decreases
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proximal cervical spine readjusted to adapt a slightly flexed position to maintain 
horizontal sight. In effect, the adaptive features of the cervical spine maintained its 
global angulation and position relative to vertical balance.

5.4  Other CVJ Alignment Considerations

Bony malformations of the CVJ are best divided into malformations of the central 
pillar such as odontoid or basioccipital dysgeneses or of the surrounding rings such 
as pro-atlas or C1 sclerotome anomalies. Thus, relevant malformations are mostly 
associated with decreased skull-based height (platybasia as described in quadru-
peds, Fig. 5.1) and/or, to a lesser extent, increased vertebral column height. In prac-
tical terms, structural anomalies mostly involve the occiput, including condylus 
tertius (third occipital condyle), basiocciput hypoplasia and atlanto-occipital assim-
ilation. As malalignment may extend intracranially, both primary cranial angles 
(basal and Boogard’s) and craniovertebral angles (Wackenheim clivus-canal, 
McGregor-C2, and OC1 joint axis angle) are relevant [24]. Platybasia may manifest 
as a short or horizontal clivus causing lordotic tilt of the foramen magnum and 
occipital condylar plane. Frequently with this condition, the odontoid is retroflexed, 
pointing toward the brainstem, often associated with cerebellar herniation, a syrin-
gomyelia and hypolordosis in the SAS.

Fig. 5.8 Post-lumbar pedicle subtraction osteotomy with horizontalization of C7 and increase in 
C1C2 lordosis

5 Sagittal Balance Concept Applied to the Craniovertebral Junction



104

Alignment pathology associated with trauma to the CVJ mostly involves type II 
fractures of the odontoid process of C2. Most of these fractures have either an oblique 
posterior or transverse orientation, almost half occur in combination with a fracture 
of C1, and 60% are posteriorly displaced [25]. Halo vest immobilization is an 
accepted form of treatment but not well tolerated in the elderly. Whether using halo 
vest or operative fixation, one must check for fracture reduction and alignment on 
intraoperative imaging. Displaced fractures perform poorly regardless of treatment. 
In attempts to reduce the fracture, one can immobilize the cervical spine in an abnor-
mal alignment. Particularly with posteriorly displaced fractures, patients develop 
kyphosis of C2C7 with anterior displacement of the proximal cervical spine, in what 
has been described as a “Geier” or vulture-like deformity [26]. The underlying 
pathomechanism may be disequilibrium of the anterior load and posterior muscle 
forces in the upper cervical spine, thus posterior C1C2 stabilization may be the opti-
mal treatment in those with osteoporosis. Forced hyperextension causes fracture of 
the C2 pars, as the odontoid process and cephalad structures displace anteriorly while 
the posterior aspect of C2 remain aligned with the caudal structures. Levine and 
Edwards types II and III display increasing displacement, kyphotic angulation, and 
instability, with increased indication for operative stabilization, including anterior, 

Fig. 5.9 Pre- and post-lumbar deformity measurement of cervical parameters. EAM tilt remains 
close to 0°, upper and lower cervical curvature changes are significant

I. Obeid and D. T. Cawley



105

posterior, or combined approaches. Posterior approaches for operative fixation of 
either of these types of fractures will usually involve dissection of the C2 process and 
loss of extensor muscle function. This may lead to significant kyphosis at the CVJ.

5.5  Alignment Considerations When Operating on the CVJ

Preventative measures must be taken when instrumenting the CVJ to maintain a 
normal sagittal alignment. Using a Halo frame or Mayfield clamp for posterior cer-
vical surgery serves to optimize three-dimensional positioning of the head as close 
to neutral as possible. Patients are frequently placed in a slight reverse Trendelenburg 
position to diminish venous congestion and bleeding. Therefore the position of the 
head must match that of the body. Head position is best imaged to ensure optimal 
CVJ alignment which in more recent times involves a trend toward intraoperative 
CT.  Similar to fluoroscopy, the 2D facility can be used to check this. Longer 
occipito-cervical constructs placed in extension can be disabling, and one should err 
slightly toward flexion [27]. A hyperkyphotic angle at the CVJ can predispose to a 
higher incidence of postoperative dysphagia, dyspnea, and decreased oropharynx 
volumes [28]. As the trajectory of transarticular screws or pars screws is orientated 
cephalad, one may need to drape as far caudally as T3 to allow for this. Thus, obe-
sity, a short neck or a hyperkyphotic thorax may compromise screw trajectory, par-
ticularly for Magerl transarticular fixation.

Multiple reports have shown that an excessive lordosis at the CVJ through surgi-
cal correction leads to compensatory kyphotic changes of the subaxial cervical 
spine. Yoshimoto et al. demonstrated that in a series of patients with C1C2 fixation, 
mean lordotic angles increased from 18° preoperatively to 26° postoperatively [29]. 
The fixation techniques in this series were diverse, but the authors felt that bone 
graft compression between the posterior elements of C1 and C2 from such tech-
niques as Brooks (interlaminar graft) wiring or a Halifax clamp led to a C1C2 
hyperlordosis with a resultant C2C7 postoperative kyphosis. The C1C7 angle did 
not change significantly given the segmental compensation mechanisms within the 
cervical spine as mentioned previously.

Likewise, in a series of mostly rheumatoid patients, corrective surgery with 
fusion at the CVJ has shown that restoration of lordosis at OC2 leads to a decrease 
in lordosis at C2C7 [26]. This has also been shown in patients with congenital 
atlanto-axial dislocations [30]. Distraction arthrodesis is a helpful technique at 
C1C2 for C2 root compression or between O-C1-C2 to disengage the odontoid 
process with basilar invagination. Ding et  al. reported disengaging the odontoid 
process in congenital malformations using the application of the combined forces of 
extension and distraction between the occipital plate and the cervical pedicle screws 
[31]. Parallelism must be maintained with distraction so as not to cause kyphotic 
deformity. C1C2 intervertebral cages may also be used to achieve this.

When treating pathology at the CVJ, the most caudal aspect of the fixation may 
extend to the distal cervical spine. Sagittal balance between the proximal and distal seg-
ments of the cervical spine should be checked on imaging before the rods are secured.
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5.6  Conclusions

The proximal OC2 and distal C2C7 segments of the cervical spine work synergisti-
cally to ensure that the head remains balanced over the pelvis. Within a functional 
range of motion, deformities of each can be compensated for by the other. The 
“fine-tuning” features of the CVJ allow for obtaining horizontal gaze despite the 
variations in relative positions of the head and spine. Furthermore, this compensa-
tory mechanism is especially important in pathological conditions.

Correction of deformities of the subaxial C2C7 cervical, thoracic, and lumbar 
spine can reduce lordosis at the CVJ, so that the head and gaze remain horizontal. 
Surgical objectives when operating on the CVJ must include normalization of the 
CVJ which relies on several factors including positioning, anatomy-specific instru-
mentation, instrument placement, and the use of intraoperative imaging or 
navigation.

Glossary

CVJ Craniovertebral junction including occiput to axis (O-C1-C2, OC2)
SAS Subaxial spine, including C2-C7
OC1 Occipito-atlantal joint
C1C2 Atlanto-axial joint
SVA Sagittal vertical alignment
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6Surgical Positioning

Claudio Schonauer and Enrico Tessitore

6.1  Introduction

Proper patient positioning for upper cervical surgery is crucial for the correct execu-
tion of the surgical procedure and, if not applied correctly, can give rise to danger-
ous complications. We can compare the surgical patient positioning to the alignment 
of military troops before a battle: if strategically correct, it can influence the result, 
if applied improperly it can lead to disaster.

Key to success are the several adjustments that can be made during surgery and 
that must be taken into account beforehand. Neuromonitoring, navigation and fluo-
roscopy can be difficult to plan in such a small anatomic area i.e. everything should 
be planned and checked before. As a rule, these adjustments should be carried out 
preoperatively, whilst  the patient is  still awake, verifying  the possible ranges  of 
neck hyperflexion–hyperextension to simulate what will be [1, 2].

Planning the position of the Mayfield’s blocks before draping enables us to 
adjust  the neck flexion during surgery while fixing the patient safely to the 
table, making possible to tilt the table safely. 

Supine and prone positions are the most commonly used for the anterior tran-
soral approach and posterior fusion/decompression procedures, respectively. 
Lateral positioning is also used when a combined anterior-posterior approach is 
required, minimizing the risk of a double positioning procedure and reducing 
operating times [3].
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6.2  Supine Position

Supine position is mainly used for anterior  endoscopic endonasal or transoral 
approaches to the CVJ. Positioning is similar to the one used for anterior cervical 
discectomy (ACDF). Usually a flexible armoured nasotracheal tube is used. 
Retractors and endoscopic holder are fixed to the table contralateral to the surgeon, 
as well as the monitors (Fig. 6.1).

6.2.1  The Body

The body remains in dorsal decubitus. This is the easiest positioning, and attention 
should be focused  in fixing the patient safely to  the table and to elevate the legs 
slightly (7–10°) to allow a correct venous backflow to the heart [4].

The so-called lawn chair (contoured) position is a variation of the horizontal 
position adding a 15° flexion at the trunk and hips. A blanket or soft (gel) pillow can 
be placed under the knees to keep them slightly flexed. This position provides more 
physiological positioning of the lumbar spine, hips, and knees. The other advan-
tages of the lawn chair position include a slight head elevation improving venous 
drainage from the brain, and a slight elevation of  the  legs, that  improves venous 
return to the heart [5]. The head-up tilt or reverse Trendelenburg position usually 
involves a 10–15° repositioning from the horizontal axis in order to provide optimal 
venous drainage from the brain [6].

6.2.2  The Head

In case of concomitant spinal stenosis and cervical cord compression, the patient is 
usually transferred to theatre with a Philadelphia collar that is held in place during 
intubation, so that the anaesthesist can safely perform awake fibre-optic intubation.

Fig. 6.1 Supine 
positioning with cervical 
and shoulders taping

C. Schonauer and E. Tessitore



113

With regards to the head position in supine patients, we have two options.
In the first one, the patient's head is extended backward and downward with the 

surgeon standing at the back of it. The microscope will be at 90° on the operative 
field. Head extension will allow a wider exposure of the skull base. When instability 
and/or potentially cord compressing lesions are present, the head will be initially 
positioned in neutral position, and only once satisfactory decompression is achieved, 
the suregon will be able to change the degrees of head extension. When anterior 
instrumentation is required, is mandatory to achieving neutral position before fixing 
the spine.

The second option is mainly used in endoscopic assisted surgery, with the sur-
geon facing the patinet [7]. In this case the head is placed on a horseshoe headrest 
and may not be fixed allowing multiple minimal adjustements intraoperatively.

Whichever of these positions is chosen, care must be taken in planning in advance 
the position of the fluoroscopic arm, should it be used during surgery, as  the arm of 
the Mayfield clamp might interfere with AP views. To avoid this, the patient should 
be positioned on a Jackson table. If a Jackson table is not available, the head clamp 
could be secured on the arch used for sitting position. The arch is secured anteriorly 
with the head clamp in the centre (Fig. 6.2).

Fig. 6.2 Head clamp 
positioning 
when fluoroscopic AP 
projections are required: 
note that the area under the 
patient’s neck is 
completely free of metal 
structures that could 
interfere with the imaging
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Even if the supine position is the most physiological one, it is not risk free. 
Peripheral nerve compression injuries are the most common complications of this 
position although are less frequent than in the prone one. Other complications of the 
supine position include pressure alopecia (for long procedures), backache, and tis-
sue ischemia [8].

6.3  The Prone Position

The so-called Concorde or landing Concorde position (Fig. 6.3) is the most com-
mon prone position for posterior or posterolateral approaches to the CVJ. It is used 
for posterolateral approaches to the CVJ. The principle is that the head is flexed to 
better expose the C0–C2 region, and elevated higher than the right cardiac atrium to 
achieve better venous return.

6.3.1  The Body

The patient is intubated in supine position and then carefully turned on a square soft 
pillow to allow release of the abdominal pressure both arms are secured along the 
body to allow secure table tilting. Shoulders are gently pulled downwards with tape 
to visualize C7 vertebral body during intraoperative lateral X-rays when neces-
sary. When taping acre must be paid to avoid excessive stretching of the brachial 
plexus. Knees are flexed with the feet slightly elevated to obtain a better venous flow 
gradient. A pneumatic leg compression machine or alternatively leg wrapping with 
compression bandages are also applied.

6.3.2  The Head

For the posterior approach, neck flexion is helpful to obtain the proper trajectory for 
drills and screws whose direction is almost parallel to the bone surface of the spine. 
The so-called military tuck position is often required in CVJ surgery, in order to 
increase the surgical exposure between the occiput and C2. The patient is positioned 
with the head put in the Mayfield clamp. Mayfield pins are positioned in a way to 
keep the posterior fossa area completely free.

Fig. 6.3 Author’s 
illustration of Concorde 
position
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Some degrees (20°–30°) of anti-Trendelenburg are applied to the cranial part of 
the table in order to raise the head and to facilitate venous outflow, which is 
extremely important in order to avoid eye complication and perivertebral venous 
plexus bleeding. In this way we can obtain an operative site that is parallel to the 
floor [6].

When draping, one should consider the possibility of extra stub incisions, which 
are often necessary to keep the right trajectory of drill and screws.

If a Jackson table is used, the head clamp could be directly connected to the 
table.

Specific complications include necrosis of the chin and an obstruction of cere-
bral venous outflow.

6.4  Lateral Position

Lateral position can be used for one stage anterior transoral decompression surgery 
and posterior fixation. The rationale is to avoid repositioning e redraping the patient 
after the decompression and before performing stabilization. With the head secured 
in the Mayfield clamp, the patient’s neck is absolutely stable throughout the whole 
surgery. The difficulty is to provide a position that can also be comfortable for the 
surgeon and for the instrumentation [3, 9]. Lateral positioning leads to gravitational 
changes in the ventilation–perfusion relationship in the lung. Lung tissue above 
18 cm from bed level is not perfused. During general anaesthesia and positive pres-
sure ventilation, the non-dependent lung zones are ventilated better with respect to 
the dependent zones, worsening ventilation–perfusion mismatch.

6.4.1  Park Bench Position

The Park Bench is a modification of the lateral position. It gives the surgeon a more 
comfortable operative position with better access to the posterior fossa, as com-
pared to the lateral position. The upper arm is positioned along the lateral trunk and 
the upper shoulder is taped towards the table. Special attention is required for posi-
tioning the patient’s dependent (lower) arm because of the potential danger of axil-
lary artery compression and brachial plexus injury [2, 10]. The dependent arm can 
be positioned in hanging or ventral position and may be rested on a low padded arm 
board, inserted between the table and head fixator. Alternatively, the forearm can be 
hung on a pillow and towels wrapped over the arm and forearm. The shoulder 
should be abducted, and the elbow flexed. An axillary roll, inflatable pillow or a gel 
pad should be placed under the upper chest (not directly in the axilla) in order to 
take pressure off the dependent shoulder and prevent arm ischemia, brachial plexus 
injury and compartment syndrome. It is also critical to support the patient’s head 
with a pillow or gel pad to minimize angulation of the cervical spine, which can be 
achieved with the simultaneous inflation of both inflatable pillows under head and 
chest [6].
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The lower extremities should be slightly flexed, and a pillow should be placed 
between the legs (particularly the knees). Reverse Trendelenburg and marked flex-
ion of the legs at hips and knees should be avoided, as it can lead to lower extremity 
venous stasis and decrease of venous return to the heart. Leg wrapping with com-
pression bandages can be used to prevent venous pooling [1].
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7Neuroanesthetic Considerations 
for Patients Undergoing Posterior Fossa 
and Craniovertebral Junction Surgery

Dominic J. Nardi, Shamik Chakraborty, and Amir R. Dehdashti

Surgical conditions treated at the craniovertebral junction include tumors, cerebral 
vascular malformations, aneurysms, congenital craniovertebral anomalies, often 
with accompanying instability, and major trauma [1]. Anesthesia for such surgeries 
is also appropriately recognized as complex and presents unique challenges for the 
anesthesiologist as well.

For craniovertebral instability, maintaining proper cervical alignment is key dur-
ing intubation and positioning. Patients who have suffered traumatic injury or chronic 
stenosis of the cervical spine are particularly at risk for neurologic sequelae when 
extending the head and neck during intubation. Congenitally lax joints resulting in 
subluxation and cord compression can also be present in patients with known Chiari 
malformation, Klippel–Feil syndrome, and Morquio’s syndrome, just to mention a 
few [2]. Preoperative inquiry should be made as to the severity of nerve root or spinal 
cord impingement. If the patient shows significant signs and symptoms of myelopa-
thy or cord compression, an awake fiberoptic intubation should be considered. A well 
conducted awake intubation need not be traumatic to the patient, and it would allow 
for post-intubation clinical assessment of upper and lower extremity function prior to 
the induction of general anesthesia and patient positioning. In all such cases, a mem-
ber of the surgical team should be present during intubation to help assure neutrality 
of neck alignment as well as for the post-intubation evaluation.

If an awake fiberoptic intubation is indicated, preoperative patient education as 
to the necessity for the procedure and as to what is to be expected are key elements 
to ensure the successful cooperation of the patient. Major obstacles to awake intuba-
tion are language barriers and extremes of anxiety. However, with proper 
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preoperative preparation and adequate topicalization of the oropharyngeal airway, 
intubation can be accomplished with minimal sedation. For an excellent example of 
technique, I would recommend viewing the following YouTube video: Dr. Michael 
Bailin demonstrates an awake endotracheal intubation at the Massachusetts General 
Hospital [3]. Following adequate pharyngeal-tracheal topicalization, awake intuba-
tion can be accomplished with a variety of fiberoptic devices including a number of 
newer video laryngoscopes. Post-intubation, the awake patient should be able to 
voluntarily cooperate in a clinical assessment of extremity strength, thus providing 
real-time monitoring of their function. Additionally, for patients considered to be at 
risk during positioning, the awake intubated patient may be allowed to self-position, 
thereby allowing for an awake post-position assessment of extremity strength and 
function prior to the induction of general anesthesia.

An alternative approach to the management of the airway for patients with less 
severe craniovertebral instability, or patients considered poor candidates for 
an awake technique, has been the use of an asleep fiberoptic intubation technique. 
This can be accomplished following the induction of general anesthesia with a fiber-
optic scope through an intubating laryngeal mask device, such as an iGel, or with 
the use of a video laryngoscope. If an asleep technique is used, a member of the 
surgical team should be present to help confirm neutrality of neck position during 
the intubation. Successful intubation should be immediately followed by neuro-
physiologic monitoring, such as SSEPs and MEPs, to confirm integrity of cord 
function prior to patient positioning. The anesthesiologist must carefully consider 
his choice of induction of anesthesia so as to allow for post-intubation neurophysi-
ological monitoring. So as to allow for post-intubation MEPs, a muscle relaxant free 
induction with the use of a combination of propofol, ketamine, and remifentanil is 
frequently used, immediately followed by a TIVA anesthetic for the remainder of 
the surgical procedure. Once the procedure is underway, it is not uncommon for our 
surgeons to request muscle relaxants while working on the surgical exposure so 
as to minimize muscular contraction during the use of electrocautery.

Obtaining post-intubation neurophysiological monitoring baseline data can 
prove invaluable prior to surgical positioning of the patient. Clinical experience has 
shown that the most common cause for neurophysiological degradation of poten-
tials occurs during positioning of the patient, particularly the prone position. 
Vigilance and frequent communication between the anesthesiologist, surgeon, and 
neurophysiological monitoring personnel is particularly critical during this time. If 
significant changes are detected, the anesthesiologist should immediately assess his 
anesthetic choice and blood pressure so as to maximize perfusion of the cord. 
Should the neurophysiologic changes persist, the indication for a “wake-up” test 
should be considered, either while still in the surgical position or upon returning the 
patient to the supine position.  In extreme situations where the degeneration of 
potentials persist, the surgical procedure may have to be aborted. 

Positioning of the patient for posterior fossa and craniovertebral junction surgery 
has evolved significantly over the last several decades. Prior to the 1990s, the sitting 
position was the position of choice for the majority of posterior fossa and posterior 
cervical procedures. Venous air emboli (VAE) was a known and respected possibil-
ity as a result of the positioning, but the anesthesiologist and surgical team felt that 
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the benefits far outweighed the risks. Surgical exposure was considered far superior 
to the alternative positioning options, and bleeding was significantly less secondary 
to the lower venous pressure. However, with the realization in the 1980s that over 
25–30% of the general population are known to have “probe-patent” foramen ovale, 
the fear of paradoxical air emboli resulting in possible strokes, MI, or even death 
resulted in the sitting position being all but abandoned [3, 4]. This is important not 
only from an historical perspective, but also from the observation that positioning 
for such patients appears to have come full circle, with the return of the sitting posi-
tion regaining popularity once again [4, 5].

Presently, the most commonly used position for the majority of posterior fossa 
and craniovertebral junction operations is a variation of the prone position, ranging 
from straight prone to three-quarter prone or full lateral. Unlike the sitting position, 
this positioning is associated with anegligible incidence of venous air embolism. 
However, it does have a number of downsides for the surgeon. The main one is a 
result of the increase in intrathoracic pressure associated with the prone or lateral 
position. The increased intrathoracic pressure is transmitted to the intracranial and 
cervical venous system resulting in venous bleeding during the operation. Another 
consideration to be contended with by the anesthesiologist is the inherent limita-
tions in the case of an airway or cardiac emergency. Emergency airway management 
and performing CPR and chest compressions are next to impossible without flip-
ping the patient onto another bed or stretcher. For these reasons, when in the prone 
or lateral position, the tolerance for placing external pacing electrodes on patients 
susceptible to cardiac events should be low, and a stretcher should always be made 
readily available with a sign indicating “PRONE POSITION—DO NOT REMOVE”.

Patients positioned prone for extended periods of time are also susceptible to a num-
ber of position- related complications. Unless the patients head is secured in pins, a 
brasions or skin tears of the face, particularly the pressure areas of the cheek bones, are 
not uncommon. This is particularly true if the patient’s face is placed in a dry foam or 
padded headrest. Applying a lubricant to the patient’s cheeks or foam headrest at the 
pressure points prior to positioning can minimize such risk. If a foam headrest is used, 
one in which the face and eyes can be easily visualized throughout the procedure by 
way of a mirror or video monitoring system is preferred. Avoiding compression of the 
eyes and maintaining patency of the airway and endotracheal tube throughout the case 
must be assured. The presence of conjunctival or airway edema postoperatively may 
warrant the patient remaining intubated for the swelling to subside. On rare occasions, 
patients have been reported to develop blindness secondary to retinal artery thrombosis 
and/or retinal venous hypertension while in the prone position [1]. However, most 
patients who undergo posterior fossa or craniovertebral junction surgery are placed in 
head-pins for additional stability, thereby minimizing the pressure on the eyes and face. 
In either case, the judicial management of fluid administration and constant vigilance 
as to the face and eye positioning should mitigate such risks.

As mentioned previously, the sitting position has been long known to provide 
excellent exposure and access to the posterior fossa and craniovertebral junction [6]. 
The superior drainage of cerebral spinal fluid as well as blood from the intracranial 
veins and sinuses allows for better access to anatomical structures by the surgeon, 
resulting in less manipulation of surrounding tissues and nerves. By avoiding the 
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more commonly used prone position, the anesthesiologist has better visualization 
and access of the face and airway should an emergency arise. However, despite 
these obvious advantages, the potential risk of VAE in the sitting position continues 
to limit its adoption in most neurosurgical centers [6–8].

In one retrospective study of 4806 patients, the overall rate of venous air embo-
lism during neurosurgery in sitting position, as detected by transesophageal echocar-
diogram (TEE), was 39% for posterior fossa surgery and 12% for cervical surgery 
[9]. These numbers, however, can be misleading in that TEE monitoring is known to 
be exquisitely sensitive at detecting venous air embolization that is of no physiologic 
consequence. In one such study using TEE for detection of venous air embolization 
in patients undergoing laparoscopic hysterectomy, the incidence of detected air was 
reported to be 100% [10]. Despite the high incidence of detected air, none of the 
cases of VAE resulted in hemodynamic changes or were found to be of clinical sig-
nificance [10]. More recent reviews consider the risks of the sitting position to be 
relatively low: between 1 and 2% at high volume centers with experienced personnel 
[11, 12]. The highest risk of VAE complications are associated with suboccipital 
craniotomy and craniectomy, with a complication rate of 2.8%, and the lowest are 
cervical spine cases with complications of approximately 0.7% [11, 12]. It is impor-
tant to note that air embolism has been reported in a variety of less likely neurosurgi-
cal procedures, including burr holes  for  deep brain stimulation as well as awake 
craniotomies in the supine position [13–15]. A common denominator in many of 
these cases was that the patient was breathing spontaneously, thereby facilitating the 
potential for entrainment of air. The possibility of VAE should always be on the anes-
thesiologists differential when hemodynamic instability of unknown origin occurs. 

If the sitting position is to be used, it is highly recommended that the patients 
have a preoperative workup for the presence of a patent foreman ovale (PFO). 
However, recent evidence suggests that the decision to avoid the sitting position 
based solely on the presence of a diagnosed PFO should be reconsidered [9, 16]. 
The relationship between a PFO and the risk of a paradoxical air embolism is not 
existent [16]. In all patients at risk of VAE, the sensitivity of the device used for 
early detection of air, the experience of the anesthesia team in caring for such 
patients, and the rapid response by the anesthesiologist and surgical team in response 
to air detection is paramount in avoiding serious complications.

Over the years, there have been many methods advocated for the detection of 
VAE intraoperatively, ranging from the gasp reflex in the spontaneously breathing 
patient, to the detection of a mill-wheel murmur using an esophageal or precor-
dial stethoscope, precordial dopplers and most recently by the use of intraoperative 
TEE [1, 17]. Although the relative sensitivity of the techniques used for the detec-
tion of air should be considered, it should not be the only factor in the choice of 
monitoring technique used. For example, the use of TEE, though exquisitely sensi-
tive in the detection of VAE, has been shown to be more of a hindrance due to the 
resultant frequent and unnecessary interruption of the surgery whenever air is 
detected. Furthermore, the availability of a TEE device and the skill required for 
proper insertion and positioning of the probe can also be limiting factors.

The early detection and termination of VAE when it occurs is critical. The surgi-
cal team should communicate when they believe the patient to be at risk of VAE 
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based not only on positioning but on the proximity of critical structures, such as 
major intracranial sinuses or venous plexuses. The anesthesia team must maintain 
constant vigilance during such cases for the possibility of VAE by the application 
and use of appropriate monitors and constant communication with the surgeons dur-
ing the progression of the case.

A precordial Doppler is likely to be the most commonly used method of monitor-
ing for air embolism, used in conjunction with end tidal CO2 (ETCO2) [1, 18]. A 
properly positioned precordial Doppler is more sensitive to the detection of VAE 
then a drop in the ETCO2 by a factor of 10. When used together, the precordial 
Doppler should be considered a qualitative device, indicating the early detection of 
VAE, and the ETCO2 a more quantitative device, indicating the beginning of physi-
ological changes due to the presence of air in the  right ventricle and pulmonary 
circulation. Unless a large amount of air is entrained into the venous system quickly, 
the precordial Doppler will detect the presence of VAE long before a drop in ETCO2 
is noted. This early detection should allow the anesthesiologist ample time to alert 
the surgeon of the VAE, terminate the use of N2O, and provide 100% oxygen to the 
patient. The surgical team should consider applying bone wax or flooding the surgi-
cal field with fluid, depending on the point of surgery, so as to stop further VAE. A 
systematic search for the source of air embolization should be immediately con-
ducted. The anesthesiologist can assist the surgeon by applying gentle compression 
to the jugular veins if needed. This maneuver will not only raise the venous pressure 
in the cerebral venous vasculature, frequently allowing the surgeon to identify the 
source of the air but will also result in an attenuation of the entrainment of air [1]. 
The application of a Valsalva maneuver to increase cerebral venous pressure should 
be avoided as it may result in a rise in the right atrial pressure and theroetically pro-
mote a right to left intra-atrial shunt, possibly resulting in a paradoxical arterial 
embolization [5]. If the source of the VAE is not detected and air continues to accu-
mulate in the lungs, the ETCO2 will begin to drop. This is the result of the air accu-
mulating in the pulmonary circulation and an increase in physiologic pulmonary 
dead space. At this point, every effort should be made to identify and stop further 
VAE, lest the patient become hemodynamically unstable or worse [3, 11]. As a last 
resort, if the source of air remains undetected, the patient’s head should be lowered 
below the level of the heart to stop further entrainment of air and allow the surgeon 
to identify the source. There has been much debate as to the usefulness of central- 
line aspiration during VAE, with some evidence that aggressive aspiration may actu-
ally result in a lowering of central venous pressure, and resultant  worsening  of 
VAE. Should central-line aspiration be considered, it is essential that the placement 
of the tip of the line be verified as being at the atrial-SVC junction prior to the begin-
ning of the surgical procedure [1, 5]. At our institution, a central line is reserved for 
those patients with medical issues warranting central pressure monitoring intraop 
and for patients with known patent foramen ovale, though we consider the last to be 
a soft indication. 

Anesthesiologists caring for patients undergoing posterior fossa and cranioverte-
bral junction surgery must be aware of the potential for the sudden onset of cardiac 
arrhythmias, acute hemodynamic changes, or respiratory pattern alterations in the 
spontaneously breathing patient. Such hemodynamic and respiratory changes may be 
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centrally mediated by the surgical manipulation of the brainstem or the traction of 
intracranial nerves. It is imperative that the anesthesiologist communicate these 
changes immediately to the surgeon before the initiation of intervention. As intracra-
nial anatomy can be obscured by lesions, the surgeon often views the report of such 
physiologic changes as important information as to the proximity and location of 
important anatomical structures. The use of pharmacologic interventions by the anes-
thesiologist, such as atropine to block bradycardia, should ideally be conveyed and 
discussed with the surgeon prior to administration less he lose this valuable feedback.

Also, the anesthesiologist should be alert to the possible intraoperative manipu-
lation and/or damage to the ninth and tenth cranial nerves responsible for the 
patient’s gag and swallow reflexes, either unilaterally or bilaterally. If it is suspected 
that the nerve may have been either compromised or injured during the surgery, then 
prior to extubation an assessment of the patient’s gag reflex of the posterior pharynx 
should be tested bilaterally with the use of a suction catheter. If there is any doubt 
as to the integrity of the gag and swallow reflex postop, consideration should be 
given to the patient remaining intubated. This problem has been minimized recently, 
however, by the monitoring of the cranial nerves intraoperatively when indicated. 

Neurophysiologic monitoring has become an integral part of many neurosurgical 
procedures, and nowhere is this more true than during procedures of the posterior 
fossa. The most commonly used neuromonitoring modalities for patients having sur-
gery of the posterior fossa and craniovertebral region include somatosensory evoked 
potentials (SSEP), motor evoked potentials (MEP), brainstem auditory evoked 
response or potentials (BAER/BAEP), and EMG monitoring of various cranial and 
cervical nerves. A thorough discussion must be had between the anesthesiologist, 
surgeon, and neuromonitoring personnel as to what is being monitored and at what 
phase of the surgery it is being monitored. Only by being fully appraised as to the 
proposed monitoring can a plan for a safe and complementary anesthetic be devised. 
It is important that the anesthesiologist be fully knowledgeable and conversant as to 
the type of anesthesia to be provided so as to allow for the monitoring to be maxi-
mally predictive of neurologic compromise. BAERs are the least sensitive to anes-
thetic interference allowing for the use of any anesthetic technique and muscle 
relaxants. Ideal anesthesia for SSEP monitoring requires the use of no more than one 
half MAC of inhalation agent with propofol supplementation, no N2O, and the use of 
muscle relaxants as needed. MEPs are the most susceptible to inhalation effects. As 
such, a pure TIVA anesthetic is frequently administered, without the use of muscle 
relaxants. EMGs of cranial nerves require the absence of muscle relaxants during the 
monitoring phase. During the course of the surgical procedure, it may be necessary 
for the anesthesiologist to adjust his technique to accommodate the monitoring 
modality in use during that particular phase of surgery [19]. The author appreciates, 
however, that the accepted anesthetic technique used during neurophysiologic moni-
toring may vary considerably from one institution to another, so it is important for 
the anesthesiologist to have a thorough discussion with the monitoring team and sur-
geon prior to the commencement of anestheisa. 

With the advent of intraoperative neurophysiological monitoring, the monitoring 
of spontaneous breathing under anesthesia as an indicator of brainstem function has 
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become increasingly rare. That having been said, there are certain lesions for which 
the monitoring of spontaneous ventilation as a complement to BAERs may 
be requested by the surgeon as the preferred intraoperative monitoring technique 
[20, 21]. Monitoring of spontaneous ventilation has been shown to provide addi-
tional information while operating on lesions located at the base of the fourth ven-
tricle, adjacent to the respiratory center, as well as during vertebrobasilar circulation 
surgery requiring temporary or permanent blood vessel occlusion [20, 22].

The anesthesiologist must be open to all positioning and monitoring modalities 
that will allow the surgeon to perform the most definitive procedure and ultimately 
provide the best possible outcome for the patient. More than perhaps in any other 
type of surgery, communication between the anesthesiologist, surgeon, and neuro-
physiologic monitoring personnel is imperative. Only with intimate knowledge of 
the risks and benefits associated with each requested technique, as well as a thor-
ough understanding of the physiologic and anesthetic challenges posed, can the neu-
roanesthesiologist best devise a plan for the optimal anesthetic care of the patient.
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8Perioperative Management: Surgical 
Site Infection Prevention, DVT 
Prophylaxis, and Blood Loss 
Management

Granit Molliqaj, Matthias Robin, Christoph Czarnetzki, 
Marie-Josée Daly, Americo Agostinho, and Enrico Tessitore

8.1  Prevention of Surgical Site Infections in Spine Surgery

The risk of surgical site infection (SSI) in spine surgery is approximately 1–3% in 
elective and clean surgery [1].

SSIs are the health-associated infections with the most influence in terms of mor-
bidity, mortality, and expenses for hospitals and society [2]. They can cause major 
suffering for the patients and families, increase the consumption of antibiotics and 
antimicrobial resistances, and cause the consumption of health and societal resources 
(hospitalization, loss of production, and salary support).

There are several risk factors for SSIs (endogenous and exogenous to the patient) 
and numerous measures to correct them, but there is a lack of evidence for real ben-
efit for a part of them [3, 4].

In this chapter, we resume some of the most important measures based on the 
best level of evidence (IA and IB), which provide a real protection to prevent SSIs 
and to be necessarily applied.
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8.1.1  Preoperative Phase [5]

In the preoperative phase, adjustment of concomitant morbidities of the patient 
(infections, diabetes, overweight, alcohol, and tobacco) is the first important step to 
improve. A shower or a full body bath using soap the evening before and the day of 
surgery is recommended.

8.1.2  Perioperative Phase [5]

Concerning the perioperative phase, surgical hand preparation with an antimicrobial 
soap or suitable, using an alcohol-based hand-rub solution is required [6]. An ade-
quate surgical antimicrobial prophylaxis (SAP) has the best strong evidence in the 
prevention of SSI [1]. The goal is to obtain a minimum inhibitory concentration 
(MIC) of the appropriate molecule in the operative and circular tissues throughout 
the operation, but especially at the time of incision and closure. For that reason, 
there is evidence showing that intravenous administration is imperative and SAP 
should be done as a single shot [7, 8]. A single dose should be properly administered 
(rules of the 4R—see Table 8.1) before the incision.

Table 8.1 Surgical antimicrobial prophylaxis: recommendations for spine surgery and rule of 4R [1]

First choice (and 
second) If MRSA carriage

If allergies to 
cephalosporins

1. Right antimicrobial
  Antibiotic Cefazolin 

(2nd = cefuroxime)
Vancomycin Clindamycin

2. Right dose
  Patient <120 kg or 

BMI <35 kg/m2

2 g 1 g 600 mg

  Patient >120 kg or 
BMI >35 kg/m2

3 g 1.5 g 900 mg

3. Right timing for administration [9, 10]
  SAP administration 

starts…Before skin 
incision

60–15 min 90–60 min (slow 
administration)

60–15 min (slow 
administration)

  After first of SAP 
administration, if 
operation begins >2 h 
later

Re-administration of 
a ½ dose

– Re-administration of 
a ½ dose

4. Right redosing, if operation still ongoing (or blood loss >1500 mL) [11]
  Each 4 h after 

previous 
administration or 
blood loss

Re-administration of 
a ½ dose

– Re-administration of 
a ½ dose

  Each 8 h after 
previous 
administration or 
blood loss

Re-administration of 
a ½ dose
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The use of an electric clippers for shaving with a single-use head as close as pos-
sible to the operation site is superior to shaving with a standard razor blade [12]. 
Then, skin antiseptic preparation must be done with povidone-iodine alcohol-based 
on three successive applications. Chlorhexidine is not recommended for spine sur-
gery because of its cytotoxic effect on the meninges. Consequently, iodophor- 
impregnated incise drape can be used unless the patient has an iodine allergy. At the 
moment, there is no strong evidence for the use of vancomycin powder put directly 
in the surgical site prior to closure, as well as antimicrobial skin sealants should not 
be used with the objective of reducing SSI (conditional recommendations) [13]. 
Double-gloving or glove-changing during surgery is recommended [14], as well as 
maintaining patient temperature and optimal tissue oxygenation during the surgery 
[15]. Finally, the use of a surgical safety checklist can improve communication and 
reduce infection complication rates [16].

8.1.3  Postoperative Phase

For the postoperative phase, regular follow-up with wound care and disinfection by 
a specialized nursing team is necessary. An active post-discharge surveillance of 
SSI with feedback is essential.

8.2  Deep Vein Thrombosis and Pulmonary Embolism 
Prophylaxis

Deep vein thrombosis (DVT) and subsequent pulmonary embolism (PE) can occur 
following spinal surgery, leading to potential increased morbidity and mortality.

The content of the literature on DVT and PE is extensive. It is well known that 
these complications may occur spontaneously or may be precipitated by risk- 
increasing factors such as long bone fractures or spinal procedures. Other factors 
such as the extent and duration of surgery, postoperative immobilization, or eth-
nicity hereby suggesting a genetic susceptibility may influence the risk of throm-
boembolic disease. Literature analysis with regard to the natural risk of DVT after 
spinal surgery is complex, because few studies have measured the risk of DVT 
without any prophylactic therapies. The rate of DVT and PE is, respectively, 0.8% 
and 0.4% in a large cohort of 22,434 patients undergoing spinal surgery between 
2006 and 2010 [17]. In the same paper, the authors developed a VTE risk score, 
taking into consideration a total of 13 factors identified as relevant after a multi-
variate regression. The factors were operation time ≥4 h, dependent functional 
status, paraplegia, emergency presentation, ASA score ≥III, sepsis, disseminated 
cancer, inpatient status, hypertension, quadriplegia, history of ischemic attack, 
postoperative sepsis, and African American race. Patients were assigned a total 
score, with scores ranging from 0 to 13. The VTE risk score showed high predict-
ability of VTE, with the incidence rate of 0.1% for patients with a score of 0 and 
11.7% for those with a score ≥7 [17].
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Furthermore, according to the implemented diagnostic method, the rate of post-
operative DVT or PE diagnosed can vary widely. For example, in a prospective 
study of 134 patients, Oda et  al. obtained a DVT rate of 15.5% by venography, 
whereas none of these patients showed any clinical symptoms [18].

8.2.1  Diagnostic Methods for DVT and PE

Deep vein thrombosis of the lower extremity is subdivided into either distal (calf 
vein) or proximal (thigh) vein thrombosis [19, 20].

The clinical diagnostic signs to be looked for are the presence of a palpable cord, 
pain, and tenderness along the course of major veins, ipsilateral edema, heat, and 
superficial venous dilatation [21, 22]. However, these clinical signs are not specific 
and a clinical examination alone is not a reliable method to confirm the diagnosis of 
DVT. A useful measure is the D-dimers. This test has a high sensibility but lacks 
specificity for the diagnosis of DVT and is therefore only useful when negative (i.e., 
cut-off value <500 ng/mL) [23].

Nowadays, thrombosis without apparent clinical signs may be diagnosed thanks 
to evolving technologies. Noninvasive tests as ultrasound or impedance plethys-
mography, with nearly equivalent diagnostic accuracy, have replaced venography 
[24]. Magnetic resonance (MR) venography is almost as accurate as contrast venog-
raphy for the diagnosis of DVT [25, 26]. This MR imaging technique relies on the 
detection of thrombosis due to the formation of methemoglobin [27].

Pulmonary embolism (PE) has a large variety of clinical manifestations, going 
from a lack of symptoms to sudden death. The most frequently encountered present-
ing symptom is dyspnea followed by pleuritic chest pain and cough [28]. Patients 
with suspected PE might present electrocardiogram (ECG) abnormalities such as 
tachycardia, nonspecific ST-segment, and T-wave changes [28]. Computed tomo-
graphic pulmonary angiography (CTPA) is the first-choice diagnostic imaging 
modality because it is sensitive and specific for the diagnosis of PE [29]. Contrast- 
enhanced pulmonary angiography (i.e., digital subtraction angiography) was the 
historical gold standard for the diagnosis of PE [30]. With the emergence of CTPA, 
it has become usually reserved for patients with suspected PE in whom CTPA or 
V/Q scanning has not a diagnostic value.

8.2.2  Recommendations for Appropriate Antithrombotic 
Prophylaxis

8.2.2.1  Mechanical Prophylaxis
Mechanical pumps or compressive stockings are the first-line of prevention routinely 
and widely used after spinal surgery [31, 32]. Rokitko et al. in their prospective ran-
domized study reported a 0.3% (1/329) rate of DVT after spine procedures, by using 
compression stockings alone, compression stocking with pneumatic compression 
boots, or Coumadin prophylactic anticoagulation. Nevertheless, they also found that 
5.7% of patients treated with Coumadin presented bleeding complications [32]. 
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Thus, according to the low rate of DVT associated with spinal surgery (ranging from 
0.9 to 14% literature), using pneumatic compression boots with graduated compres-
sion stockings seems to be the best option of antithrombotic prophylaxis in patients 
going for a posterior spinal approach [32]. Use of stockings may be combined with 
acetylsalicylic acid (ASA) in elective spinal surgery to decrease the incidence of 
thromboembolic complications [33]. According to NASS guidelines, initiation of 
mechanical compression just prior to or at the beginning of surgery and continuation 
until the patient is fully ambulatory is a reasonable practice [33]. The risk for DVT/
PE also depends on the type of spinal procedure. According to the large retrospective 
analysis of 4377 patients published by Sebastian et  al. in 2016, VTE rates were 
higher in patients undergoing corpectomy, or at high risk for thromboembolic dis-
ease, such as multiple trauma, malignancy, or a hypercoagulable state [34].

8.2.2.2  Chemical Prophylaxis
Chemoprophylaxis by low molecular weight heparin (LMWH) or low-dose warfa-
rin may be used postoperatively to decrease the risk of thromboembolic complica-
tions for patients at risk or undergoing anterior-posterior (circumferential) spine 
surgery. According to expert reviews, intravenous heparin should be preferred to 
other anticoagulants as a bridging therapy in patients already treated prior to surgery 
for a non-spinal condition (e.g., atrial fibrillation, valve replacement, or other), 
because of an easier management and more predictable effects [33].

A number of pharmacologic agents are now available for VTE prevention in 
surgical patients, including unfractionated heparin (UFH), the low molecular weight 
heparins (LMWH), fondaparinux (Arixtra®), vitamin K antagonists as warfarin, and 
the new oral antithrombotic agents as rivaroxaban, dabigatran, and apixaban. 
Subcutaneous UFH for prophylaxis of VTE seems to reduce the incidence of fatal 
PE in patients undergoing major surgical procedures from 0.7 to 0.1% compared 
with controls [35]. Low molecular weight heparin have the advantage that they can 
be given subcutaneously once or twice daily at a constant dose without laboratory 
monitoring of therapeutic effect. The anticoagulant effect of the vitamin K antago-
nists is not achieved until the third or fourth day of treatment, making these agents 
a poor choice for immediate postoperative preventive anticoagulation. New antico-
agulants as rivaroxaban, apixaban, and dabigatran are superior to placebo but their 
benefits compared with other anticoagulants remain uncertain [36].

With regard to the duration of thromboembolic prophylaxis after surgery, the 
NASS clinical guidelines recommend thromboembolism prophylaxis until the 
patient is discharged, although specific evidence for spinal surgery is lacking [33].

8.3  Blood Loss Management

8.3.1  Management of Preoperative Anemia

Anemia is a common finding before elective surgery, especially in the case of asso-
ciated comorbidities. It is proved that preoperative anemia and its underlying pre-
disposal to blood transfusion is associated with a rise in cardiac, respiratory, and 
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infectious complications and an increase of mortality and morbidity in the periop-
erative period, as well as the length of hospital stay [37, 38].

Preoperative anemia is detected during the anesthesiological preoperative assess-
ment. However, this preoperative screening is usually only available for elective 
spinal procedures.

The European Society of Anaesthesiology (ESA) recommends anesthesiological 
preoperative assessment of patients 4–8 weeks before elective surgery [39].

The etiology of anemia must be investigated, in particular anemia due to iron 
deficiency. It should be orally or intravenously substituted in case of oral intolerance 
or inflammatory origin. It increases the hemoglobin rate and decreases the risk for 
perioperative transfusion [40].

In anemic patients without iron deficiency, preoperative administration of eryth-
ropoietin is efficient and reduces need for blood transfusion [41]. However, the lit-
erature has shown an increase in the risk of venous thromboembolic events in 
particular in spinal surgery patient cohorts [42]. Autologous blood transfusion is no 
longer appropriate, leading to an increased blood transfusion rate and increasing the 
risk of intraoperative anemia [43].

8.3.2  Preoperative Management of Antiplatelet Aggregation

It is known that antiplatelet drugs’ use increases the risk of hemorrhage [44]. 
Therefore, when scheduled, spinal interventions preferably require the discontinua-
tion of all antiplatelet therapy, after a multidisciplinary discussion between sur-
geons, anesthetists, and cardiologists.

Aspirin should be discontinued between 3 and 5 days before surgery depending 
on the patient’s platelet count. The effects of aspirin disappear completely after 
7 days, but it is assumed that 10% of the platelet pool is regained each day, which 
allows the recovery of a sufficient platelet function 3 days after the interruption if 
the platelet count is normal. Other antiplatelet agents should be systematically dis-
continued before surgery, at least 5 days for clopidogrel and ticagrelor and 7 days 
for prasugrel.

In case of emergency surgery on patients under antiplatelet therapy, the only pos-
sibility is to administer platelet transfusion, whose efficacy is still debated [45, 46].

8.3.3  Preoperative Management of Anticoagulants

In the same way as antiplatelet therapy, all anticoagulant and fibrinolytic treatments 
must be discontinued before a neurosurgical intervention. Thus, anti-vitamin K 
(AVK) drugs should be discontinued at least 3 days before surgery associated with 
high hemorrhagic risk. In cases where anticoagulation must be pursued because of 
a high thrombotic risk, the AVK should be interrupted 5 days before and replaced by 
heparin or LMWH. At curative dose, heparin should be discontinued 6 h before 
surgery and LMWH 24 h before surgery.
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In emergencies, they can also be antagonized by the administration of vitamin K 
or activated prothrombin complex.

Oral new anticoagulants are also increasingly used. They are classically inter-
rupted 3 days before surgery. In emergencies, their effect is reduced by the admin-
istration of vitamin K or activated prothrombin complex. Oral anticoagulants do not 
allow routine biological monitoring. Plasma assays are available however.

At present, in emergency situations, only dabigatran can be reversed specifically 
by the administration of an antidote, the idarucizumab [47].

8.3.4  Fluid Administration and Fluid Challenge

In the perioperative phase of an elective surgery, normovolemic hemodilution may 
be performed. It consists of taking from the induction of anesthesia, a quantity of 
blood bringing the hematocrit to 28–30% and simultaneously replacing this loss 
with crystalloid or colloid solutions in order to maintain normovolemia. The objec-
tive is to reduce the amount of erythrocytes lost during surgery in the operative field 
and to restore this volume at the end of the procedure [48]. The decrease in oxygen 
transport capacity is physiologically compensated by increased cardiac output and 
increase in tissue oxygen extraction. The tolerable limit value of hemodilution is the 
hematocrit to which oxygen consumption (VO2) becomes dependent on the trans-
port of O2 (DO2). Normovolemic hemodilution is thus considered only in case of 
high hemorrhagic risk neurosurgical act [49]. It is contraindicated in patients with 
high cardiovascular risk.

Fluid administration is the first treatment of acute hemorrhage, in order to main-
tain a blood volume and avoid early organ failure. However, before bleeding con-
trol, it is recommended to limit fluid administration in order to avoid the dilution of 
the coagulation factors [50].

Perioperative fluid intake should be guided by a fluid challenge strategy with 
systematic evaluation of preload dependence. Several modalities are accessible to 
the operating room such as the esophageal Doppler or the Lidco-type hemodynamic 
monitoring based on blood pressure.

To date, there is insufficient data suggesting that the use of colloid solutions 
improves the prognosis of patients in hemorrhagic shock. On the other hand, adverse 
effects associated with their use have been reported, some of which may be severe: 
renal insufficiency and coagulation disorders especially with hydroxyethyl starches 
or allergic with fluid gelatins. Renal toxicity is also suspected [51]. Crystalloids 
appear to be the first choice in resuscitation of hemorrhagic shock because of their 
clinical efficacy, moderate toxicity, and low cost.

8.3.5  Blood Recovery Systems

In a simple manner, blood recovery systems (cell savers) via surgical aspiration 
allow to collect part of the lost blood volume. This blood is then treated and 
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concentrated in order to proceed to blood transfusion. This technique reduces the 
need for labile blood products transfusion, if recovery of a minimum of blood vol-
ume is achieved. A previous history of infection or tumor is a contraindication to the 
use of cell saver.

Blood recovery systems cause hemodilution and loss of clotting factors. 
Therefore, they need to be associated with transfusion of fresh frozen plasma. The 
presence of coagulopathy is also one of the main contraindications.

8.3.6  Pharmacological Strategy: Antifibrinolytics

Tranexamic acid is an analog of lysine that inhibits fibrinolysis. It is the most widely 
used antifibrinolytic agent in current practice and the most widely studied in the 
literature. A meta-analysis of 65 studies showed that tranexamic acid reduced the 
relative risk of transfusion by 32% in cardiac surgery and 51% in orthopedic surgery 
(total knee or hip prosthesis, spine surgery) [52]. Numerous studies converge and 
have demonstrated the benefit of tranexamic acid on the reduction of blood loss and 
blood transfusion especially for spinal surgery [53]. Antifibrinolytic agents expose 
to an increased risk of arterial or venous thrombosis. However, no study has yet 
demonstrated an increased risk of thrombotic events, especially in spinal surgery.

8.3.7  Intraoperative Direct Control of Bleeding

As well as any type of surgery, spinal surgery is associated with a risk of bleeding 
in connection with handling of small (e.g., epidural veins) or large vessel (e.g., iliac 
veins or arteries). Thus, bleeding control is essential to achieve a safe spinal 
procedure.

8.3.7.1  Mechanical Compression and Thermal Coagulation
Hemostasis of the subcutaneous adipose tissue and the muscular layer is done by 
bipolar coagulation and maintained by mechanical compression from spreaders. 
Spreaders should be occasionally released to ensure muscles’ vascularization and 
oxygenation during the entire surgery. Subperiostal dissection is performed using 
the monopolar electric coagulation. The use of a rolled compress inserted using a 
Cobb during subperiosteal preparation is a very useful technique to ensure good 
hemostasis. Hydrogen peroxide solution may also be useful for hemostasis. Bipolar 
coagulation can also be used to control deeper bleeding on the spinal venous plexus. 
However, use of bipolar can be harmful to nervous tissue. Heat dissipation from the 
ends of the bipolar forceps can induce thermal damage to neighboring neural 
 structures [54].

8.3.7.2  Local Pro-Hemostatic Methods
Different hemostatic agents exist for the control of bleeding during surgery. One of 
them used since a long time is bone wax. It is composed of bees’ wax (70%) and 
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Vaseline (30%), and it is used for stopping bleeding from bone surfaces. It is a non-
absorbable material, becoming soft and malleable in the hand when warmed. Bone 
wax can cause allergic reaction and infections complications [55].

Absorbable gelatin sponges (Gelfoam, Spongostan) are a water-insoluble, non-
elastic, porous, pliable product prepared from animal skin gelatin. When applied 
directly to bleeding surfaces, they stop bleeding by forming an artificial clot and by 
producing a mechanical matrix that facilitates clotting. While its mode of action is 
not fully understood, its effect appears to be more physical, but some authors sug-
gested that this clotting effect might be due to release of thromboplastin from plate-
lets in contact with the sponge [56].

Microfibrillar collagen fleece (Avitene®) adhere tightly to bloody surfaces, pro-
vide a surface to which thrombocyte can adhere, and undergo their release reaction 
and activation of coagulation factors. In an experimental study on rats, it was found 
that oxidized regenerated cellulose in fibrillar form (ORC) and microfibrillar colla-
gen fleece (CF) have a similar effect in reducing bleeding time [57]. ORC permits 
activation of the initial coagulation phase by the contact effect. It also seems to 
confer hemostasis by decreasing the pH, which adds an antimicrobial effect of ORC 
[55] and thus being superior to gelatin sponge from the standpoint of infection 
 prevention [58].

An elaborate product is TachoComb®, which is composed of collagen coated 
with fibrinogen, thrombin, and aprotinin. A further development is TachoSil®, which 
does not contain aprotinin, thereby avoiding its known side effects as renal failure 
or anaphylactic reactions [55, 59, 60].

Fibrin sealants contain human fibrinogen, human thrombin, and some human 
factor XIII and bovine aprotinin. These agents all have a role in the coagulation 
cascade by forming a fibrin clot [61]. The Floseal® hemostatic matrix is a combina-
tion of the gelatinous matrix component and the reconstituted thrombin (human) 
component. Renkens et al. provided favorable results in spinal procedures [62].

Surgiflo™ is a sterile hemostatic matrix, corresponding to an absorbable porcine 
gelatin paste applied directly to a broad bleeding surface, very useful in difficult to 
reach areas and cavities. This paste might be mixed with sterile saline solution or 
with thrombin increasing its effectiveness. Landi et al. did not show any differences 
in terms of efficacy or ease of use between Surgiflo and Floseal [63].

Tissucol is fibrin glue, containing a highly concentrated solution of fibrinogen 
and other cryoglobulins derived from human plasma and prepared by cryoprecipita-
tion. It contains coagulation factor XIII, which, in the presence of thrombin and 
calcium, makes it possible to produce highly adhesive filamentous precipitates of 
fibrin [64, 65].

8.3.8  Specific Concerns During CVJ Surgery

The craniovertebral junction is rich of vascular structures. The vertebral artery 
venous plexus (VAVP) is a well-developed network of venous channels covering the 
V2 and V3 segments of the vertebral artery. Manipulation of the VAVP may lead to 
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troublesome bleeding during CVJ surgical procedures. The VAVP is potentially in 
danger during the dissection phase or during insertion of C1 or C2 screws. The dis-
section should be carefully done especially in the region lateral to the C2 lamina and 
isthmus and below the posterior arch of C1. A subperiosteal dissection is recom-
mended at that level. Any bleeding during this phase may be easily controlled by 
cautious bipolar electrocautery or by packing with gelatin sponges.

The ideal entry point of C1 lateral mass screws is located in the mid-point of the 
lateral mass just below the posterior arch of C1. The medial and lateral borders of 
the lateral mass need to be identified in order to determine the entry point. Dissection 
is performed with a Penfield dissector and the C2 nerve root is downward displaced. 
Bleeding at this stage may be very abundant because of the redundancy of the VAVP. 
Bipolar electrocautery is often ineffective to stop the bleeding. Packing with gelatin 
sponges and cottonoids or using fibrin sealants is highly recommended. Furthermore, 
surgeon should quickly perform the screw insertion under fluoroscopic control.

Alternative methods have been developed to avoid excessive manipulation of the 
VAVP during C1 screw insertion. Garces et al. presented a novel approach to reduce 
bleeding from venous plexus during C1-C2 Harms instrumentation. They conducted 
a retrospective analysis of patients with atlantoaxial instability admitted and treated 
from August 2010 to December 2013. After having exposed C1 arch and C2 lamina, 
a Penfield n.1 instrument was used to carry a sub-periosteal dissection from the C2 
lamina to the lateral mass and pars of C2 and upward toward the C1-C2 joint and the 
C1 lateral mass. This maneuver allowed for the surgeon to elevate the C2 nerve root 
along with the venous plexus without disruption. They observed an EBL going from 
25 to 500 mL, the latter being related to a tumor resection at C1-C2 level. Thus, the 
C1 lateral mass screw insertion caudally from the C2 nerve root may become an 
alternate method for insertion of C1 screws, as shown in the paper from Wada K 
et al. [66]. Furthermore, insertion of the lateral mass screw via the posterior arch for 
C1 fixation is also possible, avoiding any manipulation of the VAVP, even in patients 
with a small posterior arch, ponticulus posticus, or persistent first intersegmental 
artery [67].
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9Surgery of the Cranio-Vertebral 
Junction: Image Guidance, Navigation, 
and Augmented Reality

Philippe Bijlenga and Max Jägersberg

9.1  Introduction

Safety, efficacy, and accessibility of surgery are major aims identified by the World 
Health Organization to improve global care. Safety is the power to avoid injury. 
Efficacy is the power to cure. Accessibility is the power of being within reach that 
may take different dimensions being affordable, timely, frequently mastered, and 
easy to perform. Quality of surgery relies mostly on adequate human resources 
(trained and accredited surgical staff and anesthesia professionals) as well as pro-
cesses optimizing the exploitation of material resources (operating rooms and 
equipment). Management formalization and checklists will help institutions and 
surgeons to optimize resources and better adhere to best clinical practice. Image 
guidance, navigation, and augmented reality should assist surgeons to better deal 
with frequent patient-specific anatomical variations (personalized care) and master 
a larger spectrum of diseases as well as better modify strategies on the fly. It is 
expected but not yet formally demonstrated that image guidance, navigation, and 
augmented reality assist surgeons in achieving the objectives in line with the Safe 
Surgery WHO guidelines to avoid excessive blood loss, minimize surgical site 
infection by reducing open skin intervention time, skin incision size and traction, 
and potentially improve communication of critical patient information between 
members of the team. It may also improve efficacy by assisting surgeons to more 
precisely access the disease, more precisely implant devices or remove diseased tis-
sues. Despite limitations associated with the cost of the equipment and the 
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complexity of its handling, image guidance, navigation and augmented reality 
should soon be widely accessible, accelerate the training learning curve, and 
broaden the surgical field of each surgeon.

Improving surgical accuracy and safety by means of navigation is of special 
interest for cervical and craniocervical spine procedures, where demands for preci-
sion are extremely high to place long and resilient screws [1]. The anatomical com-
plex relations of the vertebral artery and the spinal cord leave only narrow bony 
corridors available for screw placement in the lateral masses (C1), the pedicles (C2- 
C7), articular facets (C1-C2), or the lamina (C2). In many locations, precision toler-
ances are less than 1  mm in translation and 5° in angulation [2]. Neoplastic, 
traumatic, or inflammatory diseases alter anatomy and can increase these topo-
graphical challenges.

In spite of precision needs, the introduction of navigation for cervical spine pro-
cedures had to overcome more obstacles than cranial or lumbar spine surgeries [3]. 
Accuracy is affected when images are acquired preoperatively and in a different 
position to that required during the intervention. The size of the operation field, the 
geometrical access corridors, and size of instruments increase the complexity to 
optimally position the reference object for accurate navigation during the whole 
procedure. Constant accuracy checks and registration corrections at the single ver-
tebra scale are considered too time-consuming by many surgeons.

9.2  Definitions

Image-guided surgery is a generic term used to characterize any surgery performed 
using pre- or intra-operative patient-specific images to guide the operation as 
opposed to interventions performed according to generic procedures or anatomical 
landmarks. Imaging-tracked surgery are interventions where images are specifi-
cally acquired to track the progression of the intervention. A procedure is navigated 
(navigated surgery) when instruments are tracked in real-time and their location 
and orientation projected on patient-specific pre- or intra-operative acquired images. 
An operation is performed using augmented reality (AR) when images are pre-
sented to the surgeon’s eye field as a transparent overlay adjusted to the operative 
field. Augmented reality can be either direct when the surgeons look at the operative 
field or remote when the operative field and overlays are projected on a screen.

Besides improving the perception of the operating field and overall context, sur-
gery may also be improved by more gentle manipulation of tissues, increased 
degrees of freedom, precision, and stability of movements that can be provided by 
robotics. Surgery can be performed as freehand (freehand surgery) when surgeons 
directly manipulate surgical tools or be robot-assisted (RAS).

As an example, pedicle screws can be inserted using (1) only anatomical land-
marks to identify the entry point and standard reference angles to approximate the 
insertion trajectory [4, 5]; (2) intra-operative image guidance using a C-arm fluoros-
copy to visualize the screw location relative to the bone structures [6]; (3) naviga-
tion by tracking the position of the screw relative to a fixed reference previously 
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registered and by displaying the extrapolated location of the screw relative to earlier 
acquired images [7]. (4) A virtual semitransparent representation of the vertebra and 
pedicle is visualized as an overlay on the anatomical structures of the operative field 
with the optimal entry point and trajectory. The surgeon then inserts the screw fol-
lowing the projected images [3]. (5) A robot is fixed on the spinous process of the 
targeted vertebra. Two orthogonal fluoroscopic images are acquired including the 
spine and a reference marker to allow registration with a high-resolution CT scan 
obtained preoperatively. The screw trajectories are programed, and the robot arm 
orients a cannula that is used for the drilling. Robot-assisted screw implantation is 
nowadays frequently used in the lumbar spine but to our knowledge has so far only 
been tested on cadavers and on a single case regarding cervical spine screws [8, 9].

9.3  Basic Principles

9.3.1  Matching the Resolution and Precision to the Needs

Precision of freehand motion is at best when using microsurgical techniques in the 
range of one tenth of a millimeter. It is heavily affected by the force to be applied, 
fatigue, and distance to any pivot point. Visual feedback is essential to allow precise 
manipulations, and proprioceptive feedback is relevant when the hand or manipu-
lated instrument is out of the visual field. It can be easily experimented performing 
simple tasks with and without a binocular operative microscope. A normal eye can 
at best distinguish a 0.07 mm size object. Operative microscopes usually provide a 
10× to 60× magnification, reducing the resolution to 1 μm. As a general rule the 
visual feedback should be 10 times sharper than the required movement precision. 
The difference between the needed perception resolution and the resulting manipu-
lation precision can be reduced when using micromanipulators or robots. Such a 
high precision required when operating in the medulla is nevertheless not necessary 
in most craniocervical surgeries where mechanical constraints are the limiting fac-
tors to keep precision within the range of ±0.5 mm and ± 2°.

The precision and limitation of image-guided surgery, navigation, and aug-
mented reality are affected by multiple factors that need to be well understood by 
the users.

 1. Resolution of acquired data set
 2. Distortion of the data set, perspective, parallax, special field heterogeneities
 3. Co-registration accuracy
 4. Structures’ motion and deformation

9.3.2  Data Set Acquisition Resolution

The resolution of any imaging data set still remains at least one order of magnitude 
lower than what can be provided by an operative microscope. The highest resolution 
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reaches 50 μm when using flat panel detectors but standard thin-sliced CT scan 
images have a resolution of 0.1 mm, O-arm 0.41 mm in the axial plane, and 0.83 mm 
in z axis, Ziehm FD Vario 3D 0.375 mm, Arcadis Orbic 3D 0.475 mm, and standard 
MRI 0.5 mm. The spatial resolution further decreases when using particular imag-
ing protocols such as fiber tracking or functional imaging. The precision of any 
guidance system will be at best equivalent to the resolution of the most refined data 
set available. It is therefore recommended to use the data set with the highest resolu-
tion as the reference data set to which all others will be registered.

9.3.3  Imaging Distortion

Users need to be aware that 2D images are subject to projection distortions. Most 
of the intra-operative imaging is acquired using C-arm-mounted fluoroscopic 
equipment. Here the X-ray source is projecting toward a detector array, and the 
X-ray beam has a cone shape (Fig. 9.1a). Objects closer to the X-ray source will 

Fig. 9.1 Projection deformation, parallax, and augmented reality. (a) Illustration of deformation 
and relative displacement of objects induced by the projection from a point to a surface. (b) Indirect 
augmented reality. A calibrated video of the intervention field is overlaid on the radiological image 
(Courtesy Philips Best Netherlands). (c) Direct augmented reality. A 3D computer-generated sur-
face rendering of different structures of interest and corresponding to the surgeon’s line of sight is 
projected as an overlay on the microscope head-up display when looking at the patient. Bone is 
presented in yellow, arteries in red, and lesion in blue
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be projected on the detector larger than objects more distant. A surface parallel to 
the axial beam (beam centered on the source and orthogonal to the detector) will 
appear progressively more oblique as shifted off center. To minimize errors result-
ing from inadequate correction of distortion by surgeons, it is recommended to 
center the axial beam on the target and orient the beam if possible along the surgi-
cal axis or as second choice orthogonally. This requires frequent C-arm displace-
ment. Those distortions are avoided when using devices acquiring multiple 
projections and generating volumetric data displayed as either orthogonal slices 
or 3D-rendered volumes.

Now, users are faced with another pitfall which is the parallax. Parallax is the 
apparent relative displacement of objects when viewed from different lines of sight. 
This commonly tricks surgeons when drawing projections of structures on the sur-
face of the skin. The drawing then only applies when using the line of sight initially 
used. For deep seated targets, only very small shifts from the initial line of sight can 
induce great shifts. Errors can be minimized by avoiding to draw on the skin sur-
face and by displaying projections or 3D-rendered image overlays that update con-
tinuously for the appropriate line of sight. The overlays can either be projected on a 
screen and on top of a video image of the operating scene (indirect augmented real-
ity, Fig. 9.1b) or on a head-up display allowing the surgeon to directly look at the 
operating field and visualize the target as if he could see through the skin of the 
patient (Fig.  9.1c). Stereoscopic 3D display of the scenery and overlays greatly 
improve the perception.

Finally users need to be aware that in contrast to X-ray-based imaging, magnetic 
resonance imaging (MRI) may be significantly distorted because of magnetic field 
heterogeneities during image acquisition. MRI geometric distortions are reduced as 
much as possible by calibration and sometimes by imaging post processing. The 
calibration tolerance for geometrical distortion is less than 2 mm over a 30 cm field 
of view. When imaging patients, the magnetic field can be extremely deformed 
(centimeters) by any ferromagnetic object close to the imaging field of view. When 
head images are acquired, deformation may be induced by ferromagnetic dental 
material, ventriculoperitoneal shunt valves, or clips. Earrings and piercings, another 
common source of imaging distortion, are normally removed before performing 
imaging.

9.3.4  Registration Accuracy

The co-registration accuracy may be affected at multiple levels, but the most vulner-
able step is the physical co-registration of the patient with the virtual model when 
performing a navigated intervention. Navigation relies on recording the relative 
position of points (identified both on the surface of the skin of the patient and in the 
virtual model) according to a reference object visible to the navigation system. Most 
frequently this co-registration process is performed using multiple points to surface- 
matching the exposed vertebrae. This technique is rapid, easy, and reliable for stan-
dard patients positioned in prone decubitus.
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The development of intra-operative imaging has helped to overcome some of 
the registration shortcomings. Based on fluoroscopy, intra-operative imaging 
acquisition is performed after surgical exposure with the navigation reference-
object in position. Initially based on orthogonal 2D image acquisitions, progress 
in engineering led to the development of devices that isocentrically rotate around 
the patient. Such devices allow the reconstruction of 3D data sets from images 
acquired in multiple projections (O-Arm, Medtronic Surgical Technologies, 
Louisville, USA; Airo Mobile Intraoperative CT, Brainlab, Munich, Germany; 
Ziehm FD Vario 3D, Ziehm Imaging GmbH, Nuremberg, Germany; Arcadis Orbic 
3D, Siemens Medical Solutions, Erlangen, Germany; see Fig. 9.2). 3D navigation 
of instruments can hence be used immediately without further accuracy-decreas-
ing point matching (StealthStation, Medtronic Surgical Technologies, Louisville, 
USA; VectorVision2, Brainlab, Munich, Germany). The gain in precision derived 
from this in situ and navigation-referenced acquisition allows fixing a larger refer-
ence object via an attachment to the head holder instead of a clamp fixed on cervi-
cal bone. It reduces the problem of interference between surgical and navigation 
instruments.

Fig. 9.2 Mobile intra-operative imaging devices currently available. (a) Airo Mobile Intraoperative 
CT, BrainLAB, München, Germany; (b) O-Arm, Medtronic Surgical Technologies, Louisville, 
USA; (c) BodyTom®, NeuroLogica Samsung, Danvers, USA; (d) Arcadis Orbic 3D, Siemens 
Medical Solutions, Erlangen, Germany; (e) Ziehm FD Vario 3D, Ziehm Imaging GmbH, 
Nuremberg, Germany
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The accuracy of the registration may be affected by the distance between the 
reference object and the navigation camera, as well as by the distance between the 
reference object and the operating field. To improve accuracy, distances should be 
minimized. The reference object should be placed as close as possible to the operat-
ing field but should not disturb or enter in collision with instruments. It should be 
avoided placing the reference object between the surgeon and the scrub nurse. The 
maximum recommended distance between the operating field and the reference 
object should be below 30 cm. The identification of navigated instruments and of 
the reference object and their relative positions are calculated based on relative 
angle measurements between infrared-reflecting fiducials fixed on the objects and 
detected by two stereoscopic cameras. The optimal distance is usually between 1.5 
and 2 m. Most of the systems use infrared light sources and camera and require 
direct line of sight between cameras, reference object, and instruments.

Some navigation systems use electromagnetic field generators to localize instru-
ments. Those systems do not require line of sight. They allow not only to track the 
instrument as a rigid object but also to track the tip of flexible tools like stylets and 
catheters. A drawback that users have to be aware of is that the electromagnetic field 
may be distorted by other sources of electromagnetic fields such as coagulation 
generators or ferromagnetic objects.

The registration process is a major step subject to the highest risk of inaccuracy. 
It is therefore mandatory to check the accuracy. Most navigation systems prompt 
surgeons to point on easily identifiable structures on both sides of the patient to 
check the overall orientation and accuracy.

Using augmented reality, the microscope or head-up display need to be regis-
tered and calibrated. It is then easy to verify the overall registration accuracy by 
projecting a model of the patient’s skin surface on the head-up display and verify the 
perfect adjustment of the model with reality (Fig. 9.3). It is recommended to check 
the registration accuracy at least in two planes, typically the coronal plane using the 
face (nose, eyes, and eyebrow) and the sagittal plane using the nose and ears. In 
prone position, mastoid processes and ears as well as the inion and upper neck skin-
folds may be used.

Once the registration accuracy is checked, it is recommended to mark four points 
and record their position with the navigation system in case either the reference 
object or the patient is inadvertently moved during draping, trephination, or drilling. 
This process can be repeated when bone is exposed. Four small holes can be drilled 
just to allow the tip of the pointer to be stabilized. This is the most accurate method 
to verify the registration all along the procedure.

9.3.5  Structures’ Motion and Deformations

When working on soft tissues or on the spine, structures may move. It is unlikely 
that the patient will lie in the operating room exactly in the same position as during 
imaging acquisition. Furthermore manipulations during the operation will most 
probably change the relative position of mobile structures of interest. During 

9 Surgery of the Cranio-Vertebral Junction: Image Guidance, Navigation…



146

Fig. 9.3 Co-registration accuracy check. The accuracy of the registration process is verified by 
visually assessing how the virtual model of the patient head (blue) matches the real anatomy. If the 
patient’s face is accessible, the nose (lateral registration and sagittal plane rotation assessment) and 
forehead (vertical registration and axial plane rotation assessment) are excellent landmarks. The 
depth registration (anteroposterior registration and coronal plane rotation assessment) is verified 
by scanning up and down, visualizing the plane of focus moving over the facial 3D anatomy (upper 
left and right). In prone position the ear anatomy, the mastoid, and the inion are the major land-
marks. Care must be taken during image acquisition to avoid excessive deformation of the concha 
when immobilizing the patient’s head
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cerebral surgery, removal of craniospinal fluid, opening of fissures, and resection of 
tissue may lead to brain shifts ranging up to tens of millimeter. In the craniocervical 
junction C0-C1 and C1-C2 may rotate by 15° each in the flexion/extension axis and 
a few degrees in lateral flexion but up to 70° between C1 and C2 in rotation. Errors 
due to structure motion can be prevented by repeating registration for each mobile 
structure.

During spine surgery navigation based on preoperative imaging, it is recom-
mended to fix the reference object on the spinous process of the vertebra that will be 
operated on to maximize precision. When performing cervical spine surgery, navi-
gation based on intra-operative imaging, a metallic head holder, and head holder 
table attachment provide better fixation than radiolucent head holder systems and 
can be used without problematic radiologic artifacts if placed with a rostral angle 
[10]. Care must be taken that the attachment of the head holder to the table allows 
the required space for the applied radiologic device allowing the cervical spine to be 
placed into the C-arm iso-center (see Fig. 9.4). Table systems allowing the head 
fixation from the rostral table extremity (e.g. Jackson Table System, Mizuho OSI, 
Union City, USA; Maquet Alphamax with extension, Maquet Cardiovascular LLC, 
New Jersey, USA) are advantageous but not mandatory. The acquisition should be 
performed under apnea and with the wound retractors left in situ since their reposi-
tioning can alter the positions between vertebrae [11]. The wound cavity should be 
filled with saline solution to enhance image quality.

If avoidable, the operation table should not be moved until instrumentation is 
accomplished. Other movements that can alter intervertebral position must be 
avoided or left to the end of the procedure. It is hence suggested that entry points 
and pressure-free trajectory drilling should be accomplished for all planned screws 
before tapping and screw placing is performed. It is advantageous to start the proce-
dure at the most caudal vertebra which has the greatest distance to the reference arc 

Fig. 9.4 Specific equipment and adjustments to optimize craniocervical junction surgeries using 
intra-operative imaging and navigation. Positioning of the patient, head clamp, and support exten-
sion (left). Navigated drill guide (right)
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and to advance in the rostral direction, this way the increasing loss of precision with 
surgery time is not adding to the loss of precision due to distance to the reference 
arc. The use of a navigated drill guide (Fig. 9.4) is recommended in order to reduce 
pressure on the vertebrae. Then, a bone trajectory is performed with a 2.7 or 2.9 mm 
drill which is inserted through the guide. A screw is then inserted following a k-wire 
into the performed trajectory. If occipital fixation is necessary, these screws will 
accordingly be the last screws to place, since the reference arc is directly fixed to 
C0, and since these screws do not require precise navigation.

An analogous setup can be used for anterior instrumentation in the supine posi-
tion; however, usually only one type of screw, the odontoid screw, is of interest for 
navigation, and not all considerations mentioned above are hence of importance for 
this surgery [12].

Augmented reality allows a better perception and correction by surgeons of inad-
vertent displacement of structures from original position. When using augmented 
reality, it is recommended to segment each mobile structure that could be used as a 
reference and all target structures. It is then easy for the surgeon to see how well the 
reference structure fits the projected overlay model, correct for the misalignment, 
and extrapolate where the target structure or desired trajectory is. The process of 
local registration using a reference structure is crucial for precise navigation at the 
millimetric scale which is important when operating in the craniocervical junction. 
The process is illustrated in the case description below.

9.4  Spinal Navigation: Current Status

The majority of studies about spinal navigation and implant accuracy address the 
lumbar spine, and misplacement classification systems (e.g., the often-mentioned 
Gertzbein-Robins classification [13]) have the shortcoming that their thresholds 
have been chosen with regard to lumbar spine morphometry and respective toler-
ances. Some authors consider minor misplacements (up to 2 mm or grade 1 accord-
ing to Gertzbein-Robins) as correctly placed screws for lumbar accuracy analysis. 
In contrast, cervical spine pedicle screw misplacements of 2 mm in any direction 
could already cause damage. Some authors therefore apply a misplacement classifi-
cation of “screw exposure” (less than 50% of the screw outside the pedicle) and 
“pedicle perforation” (more than 50% of the screw outside the pedicle) for the cer-
vical spine which is more suitable in the context of this delicate anatomy.

Several meta-analyses report the rates of (mainly lumbar) screw misplacements 
with or without navigation and show an advantage using spinal navigation. Mason 
et al. analyzed 30 publications including 1973 patients in whom 9310 pedicle screws 
were inserted. With conventional fluoroscopy, 2D fluoroscopic navigation, and 3D 
fluoroscopic navigation, accuracy (absence of pedicle wall breaches) of 68.1%, 
84.3%, and 95.5% was respectively achieved [14]. Tian et al. showed similar results 
in their meta-analysis of 43 studies [15].
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In the cervical spine, special interest for navigation addresses the placement of 
pedicle screws in subaxial levels C3-C6. These screws are far more resilient than the 
less challenging lateral mass screws, but highest possible precision is crucial 
because of the challenging pedicle dimensions immediately adjacent to sensitive 
neurovascular structures. Yukawa et al. reports a series of fluoroscopy assisted inser-
tions of 620 cervical pedicle screws with 3.9% (95%CI 2.5% to 5.8%) rate of per-
foration (>50% of screw outside pedicle) and 9.2% (95%CI 7% to 12%) rate of 
“screw exposure” (<50% of screw outside pedicle) [16]. Abumi et al. report a cervi-
cal screw misplacement rate of 4.7% with conventional fluoroscopy in their collec-
tive of 26 patients [17]. A multicenter study led by Nagoya University and including 
84 patients reports a rate of screw exposure of 15.4% and pedicle perforation of 
4.1% [18]. Richter et  al. prospectively enrolled 52 patients in their comparative 
study and observed 8.6% and 3% for conventional and navigated surgery, respec-
tively [19]. Using spinal navigation, according to Kotani et al., the misplacement 
rate can be reduced to 1.2% [20]. On the other hand, Uehara et al. who analyzed the 
misplacement rates in their collective of 359 patients along the cervical to lumbar 
spine, all operated under navigation, report higher misplacement rates, especially of 
subaxial pedicle screws (5.0% for C2, 11.4% for C3–5, and 7.0% for C6–7, [21]). 
Lateral mass screws in C1 and pars screws in C2 are less critical when placed con-
ventionally under fluoroscopy. Tessitore et al. who analyzed 111 of these screws 
found 3% misplacement, all less than 2 mm [22]. Those rates increase in the pres-
ence of anatomy-altering disease [21, 23]. Misplacement, including “screw expo-
sures,” can potentially cause devastating complications in the cervical spine. The 
cited data shows that accuracy improvement by means of navigation significantly 
lowers the risk of screw misplacement and thereby enhances patient safety.

Furthermore, 3D navigation device has been used to safely insert odontoid 
screws in case of dens fracture [12, 24]. Another valuable advantage in the intra- 
operative 3D radiological control of implants is the possibility to correct misplaced 
screws within the same session. Finally, the exposure of surgical teams to irradiation 
is drastically reduced [25, 26].

9.5  Case Description

A 78-year-old patient complaining of neck pain, limited motion when turning the 
head clockwise, and long-lasting right-sided headaches sought medical advice. An 
unsuccessful infiltration of the second cervical nerve on the right side was per-
formed. The patient then benefitted of a head and neck magnetic resonance imaging 
that led to the discovery of a right-sided and anterior intradural extramedullary cys-
tic lesion at the craniocervical junction typical of a neuro-enteric cyst. A resection 
of the lesion was recommended to the patient.

A CT scan of the cervical spine was obtained. T2-weighted MRI images 1.4 mm 
in thickness, time-of-flight (TOF) sequence 1.2  mm in thickness, and bone 
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windowed CT scan images 1.25 mm in thickness were merged and fused on the 
navigation planning station (iPlan Netnet®, Brainlab, Germany). Virtual objects 
were segmented using gray scale thresholding. The skin surface of the head and the 
bone surface of the skull and vertebra were segmented from the CT scan, the verte-
bral arteries from the TOF imaging, the brain stem, and medulla from the T2 MRI 
imaging (Fig. 9.5).

The patient was installed in prone position and the head fixed in a head clamp. 
The reference stars with reflecting fiducials were fixed on the head holder and 
microscope. The patient’s position was registered using skin surface matching 
with the Softouch® (Brainlab, Germany) starting with the guide option using both 
lateral canthus and inion and then multiple points on both lateral aspects of the 
perioccular skin surface and both concha cymba and cavum as well as mastoid 
processes. The microscope calibration was checked and recalibrated on the refer-
ence star as a standard procedure. Both microscope and patient registration were 
checked by projecting the virtual head skin surface on the real patient using the 
microscope head-up display and orienting the microscope. The microscope was 
first oriented perpendicular to the sagittal plan and aiming toward the ears both 
sides to capture possible mismatches in the superoinferior and anteroposterior 
axis and finally perpendicular to the coronal plan and aiming to the inion to 

Fig. 9.5 Neuronavigation screenshot illustrating segmented objects: skin surface of the patient’s 
head (blue), bone (yellow), brainstem (green), arteries (red), and lesion (light blue). 3D semitrans-
parent surface rendering projection (upper left), axial slice (upper right), sagittal plane (lower left), 
and coronal plane (lower right)
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capture possible mismatches in the lateral axis and superoinferior axis on the 
midline (Fig. 9.3).

Once the accuracy was checked, the bone structures, vertebral arteries, the cyst, 
and the medulla were projected as overlays on the head-up display and the optimal 
intervention trajectory defined. Skin incision was drawn on the skin accordingly.

After exposure of the skull and C1 vertebra the virtual bone surface was 
overlaid in the microscope head-up display to verify the accuracy of the regis-
tration, and no significant displacement of the vertebra was induced by the 
patient positioning. If displacements are noticed, local point-based registrations 
on the bone surface can be performed. The vertebral artery was then projected 
to be formally localized before proceeding to the C1 vertebra drilling  
(Fig. 9.6a, b).

Once the C1 right-sided lamina and inferior aspect of the foramen magnum were 
drilled, the accuracy of the registration was assessed again and the cyst and medulla 
were projected before dura opening (Fig. 9.6c, d).

Fig. 9.6 Case illustration. Surgical field photographs without augmented reality taken before the 
drilling of C1 (upper left), before dura opening (middle left), before lesion resection (lower left), 
and with the addition of augmented reality (middle column). Surgical field overview illustration 
after lesion removal with the addition of augmented reality illustrating the deformation of the 
medulla. Notice how augmented reality facilitates the identification of the vertebral artery, how the 
anatomy is perfectly matched prior to the drilling, and how it has to be checked and corrected prior 
to dura opening (vertical shift induced by the pressure of the drill on the lamina)
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After dura opening, the location of the cyst and medulla were confirmed by the 
projection of the virtual objects (Fig. 9.6e, f). Complete cyst removal was achieved 
laterally, and the most medial aspect of the cyst basis on the anterior aspect of the 
dura was coagulated. The overlap of the virtual and real medulla and its deformation 
by the cyst is illustrated (Fig. 9.6g).

9.6  Perspectives

For the purpose of demonstration, a pointer was positioned on the trajectory of a 
potential screw to be inserted in the C2 lateral mass on the right side and the projec-
tion in the head-up display switched to the 2D view. The image visualized corre-
sponds to the CT scan image slice orthogonal to the optic axis of the microscope at 
the level of the microscope focus plane. The green cross shows the extended pointer 
tip and the line of the pointer trajectory. Here the surgeon can scan up and down 
using the focus to visualize all the structures along the pointer trajectory. Surgeons 
have two visualization options: either a semitransparent 3D representation of struc-
tures or a 2D image scrawling along the surgical path. Both views are complemen-
tary for a better understanding of the anatomy (Fig. 9.7).

In the future, computer vision and automatic anatomical co-registration should 
allow to avoid the use of the navigation cameras and reference objects. It should 
allow very accurate registration using marks (methylene blue marking of bone 
edges or other type of marks) to be aligned with the contour lines of the bone or 
vessels (Fig.  9.8). Direct image-based registration should allow accurate and 
updated 3D augmented reality overlays using the microscope or protection glasses 
avoiding most of the pitfalls and cumbersome registration and checks currently 
needed.

Such assistance, associated with continuous and regular education, regular prac-
tice, case-specific preparation, and formalizing each step from initial evaluation to 
final assessment using structured care pathways, may both increase efficiency and 
quality.

Fig. 9.7 Perspective using augmented reality for screw insertion. The stereoscopic image of the 
skull and cervical spine is projected in the microscope head-up display. A pointer is used to iden-
tify the entry point and trajectory angle (upper inset). The surgeon switches to a 2D representation 
of the imaging showing a slice orthogonal to the line of sight at the level of the focus plane. The 
surgeon can easily scan up and down to visualize the relationship between the trajectory path and 
surrounding structures. The trajectory is expanded from the skin to the depth using the tip exten-
sion tool. The green cross shows the tip of the pointer. The red cross shows the tip of the virtual 
extension located in the middle of the pedicle and in the focal plane (middle insert). 3D volume 
rendering projection of the structures with planned trajectory. The surgeon can adjust the pointer 
orientation to the optimal trajectory and check the accuracy by verifying the collocation of the 
virtual image of the spinous processes of C1 and C2 with their actual location by palpation (lower 
inset)
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10Open Transoral Approach

David Choi

10.1  Indications for Open Transoral Surgery

Transoral surgery is ideally suited for ventral midline pathologies. The approach 
may be extended superiorly, inferiorly, or laterally depending on the specific indica-
tion of surgery.

The standard transoral approach [1] was originally developed to treat anterior 
compression of the cervicomedullary junction due to rheumatoid pannus and verti-
cal translocation of the odontoid peg in congenital conditions of the skull base. 
Indications for the approach have changed over recent decades, in response to 
changes in epidemiology and pathology [2]. The standard technique involves a 
modified Boyd-Davis or Crockard retractor, which opens the mouth, depresses the 
tongue, and elevates the soft palate, affording access to the posterior pharyngeal 
wall. If additional superior access is required, then the soft palate may be split by a 
midline vertical incision, deviating to one side of the uvula at its inferior extent. The 
standard approach is suitable for gaining access to the inferior clivus, C1 anterior 
arch and C2 odontoid peg (Fig. 10.1).

For greater superior exposure, the maxilla may be opened with an “open door 
maxillotomy” [3–5] or le Fort 1 osteotomy, to access the superior clivus to the pitu-
itary fossa (Fig. 10.2).

Lateral exposure via maxillotomy is limited by the medial pterygoid plates and 
the internal carotid artery at the skull base. Endoscopic transnasal approaches have 
largely replaced the need of maxillotomy for accessing the superior clivus, and 
thereby minimizing the complications of maxillotomy and the need for gastrostomy 
and tracheostomy in the perioperative period [4].

Inferior extension of the standard transoral approach is possible by mandibulot-
omy, with or without glossotomy (Fig.  10.3). This approach requires the 
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preoperative insertion of tracheostomy and gastrostomy feeding tube. It is useful for 
inferior midline access down to the C4 vertebral body.

Lateral exposure is possible to access the lateral masses of the vertebrae and the 
vertebral artery if required. A paramedian mucosal incision and a door-shaped flap 
can help achieve additional paramedian access when required.

The open transoral approaches may also be combined with additional staged 
approaches, particularly for the resection of complex primary tumors. A poste-
rior approach may be used to insert occipitocervical fixation and also resect 

Fig. 10.1 Access by the 
standard transoral 
approach

Fig. 10.2 Access by the 
open door maxillotomy 
approach
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additional tumor and mobilize the vertebral artery as required. The far lateral 
approach is a useful staged approach to access the lateral aspects of C1 and C2, 
and endoscopic transnasal surgery may be performed for pathologies extending 
above the hard palate, intracranial extension, or into the apex of the medial 
petrous temporal bone.

Previously the open transoral approach was more commonly used for the removal 
of odontoid pannus in rheumatoid disease, in conjunction with occipitocervical sta-
bilization. With the advent of disease modifying drugs and immunotherapies, how-
ever, the technique is now more commonly used for the excision of primary bone 
sarcomas and tumors, in particular, chordomas and chondrosarcomas, and for con-
genital conditions of basilar invagination. The technique is also suitable for anterior 
stabilization of C1 and C2 fractures, decompression of degenerative pseudotumor 
of the odontoid peg, and less commonly for debridement of infection.

Present common indications for the open transoral approach include midline 
tumors, particularly chordomas, chondrosarcomas, other primary bone and soft tis-
sue tumors, acute neurological deterioration due to degenerative odontoid pseudo-
tumor, or diagnostic biopsy of infection. Contraindications include oral sepsis, 
limited mouth opening, or fixed flexion deformity of the cervical spine (“chin-on- 
chest deformity”).

10.2  Pathologies and Trends

In the 1980s to 1990s, the driving force for the development of open transoral tech-
niques was the large number of rheumatoid patients with C1-C2 instability and 
odontoid pannus or translocation of the odontoid peg [2].

Fig. 10.3 Access by the 
mandibulotomy approach
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Over recent decades, there have been fewer patients with advanced rheumatoid 
arthritis presenting for surgery, due to a combination of more effective medical 
treatments and change in disease epidemiology, resulting in a decreased require-
ment for the open transoral operation [6–8] (Fig. 10.4).

However, it remains a very useful approach for tumors of the craniovertebral 
junction, particularly chordomas and chondrosarcomas, which often transgress sev-
eral surgical tissue planes in this region and are challenging to remove. Although 
transnasal endoscopic surgery can access down to C2, the open transoral approach 
affords a wider surgical avenue, greater lateral exposure, and the ability to close the 
posterior pharynx and effectively deal with potential leakage of cerebrospinal fluid 
(CSF) if the dura has been opened.

The modern skull base surgeon needs to be familiar with both endoscopic and 
open approaches. The standard transoral approach is associated with a surprisingly 
low infection rate of 0.6% due to the inherent immunity of the mucosa and a low 
CSF leak rate of 0.3% [2]. With a greater exposure of the posterior pharyngeal wall, 
it is possible to close the defect with a sutured two-layer closure involving the lon-
gus colli muscles and the pharyngeal mucosa separately. The transnasal endoscopic 
approach to the C1-C2 region is a useful technique, developed in the last decade [9], 
which has the advantage of shorter hospital stay, quicker recovery for the patients, 
and lower rates of postoperative velopharyngeal incompetence. The endoscopic 
technique is better suited for pathologies above the level of the hard palate, for 
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example, congenital platybasia and basilar impression or vertical translocation of 
the odontoid peg causing brainstem compression [10]. The endoscopic approach 
may be more acceptable to patients, avoids tongue swelling, and delays in oral feed-
ing, dysphagia, and dysphonia, and therefore leads to quicker recovery. However, 
the endoscopic and open transoral approaches are not always interchangeable, and 
in general, pathologies of the C1-C2 region and below are often better served by the 
transoral approach (Fig. 10.5).

Alternative surgical approaches include the subfrontal transbasal or transeth-
moid approaches to the sphenoid sinus, the preauricular infratemporal fossa 
approach to the clivus and infratemporal fossa, far lateral and extreme lateral 
approaches to the C1-C2 region, and the anterolateral submandibular approach to 
the C1-C2 upper cervical spine.

Advances in radiotherapy have also changed the indications for open transoral 
surgery. Although the mainstay of treatment for chordomas and chondrosarco-
mas is maximal safe resection and adjunctive radiation treatment, small tumors 
may be treated primarily with proton beam or carbon ion therapy, although long-
term outcome data is awaited. Stereotactic beam radiation, Gamma knife radia-
tion, and intensity modulated radiotherapy have also been used to treat 
craniovertebral junction chordomas and chondrosarcomas, but generally do not 
achieve the high radiation dose that is possible with heavy particle therapies. The 
combined use of surgery and radiation has led to the concept of “separation sur-
gery” in which the aim of surgery is to provide at least 3 mm clearance of the 
tumor margin from the brainstem, and 5 mm from the optic chiasm and optic 
nerves, to allow dose escalation in subsequent postoperative radiation treatment 
[11]. However, longer tumor-free survival is associated with maximal tumor 
resection from the outset.

Fig. 10.5 Comparison of 
transnasal (blue) and 
transoral (yellow) 
approaches
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10.3  Preoperative Assessment

For the standard open transoral approach, a minimum of 2.5 cm of mouth-opening 
is required in the midline. Additional exposure can be obtained if required by the 
division of the mandible for inferior exposure or by maxillotomy for superior 
exposure.

Stability of the craniovertebral junction should be assessed with cervical X-rays 
in flexion and extension, and MRI assessment of ligamentous integrity. 
Occipitocervical fusion is required to supplement transoral surgery if the odontoid 
peg is resected, together with apical and alar ligaments, or if the transverse ligament 
is incompetent.

Magnetic resonance imaging (MRI) is important to assess the degree of com-
pression of the brain stem or spinal cord, location of skull base tumors, extent of 
rheumatoid pannus formation, integrity of ligaments, and discs. The relationship of 
the hard palate with the level of the pathology is important. The hard palate should 
be above the tumor or pathology for resection, for successful transoral surgery.

Computed tomography (CT) scans are useful for assessing bone involvement of 
tumors, integrity of joints and facets, size and position of pedicles and lateral masses 
for fixation, and the relative position of the foraminae transversarii. CT angiography 
can also be performed to view the vertebral artery positions and, in particular, the 
relations in the C2 vertebra for safe placement of C2 pedicle screws, although often 
sufficient information may be obtained by observing the foraminae on a standard 
CT cervical spine images with bone windows.

Usually fixation is required by inserting rods from an occipital plate to C2, C3, 
or C4 lateral masses, using standard 3.5 mm diameter polyaxial screws in the lateral 
masses of the cervical vertebrae and pedicle screws in C2 vertebra. If surgery is 
performed for chordomas and chondrosarcomas, it is important to minimize the use 
of cross-links and metalwork at the level of tumor resection, to allow accurate plan-
ning of postoperative radiotherapy or proton beam therapy [11].

Airway assessment should be performed by the anesthetic team. Fiber optic 
nasotracheal intubation is required, with in-line spine stabilization during the anes-
thetic induction.

Nasal and oral microbiological swabs are taken preoperatively, in case of postop-
erative infection.

10.4  Consent for Surgery

Open transoral surgery is technically demanding and therefore should be performed 
in specialist centers with sufficient numbers of operations to maintain competen-
cies. The intended benefits of surgery should be determined for the particular condi-
tion and clearly explained to the patient before surgery. Potential complications 
should be discussed before informed consent is provided by the patient.

Standard transoral surgery has a low complication rate, with up to 1.1% CSF leak 
rate, 10% respiratory complications such as chest infection, 2–3% dysphagia, 1% 
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pharyngeal wound infection rate, 1% neurological deterioration, 3% meningitis, 
and a risk of coma and mortality which varies depending on the presenting pathol-
ogy and patient factors [2].

The procedures of mandibulotomy and maxillotomy have higher complication 
rates, including 10–20% risk of velopharyngeal incompetence and dysphagia, 30% 
respiratory complications, and 10% mortality [2].

Operations to decompress the spinal cord intend to prevent deterioration and 
may not be associated with improved neurological function. If surgery is performed 
for tumor resection, the small chance of incomplete tumor resection, or tumor recur-
rence in the future, should be mentioned to the patient prior to surgery.

10.5  Technique

There are several methods of transoral surgery described in the literature, using 
specific transoral retractor systems [12–14]. We routinely perform the Crockard 
technique [15]. The patient is placed in a Mayfield three-pin headrest, in supine 
position with the extension of the neck to aid access to the superior cervical spine 
and brain. Reverse Trendelenburg position will also aid access and minimize bleed-
ing and soft tissue swelling. Image guidance can be provided by neuronavigation 
systems and preoperative imaging or by real-time X-ray imaging with an intraop-
erative image intensifier. Neurophysiological monitoring by somatosensory evoked 
potentials is routinely used. It is not possible to monitor motor potentials due to the 
risk of mouth closure and damage to the teeth and tongue.

A right-handed surgeon would normally stand on the patient’s right side, and 
vice versa for a left-handed surgeon. A standard operating microscope is used, with 
300–400 mm focal length.

The oral cavity is cleaned with swabs and 0.5% aqueous chlorhexidine, and topi-
cal 1% hydrocortisone ointment is smeared on the tongue to minimize intraopera-
tive and postoperative swelling.

A Codman Crockard transoral retractor (Codman, Raynham, MA) is used to 
hold the mouth open, retract the tongue inferiorly, and elevate the soft palate 
(Figs. 10.6 and 10.7).

The anterior tubercle of C1 arch can be palpated, or if not obvious may be con-
firmed using the image intensifier or navigation system. Other useful midline mark-
ers are the pharyngeal tubercle of the clivus and the midline tubercle of the C2 
vertebral body. Once the retractor is in place, the posterior pharyngeal mucosa 
should be incised, either with a midline linear incision through the back of the 
mouth or by a crescentic incision. The straight incision is ideally suited to midline 
pathologies such as for odontoidectomy, whereas for tumors which may extend 
more laterally, a crescentic or door-shaped mucosal opening allows wider exposure. 
The mucosal layer is elevated and retracted laterally using a Howarth elevator, and 
then the longus colli muscles are divided in the midline using diathermy cauteriza-
tion and the Howarth elevator. Lateral exposure is improved by using the self- 
retaining toothed retractors.
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For more superior exposure, the soft palate may be divided in the midline, deviat-
ing inferiorly to one side of the uvula.

When resecting a tumor, it is important to work on the capsule and stay outside 
the tumor as much as possible. Although en bloc excision is difficult to achieve, 
understanding the anatomy and relations of the tumor capsule will allow a more 
complete excision to be performed.

The vertebral arteries are distant from the midline at the C1 arch level (approxi-
mately 24 mm laterally) but closest to the midline at the C2/C3 disc level (about 
11  mm from the midline) which is where damage might occur with inadvertent 
drilling of the C2 vertebral body.

After surgical resection and decompression of the brainstem and spinal cord, 
reconstruction can commence. If the patient will receive adjuvant radiotherapy after 
tumor resection, then reconstruction should use minimal metal components. 
Posterior craniocervical fixation will be required using titanium occipital plate, lat-
eral mass screws, and rods. Anterior cages and plates should be made of carbon 

Fig. 10.6 The Crockard 
transoral retractor is a 
modified Boyd-Davis Gag, 
with ratcheted tongue 
blade and “L”-shaped and 
“J”-shaped soft palate 
retractors fitted

Fig. 10.7 Operative setup 
for transoral surgery with 
retractor in place
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fiber or PEEK to minimize radiotherapy planning artifacts, beam scattering, or 
shielding.

It is essential to achieve a robust two layer closure of the posterior oropharynx to 
minimize the risk of wound breakdown, infection, or fistula formation. The longus 
colli muscle layer is closed using interrupted 2/0 absorbable sutures (Vicryl™, 
Ethicon, New Jersey) and then the pharyngeal mucosa is closed as a separate second 
layer using 3/0 absorbable sutures. The soft palate is closed in two layers (deep and 
superficial mucosal layers).

10.6  Perioperative Management

At the time of anesthetic induction, prophylactic doses of cephalosporin and metro-
nidazole antibiotics should be given and continued for 24 h after surgery.

Patients should be managed in the intensive care unit after surgery, with sedation 
to maintain the position of the nasotracheal tube. Due to the possibility of postop-
erative pharyngeal swelling, extubation is usually performed the day after surgery. 
Prior to extubation, the cuff of the nasotracheal tube is deflated to assess if the pha-
ryngeal swelling has subsided sufficiently to allow air to bypass around the sides of 
the nasotracheal tube; extubation can proceed if the air leak test is positive.

The patient should be nil-by-mouth for 5 days after surgery, and nutrition should 
be given by nasogastric feeding tube for 5 days. Visual inspection of the posterior 
pharynx and soft palate will determine the quality of mucosal healing, and if satis-
factory, then oral feeding may re-commence 5 days after surgery.

If the surgery was performed for tumor excision, an MRI scan with and without 
contrast injection should be performed the day after surgery. The contrast will demon-
strate peripheral enhancement around the postoperative hematoma cavity, and this is 
very useful for determining whether there is any significant residual tumor (Fig. 10.8).

a b

Fig. 10.8 Preoperative axial MRI of extensive C1 chondrosarcoma (a) and postoperative MRI 
with contrast, 24 h after surgery showing contrast enhancement in the margins of the normal hema-
toma cavity (b)
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10.7  Management of Complications

Potential early local complications include infection, CSF leak, hematoma forma-
tion, and wound breakdown.

10.7.1  Infection

The risk of mucosal infection is less than 1% after simple transoral surgery [2]. 
Preoperative microbiological swabs are taken, and significant cultures and sensitivi-
ties can be evaluated to guide appropriate microbiological therapy if required. If the 
patient has clinical features of possible meningitis, then lumbar puncture should be 
performed for CSF evaluation and culture.

Posterior neck infections can occur in 2.1% of patients and can usually be man-
aged with wound lavage and intravenous antibiotic treatment [2, 16]. Persistent 
infection may require removal of colonized metalwork and application of a halo- 
jacket, but this is rarely necessary.

10.7.2  CSF Leak

CSF leak should be distinguished from mucosal secretions by the identification of 
beta-transferrin or tau proteins. MRI or CT cisternogram can be useful to determine 
the site of possible fistula. If a positive CSF leak is found, then surgical revision of 
the pharyngeal wound should be performed with standard two later closures. Parallel 
releasing incisions may be performed in the pharyngeal mucosa if the mucosa does 
not approximate without undue tension. Lumbar drainage of CSF may be required 
for large or persistent fistulae, and CSF drainage of between 5 and 15 mL per hour 
maintained for 5 days. During this period, the patient should be fed by nasogastric 
tube and maintained nil by mouth to allow healing.

10.7.3  Wound Breakdown and Hematoma

Coexistent infection or CSF leak should be excluded as causes of wound break-
down. Re-suture of the pharyngeal wound under general anesthetic should be per-
formed, with care to approximate the mucosa without tension by undermining the 
mucosal layer and using releasing incisions if required.

Hematoma causing neurological deterioration should be identified by MRI scans 
unless there is rapid neurological deterioration which should be treated by prompt 
re-exploration of the wound. If an anterior cage or bone graft has been used, occa-
sionally this needs to be removed to allow adequate wound healing and minimize 
tension on the pharyngeal mucosa, together with a period of nasogastric feeding.
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10.7.4  Delayed Complications

Other complications include meningitis, palatal dehiscence, nasopharyngeal regur-
gitation, nasal speech due to velopharyngeal incompetence, abscess or fistula for-
mation, failure of fixation or fusion, delayed neurological consequences, and chest 
infection.
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11.1  Introduction

Anterior approach to the craniovertebral junction (CVJ) and, particularly, to the 
odontoid process of the second cervical vertebra has classically been performed, in 
neurosurgical settings, via a transoral route. Such technique is still considered the 
gold standard treatment for odontoid process diseases.

However, the advent of endoscopy in neurosurgery and the development and the 
refinement of the endonasal approaches to the entire midline skull base [1–5] have 
meant that also this field, once dominated by microsurgery, has become territory of 
exploration for neurosurgeons who have dedicated clinical and scientific efforts is 
this direction. As a matter of fact, the endoscopic endonasal approach (EEA) to the 
craniocervical junction, and to the odontoid process, is among the areas of most 
interest to which endoscopic technique is developed.

Indeed, several studies either anatomical or clinical have been reported showing 
the interest of approaching the CVJ through the nasal corridor [6, 7]. In fact, the 
availability of new technologies, such as endoscopes, high-definition endoscopic 
cameras, navigation systems, ultrasound micro-Doppler, dedicated endonasal 
instruments, and bipolar forceps have opened new horizons to manage pathologies 
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involving this complex region using the natural nasal corridors; this way/approach 
has demonstrated a remarkable improvement of the quality of disease resection as 
well of the functional outcome with a lower morbidity.

The endonasal route provides a direct access to the surgical field, minimizing 
the mucosal and the neurovascular manipulation: it follows a natural path road 
that goes from the nostrils to the mucosa covering the rhynopharynx, the rhino-
pharyngeal muscles, the anterior arch of C1, and finally the odontoid process. As 
a consequence, the surgical invasiveness of the endoscopic endonasal approach is 
lower than traditional transoral approach, and it does not require additional surgi-
cal maneuvers, such as mouth retraction, tongue compression or even splitting, 
possible injury to the teeth, injury to the uvula and/or the soft palate and velupen-
dulum, or neurovascular manipulation through the oropharynx. Theoretically, 
such facts imply a lower rate of postoperative complications related to invasive-
ness with a lower rate of postoperative dysphagia and respiratory complications, 
which are due to the possibility that, with the endoscopic approach, extubation 
coincides with the end of the procedure. All this involves, consequently, a more 
rapid mobilization and a reduction of recovery times for natural feeding, which 
then is reflected, of course, on hospitalization time. Seen in this light, the endo-
scopic endonasal approach offers a viable alternative to the more established tran-
soral approach, especially for the clear advantages that the endoscopic technique 
offers in cases where there is full indication to execute it. On the other hand, in 
case of dural opening, there will be an important risk of CSF leak and meningitis; 
as a consequence, the endonasal approach may be associated with a difficult dural 
closure with the related higher risk of postoperative CSF leakage and 
meningitis.

11.1.1  Anterior Versus Posterior Approach

The decision-making between an anterior or a posterior approach depends on differ-
ent particular aspects: (1) the direction of the compression and (2) the surgeon’s 
confidence and experience with the approaches and, thus, the possibility to perform 
the reduction of the compression with anterior, posterior, or a combined approach. 
In general, unreducible anterior subluxation associated with spinal cord compres-
sion requires anterior approach, whereas a reducible posterior compression requires 
a posterior surgical route. However, different complex diseases, acquired or con-
genital, can cause an alteration of atlanto-axial relationships and anterior cervico- 
medullary junction compression. In these cases, a fixation or a posterior stabilization 
could not be sufficient to resolve the ventral compression. As a matter of fact, in 
these last years, the option of a combined, anterior and posterior, approach has 
become the best choice for many authors.
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11.1.2  Transoral Versus Transnasal Approach

During the last decades, the transoral approach with microscopic assistance has 
been proposed as the standard procedure to perform the anterior odontoidectomy, 
considering the etiology of the disease, the mechanism of compression, and finally 
its reducibility [8–11]. Specifically, in the absence of spinal cord contusion or pro-
gressive myelopathy, the posterior decompression and fusion are sufficient alone to 
achieve an acceptable outcome. Odontoidectomy is necessary when there is a non-
reducible bony compression of spinal cord or soft tissue pannus, causing severe 
ventral compression and resulting in progressive myelopathy.

The risk of bacterial contamination, prolonged postoperative intubation, naso-
gastric tube feeding, tongue swelling, and nasopharyngeal incompetence after tran-
soral surgery have led authors to identify alternative routes to approach this region.

The anterior aspect of the craniocervical region can be exposed also via a trans-
nasal despite the fact that some anatomical limits exist. In the transnasal route, the 
exposure of the C2 body below the odontoid process is limited by the posterior part 
of the hard palate; however, angled endoscopes, drills, and dedicated instruments 
provide access downwards to the lower edge of the C2 body [12–15]. On the other 
hand, the transoral approach is limited by the degree of mouth opening, the size of 
the patient’s tongue, and the position of the uvula and the soft palate. The inferior 
limit of the access, usually the C3 vertebra, is determined by the degree of mouth 
opening, the size of the patient’s oral cavity, and the prominence of the incisors. 
However, also for the transoral approach, the use of angled endoscopes and instru-
ments directs the approach superiorly increasing the rostral access above the ante-
rior arch of the atlas to the lower clivus and C2 [16, 17]. One of the main anatomical 
landmarks to consider, especially in transoral route, is the course of vertebral artery 
(VA). The VA, after ascending through the transverse foramen of the axis and atlas, 
approximately 15 mm from the midline, courses medially along the upper surface 
of the posterior arch of the atlas to reach its dural entrance. It is mandatory to pre-
serve the segment of the vertebral artery ascending between the C1 and C2 trans-
verse processes.

Once the anterior arch of C1 is exposed, its drilling is necessary to expose the 
odontoid process of C2. Another difference between transoral and transnasal 
approach is the visualization of the ligamentous complex. For instance, the apical 
ligament is easily visualized directly straight ahead of the endoscope in the transna-
sal route but is seen later, after removal of the odontoid, in the transoral approach. 
The main step of the anterior odontoidectomy is represented by the drilling of the 
dens. In the transnasal approach, the dens is seen directly ahead. The anterior cortical 
surface and core of the dens is drilled, whereas the cortical shell is removed. On the 
other hand, the base of the dens is more easily accessed for drilling by the transoral 
route. In addition, a different view is offered by these two approaches regarding the 
exposure of the upper, middle, or lower clivus. The standard endoscopic transnasal 
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Fig. 11.1 Preoperative neuroimaging study of a cse of rheumatoid disease of CVJ. (a) T2-weighted 
sagittal MRI scan showing bulbo-medullary compression caused by an extradural inflammatory 
lesion at the level of the odontoid process, i.e. a rheumatoid pannus. (b-d) 3D reconstruction of an 
angio-CT of the patient

transsphenoidal approach allows to reach the upper clivus, which corresponds to the 
posterior wall of the sphenoid sinus. Thus the middle and lower clivus are viewed 
directly straight ahead in the transnasal approach. The access to the middle and 
lower clivus generally does not require opening the sphenoid sinus. On the other 
hand, in the transoral approach the middle and the upper clivus are not easily acces-
sible and soft and hard palates opening is required along with the splitting of the 
tongue and mandible to achieve an upward trajectory. However, certain maneuvers 
such as using an angled endoscope, retracting sufficiently the uvula, and widely 
opening the mouth provide a safe access to the lower clivus (Figs. 11.1 and 11.2).
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11.2  Indications

Odontoidectomy is the most common indication to the use of EEA to CVJ. It is a 
procedure that is necessary in all cases in which there is an impairment of the ner-
vous structures of the CVJ due to an irreducible alteration of the relations that the 
odontoid process contracts with neighboring neurovascular structures.

The irreducibility is a crucial concept in the path that leads to the indication for 
surgery. In fact, several studies confirmed that, when feasible, the reduction of the 
compression by putting in traction the craniocervical junction and the subsequent 
fixation, as well as, in cases of compression due to the rheumatoid pannus, posterior 
stabilization of the craniocervical junction leads, in some cases, the improvement or 
even the resolution of the ventral compression.

a b

c d

Fig. 11.2 Intraoperative pictures of the endoscopic endonasal approach. (a) Definition of the 
nasal corridor pushing laterally the middle turbinate in the left nostril; (b) incision into the rhino-
pharynx; (c) drilling of the anterior arch of C1; (d) drilling of the odontoid process of C2 and 
removal of the bony shell off the ligaments. NS: Nasal septum; MT: Middle turbinate; rPh: rhino-
pharynx;  ET: Eustachian tubes;  C1 tub: Anterior tubercle of C1; OP: Odontoid process
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a b c

Fig. 11.3 Intraoperative pictures of the endoscopic endonasal approach. (a) removal of the pan-
nus causing the compression; (b) dura mater of the CVJ; (c) closure of the muscle and mucosa with 
fibrin glue.  p: Pannus; C2: Base of the dens (body of C2); DM: Dura mater of the CVJ; ET: 
Eustachian tube; rPh: rhinopharynx; fg: Fibrin glue; SP: Soft palate

Therefore, the indications for the odontoidectomy arise in all those cases in 
which there is irreducible atlanto-axial subluxation, associated with severe brain-
stem and/or spinal cord compression causing progressive neurological dysfunction. 
In most cases, the pathological process can be due to: (1) irreducible basilar impres-
sion [18–23]; (2) ventral compression, as in the cases of rheumatoid pannus, not 
resolved after posterior stabilization [24–26]; (3) significant retroflexion of the 
odontoid process or basilar invagination associated with Chiari disease; [27] (4) 
presence of os odontoideum [28–30]; (5) posttraumatic pseudoarthrosis or mis-
alignment; (6) intradural lesions (several recent experiences have enlarged the indi-
cations of endoscopic endonasal odontoidectomy [3, 5, 31–33]).

11.3  Feasibility of the Endoscopic Endonasal 
Odontoidectomy

The goal of the surgical operation is to completely remove the odontoid process of 
C2 and obtain a sufficient decompression of the ventral brainstem and CVJ. In the 
debate between microsurgery and endoscopic technique, a remark is done to the 
eventuality, in the endonasal approach, to have difficulty in reaching the lower por-
tion of the craniocervical junction and, namely, the base of the dens. To understand 
this aspect, numerous studies on cadavers and on radiological images were per-
formed, with the purpose of delimiting the limits and then the indications to endo-
scopic approach to the odontoid process pathology. However, leading authors 
widely reported the feasibility of the endoscopic endonasal approach (EEA) to the 
CVJ [3, 6].

In case of low junction, located far below the level of the hard palate, it could be 
quite difficult if not impossible to reach anterior arch of C1 and the base of the 
odontoid process. Such cases can represent still an indication for the transoral 
approach. On the other hand, in a higher junction, the dens is more easily reachable 
and removable by the nasal route (Figs. 11.3 and 11.4).

F. Esposito et al.



177

In order to preoperatively assess the feasibility of the odontoidectomy via an 
endoscopic endonasal route, in a midline sagittal CT slice with bone window, it is 
possible to draw four lines representing possible paths, to depart from piriform 
aperture of the nasal bones, which target the odontoid process and lead to assess the 
inferior limit for surgical exposure. Predicting the inferior limit of the CVJ is crucial 
to choose the appropriate approach in an area which is considered a transitional area 
between endonasal and transoral route.

11.3.1  Nasopalatine Line

One of the criticisms of the EEA to the upper cervical spine is the limited exposure 
inferiorly. Endonasal dissection of the upper cervical spine is limited superiorly by 
the nasal bones and soft tissues of the nose and inferiorly by the hard palate and soft 
palate [34, 35]. The line created by connecting the most inferior point of the nasal 
bone to the posterior edge of the hard palate in the midsagittal plane is defined the 
naso-palatine line (NPL) and considered a limitation of caudal dissection with 
straight endoscopic instruments. The angle created by this line and the plane of the 
hard palate, the nasopalatine angle (NPA) provides the window of exposure to the 
skull base and upper cervical spine. The mean nasopalatine angle is 27.1 ± 0.7°. The 
mean point of intersection between the nasopalatine line and the vertebral column 
is reported to be 8.9 ± 1.8 mm above the base of the C2 vertebral body. The NPL is 
considered by several authors, a controversial predictor of the maximal extent of 
inferior dissection in endoscopic endonasal resection of odontoid process [34], con-
sidering that the inferior limit predicted by the NPL was found by a mean value of 
12.7 mm, below the real inferior extent of surgical dissection. Various pathologic 
(basilar invagination) and physiologic factors (head positioning) affect the point of 

a b

Fig. 11.4 Postoperative neuroimaging pictures: (a) T2-weighted sagittal MRI of the CVJ shows 
the decompression of the bulbo-medullary junction and (b) the 3D reconstruction of CT confirms 
the removal of the odontoid process
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intersection of the NPL with the cervical spine. In order to improve caudal expo-
sure, the use of angled instruments or drills may be of value. Additionally, the 
retraction of the soft palate and drilling the posterior edge of the hard palate may 
improve the exposure but may increase the risks of palatal dehiscence and velopha-
ryngeal insufficiency.

11.3.2  Naso-Axial Line

The naso-axial line (NAxL) is defined as the line constructed in the midsagittal plane 
using a starting point that corresponds to the midpoint of the distance from the rhin-
ion to the anterior nasal spine of the maxillary bone and a second point at the tip of 
the posterior nasal spine of the palatine bone. It is extended posteriorly and inferiorly 
to the cervical spine. Some authors performed a cadaveric study evaluating the pre-
dictive value of NAxL. Their findings supported the close correspondence between 
the NAxL, drawn in preoperative CT images, and the anatomic surgical extent [36].

11.3.3  Hard-Palate Line

The hard-palate line (HPL) is defined as the line that passes through the anterior and 
posterior edges of the hard palate (anterior nasal spine of the maxillary bone and 
posterior nasal spine of the palatine bone, respectively) and intersects the craniover-
tebral junction posteriorly. This line represents the long axis of the hard palate [37]. 
It is considered a reliable marker of the inferior extension of CVJ especially in 
congenital abnormalities, such as platybasia with associated basilar invagination, 
where the tip of odontoid is often above the plane of the hard palate [38].

11.3.4  Rhinopalatine Line

The rhinopalatine line is defined as the line constructed in the midsagittal plane 
using a starting point that corresponds to the two-thirds point of the distance from 
the rhinion to the anterior nasal spine of the maxillary bone and a second point at 
the posterior nasal spine of palatine bone. The line is extended posteriorly and 
inferiorly, ending at the cervical spine. There have been great efforts from differ-
ent groups to study the inferior limit of the endoscopic endonasal approach (EEA). 
De Almeida et al. [34] described the nasopalatine (NPL) as a good and accurate 
predictor of the inferior limit of the EEA, but in their study, the NPL resulted 
always below the inferior extent of surgical dissection with a mean value of 
12.7 mm. Consequently, the naso-axial line was reported to predict more accu-
rately and reliably the inferior caudal exposure of the EEA to the CVJ. Similarly, 
it was been found that the NAxL also overestimated the lower limits of the 
approach [37]. The rhino-palatine line (RPL) seemed to be a most accurate pre-
dictor in several studies.
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This predictor accounts also for patient anatomical variability, such as the pres-
ence of nasal and palatal osseous and soft structures, together with the direction and 
length of the hard palate, which represent the most significant factors that limit the 
inferior extension of the EEA. The RPL cannot be used to predict the lateral limits 
of the EEA to the CVJ.

11.3.4.1  Operative Technique
According to different pathologies, we perform an endoscopic endonasal odontoid-
ectomy followed by posterior decompression and fusion in a single-stage surgery.

In order to accurately choose the correct approach, we consider on sagittal CT 
scan the relationship between naso- and rhino-palatine line and the upper cervical 
spine.

We routinely use the neuronavigation system (StealthStation S7, Medtronic, 
Minneapolis [MN], USA), based on contrast-enhanced MR with angiographic TOF 
sequences merged with a 1 mm layer CT of the brain and cervical spine in unique 
volume. Generally, we use the optical tracking of the StealthStation S7® in order 
merged with the angiographic TOF sequences in order to provide feasible preopera-
tive images regarding the relationship between bone CVJ and vascular structures 
such as vertebral and carotid arteries. Somatosensory evoked potential neuromoni-
toring is routinely used.

11.3.5  Patient Positioning and Preparation

Following general anesthesia and oro-tracheal intubation, the patient is placed in 
supine position with the trunk elevated to about 20°.The head is slightly turned on 
the right of, maximum 10°, not flexed, and fixed in a radiolucent Mayfield-Kees 
three-pin head clamp. The head is kept parallel to the floor and maintained without 
flexion or extension during the posterior fusion when the patient is turned by supine 
to prone position. In all cases we used the O-arm® system (Medtronic, Minneapolis 
[MN], USA) in the phase of posterior fusion. On this, the optical reference of the 
neuronavigation is mounted, should the optical system be used. On the contrary, the 
magnetic reference is positioned on the patient’s head, in case the electromagnetic 
system is employed. We use antibiotic prophylaxis with Cefazolin 2 g 1 h before the 
procedure.

11.3.6  Nasal Phase

The nose is prepped with cottonoids soaked with diluted iodopovidone 5% solution 
inside the two nostrils. A 0-degree angled lens and 18 cm endoscope associated with 
an HD camera (Karl Storz, Tuttlingen, Germany) is introduced inside the right nos-
tril. The identification of usual anatomical nasal landmarks is performed (inferior 
turbinate laterally and nasal septum medially). As a standard endoscopic endonasal 
procedure, above the inferior turbinate, the middle turbinate is identified and 
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luxated laterally putting cottonoids soaked with diluted adrenaline between middle 
turbinate and nasal septum, to prevent bleeding of the nasal mucosa. The same 
maneuvers are carried out in the left nostril. The endoscope advances parallel to the 
floor of the nasal cavity until the choana is reached. With the aid of the neuronaviga-
tion system, the anatomical landmarks are verified. The mucosa over the posterior 
and inferior aspect of the nasal septum is cauterized with monopolar coagulation or, 
better, with bipolar forceps. We do not routinely perform the removal of the anterior 
wall of the sphenoid sinus since a transsphenoidal corridor is rarely needed, unless 
a higher exposure should be required in case of the tip of the dens goes quite high 
or when more space is required for the surgical maneuvers, due to patient’s indi-
vidual anatomy. Afterwards, an inferior septectomy is performed, removing suffi-
ciently the vomer bone and extending inferiorly, down to the hard palate. The most 
superior limit reached is the clivus-nasal septum junction. At this stage few impor-
tant anatomical landmark should be identified, which guide the surgeons to stay 
oriented: (1) the clivus-septum junction superiorly, (2) the Eustachian tubes later-
ally, (3) the nasal floor/soft palate inferiorly as marked by the hard and soft palate. 
The neuronavigation will confirm the position of such surgical landmarks and give 
the correct direction for the subsequent surgical steps.

11.3.7  Nasopharynx Phase

The key points of the nasal phase allow the widest exposure of the rhinopharynx and 
to avoid any conflict among the instruments during the next surgical steps. The 
nasopharynx mucosa is incised on the midline, and the muscles are dissected bilat-
erally in order to expose the anterior arch of C1. Several authors reported a reverse 
“U”-shaped flap of nasopharyngeal prepared with monopolar electrocautery, ele-
vated and reflected caudally to the level of the soft palate in order to improve the 
surgical field. The craniocaudal extension of the flap involves the inferior third of 
the clivus superiorly, the C2 vertebral body inferiorly, and the lateral margin of the 
operative exposure included the lateral masses of the C1 vertebra. The U-shaped 
nasopharynx flap extends the surgical corridor laterally, but on the other hand 
increases the risk of injuries to parapharyngeal carotids which are located laterally 
to the superior pharyngeal constrictor muscle. We prefer doing a straight midline 
opening of the nasopharynx because of guarantees a sufficient exposure and a lower 
risk of vascular damage. Then, we proceed with skeletonizing of the anterior arch of 
C1 and of the odontoid process in a subperiosteal fashion.

11.3.8  C1 Anterior Arch Preservation in Selected Cases

Recently, several authors reported their experience in the matter of endoscopic 
endonasal odontoidectomy, focusing on the preservation of C1 anterior arch during 
the craniovertebral junction phase, avoiding the posterior fixation [32, 39]. 
Particularly, in case of rheumatoid arthritis or other inflammatory diseases, the 

F. Esposito et al.



181

anterior arch of the atlas is preserved by drilling the odontoid base, weakening its 
apical, and leading to the pulling downward of the dens in the working area. The 
following removal of the axis with other remaining compressive inflammatory 
lesions is performed using a combination of high-speed drill, ultrasonic bone 
curette, and standard Kerrison’s rongeurs [32, 39]. According to such authors, work-
ing above and below the C1 anterior arch and its preservation not only represent an 
element of stability but also give an important opportunity for reconstruction and to 
reinforce the closure. Additionally, the same groups, in case of inveterate D’Alonzo 
type II fractures or in the combination of odontoid fracture associated with fracture 
of anterior arch of C1, proposed their technique of anterior fixation and anterior C1 
arch reconstruction [40].

11.3.9  Craniovertebral Junction Phase and Closure

In our technique, the anterior arch of the atlas is exposed and removed through the 
high-speed drill with diamond burrs and Kerrison’s rongeurs. Posteriorly, the odon-
toid process of C2 is exposed, separated from the alar and apical ligaments, dis-
sected from the transverse ligament, thinned using the microdrill, and finally 
removed. At this point, a wide surgical corridor is created. The odontoidectomy is 
performed carefully by using high-speed drill, Kerrison’s, and in case of lesions 
with soft consistency, curettes, and punches or ultrasound aspiration. When the 
removal is complete, the dural plane appears pulsating and indicates an optimal 
decompression of the brainstem.

After having obtained a satisfying hemostasis, the closure is guaranteed with a 
layer of fibrin glue only in the absence of a possible dural tearing. In case of CSF 
leak, a packing with gelfoam/surgicel and fibrin glue is realized to reinforce the 
closure. In these cases we consider the possibility to position and extended lumbar 
drain (ELD) at the end of the operation. We close the nasopharynx mucosa by a 
single stich because of the median opening allows a faster closure of the muscles at 
the end of endoscopic time. Generally, we position a nasogastric tube under endo-
scopic control.

11.3.10  Posterior Fusion

The second step of the operation is characterized by the posterior occipito-cervical 
fusion. The patient, already fixed to the Mayfield-Kees three-pin carbon fibers 
radiolucent head-holder, is turned by supine to prone position with the head parallel 
to the floor and with a slight degree of extension. This position considers the C0-C2 
angle which is formed by the posterior extension of the hard palate and the vertical 
line passing through the dens and avoids the breath impairment related to the flex-
ion. A midline incision is performed starting from the inion to the spinous process 
of C6. The fascia is exposed and incised on the midline with monopolar cautery. 
The muscle dissection is performed along the raphe in a subperiosteal fashion from 
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the basiocciput to the posterior complex of C5. The bone landmarks are clearly vis-
ible: (1) the occipital bone; (2) posterior arch and lateral masses of C1; (3) posterior 
complex from C1 to C5.

Generally, we remove the posterior arch of C1, because, in most of our cases, it 
contributed to the bulbo-pontine compression. The lateral masses of C3 and C4 are 
identified and verified through the O-arm® system. The fixation system we used in 
all cases was the Vertex titanium system (Medtronic, Minneapolis [MN], USA). The 
high-speed drill is used to prepare the position of the screws within the lateral 
masses of C3 and C4. The polyaxial screws are inserted according to Magerl tech-
nique [41] in order to avoid vascular injuries. Differently, in the basiocciput the 
monoaxial screws are positioned 2 cm from the inion on both sides and 1 cm above 
the sinuses. The length of the screws we use is 8 mm. After screws are positioned, 
the two rods are pulled to obtain the correct alignment of the cervical spine and 
finally fixed through the wrench of wing nuts. The bone fusion is improved with the 
addition of bone substitutes. The last verification with the O-arm® system is done at 
the end of the procedure. At the discharge we recommend the use of cervical collar 
for 2 months.

11.4  Case Series

In the Neurosurgical Clinic of the University of Messina, a series of five endonasal 
endoscopic odontoidectomies have been performed. Demographic, clinical, and 
management details are summarized in Tables 11.1 and 11.2.

All patients were female, ranging between 62 and 82 years (mean age 68.8 years). 
Four patients were admitted with a neurological onset characterized by tetraparesis; 
in one patient, motor deficits were prevalent on the right arm. Urinary incontinence 

Table 11.1 Demographic, etiological, and clinical data

N
Age 
(years) Sex Etiology Symptoms

Postoperative 
outcome

1 62 F Rheumatoid pannus Right arm weakness
Tetrahyperreflexia
Urinary incontinence

Improved, oral 
feeding

2 64 F Odontoid process 
misalignment in patient 
with previous type II 
Anderson-D’alonzo 
fracture (not stabilized)

Tetraparesis
Tetrahyperreflexia
Urinary retention

Improved, oral 
feeding

3 82 F Rheumatoid pannus Tetraparesis Improved, oral 
feeding

4 63 F CVJ malformation Tetraparesis
Severe dysphagia
Dysphonia

Improved, 
dysphagia not 
completely resolved

5 73 F Rheumatoid pannus Tetraparesis Improved, oral 
feeding
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was present in two patients. One patient presented severe dysphagia for either solids 
or liquids. In three patients, symptoms were related to the presence of a rheumatoid 
synovial pannus, while the other two cases showed signs and symptoms due to a 
complex malformation of the craniocervical junction and to a misalignment of the 
odontoid process following a previous non-fused Anderson-D’Alonzo type II frac-
ture, respectively. Interestingly, the patient affected by the complex CVJ malforma-
tion underwent previously to aoccipital-cervical stabilization to another institution. 
Subsequently, she underwent an attempt of transoral odontoidectomy, which failed 
due to the higher position of the dens. She was referred in our clinic for an anterior 
decompression performed through an endoscopic endonasal odontoidectomy. In the 
remaining three patients, in the same single-stage surgery, anterior decompression 
and posterior stabilization were performed during the same operation.

The length of stay ranges from 9 to 19 days (including the first period of rehabili-
tation). In all patients, there was an improvement of the neurological conditions, 
compared to the preoperative one. In one patient the swallowing dysfunction 
resolved, allowing an early oral feeding. In two cases an implementation with par-
enteral nutrition was necessary for a few days.

11.5  Postoperative Management

In our practice, according to the general clinical condition of patient and the length 
of sedation, we preferred leaving the patient in our intensive care unit for 24 h. This 
occurred in two of the four cases treated. As a matter of fact, the primary aim is the 
early mobilization of the patient, to lower the risks of an extended bed rest. In addi-
tion, the use of the nasogastric tube may be required in cases when the patient has 
some preoperative swallowing difficulties, but we do not use it routinely, since a 
normal velo-pharyngeal function guarantees the separation of the oropharynx from 

Table 11.2 Management details

N° Procedures OR setup
Postoperative 
hospital stay (days)

1 Endoscopic endonasal 
odontoidectomy and occipitocervical 
stabilization at the same stage

StealthStation S7® with 
optical tracking + O-arm®

17

2 Endoscopic endonasal 
odontoidectomy and occipitocervical 
stabilization at the same stage

StealthStation S7® with 
optical tracking + O-arm®

13

3 Endoscopic endonasal 
odontoidectomy and occipitocervical 
stabilization at the same stage

StealthStation S7® with 
optical tracking + O-arm®

19

4 Endoscopic endonasal 
odontoidectomy

StealthStation S7® with 
optical tracking

9

5 Endoscopic endonasal 
odontoidectomy and occipitocervical 
stabilization at the same stage

StealthStation S7® with 
optical tracking + O-arm®

7
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the rhinopharynx during the swallowing. We perform at least two endoscopic post-
operative controls: one in the first 24 h and one before the discharge. During such 
checks, we verified the proper closure of the surgical wound and the possible pres-
ence of CSF leak, and thus we removed the nasogastric tube, if any, under endo-
scopic control. This maneuver can be performed only after testing the functions of 
lower cranial nerves. A CT scan of the head and cervical spine documents the degree 
of the odontoidectomy and the correct position of screws and rods of the posterior 
fusion, and an MRI evaluates the decompression of the neurovascular structures. A 
further control was performed after 3 months. All patients start a physical rehabilita-
tion program, which also continues after discharge.
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12Odontoid Screw Fixation and Anterior 
C1-C2 Fixation Techniques

Andrea Brunori, Daniele Marruzzo, Valentina Russo, 
and Alberto Delitala

12.1  Introduction

The axis (C2 vertebra) is the strongest cervical vertebra while the dens is the supe-
rior process of C2, articulating the anterior arch of C1 and providing about half 
rotation in the cervical spine. Strong ligaments, including the transverse, alar, and 
apical, hold the odontoid in close approximation with the atlas (Fig. 12.1). Odontoid 
fractures have been classified according to the fracture line by Anderson and 
D’Alonzo in 1974 [1] and represent about 12% of cervical fractures.

Anderson and D’Alonzo provide three fractures typologies (Fig. 12.2):

 – Type I fracture line is commonly located in the apex of odontoid process (above 
the level of the transverse band of cruciform ligament).

 – Type II fracture line occurs at the base of odontoid process (below the level of 
transverse band of cruciform ligament); type II A is a result of a fracture due to a 
splinters detachment on dens base.

 – Type III fracture line is extended through the body of the axis (C2).

Type II fractures are usually unstable, at high risk of nonunion especially in elderly 
patients, and furthermore, they can be associated with the atlas fracture, influencing 
prognosis and therapeutic titer. Fractures involving both vertebrae can cause atlanto-
axial instability. This can be managed by a variety of different techniques in order to 
achieve stability of the C1-C2 junction: among them the anterior C1-C2 transarticular 
fixation has proved safe and successful as the posterior fixation approaches, although 
less used by most spine surgeons. The supine vs prone positioning and minimal soft 
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Fig. 12.1 Atlas-axis complex. Transverse ligament holds the dens to the anterior arch of the atlas

Fig. 12.2 Fractures of C2 according to Anderson and D’Alonzo classification. Type I fracture line 
is commonly located in the apex of odontoid; type II fracture line occurs at the base of odontoid 
process (below the level of transverse band of cruciform ligament); type III fracture line extends 
through the body of the axis (C2)
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tissue dissection make the anterior approach less traumatic. In this chapter we describe 
two surgical techniques that can be performed through an anterior approach: odontoid 
screw fixation and C1-C2 transarticular fixation.

12.2  Odontoid Screw Fixation Technique

12.2.1  Treatment Indications

External cervical orthosis immobilization may be considered as a starting recourse 
in all types of mentioned fractures of odontoid. Type I and III fractures can be sta-
bilized through cervical collar or Halo-Vest stabilization, obtaining notable results 
and the recovery in the following 12 weeks. Type II fractures (Fig. 12.3) are gener-
ally treated using surgery as considered unstable due to the high probability of the 
dens dislocation and the consequent cervical spine injury. The Halo-Vest initial 
treatment may be unable to fully stabilize the C1-C2 spine, and it may be associ-
ated, especially in elderly population, with pins’ infection or loosening, while exter-
nal orthosis may lead to pressure sores in occipital region related to dorsal 
recumbency [2].

Imaging studies are warranted on evaluating the fracture, the dens dislocation 
rate and the ligament complex integrity (CT scan with multiplanar reformatting and 
MRI with T1- and T2-weighted and STIR sequences). CT scan enables to measure 
the odontoid peg diameter and length in order to choose the appropriate screw 
dimension (Fig. 12.4).

Anterior odontoid screw placement for type II fractures was first introduced by 
Bohler in 1981 [3]. The mentioned treatment yields better results on increasing the 
final recovery outcome and healing time and reducing myelopathy onset.

Fig. 12.3 Type II 
fractures have been 
reproduced by axially 
rotating the head and force 
in the lateral or oblique 
directions
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Advantages of anterior screw fixation technique:
 – Improved fracture alignment
 – Preservation of atlantoaxial rotation
 – Immediate fragments stabilization through a cannulated screw
 – Easy access to the surgical site
 – Reduction in length of stay
 – Faster mobilization compared to Halo-Vest
 – Improved quality of life

Indications:
 – Transversal atlantal ligament (TAL) integrity
 – Odontoid dislocation fracture >5 mm
 – More than 10° angulation
 – Failure of closed reduction and orthosis treatment

Contraindications:
 – Unfavorable fracture line obliquity (oblique anterior line) (Fig. 12.5) [4]
 – Osteoporosis/osteopenia
 – Comminuted fractures
 – Diastasis of the fragments, non-reducible fractures
 – Prominent thorax (Barrel’s chest)
 – Cervical kyphosis

12.2.2  Surgical Technique

12.2.2.1  Patient Positioning
We routinely place the patient in the supine position. Due to the commonly advanced 
age of the patient, special care is paid to proper padding of an X-ray transparent 
surgical bed; legs are slightly flexed at the knee to avoid stretching of sciatic nerve. 
Correct positioning of the head is the key for a successful odontoid screwing: a pad 
at the inter-scapular region and the occiput resting in a gel donut allow for a suitable 
extension of the neck. The head is secured in a sharp neutral 0° position by lateral 

a b c

Fig. 12.4 (a, b, c) Preoperative CT scan allows to plan the right screw, measuring in sagittal the 
length (a) and the diameter of the screw (b, c)
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pads if available or by soft bandaging of the forehead. Based on our experience we 
consider a transparent Mayfield headrest as unnecessary, time consuming, and inva-
sive. The endotracheal tube is displaced laterally based on the surgeon’s hand domi-
nance an italian Prosecco sparkling wine guttered cork has just the right size and 
consistency to allow mouth opening; X-ray being transparent, AP views are not 
affected by any means (Fig. 12.6).

Fig. 12.5 When the 
fracture line obliquity is 
unfavorable (oblique 
anterior line), the anterior 
screwing of the dens is not 
recommended: the figure 
shows how the screw 
carries the fragment 
forward

a b

Fig. 12.6 (a, b) The mouth is kept opened with a guttered cork (a) to facilitate the visualization 
of the dens in intraoperative X-ray AP view (b)
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12.2.2.2  Operating Theater Set-Up
Extreme importance is attributed in this process to machines equipment in relation 
to the surgical team location (surgeons, anesthesiologist, and scrub nurse). This is 
especially true when the theater room is small.

A double fluoroscopy for simultaneous AP/LL projections is not an option and 
should be the standard for two reasons: (a) length procedure is reduced by at least 
50%; (b) manual rotation of “C arm” requires a trained and compliant technician 
during whole procedure; even variation of a few degrees to compliance with the 
initial adjustment implied and repeated AP to LL projections changes could result 
an unfortunate surgical failure. Figure 12.7 shows the recommended theater setup. 
The two fluoroscopies are positioned at 45°, respectively, where fluoroscopy moni-
tor must be in the vision line of the main surgeon, i.e., at 30–40° with respect to the 
main axis of the surgical bed, slightly rotated. It is very important that both pedals 
are operated by the surgeon himself, virtually setting to zero the dependency from 
the radiology technician.

The theater setup for odontoid screwing can be depicted, as a clock dial being the 
bed on the 12/6 axis, C-arm 1 on the 9/3, C-arm 2 on the 10/4, the scrub nurse at 7, 
surgeon at 8, anesthesiologist and respirator at 12, and monitors at 2. A scrubbed 
assistant is stand by and ready to join the procedure in case of need.

Being an image-guided procedure, a clear visualization of the odontoid process 
is mandatory. The AP view is usually more difficult to set because of the 

Fig. 12.7 Operating room 
setup: a double fluoroscopy 
for simultaneous AP/LL 
projections; the 
fluoroscopy monitor must 
be in the surgeon’s line 
of view
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superimposition of occipital plane and inferior dental arch; therefore, obtaining the 
best angle to outline the profile and odontoid tip is worth it. Lateral images are more 
valuable to observe the base, a correct alignment of fragments and the crossover line 
fracture by screw.

12.2.2.3  Incision and Exposure
We use a right transverse incision in a neck crease at the C4-C6 level running from 
the anterior sternocleidomastoid muscle up to the midline. A different approach 
can be performed by using a K-wire on lateral radiological monitoring to simulate 
the screw’s path on the patient skin. Muscle planes are dissected in a blunt fashion 
as usual in the upper spine pre-carotid/retropharyngeal approach; a good applica-
tion is visualizing directly the C3 body such as the longus colli insertion keeping 
strictly the midline, from both sides. Odontoid process visualization is not easy to 
achieve nor useful, but palpation with the fingertip is possible; in elderly patients, 
dissection is easier due to tissues laxity. A trocar retractor/cannula with pinned tip 
is then adopted to point the entrance of the K-wire guide, target estimated just few 
millimeter behind the anteroinferior tip of the C2-body where the C2-endplate is 
softer and there is less slippery of the anterior cortical layer. Sometimes drilling 
of the upper anterior portion of C3 vertebral body is necessary in order to obtain 
the right obliquity of the screw. Failure on breaching cortical layer and K-wire 
slipping guide could result as injury of the pharynx; moreover, at the end of this 
procedure, the screw head will rest in a niche preventing soaring on the pharynx 
and possible dysphagia.

12.2.2.4  Odontoid Screw Insertion
Dens Access system from DePuy-Synthes and a K-wire mounted on a Colibri drill 
are adopted (Colibri drills are very light and comfortable to handle). In patients with 
prominent chest, it is advised to hold it in reverse fashion (i.e., grip upwards), avoid-
ing bumping on the sternum. Drill’s buttons (clock/counter clockwise rotation and 
K-wire release) can be operated with a single hand. Once planned trajectory is 
found by AP/LL, the guide wire is frequently advanced checking the direction. As 
K-wire is placed in the correct position, the appropriate screw length is chosen by 
using a similar K-wire and the sterile ruler. Cannulated screw inserted through the 
K-wire is screwed up to the cortical tip of dens. Supervision must be done, during 
screwing and after passing fracture line, avoiding possible caudocranial displace-
ment of distal fragment; therefore, pressure onto the drill must be dosed, and drill 
speed needs to be homogeneous.

12.2.2.5  End of Procedure
Once the optimal positioning screw is obtained, K-wire is removed and screw head 
is checked by palpation. The procedure is usually bleeding less, and monitoring 
hemostasis at the end is granted by direct vision. Muscle and skin layers are then 
sutured, and cervical Philadelphia-like collar is put in position for 8–12 weeks to 
avoid stress on the fusion line (Fig. 12.8).
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12.3  Anterior C1-C2 Fixation Technique

12.3.1  Treatment Indications

Fractures of the axis are often associated with ligamentous injuries or other cervical 
fractures. C1 fractures in combination with odontoid fracture type II are considered 
unstable and it has to be managed with surgical stabilization and fusion. Surgical 
anterior techniques include C1-C2 fixation with transarticular screws and anterior 
odontoid screw fixation. This technique was first performed in 2003 by Reindl et al. 
[5, 6] as an alternative to posterior approaches technique known before.

Advantages:
 – Prone positioning.
 – Feasible in the presence of a thoracic kyphosis which would create problems for 

the posterior approach.
 – Ideal for patients with severe trauma which may not tolerate the prone position.
 – Reduces the trauma of muscles that normally occurs in posterior approaches.
 – This technique can be performed with the standard Smith-Robinson approach.
 – The possibility of vertebral artery damage is reduced because the vertebral artery 

foramen is close to the screw entry point; therefore, the artery can be well 
controlled.

12.3.1.1  Patient Positioning
The patient is in a supine position on a carbon fiber radiolucent operating table. Two 
image intensifiers are used to identify the dens in the AP and LL projections. The 
fracture is reduced under X-ray visualization meanwhile the patient’s head is posi-
tioned in the extended position; this enables correct alignment and facilitates the 
screw insertion.

12.3.1.2  Incision and Exposure
A standard approach to the anterior cervical spine is performed, with a unilateral 
horizontal incision placed in correspondence with the projection of the intended 
direction of the screw and viewing on the image intensifier. Projection generally 
corresponds to the vertebral C4-C5 level.

Fig. 12.8 (a, b, c) Postoperative CT scan in sagittal, coronal, and axial view (a, b, c) the screw is 
in the center of the dens in the three projections
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12.3.1.3  C1-C2 Screwing
Preoperative measurements on CT scan are strictly required to determine the correct 
screw length. The entry point, assigned for each side, is on the overhanging lip sur-
face of C2 lateral mass: 5 mm laterally to the base of the dens and 25° lateral head 
oriented to it, in order to locate the screw in the C1 lateral mass (Fig. 12.9). As the 
entry point is identified on the C2 vertebra, an access is created to insert with a drill, 
the appropriate screw with the angled cannulated screwdriver. The use of tissue 
protectors is safely recommended, to avoid damaging vital structures, while drilling 
and tapping. It is essential to observe these procedures on the lateral image intensi-
fier to ensure that guide wire does not advance cranially.

12.4  Risks and Complications

Besides the well-known risks and complications of anterior approach to the cervical 
spine (i.e., damage of neck vessels, laryngeal and autonomic nerves, upper respira-
tory and digestive tracts), most failures are due to screw malpositioning, injury of 
critical vascular, and neurological structures. In some cases screw loosening can 
occur especially in elderly patients due to poor quality of porotic bone [7, 8, 10, 11]. 
In a minority of cases, when dislocation is symptomatic, a surgical revision is rec-
ommended. Some studies report dysphagia following these procedures [7–9] prob-
ably related to impinging of the screw head on pharyngeal soft tissues.

12.5  Conclusions

In this chapter, the authors describe two surgical techniques performed for the treat-
ment of odontoid fractures and C1-C2 vertebrae instability. The treatments of the 
mentioned pathologies, for a while, were approached with the posterior cerclage 
wiring [10, 11]. Afterwards with a better knowledge of anatomy and the coming of 

a b

Fig. 12.9 Entry point. Anterior-posterior view (a) and lateral projection (b): At 5 mm from the 
lateral border of the base of C2, the screw follows a trajectory 25° cranially and laterally to target 
the lateral mass of C1
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biomechanics principles, applied to the spinal column, surgical strategies have 
boosted, both with anterior approach and with posterior access, revising the treat-
ment of mentioned pathologies. Anterior approach techniques avoid muscles trauma 
typical of posterior ones, and they guarantee an immediate stabilization of the odon-
toid process and C1-C2 functional segment. Fractures of the dens and C1-C2 verte-
brae instability can be encountered in patients with severe trauma (as sternum or rib 
fracture, respiratory distress because of lung contusions or pelvic fractures) and 
with higher surgical risks in prone position.

The discussed techniques fundamentally changed the fractures approach for 
elderly patients. Type II fractures of the odontoid treated with immobilization rep-
resent, in patients over 50 years old, a high risk of nonunion 21 times greater than 
in younger patients [2]. Therefore, odontoid screw fixation is recommended for type 
II odontoid fractures in patients over 50 years.

Extreme importance is attributed to the theater room setup and to the imaging 
studies warranted during intervention, on evaluating the fracture and the visualiza-
tion of the anatomic landmarks. Fluoroscopy projections have to be the standard 
routine before surgical incision to keep away from intraoperative complications.

Disclosure The authors report no conflict of interest concerning the materials or methods used in 
this study.

They also declare no funding has been allocated for this work.
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Surgery of the Craniovertebral Junction
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and Christopher P. Ames

13.1  Introduction

The atlanto-axial region of the spine is a complex area of anatomical structures that 
consists of the upper two vertebrae of the cervical spine, their articular surfaces, 
several crucial ligaments, and the vertebral artery that courses along and within 
these bones. The nature of this junction allows for the movement of the cervical 
region in rotation, lateral bending, flexion, and extension [1]. Given the complexity 
of this region, stabilization of the atlanto-axial spinal column when it has become 
disrupted presents a unique set of challenges, which include higher complexity in 
screw placement (compared to the other cervical vertebrae), lack of fusion surface 
comparatively to other regions in the cervical spine, and avoidance of vertebral 
artery injury during screw placement. The high degree of mobility in this area also 
makes adequate fusion inherently problematic, and the rates of fusion at the C1-C2 
level have been reported lower than the subaxial spine [1]. In addition, potential 
operative interventions are limited by the complex articular anatomy of this region 
and also the potential inconstant vertebral artery location [2, 3]. Until the past few 
decades, the mainstay of treatment for atlanto-axial complex instability was exter-
nal immobilization. However, external immobilization is associated with high non- 
fusion rates and also increased morbidity; given these important pitfalls, an 
alternative to external immobilization was desired [1].

The first description of a surgical treatment for atlanto-axial instability appeared 
in 1910. Mixter and Osgood described wiring the posterior arch of the atlas to the 
spinous process of the axis with a heavy silk thread [1]. Since then, other wiring 
techniques have been developed. The use of posterior cervical wiring of the lamina 
of C1 and C2 dates to 1939 in a report by Gallie [1]. Brooks and Jenkins described 
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an alternative method of posterior C1-C2 laminar wiring in 1978 [1]. In 1991, 
Dickman and Sonntag further modified the posterior wiring technique [1]. In the 
1980’s, the interlaminar clamp technique was published as an alternative method 
for posterior C1-C2 fixation [1]. The field continued to advance with Magerl intro-
ducing the transarticular screw; the C1-C2 rod-cantilever technique was introduced 
by Goel, and the C2 laminar screw technique were developed for fixation of the 
atlanto- axial complex [1–5]. In the last decade many of these traditional techniques 
were continuously further developed and refined. The goal of these latest tech-
niques is to facilitate the surgical application and workflow, to enhance fusion rates 
and reduce potential risks and complications of surgical treatment in the atlanto-
axial region [1–3].

13.2  Indications

Traumatic injuries that result in unstable fractures or ligamentous disruption are 
among the most frequent indications for posterior C1-C2 fixation. There are several 
classifications that exist to describe the types of fractures that exist in this region, 
and the reason for these classifications is largely to help navigate the various options 
that exist for their management [1].

The most commonly used classification system for fractures at the C2 level is the 
Anderson and D’Alonzo, which divides the dens fracture into three groups based on 
location. Type 1 fracture involves a fracture through the upper dens, specifically 
above the transverse ligament of the atlas; these fractures are considered stable. 
Type 2 fractures occur at the junction of the dens and the body of C2 and are associ-
ated with the disruption of the transverse ligament of the atlas, which results in an 
unstable fracture. Type 3 fractures extend into the C2 body [1].

Although type 2 odontoid fractures can be treated with either immobilization, 
posterior surgical instrumentation and fusion, or anterior odontoid screw fixation, 
some of the techniques for anterior fixation have limitations and contraindications 
[1]. The contraindications to anterior fixation of type 2 fractures include disruption 
of the transverse ligament of the atlas, having a comminuted fracture of one or both 
atlanto-axial joints, unstable type 3 fractures, atypical type 2 fractures with oblique 
or comminuted fracture lines, irreducible fractures, and those fractures with an 
associated thoracic kyphosis. Aside from traumatic type 2 fractures, contraindica-
tions to anterior fixation also exist in pathological fractures from neoplastic disease 
of the dens, where ventral fixation screws are contraindicated, a dorsal fusion tech-
nique is preferred and suggested in these circumstances [1].

Ligamentous laxity and associated ligamentous instability of C1 and C2 could be 
the result of a traumatic and/or a nontraumatic etiology that could require surgical 
correction. The ligamentous instability is evaluated by obtaining lateral X-ray views 
that allow a measurement of the atlanto-dental interval when the patient is in both 
flexion and extension. The interval measurement within this space should not exceed 
2–4  mm [1]. When the atlanto-dental interval exceeds 5  mm in nonrheumatoid 
patients, and when it exceeds 8 mm in rheumatoid patients, instability of the C1 and 
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C2 complex and posterior atlanto-axial fixation is indicated. In congenital disorders 
(hypoplasia, aplasia of the odontoid process, or os odontoideum), instability of the 
C1 and C2 complex can also occur. Os odontoideum is the failure of the dens to fuse 
with the body of the axis. Both os odontoideum and odontoid agenesis may lead to 
incompetence of the cruciate ligament and subsequently C1 and C2 instability [1].

Rheumatoid arthritis is a systemic inflammatory disease that can affect the cervi-
cal spine at the dens and result in atlanto-axial subluxation or superior migration of 
the odontoid into the foramen magnum. When the result of this disease is compres-
sion of the brainstem and upper cervical spinal cord, often there is an indication for 
decompression. In these settings, posterior occipito-cervical decompression is often 
coupled with atlanto-axial instrumentation and fusion [1].

13.3  Techniques of C1-C2 Fusion

13.3.1  Dorsal Wiring Techniques

The techniques described below that utilized dorsal wiring of the atlanto-axial 
region for fusion have variations of wiring technique, but all of the techniques dis-
cussed have similarities in that they are wiring the posterior elements of the axis and 
atlas together. In order to achieve these wiring techniques, an intact posterior arch 
of C1 and posterior elements of C2 is necessary. These techniques are contraindi-
cated when the posterior elements are disrupted or at risk of being disrupted, which 
include Jefferson’s fracture, Hangman’s fracture, significant osteoporosis, or poste-
rior decompression of C1 and C2. Wiring techniques are technically less demanding 
than the more recent screw fixation of the atlanto-axial region, in particular as it 
relates to the intraoperative equipment, because surgical navigation or fluoroscopy 
is not necessary for wiring. To achieve successful fusion rates following wiring 
techniques in the postoperative period, all of the described techniques subsequently 
require rigid postoperative immobilization.

13.3.1.1  Gallie Fusion
In 1939, Gallie first described the use of a steel wire around the posterior elements 
of C1-C2 in the sublaminar space for fixation [6]. In the Gallie fusion, a dorsal mid-
line bone graft is notched over the spinous process of C2, with a sublaminar wire 
placed around the posterior arch of C1 and looped around the spinous process of C2 
to hold the graft in place. The Gallie fusion offers good stability in flexion and 
extension but provides little stabilization in rotation. The rate of C1-C2 nonunion 
with the Gallie-type fusion has been reported to be as high as 25% [1]. Given the 
limitations in rotational stabilization and nonunion rates, the Gallie fusion is used 
for the supplementation of other techniques.

13.3.1.2  Brooks-Jenkins Fusion
In the Brooks-Jenkins fusion technique, the posterior arch of the atlas and the 
lamina of the axis are exposed, and doubled 20-gauge wires are passed under the 
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lamina of C1 and C2 bilaterally. Two posterolateral autologous iliac crest bone 
grafts are beveled to fit both interlaminar spaces and held in place by the overlying 
wire [7]. The Brooks-Jenkins wire fusion technique provides more rotational sta-
bility than the Gallie technique [1]. Fusion rates of 93% have been reported with 
the reports supporting improved fusion rates when subsequent halo immobilization 
is utilized [8].

13.3.1.3  Sonntag Posterior C1-C2 Technique
In 1991 Sonntag and colleagues modified the Gallie technique. The Sonntag tech-
nique involves the use of a sublaminar cable that is passed under the posterior C1 
arch from inferior to the superior. This is followed by the placement of a notched 
iliac crest graft that is placed in between the spinous process of C2 and wedged 
underneath the posterior arch of C1. The superior aspect of the C2 spinous process 
and the inferior arch of C1 are decorticated prior to graft placement. The cable is 
then looped over the iliac crest autograft and placed into a notch created on the 
inferior aspect of the C2 spinous process. The cable is then tightened and crimped. 
Postoperatively, patients are recommended to stay in a halo for an immobilization 
period of 3 months, followed by a hard collar for 4–6 weeks. Fusion rates up to 97% 
have been reported by using this surgical technique together with postoperative 
immobilization [3].

13.3.2  Interlaminar Clamp Technique

The interlaminar clamp technique was published in the 1980s as an alternative 
method of posterior C1-C2 fixation. The clamps are used by placing hooks on the 
superior surface of the C1 lamina and hooks on the inferior surface of the C2 lam-
ina. The hooks are tightened, and preferably a bone graft is placed between the C1 
and C2 lamina. Biomechanical studies have shown that the interlaminar clamp tech-
nique provides excellent stability in flexion and extension movements. However, 
this technique lacks rotational stability and is felt to be even less successful than 
either the Brooks-Jenkins or the Margerl techniques [1, 9, 10]. Given that this tech-
nique also requires an intact arch of C1, the use of interlaminar clamps has the same 
contraindications as the wiring methods that are described above. An advantage to 
the postoperative management of this technique as compared to wiring techniques 
described earlier is that immobilization after surgery only requires a cervical collar, 
therefore allowing improved early mobilization for the patient.

13.3.3  C1-C2 Transarticular Screws

In 1979, Magerl and Jeanneret described the transarticular screw fixation technique 
for the treatment of odontoid fractures. The advantage of using the C1-C2 transar-
ticular screw technique for atlanto-axial fusions is that there would be complete 
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immobilization of rotational motion of the atlanto-axial joint, and the technique 
does not require that the posterior arch of C1 remains intact. However, the C1-C2 
transarticular screw technique is technically more demanding because the margin 
for error is significantly reduced when compared to the other techniques described. 
Also, this technique requires the use of intraoperative fluoroscopy and/or surgical 
navigation tools in order to reduce injury to the neurovascular structures and to 
achieve the appropriate screw placement. There is the potential risk for serious com-
plications to the neurovascular structures that could come as a result of an aberrant 
screw placement, which could result in spinal cord injury, dural tear, hypoglossal 
nerve injury, or injury to the vertebral artery. For safe preoperative planning, plain 
X-rays and fine-cut computed tomographic scans to exclude a high-riding vertebral 
artery or bone destruction at the side of intended screw placement are recommended 
[11]. Some surgeons advocate for preoperative fiber optic intubation and periopera-
tive recording of somatosensory evoked potentials [1].

The technique involves placement of the patient in the prone position with the 
head fixed and in capital flexion of the head on the neck (military tuck position). An 
initial exposure of the posterior boney elements of C1, C2, and C3 is undertaken, 
which includes a view of the posterior arch of C1 and spinous processes C2. The 
dissection is carried laterally to expose the articular atlanto-axial processes. 
Additionally, the dissection is extended along the lamina of C2 into the joint space, 
and the adjacent neurovascular plexus containing the C2 nerve root is carefully 
retracted caudally or divided. The entry point for screw placement is about 3–4 mm 
rostral and 3–4 mm lateral to the medial aspect of the C2-C3 facet joint. The trajec-
tory is approximately 15° medial with a steep superior angle, and it is visualized by 
fluoroscopy with the goal of aiming at the C1 anterior tubercle. While drilling along 
the correct trajectory, changes in resistance could be noticed as four cortical sur-
faces along the path are traversed. A K-wire technique could be used, and this is 
complimented with a cannulated screw that commonly will have a length of 
36–46 mm in length. There have been several clinical and cadaveric studies that 
have shown a reliability in the strength and stability of the C1-C2 transarticular 
screw construct [1, 11]. Fusion rates have been described that range from 86.9% to 
100%. Biomechanical cadaveric studies show that the transarticular C1-C2 con-
struct is stable flexion, extension, and also in rotation [1, 10, 12]. Although the sur-
gical technique is considered more demanding with an increase in surgical risk, 
compared to alternatives, complication rates for the transarticular C1-C2 fixation 
technique are not elevated, and range between 2% and 14% [9, 10, 12, 13]. There is 
a risk about 4% of vertebral artery injury, reported by Farey et  al. Additionally, 
Dickman and Sonntag have documented a 2% risk of screw malpositioning with no 
neurological complications [1, 8]. The main limitation of the transarticular tech-
nique relates to anatomic variations that preclude safe screw placement. A cadaveric 
study by Abou Madawi et al. demonstrated that bilateral screws could not be placed 
in up to 20% of specimens because of anatomic variations in the location of the 
foramen transversarium, which placed the vertebral artery at risk during screw 
placement [1, 8].
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13.3.4  C1 Lateral Mass Screw, C2 Pars-, Pedicle-,  
or Translaminar Screws

The technique of segmental atlantoaxial instrumentation and fusion using both C1 
lateral mass and C2 pedicle mono-axial screws with plate fixation was first described 
by Goel et al. This technique provided 100% atlantoaxial fixation, and this tech-
nique also had a minimal rate of complications [14, 15]. The Goel technique was 
later modified to include C2 pars screws with C1 lateral mass screws connected by 
longitudinal bilateral titanium plates. Additionally, this technique was modified to 
address basilar invagination by the usage of customized titanium porous spacers 
placed in the atlantoaxial joint space to facilitate vertical reduction and load-bearing 
fusion (described in 2005) [16]. An advantage of the C1 lateral mass when used in 
combination with the C2 screw technique is that the anatomic alignment of the 
C1-C2 complex can be variable and does not need to be aligned prior to instrumen-
tation. In addition, this technique can still be utilized in cases where there is an 
aberrant vertebral artery.

Harms and Melcher later introduced a technique modification for the stabiliza-
tion of the atlantoaxial complex that utilized polyaxial screws placed in the C1 lat-
eral mass and C2 pedicle connected by rods, in contrast to the mono-axial screws 
and small plates described above [11]. This technique did not rely on the integrity 
of the posterior elements of C1 or C2, and when compared to the very initial C1/C2 
techniques, it avoided passing sublaminar wires. The path for the C2 pedicle screw 
can be selected independently of the location of the atlas. This technique also allows 
reduction or correction of any displacement or malalignment of the elements of the 
atlantoaxial complex by repositioning the patient’s head or directly manipulating 
the C1 or C2 screws. For best preoperative planning, plain X-rays and fine-cut com-
puted tomographic scans are recommended.

For the placement of C1 lateral mass screws, exposure of the vertebral artery on the 
superior aspect of the C1 arch is not recommended. Usually the C2 nerve root is either 
transected or mobilized caudally for C1 lateral mass exposure. Subsequently, a pilot 
hole can be made with a drill bit at the center of C1 lateral mass once the medial and 
lateral borders have been identified by either palpation or direct visualization. The 
screw trajectory is classically described as having 10° of medial angulation in the axial 
plane. A lateral fluoroscopic image is used to choose the direction in the cranial-caudal 
direction, and the drill is aimed toward the anterior tubercle of C1. After the hole has 
been drilled, the path is commonly tapped thereafter. The C1-lateral mass screw is then 
placed with common lengths measuring 30–36 mm in length. Review of preoperative 
CT scans provide planning for both screw trajectory and size, shown in Fig. 13.1.

The C2 pars screw is commonly described as having an entry point that is 3 mm 
rostral and 3 mm lateral to the inferior medial aspect of the inferior articular surface 
of C2. The trajectory of the pars in comparison to the pedicle screw at C2 is steep, 
and the trajectory is commonly described as being 45°–60°, with 10°–15° of medial 
angulation. The screw length is significantly shorter for C2 pars as compared to 
pedicle screws with typical screw lengths ranging from 12 to 16 mm. The C2 pedi-
cle screw entry point is usually 2 mm lateral and 2 mm superior to the C2 pars screw 
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entry point. For the placement of the C2 pedicle screw, a medial angulation of 
15–25° with 20° upward trajectory is most commonly used; therefore, it requires 
more medial angulation than the pars screw at C2 but with less steep angulation. 
Review of preoperative CT scans provides planning for both screw trajectory and 
size, shown in Fig. 13.1.

The lamina at C2 can be cannulated with a shorter screw, a translaminar C2 
screw, but this screw is not considered to have comparable strength to a pars or 
pedicle screw at C2. The translaminar screw can serve as salvage technique for C2 
pars or pedicle screws, and particular for cases where a high-riding vertebral artery 
or thin pedicles exist. The entry point for the translaminar screw is the junction of 
the spinous process and the lamina, shown in Fig. 13.2. These screws are more com-
monly placed unilaterally, but they can be placed bilaterally. The trajectory is cho-
sen to match the slope of the lamina.

The latest biomechanical studies have shown that the Goel-Harms technique is 
superior for the stabilization of the atlantoaxial segment. This technique provides 
the advantage that it can be utilized in very unstable cases, including those where 
the lamina of the C1 and C2 have been disrupted. The additional stability, the added 
benefit of vertical reduction facilitation, and the additional load-bearing fusion sur-
face area make this the preferred technique for atlantoaxial instability cases [1].

a b

c d

Fig. 13.1 A preoperative CT for a patient who was undergoing a C1-C2 fusion. In (a) you can 
appreciate adequate space for a C1 lateral mass screw, and a measure shown provides an initial 
assumption to the surgeon of a close approximation for potential screw length preparation. In (b) 
the trajectory for the C1 screw is shown, together with the measurement. In (c) the CT provides 
insight into the vertebral artery course and dominance; shown is a right-sided dominant vertebral 
artery and diminutive vertebral artery on the left. In (d) is the sagittal view CT that is often visual-
ized preoperatively to get a sense of the pars trajectory into C2
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13.4  Case Presentations

Case 1, Fig. 13.3
A 76-year-old woman who has a history of prior C4-C7 anterior and posterior spinal 
fusion (9 years prior) for cervical spondylotic myelopathy presented after worsen-
ing hand numbness and function. An MRI at this time revealed a pseudotumor and 
stenosis at C1-C2, which was felt to be a result of microinstability at the C1-C2 
complex. This was treated with a decompression laminectomy at C1 and C2 and 
revision and extension of fusion up to C1. A transarticular screw was used on the 
left side because despite distraction between the C1 and C2 space, it was not pos-
sible to visualize the lateral mass given the severe and somewhat rigid hyperex-
tended position. Under navigation following an intraoperative CT, a transarticular 
screw was placed on the left.

Case 2, Fig. 13.4
A 73-year-old man with a history of progressive growth of a lesion on the right 
side at C1-C2 consistent with an enlarging synovial cyst likely as a result of 
microinstability at C1-C2. A C1 lateral mass and C2 pedicle screw were placed 
for fixation, and a laminectomy of C1 and C2 was performed with subsequent 
removal of capsule and contents of the lesion that was ultimately consistent with 
a synovial cyst.

*

a b

Fig. 13.2 A cadaveric image demonstrating the C2 translaminar screw and also the C2 pars screw 
for an illustrative example of the proximity of these screws in location. In (a) the instrumentation 
shown includes C1 lateral mass screw (top of the image) through T2 pedicle screw. The arrow in 
(a) is demonstrating a C2 translaminar screw placed into the C2 lamina on the left. In (b) a closer 
look shows the C2 pars screw (hashed arrow), the C2 translaminar screw (solid arrow), and the 
cross connector used to connect to the lower construct (∗)
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a b c

Fig. 13.3 In (a) the preoperative X-rays are shown (lateral and A/P) demonstrating a prior C4-T1 
posterior instrumentation and C4-C7 ACDF. In (b) the sagittal and axial T2-weighted MRI demon-
strate the panus and region of greatest central stenosis upon the spinal cord (arrow). In (c) the post-
operative X-rays are shown (lateral and A/P) demonstrating the C2 fixation utilized with a transarticular 
screw, on the left (arrow)

a b c

Fig. 13.4 A 73-year-old man who presented with radiculopathy who was referable to a C1/2 
enlarging lesion consistent with a synovial cyst causing severe cord compression. A C1/2 instru-
mented fusion was performed together with decompression of the facet cyst. In (a) the facet cyst is 
shown in the T2-weighted coronal and axial image of the MRI. In (b) intraoperative fluoroscopy is 
used to confirm head position and cervical spine alignment prior to the procedure. Also in (b), intra-
operative photographs are shown of the final construct with minimal disruption to the C2 muscula-
ture. In (c) the final A/P and lateral X-rays are shown of the C1 lateral mass and C2 pedicle screws
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13.5  Conclusions

This chapter focuses on fixation techniques in the atlanto-axial region of the spine, 
which is a complex area that entails unique articular surfaces, ligaments that are 
specific to the region and factor into surgical management, and the vertebral artery 
that courses intimately within this region. The evolution of the common techniques 
was described, and examples were presented showing the variations that can exist in 
practice. Although the development of the more current operative techniques has 
been refined over time and often these more recent techniques are the most fre-
quently used, there are still instances where the complex spinal column anatomy or 
pathology encountered require more antiquated techniques to be utilized for the best 
potential fixation.
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14Occipito-Cervical Fixation Techniques

Yann Philippe Charles

14.1  Indications

Posterior fixation techniques are usually considered in pathologies leading to insta-
bility of the occipito-cervical junction. The main indications can be grouped into 
four categories [1–6].

• Trauma: Occipito-cervical dislocations, fractures of the occipital condyle, 
unstable atlas fractures including the lateral mass, and complex C1-C2 fractures 
might require a posterior occipito-cervical fusion. Temporary fixation may be 
indicated in younger patients and instrumentation is removed after fracture con-
solidation in order to restore the range of motion of the atlanto-axial complex.

• Tumors: Primary tumor resections of the axis may necessitate an occipito- 
cervical reconstruction. Bone metastases of the cranio-cervical junction leading 
to spinal cord compression or osteolysis with subsequent atlanto-axial sublux-
ation may require a posterior stabilization.

• Congenital malformations: Cranio-cervical junction abnormalities may be spe-
cific structural abnormalities or belong to general systemic disorders that affect 
skeletal growth. Structural abnormalities include: os odontoideum, Klippel-Feil 
syndrome, Chiari malformation, basilar invagination, atlas hypoplasia, or con-
genital fusion between atlas and occiput. Systemic disorders that affect skeletal 
development and involve the cranio-cervical junction include: achondroplasia, 
Down syndrome, Morquio syndrome, or osteogenesis imperfecta, which can 
cause atlanto-axial subluxation or dislocation.
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• Inflammatory diseases: Rheumatoid polyarthritis can cause an inflammatory 
pannus, osteolysis of the dens axis, and ligamentous insufficiency, which can 
lead to anterior-posterior or vertical atlanto-axial instability and basilar impres-
sion. A resection of the dens or posterior decompression and occipito-cervical 
fusion might be indicated in these cases.

14.2  Historical Techniques

Historically, in situ bone fusion, wiring techniques, and rod-loop constructs using 
Harthsill rectangles have been described [7]. Removing its posterior rim with a 
Kerrison rongeur enlarged the foramen magnum and a series of holes were drilled 
in the occipital bone on either side of the midline. Wires or cables were passed epi-
durally from the drill holes to the foramen magnum. The ligamentum flavum was 
detached from instrumented vertebrae and wires were passed under the laminae of 
C2, C3, and the posterior arch of C1 on the right and the left side. A contoured rod 
or frame with a sagittal angle of less than 110° was inserted and the wires were 
tightened on the rod. An on lay auto graft was placed over the posterior aspect of the 
decorticated occiput, atlas, and axis. These techniques were safe with little proxim-
ity to vital structures and easy to perform. However, the three-dimensional stabiliza-
tion was poor compared to rigid contemporary techniques using occipital fixation 
plates connected to cervical rod-screw constructs.

14.3  Patient Positioning

The operation is performed with the patient prone in a slight reverse Trendelenburg 
position in order to reduce intraocular pressure [8]. The use of as Jackson spine 
table with a Mayfield clamp is helpful as the patient is positioned on his chest and 
iliac wings, thus avoiding abdominal compression and subsequent venous obstruc-
tion. The radiographic access to the occiput and to the cervical spine is checked at 
this stage, which facilitates 2D or 3D fluoroscopic control during the procedure. If 
intraoperative computed tomography (CT) is used, the gantry is entered from cra-
nial and the patient is placed on a carbon table. Accurate positioning of the head and 
sagittal setting of cervical alignment is achieved using a Mayfield clamp attached to 
the table via an articulated system (Fig. 14.1). A fluoroscopic image is mandatory 
before surgery to verify the occipito-cervical alignment (Fig. 14.2). An adequate 
alignment is crucial in order to provide a horizontal gaze postoperatively. 
Furthermore, the occiput-C2 alignment influences the lordosis of the subaxial spine, 
which plays a role for the functional outcome and the avoidance of postoperative 
dysphagia [9–11]. The McGregor line represents a reproducible radiographic 
marker that is drawn between the hard palate and the caudal aspect of the occiput. 
Its normal slope measures −4° on average and ranges between −20 and 9° [10]. The 
McGregor slope might be used as a simple parameter of skull alignment allowing an 
estimation of horizontal gaze. The posterior occipito-cervical angle (POCA) repre-
sents a second reliable radiographic parameter estimating intraoperative alignment. 
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It is defined as the angle formed by the intersection of a line drawn tangential to the 
flat posterior aspect of the occiput between the foramen magnum and occipital pro-
tuberance and the line determined by the posterior aspect of the third and fourth 
cervical facets. The average POCA is at 109° and the majority of measurements 
range between 101 and 119° [12, 13].

Fig. 14.1 Patient 
positioning and setting of 
sagittal occipito-cervical 
alignment on a Jackson 
table using a Mayfield 
clamp

Fig. 14.2 Lateral 
intraoperative fluoroscopy 
for setting of sagittal 
occipito-cervical alignment 
based on the slope of the 
McGregor line and the 
posterior occipito-cervical 
angle (POCA)
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14.4  Surgical Approach

Extensive shaving of the posterior head and neck is required. The area from the 
cranio-cervical junction to the cervicothoracic junction and the skin over the iliac 
crest are prepared and draped in a sterile fashion. The posterior approach is made 
from the external occipital protuberance to C4-C5 (Fig. 14.3). The caudal extent of 
the incision depends on the distal instrumentation level and the patient’s local anat-
omy. After splitting the subcutis, self-retaining retractors are applied and the nuchal 
ligament is approached at the level of the spinous processes C2 and C3, or further if 
necessary. Subperiosteal dissection is performed using a small Cobb elevator and a 
diathermy knife. Cranially, the nuchal ligament is divided in the midline and the 
occipital bone is easily identified. The part of the occipital squama that lies caudal 
to the external protuberance is exposed and the median part of the trapezius and 
semispinalis capitis muscle insertions is detached in a reversed T-shape fashion. The 
spinous process of C2 and its musculo-ligamentous attachment are usually very 

Fig. 14.3 Posterior view 
of the patient 
demonstrating the prepared 
area for sterile draping 
from the cranio-cervical 
junction to the 
cervicothoracic junction 
and incision line from the 
external occipital 
protuberance to the 
mid-cervical spine
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prominent. Beginning at the second spinous process and proceeding caudally, the 
short rotator and multifidus muscles are dissected from the spinous processes, the 
laminae and the lateral masses. Once the occiput and the posterior aspect of C2 are 
exposed, the posterior tubercle of C1 is easily palpated and the posterior arch of the 
atlas can be dissected while the tip of the electrocautery and the periosteal elevator 
maintain constant bone contact to avoid vertebral artery injury cranially and later-
ally. Care should further be taken not to extend too far laterally at the level of C1 and 
C2 in order to avoid venous plexus bleeding. Hemostasis may be achieved by inser-
tion of hemostatic gauze, gelfoam, and eventually thrombin. Because this segment 
is very unstable, periosteal elevators should be applied with care. Too much pres-
sure exerted on posterior bony elements can cause motion at subluxated levels in 
trauma, tumor, or inflammatory diseases.

14.5  Occipital Fixation

For occipital fixation, the plate is fitted to the occipital bone and screws are inserted 
into a drilled pilot hole. The bone is thickest in the midline and the ideal zone of 
screw placement is up to 2 cm lateral to the external occipital protuberance along 
the superior nuchal line. The drilling depth can be measured preoperatively on CT 
and optimal occipital screw lengths can be predetermined. Occipital screw lengths 
usually range between 8 mm and 12 mm. Bicortical screws may increase the pullout 
strength (Fig. 14.4). Nevertheless, intracranial injuries to venous sinuses have been 
reported. As there is no universal position for safe insertion of occipital screws that 
is applicable to all individuals, preoperative angio-CT studies have been recom-
mended [14, 15]. In biomechanical studies, unicortical screw fixation at the midline 

Fig. 14.4 Postoperative 
sagittal CT showing a 
bicortical occipital screw 
fixation
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ridge approached the pullout strength of bicortical fixation at other sites of the 
occiput [16]. This fixation method can be improved by using screws that have a 
large thread, similar to cancellous bone screws, which enhances the unicortical pur-
chase in occipital bone. A stable plate fixation is usually achieved with 3 or 4 screws 
along the midline and the superior nuchal line (Fig. 14.5).

14.6  Cervical Fixation

Distal cervical fixation is usually achieved at C2, C3, and C4. Lateral mass screws 
are rarely used at C1 as the occipital plate is very close, which makes the rod inser-
tion difficult at its angulated part. At C2, pedicle or isthmus screws can be used 
depending on the local anatomy of the vertebral artery, which should be studied on 
a preoperative CT-angiogram. The ideal screw length can also be premeasured on 
CT in order to avoid any vascular injury (Fig.  14.6). Intraoperative CT or 3D 

Fig. 14.5 Intraoperative 
view of occipital plate 
fixation using 4 screws 
(arrows) along the midline 
and the superior nuchal 
line, C2 isthmus, and C3 
lateral mass screws
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fluoroscopy navigated screw insertion might be an additional tool that increases 
accuracy and safety [17]. The entry point for the drill is opened using an awl in the 
cranial-medial quadrant of the C2 lateral mass. The C2 pedicle can be palpated 
inside the canal, which is helpful when determining the drilling direction, which is 
around 15° toward the midline and 35° cranially. If standard lateral fluoroscopic 
guidance is used, drilling can be monitored in the sagittal plane. Shorter isthmus 
screws appear to be a safe option, which reduced the risk of a vertebral artery injury. 
If the local anatomy allows positioning of long pedicle screws, this trans-isthmic 
fixation offers a higher pullout strength [18]. At subaxial levels, lateral mass screws 
are additionally used at C3 and eventually C4, depending on pathologic findings and 
the stability of the construct. The two most popular techniques for lateral mass 
screws are the Roy-Camille and the Magerl technique, offering similar biomechani-
cal pullout strength [19]. The entry point is at the middle of the lateral mass. The 
drilling direction is straightforward in the sagittal plane and 10° lateral according to 
Roy-Camille, whereas the orientation is 30° cranially and 30° laterally according to 
Magerl.

A clamp construct using a supra-laminar hook at C3 and a sub-laminar hook at C4 
represents a valuable alternative (Fig. 14.7). This technique is less common compared 
to screw fixation techniques. It is safe and easy to perform, and it allows a stable con-
struct that might be superior in the case of osteoporosis or rheumatoid polyarthritis as 
the claw is fixed on dense cortical laminae [20, 21]. The flavum ligament and the 
caudal-lateral portion of the C2 lamina are resected using a Kerrison rongeur, which 
allows sliding a hook under the C3 lamina from cranial, as lateral as possible, at the 
junction with the lateral mass. The hook at C4 is placed under the lamina from caudal, 
which does not require any ligamentous resection. A stable construct is achieved by 
tightening the claw under compression once the rods are in place.

Fig. 14.6 Postoperative 
sagittal CT showing a C2 
isthmus screw with its tip 
posterior to the vertebral 
artery
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The rod is contoured according to the sagittal posterior occipito-cervical angle 
(POCA) around 110° and fixed to the occipital plate and cervical implants 
(Figs. 14.8, 14.9 and 14.10). There are different kinds of occipito-cervical rod-plate 
fixation systems. Some of them offer an integrated smaller plate at the end of the 
rod, which necessitates an occipital fixation lateral to the midline ridge.

Fig. 14.7 Postoperative axial and sagittal CT demonstrating a C3-C4 claw construct which gets 
stable after bilateral compression and fixation on rods

Fig. 14.8 Intraoperative 
view of the occipital plate, 
rod and screw connection 
where the POCA is set by 
previous rod bending at its 
angulated part (arrow)
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Fig. 14.9 Postoperative lateral and anterior-posterior radiographs showing an occipito-cervical 
instrumentation using C2 isthmus and C3 lateral mass screws

Fig. 14.10 Postoperative lateral and anterior-posterior radiographs showing an occipito-cervical 
instrumentation using a C3-C4 claw construct
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14.7  Fusion Techniques

Occipito-cervical fusion is best achieved by cancellous bone from the iliac crest. 
Local bone harvested from spinous processes combined with bone substitutes may 
be used as an alternative, such as allograft in form of cortical/cancellous chips. The 
off-label use of bone morphogenetic protein (BMP) has been described anecdotally 
[22], but this application might not be necessary in general. The occipital bone, the 
posterior arch of C1 and the laminae of instrumented vertebrae C2-C4 are decorti-
cated using a drill or a Kerrison rongeur. This will enhance the fusion potential of 
cancellous bone, which is locally applied to the decorticated area (Fig. 14.11).

Conflict of Interest None.

Fig. 14.11 Intraoperative 
view of posterior bone 
grafting with cortical and 
cancellous bone from the 
iliac crest (arrows)
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15Far Lateral Transcondylar 
Transtubercular Approach

Naveed Kamal, Renuka K. Reddy, Takanori Fukushima, 
and James K. Liu

15.1  Indications

The far lateral transcondylar approach (commonly referred to as the “far lateral 
approach”) provides excellent exposure and a lateral viewing trajectory for access-
ing intradural and extradural lesions located at the craniovertebral junction (consist-
ing of the lower one-third of the clivus, the foramen magnum, and the C1 and C2 
vertebrae), thereby reducing the need for brain retraction [1, 2]. The approach typi-
cally involves a lateral suboccipital craniectomy behind the sigmoid sinus, a C1 
hemilaminectomy, partial resection of the posteromedial one-third of the occipital 
condyle, and partial resection of the jugular tubercle. The degree of bone removal 
varies based on the patient, depending on the location and pathology of the lesion. 
The approach is useful for several tumors, which arise in the craniovertebral 
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junction, including foramen magnum meningiomas, schwannomas, chordomas, 
chondrosarcomas, and neurenteric cysts [3–6]. The far lateral approach can also be 
used to access vascular lesions, such as vertebral artery-posterior inferior cerebellar 
artery (VA-PICA) junction aneurysms, vertebrobasilar junction aneurysms, and 
ventrolaterally located brainstem cavernous malformations. Unlike the anterior 
transoral approaches or endoscopic endonasal approaches, the far lateral approach 
has no risk of contamination with oral flora or nasal cavity, respectively. When com-
pared to a midline posterior approach, the far lateral approach offers better visual-
ization of the vertebral arteries and its branches. Some limitations of the far lateral 
approach are the risk of lower cranial nerve deficits and potential difficulty for dural 
closure.

15.2  Anatomy

15.2.1  Muscle Layers

An understanding of the upper cervical muscles and the suboccipital triangle is 
important in performing the far lateral approach safely. There are three layers of 
muscle identified during the dissection. The most superficial layer includes the ster-
nocleidomastoid muscle and the trapezius. The middle layer consists of four mus-
cles: the splenius capitis, splenius cervicis, longissimus capitis, and semispinalis 
capitis. The deepest layer consists of the muscles comprise the suboccipital triangle, 
which is bound medially by the rectus capitis posterior major, inferiorly by the infe-
rior oblique, and superolaterally by the superior oblique muscle. The rectus capitis 
major muscle inserts into the inferior nuchal line superiorly and to the spinous pro-
cess of C2 inferiorly. The inferior oblique inserts to the transverse process of C1 
superiorly and to the spinous process of C2 inferiorly. The superior oblique inserts 
at the temporo-occipital suture superiorly and on the transverse process of C1 infe-
riorly. The suboccipital triangle harbors the vertebral artery (V3 segment), situated 
in the vertebral sulcus on the arch of C1. The artery is typically covered by a dense 
venous plexus.

15.2.2  Bony Anatomy

The key bony structures involved in the far lateral approach include the occipital 
condyle, the hypoglossal canal, and the jugular tubercle. The occipital condyles are 
found in the anterolateral border of the foramen and extend inferiorly. It is an oval 
shaped structure, which articulates with the superior facet of C1. The hypoglossal 
canal is found directly superior to the middle of the occipital condyle. It faces 
anterolaterally at a 45-degree angle from the sagittal plane and its intracranial open-
ing is approximately 5 mm above the posterior and middle third of the occipital 
condyle. Superior to the hypoglossal canal is the jugular tubercle, which is the sec-
ond protuberance of the occipital bone. The jugular tubercle projects medially from 
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the occipital bone and is found rostral and anterior to the occipital condyle. Cranial 
nerves IX, X, and XI wrap around the posterior aspect of the jugular tubercle along 
their course into the jugular foramen. Knowledge of the anatomic relationships 
between cranial nerves and bony protuberances is crucial to safe and effective drill-
ing of the occipital condyle and jugular foramen during the far lateral approach. The 
hypoglossal canal separates the jugular tubercle from the occipital condyle and 
serves as a useful landmark in guiding the drilling of the occipital condyle and jugu-
lar tubercle.

15.2.3  Vertebral Artery

One of the keys of the extradural stage of the far lateral approach is determining the 
location and course of the vertebral artery. Anatomic variants of the vertebral artery 
can lead to vascular complications such as arterial injury if they are not recognized. 
As the vertebral artery ascends from the foramen transversarium of C2 and C1, it is 
ventral to the ventral ramus of the C2 nerve root, which is found between the lami-
nae of C1 and C2, and can be traced laterally until it crosses the vertical segment of 
the vertebral artery [7, 8]. As the vertebral artery exits the foramen transversarium 
of C1, it is encased in a venous plexus, sometimes referred to as the suboccipital 
cavernous sinus, and courses posteriorly behind the lateral mass of C1  in the 
J-shaped vertebral groove (“J-groove”), or vertebral sulcus. It then turns medially as 
it pierces the atlanto-occipital membrane and the dura mater [9]. The posterior men-
ingeal artery and several small branches arise from the horizontal segment of the 
extradural vertebral artery; these branches can be safely coagulated. In rare cases, 
the posterior inferior cerebellar artery may arise from the extradural segment of the 
vertebral artery [10, 11]. Inadvertent injury to this vascular variant can potentially 
result in a postoperative brainstem stroke.

15.3  Surgical Technique

15.3.1  Preoperative Considerations

The far lateral approach is performed on the side of the lateral extension of the 
lesion. If the lesion is midline, the anatomy of the vertebral artery, the sigmoid 
sinus, and the jugular bulbs is considered to decide the side of the approach. In these 
cases, the side of the nondominant vertebral artery or nondominant jugular bulb is 
preferred [7]. Preoperative imaging, including MRI, CT angiography, magnetic 
resonance angiography, magnetic resonance venography, or conventional angiogra-
phy should be studied carefully to evaluate the features of the lesion, its neighboring 
vasculature, and the bony anatomy of the foramen magnum, occipital condyles, 
jugular tubercles, and the atlantoaxial complex. If the tumor encases the vertebral 
artery, a balloon test occlusion should be performed to determine if the artery can be 
safely sacrificed during surgery, if needed. This information can determine whether 
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revascularization with a bypass may be needed if vessel occlusion is not tolerated. 
Otherwise, the vertebral artery must be preserved with residual adherent tumor. 
Intraoperative monitoring includes somatosensory evoked potentials, motor evoked 
potentials, brainstem auditory evoked responses, and monitoring of cranial nerves 
VII, X, XI, and XII. An electromyographic endotracheal tube may be used to moni-
tor cranial nerve X. Meanwhile, electrodes placed directly into the sternocleidomas-
toid muscle and the tongue may be used to monitor cranial nerves XI and XII, 
respectively.

15.3.2  Positioning and Skin Incision

The patient is placed in a modified lateral park bench position (Fig. 15.1). The body 
is initially positioned laterally with the head secured in three-point pin fixation. The 
neck is slightly flexed, the vertex is angled slightly downward, and the face is rotated 
slightly ventrally, so that the mastoid body is at the highest point. This positioning 
allows for improved exposure and inferior-to-superior viewing angle to the ventral 
craniovertebral junction. An axillary roll is placed on the dependent side with care 
not to compress the axilla, and the contralateral arm rests on a Krauss armrest. The 

Fig. 15.1 Modified lateral 
park bench positioning. The 
top shoulder is rotated 
slightly anteriorly and the 
top arm rests on an arm rest 
at 45°. An axillary roll is 
placed beneath the 
dependent arm. All pressure 
points are adequately 
padded. The head is fixed in 
Mayfield head holder, and 
rotated so that the nose is 
pointing toward the floor 
(vertex down), slight flexion 
of the neck, and bending of 
the of the head away from 
the top shoulder to open up 
the space between the 
mastoid and the shoulder. 
This positioning allows for 
improved exposure and 
inferior-to-superior viewing 
angle to the ventral 
craniovertebral junction. 
(Reproduced with 
permission from Fukushima 
T. Manual of skull base 
dissection. AF NeuroVideo, 
Inc.; 1996)
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elevated shoulder is rotated anteriorly and the arm is placed inferiorly toward the 
foot approximately at 45-degrees of the table in order to provide more room for the 
surgeon working above the shoulder. All pressure points are carefully padded with 
foam or gel pads, and the patient is secured to the operating table with adhesive tape 
to allow safe rotation of the table during the operation to improve the surgeon’s line 
of sight. At the time of skin incision, intravenous glucocorticoids and antibiotics are 
administered.

Although a variety of skin incisions can be used for the far lateral approach, we 
typically use a retroauricular C-shaped incision that is roughly three finger breadths 
behind the pinna of the ear and continues inferiorly in a curvilinear fashion into the 
neck over the posterior border of the sternocleidomastoid muscle to the level of C3 
or C4 (Fig. 15.2). The skin is incised with a no. 10 blade. The upper part of the 
C-shaped incision is raised as a myocutaneous flap (includes the posterior aspect of 
the temporalis muscle and the occipital belly of the occipitofrontalis muscle) to 
expose the mastoid body and the upper suboccipital region. The attachment of the 
sternocleidomastoid muscle and splenius capitis muscle at the superior nuchal line 
are preserved. The inferior limb of the skin incision is raised as a galeocutaneous 
flap, leaving the sternocleidomastoid muscle intact. The scalp is held with fish 
hooks and rubber bands and reflected anteriorly.

15.3.3  Muscle Dissection and Suboccipital Triangle

For the muscle dissection, we prefer to incise the muscles as a single layer rather 
than dissecting each individual layer of muscles, which can create more dead space 
and pathways for pseudomeningocele formation (Fig.  15.3). The superficial and 
middle muscle layers are carefully incised and reflected with sutures or a self- 
retaining retractor. The arch of C1 is frequently palpated and then exposed at the 
medial extent near the midline. This is done with a monopolar cautery to expose the 
most medial aspect of the C1 arch. Dissection is then carried from a medial to lateral 

IncisionFig. 15.2 Right 
retroauricular c-shaped 
incision. (Reproduced with 
permission from 
Fukushima T. Manual of 
skull base dissection, AF 
NeuroVideo, Inc.; 1996)
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direction using subperiosteal dissection with a key periosteal elevator. Care is taken 
to identify the J-groove to identify the V3 segment of the vertebral artery (Fig. 15.4). 
Once C1 is confirmed, further exposure of the laminae of C2 and C3 can be per-
formed if more inferior exposure is needed. The foramen magnum is also carefully 
exposed subperiosteally from the midline keel medially, to the occipital condyle 
laterally.

15.3.4  Exposure of the Extradural Vertebral Artery

The extradural vertebral artery is identified at the J-groove of the C1 arch. In order 
to reduce bleeding from the venous plexus surrounding the vertebral artery, subperi-
osteal dissection from the vertebral sulcus can be performed to maintain integrity of 
the venous plexus around the artery to minimize venous bleeding [12]. Any venous 
bleeding from the suboccipital and vertebral venous plexus can be controlled with 
gelfoam and pressure with a cottonoid pattie or alternatively, with injection of flow-
able gelatin and thrombin (Surgiflo, Ethicon, Somerville, New Jersey) followed by 
pressure with a cottonoid pattie.

15.3.5  Suboccipital Craniectomy and C1 Laminectomy

The lateral suboccipital craniectomy is initially performed with a high-speed drill 
and rongeurs similar to a retrosigmoid fashion (Fig. 15.5). We prefer to perform a 
craniectomy instead of a craniotomy to avoid the risk of dural tear or sigmoid sinus 
injury. The extent of the craniectomy usually extends toward the midline keel medi-
ally, to the inferior nuchal line superiorly, to the rim of the foramen magnum inferi-
orly, and up to the occipital condyle laterally. If further superior access is needed to 
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Fig. 15.3 Muscular layers of the lateral neck dissection. (Reproduced with permission from 
Fukushima T. Manual of Skull Base dissection, 3rd ed. AF NeuroVideo, Inc.; 2014)
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Fig. 15.4 Exposure of the foramen magnum and extradural vertebral artery. The V3 segment of 
the vertebral artery can be identified on the C1 arch at the vertebral sulcus (“J-groove”). The C2 
nerve root crosses over the vertebral artery between C1 and C2. (Reproduced with permission from 
Fukushima T. Manual of skull base dissection. AF NeuroVideo, Inc.; 1996)
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Fig. 15.5 Lateral suboccipital craniectomy and C1-hemilaminectomy. The foramen magnum is 
unroofed and the posterior aspect of the sigmoid sinus is exposed. Dural incision (dotted line) is 
made behind the sigmoid sinus and behind the entrance of the vertebral artery. (Reproduced with 
permission from Fukushima T. Manual of skull base dissection. AF NeuroVideo, Inc.; 1996)
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access the cerebellopontine angle, the craniectomy can be extended up to the 
transverse- sigmoid junction (combined retrosigmoid-far lateral approach). The pos-
terior margin of the sigmoid sinus and jugular bulb are skeletonized with a high- 
speed drill and Kerrison rongeurs. The posterior condylar emissary vein, which 
travels from the jugular bulb and exits the condylar fossa via the condylar canal to 
join the extradural venous plexus, is encountered during the exposure. Hemostasis 
can be achieved by using bone wax and Surgicel (Johnson & Johnson). The dural 
exposure is improved inferiorly when a C1 hemilaminectomy is performed with 
rongeurs and a high-speed drill. During the resection of the C1 hemilamina, the 
vertebral artery is protected by placing a dissector between the V3 segment of the 
artery and the J-groove. We recommend removing the lamina of C1 as lateral as 
possible to where it meets the lateral mass. If further inferior exposure is required, 
C2 and C3 hemilaminectomies can be performed.

In select cases, transposition of the vertebral artery can be performed by opening 
the foramen transversarium at C1 with a high-speed diamond drill and Kerrison 
rongeurs, and mobilizing the artery inferomedially from the atlanto-occipital joint. 
However, this is rarely needed in the vast majority of cases in our experience. The 
indication for this is if one needs to resect the lateral mass of C1, the lateral aspect 
of the occipital condyle, the odontoid process, and the inferior clivus (extreme lat-
eral approach), such as in cases of extradural chordomas or chondrosarcomas 
involving the atlanto-occipital joint and odontoid process. Subsequent occipitocer-
vical stabilization is necessary in these cases where the atlanto-occipital joint is 
destabilized by the tumor invasion preoperatively, or by surgical resection of the 
mass. We generally prefer to perform the occipitocervical stabilization at a second 
stage through a traditional midline posterior cervical incision in the prone position 
at about 24–48 h later. This allows better bilateral fixation in the anatomical posi-
tion, whereas stabilization performed during the far lateral approach only allows for 
unilateral stabilization, which can risk fixation of the head in an awkward and sub-
optimal position. The patient is kept intubated and in a cervical collar prior to defini-
tive occipitocervical stabilization and fusion.

15.3.6  Joint-Sparing Transcondylar Resection

Ventral foramen magnum exposure can be further extended by removing the poste-
rior aspect of the occipital condyle. This allows for improved visualization of the 
ventral craniovertebral junction without cerebellar or brainstem retraction 
(Fig.  15.3). Anatomical morphometric studies have shown that partial condylar 
resection sequentially increases the angle of exposure as more of the condyle is 
resected [13–16]. Recommendations for the degree of occipital condyle removal 
vary widely, ranging from no resection to complete resection [8, 15, 17]. This vari-
ability is largely due to individual anatomical differences between patients and their 
preexisting pathology. Prior to resection, the preoperative CT images of the skull 
base must be evaluated because not all patients will require a condylar resection to 
increase the surgical corridor. In addition, condylar resection may not be necessary 
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if the patient has small occipital condyles, a large foramen magnum, or if the tumor 
has eroded the condyle and displaced the brainstem medially. If greater than 50% of 
the condyle has been eroded by tumor or resected by the surgeon, occipitocervical 
stabilization should be strongly considered [18]. In our experience, removal of the 
posterior and medial one-third of the condyle is adequate for visualization of the 
ventral foramen magnum region. We generally use the proximal extradural hypo-
glossal canal as a surgical landmark to mark the extent of the condyle removal. The 
hypoglossal canal is also useful in that it separates the jugular tubercle superiorly 
from the occipital condyle inferiorly (Fig. 15.6). Once the hypoglossal canal is iden-
tified, further bony resection anteriorly beyond the plane of the hypoglossal canal is 
not necessary when addressing intradural lesions, such as foramen magnum menin-
giomas, brainstem cavernous malformations, and vertebrobasilar junction aneu-
rysms. In addition, further resection inferiorly toward the atlanto-occipital joint 
space is also unnecessary. It is critical to preserve the “ball-socket” joint space of 
O-C1 to avoid the risk of occipitocervical instability (joint-sparing condylar 
resection).

The posteromedial aspect of the occipital condyle is removed with a high-speed 
diamond drill while protecting the vertebral artery. Once the cortical layer of bone 
is removed, the soft cancellous bone is encountered. Venous bleeding from the con-
dylar emissary vein within the condylar canal is controlled with bone wax and 

Occipital condyleJugular bulb

Sigmoid sinus

Tubercular triangle

Condylar triangle

C1 condyle

C1 Horizontal Segment of 
Vertebral artery

Extradural 
Hypoglossal n.
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Fig. 15.6 The occipital condyle is drilled while sparing the condyle-C1 lateral mass joint. Once 
the extradural hypoglossal canal is exposed, the medial aspect of the jugular tubercle (situated 
between the jugular bulb and hypoglossal canal) can be removed to increase lateral trajectory to the 
craniovertebral junction. (Reproduced with permission from Fukushima T. Manual of skull base 
dissection. AF NeuroVideo, Inc.; 1996)
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Surgicel. Further drilling exposes another cortical layer which covers the hypoglos-
sal canal. The hypoglossal canal is situated between the occipital condyle and jugu-
lar tubercle. Within the canal, the hypoglossal nerve, a meningeal branch of the 
ascending pharyngeal artery, and the venous plexus of the hypoglossal canal (which 
allows the basilar venous plexus to communicate with the plexus surrounding the 
foramen magnum) are found. Identification of the medial one-third of the hypoglos-
sal canal indicates that approximately one-third of the posterior condyle has been 
resected. If the lesion does not involve the hypoglossal canal, the hypoglossal canal 
can be left intact as the condylectomy proceeds. Because the hypoglossal canal is 
oriented anterolaterally at a 45° angle from the midline in the axial plane, further 
skeletonization of the canal to its lateral extent results in removal of the lateral 
aspect of approximately two-thirds of the posterior condyle. This is generally not 
necessary to perform when accessing intradural foramen magnum lesions. Bone 
removal is then directed superiorly toward the inferior margin of the jugular bulb by 
removing the jugular tubercle.

15.3.7  Transtubercular Resection

Located at the junction of the basilar and condylar sections of the occipital bone, the 
rounded prominence of the jugular tubercle obstructs the view of the basal cisterns 
and clivus anterior to the lower cranial nerves. Resection of this tubercle helps to 
maximize visualization of the intradural space around the anterior surface of the 
brainstem and mid-clivus. This exposure is also important when operating on verte-
brobasilar junction aneurysms and posterior inferior cerebellar artery aneurysms. In 
performing the resection of the jugular tubercle, special attention should be paid to 
the superomedial portion as this is the key area of obstruction. Additionally, cranial 
nerves IX, X, and XI closely traverse the posterior region of the jugular tubercle 
prior to entering the jugular foramen. The nerves at this site are particularly sensi-
tive to surgical manipulation, such as direct trauma, stretching of the dura mater, 
and heat released from the surgical drill. Damage to the nerves can be avoided by 
using a high-speed diamond drill to core the center of the tubercle, leaving an egg-
shell-thin layer that can be delicately manipulated with a microdissector. Copious 
irrigation is used during drilling to avoid thermal injury to the lower cranial nerves. 
The bottom of the inferior point of the jugular bulb should be free of any bone prior 
to opening the dura.

15.3.8  Intradural Exposure

For intradural lesions, such as meningiomas, schwannomas, vascular malforma-
tions, and aneurysms, a curvilinear incision is made several millimeters posterior to 
the sigmoid sinus, extending inferiorly toward the top of the C2 lamina (or further 
inferiorly if exposure was extended) and staying posteriorly to the vertebral artery 
where it pierces the dura mater (Figs. 15.7, 15.8, 15.9, 15.10, and 15.11). Increased 
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exposure anteriorly can be achieved by incising the dura laterally above the entrance 
to the vertebral artery, leaving a dural cuff around the artery. Further exposure of the 
tentorium and upper cerebellopontine angle can be obtained by extending the inci-
sion superiorly up to the junction of the transverse-sigmoid sinus. The anterior leaf-
let of the dura mater is reflected laterally and retracted with tacking sutures. 
Adequate resection of the occipital condyle and jugular tubercle generally provides 
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Fig. 15.7 Intradural exposure of the lower cerebellopontine angle and craniovertebral junction. 
(Reproduced with permission from Fukushima T. Manual of skull base dissection. AF NeuroVideo, 
Inc.; 1996)

a b

Fig. 15.8 (a) MR angiogram showing a left posterior inferior cerebellar artery aneurysm micro-
surgically clipped via a left far lateral approach. (b) Postoperative CT scan showing clip 
placement
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a b

Fig. 15.9 T2-weighted MRI ((a): sagittal view; (b): axial view) demonstrating a brainstem cav-
ernous malformation presenting to the ventrolateral medulla that was resected via a left far lateral 
approach

a b c

d e f

Fig. 15.10 (a–c) Preoperative MRI of a foramen magnum meningioma compressing the brain-
stem. Tumor was completely removed via a right far lateral approach. Patient was neurologically 
intact postoperatively. (d–f) Postoperative MRI showing complete removal and brainstem 
decompression
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a straight surgical trajectory to the craniovertebral junction parallel to the intracra-
nial course of the vertebral artery. Sharp arachnoid dissection is performed to expose 
deeper structures, including cranial nerves V through XII, the basilar artery, the 
vertebral artery, the vertebrobasilar junction, the posterior inferior cerebellar artery, 
and the anteroinferior cerebellar artery. Division of the dentate ligament and the C1 
and C2 nerve roots can provide more ventral access to the upper cervical spinal 
cord, if needed. Definitive treatment of the underlying pathology is performed with 
standard microsurgical techniques depending on the lesion.

For posterior inferior cerebellar artery (PICA) aneurysms (Fig. 15.8), it is impor-
tant to obtain proximal control at the ipsilateral vertebral artery as it enters the dura. 
Alternatively, proximal control can be established at the V3 extradural segment as 
well. Clip reconstruction should be performed in such a way that avoids injury to the 
lower cranial nerves. Generally, the clip configuration is below the level of cranial 
nerves 9–11.

a

b

c

Fig. 15.11 (a) 
Intraoperative view of right 
far lateral approach for 
resection of foramen 
magnum meningioma 
shown in Fig. 15.9. The 
tumor was compressing the 
brainstem and spinal cord 
(Sp. Cord) and partially 
encasing the vertebral 
artery (VA). Cranial nerve 
XI is visualized. (b and c) 
Intraoperative view of the 
resection cavity after tumor 
was completely removed. 
The vertebral arteries and 
cranial nerves are 
visualized. The dural 
attachment at the clivus 
was cauterized (Simpson 
Grade II resection)
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For cavernous malformations (Fig. 15.9) that present themselves to the ventrolat-
eral cervicomedullary junction, the far lateral exposure allows direct access to the 
point of entry to the malformation. In some instances, the cavernous malformation 
may have an exophytic component that has a typical mulberry appearance, or there 
may be only a hint of hemosiderin stained tissue on the surface of the pia. Removal 
should be performed with minimal manipulation of the neural tissue.

For foramen magnum meningiomas (Figs. 15.10 and 15.11), the dentate liga-
ments should be sharply divided and the vertebral artery should be dissected from 
the proximal fibrous ring toward the vertebrobasilar junction. This is particularly 
important in tumors that may have partial or complete encasement of the artery. 
Internal tumor debulking is performed with an ultrasonic aspirator. Extracapsular 
dissection can then be performed to dissect the tumor away from critical neurovas-
cular structures. In general, these tumors will elevate the lower cranial nerves 
(9–11 complex) and dissection is carried out in an inferior-to-superior working 
corridor. The tumor attachment is then carefully devascularized with bipolar cau-
tery and detached from the ventral clivus attachment. Care must be taken to iden-
tify the hypoglossal nerve complex, which can be ventral or inferior to the tumor. 
If there is any tumor that is strictly adherent to nerves or important vasculature, a 
small remnant is left on the critical structures to avoid neurovascular 
complications.

15.3.9  Wound Closure

Proper wound closure entails primary watertight closure of the dura in order to 
prevent leakage of cerebrospinal fluid. We generally use an acellular dermal 
allograft (AlloDerm, LifeCell) sutured into the dural defect as a patch graft 
(Fig. 15.12). Any small areas of CSF leakage are reinforced with primary sutures 
or with a small muscle or fat graft anchored to the defect with a figure of 8 suture. 
A Valsalva maneuver can be used to confirm watertight closure of the dura. The 
exposed mastoid air cells are sealed with bone wax. We then place an autologous 
fat graft in the craniectomy dead space and the dead space over the spinal cord 
dura. The fat graft is placed over the suture line. Care is taken not to overpack the 
dead space so as to avoid compression of the cervicomedullary junction. A cranio-
plasty is performed with a titanium mesh plate embedded within two sheets of 
porous polyethylene (Medpor Titan, Stryker, Kalamazoo, Michigan). The Medpor 
Titan is cut to the appropriate size with heavy scissors and plated to the skull to 
bolster the fat graft. This applies pressure on the fat graft to the suture line to pre-
vent any postoperative CSF fistulas and pseudomeningoceles. Postoperative lum-
bar drainage is generally not necessary unless there is concern for suboptimal 
watertight dural closure. Meticulous multi-layered closure of the neck muscles, 
fascia, galea, and skin are performed. A headwrap or mastoid dressing is placed for 
three days to prevent pseudomeningocele formation.
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15.3.10  Occipitocervical Stabilization

There is a risk of destabilization of the craniovertebral junction when performing a far 
lateral exposure. The craniovertebral junction is stabilized by the occipital condyle, 
the C1 lateral mass, and the ligamentous attachments at the craniovertebral junction. 
If these structures are damaged, either by resection or by the tumor itself, an occipito-
cervical fusion becomes necessary. A biomechanical study conducted by Vishteh 
et al. demonstrated significant hypermobility at the atlanto-occipital joint when greater 
than 50% of the occipital condyle was resected [18]. Further resection of the condyle 
produced increased hypermobility at C1-C2, especially after 75% resection. However, 
an anatomical study by Kshettry et al. demonstrated that 50% condylar resection did 
not lead to significantly increased motion in the cardinal directions [19]. They did find 
that 75% and 100% resection led to significantly increase the range of motion in the 
cardinal directions, which indicates that larger resections may necessitate fusion. 
Another cadaveric study by Mazur et al. showed that changes in the biomechanics of 
the atlanto-occipital joint may be observed when as little as one-third of the occipital 
condyle is resected [20]. We generally monitor the patients with interval postoperative 
CT scans and flexion and extension cervical spine radiographs to detect for any early 
or delayed occipitocervical instability. We have not experienced any instability when 
resection of the occipital condyle and jugular tubercle was limited to the posterior 

a b

c d

Fig. 15.12 Closure technique for far lateral approach to prevent CSF leakage. (a) Dural opening 
of right far lateral approach. (b) An Alloderm dural patch graft is sewn into the defect. (c) 
Autologous fat graft is placed over dural closure in the craniectomy defect. (d) A Medpor Titan 
implant is secured to the skull to buttress the fat graft against the suture line

15 Far Lateral Transcondylar Transtubercular Approach



234

one-third, or limited to the proximal hypoglossal canal. However, occipitocervical 
fusion should be considered when 50% or more of the occipital condyle is resected.

15.4  Conclusion

The far lateral transcondylar transtubercular approach provides excellent exposure 
with minimal brainstem retraction for the treatment of intradural and extradural 
lesions found in the craniovertebral junction, inferior clivus, ventral foramen mag-
num, and the ventral and ventrolateral brainstem. Reduction of the occipital condyle 
and jugular tubercle is the key maneuver in increasing the lateral viewing angle past 
the mid-clivus. It is important to keep in mind that the removal of these structures 
should be tailored to the individual patient and the pathology so that bone is not 
removed in excess. Removal of more than 50% of the occipital condyle can result in 
occipitocervical instability, requiring occipitocervical fusion.
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16Anterolateral and Extreme Lateral 
Approaches

Kentaro Watanabe, Moujahed Labidi, Shunya Hanakita, 
Bernard George, and Sébastien Froelich

16.1  Introduction

Lesions of the cranio-vertebral junction (CVJ) are complex lesions to treat because 
of their deep location and complex surrounding anatomy composed of muscles, 
ligaments, joints, bony structures, cranial nerves, and critical vessels. They also 
frequently have an intricate morphology, involve the para-pharyngeal space, extend 
rostrocaudally, and from one side to the other. CVJ tumors can also extend both in 
the intradural and extradural compartments, often making closure and reconstruc-
tion challenging.

To help choose the optimal surgical route, many anatomically based classifica-
tion schemes have been proposed for CVJ lesions. One such classification system is 
based on the location of the lesion in relation to the dura mater and divides CVJ 
lesions in three categories:

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18700-2_16&domain=pdf
mailto:Sebastien.froelich@aphp.fr
mailto:sebastien.froelich@lrb.aphp.fr


238

• Intradural lesions, such as lower clivus, foramen magnum, and C1-C2 menin-
giomas and schwannomas. Posterior circulation aneurysms can also be included 
in this category.

• Extradural lesions, which most often are tumors of bony origin from C1-C2, the 
occipital condyle, and lower clivus. Prototypical lesions are chordomas and 
chondrosarcomas, but also include plasmocytoma, lymphoma, secondary tumors, 
etc.

• Mixed extra- and intradural lesions of the CVJ, which are also most frequently 
chordomas and chondrosarcomas but also include glomus tumors and dumbbell 
tumors of the jugular and hypoglossal foramina.

The precise location of the tumor in the antero-posterior and lateral axes must 
also be taken into account in the surgical strategy: (1) anterior arch/clivus, (2) 
lateral mass of C1-C2/occipital condyle, and (3) posterior arch and occipital bone. 
In fact, many surgical approaches have been developed to reach these different 
anatomical regions and the surgeon must carefully select which is the most suit-
able route to be able to reach all tumor extensions. Among these surgical 
approaches, the retrocondylar and transcondylar posterolateral “far lateral,” the 
extreme lateral transcondylar and the extreme lateral infrajugular transcondylar 
exposure (ELITE), with its anterolateral ELITE, and dorsolateral ELITE varia-
tions [1–15]. Each of these surgical approaches has specific indications, operative 
nuances, and limitations. In and around the foramen magnum, the surgeon must 
also be able to gain exposure and control of the jugular foramen, the vertebral 
artery, the occipital condyle, the dens, and the lower cranial nerves in the neck 
(Fig. 16.1).

In 1995, Bernard George et al. described the anterolateral approach (ALA) to 
access extradural and mixed intra- and extradural lesions of the anterior aspect of 

Fig. 16.1 Surgical 
corridors to the 
craniovertebral junction
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the lower clivus and C1-C2 [3]. He also championed the general principles of ver-
tebral artery management. In comparison to other lateral approaches to the CVJ, the 
ALA provides a very unique trajectory that is more “down-up” and from the high 
cervical to intracranial compartment. Conversely, the ELITE approaches have a tra-
jectory that traverses the intracranial compartment first, before reaching the high 
cervical region [13, 16].

In this chapter, we summarize these different “lateral approaches” and focus par-
ticularly on the anterolateral approach. In addition, we describe extensions of the 
ALA, including classic skull base techniques such as vertebral artery transposition, 
but also endoscopic assistance. In fact, endoscopic visualization through transcervi-
cal exposures provides a wide range of possibilities in the CVJ, which we will dis-
cuss in detail in this chapter.

Through cadaveric dissections, we will first review the surgical anatomy relevant 
to the ALA and describe, step-by-step, the surgical technique to expose the CVJ 
through an ALA. Finally, clinical cases are presented in order to illustrate potential 
indications for the ALA and its different variations.

16.2  Anterolateral Approach

The anterolateral approach (ALA) was developed by Bernard George et al. as a 
novel surgical route for the anterior and lateral aspects of the CVJ. In fact, this 
region is difficult to reach though a posterior route without manipulation of 
neurological structures. Although it can be adequate in some cases, an anterior 
route to the lower CVJ, such as the submandibular approach, is usually limited 
by the mandibular bone and the salivary glands. The surgical trajectory of the 
ALA to the cranio- vertebral junction is from inferior to superior and from pos-
terior to anterior. In addition to the cervical vertebrae, that are seen from a lat-
eral perspective, the ALA allows exposure of the lower clivus and jugular 
foramen from below.

However, the first, second, and third segments of the vertebral artery (VA), 
located in the foramen transversarium of C1 to C6 vertebrae, is located in the center 
of the surgical field in an ALA. Therefore, careful management of the VA is an 
important issue in this area and has preoperative, operative, and postoperative 
consequences.

16.3  Differential Diagnosis of CVJ Lesions and Indications 
for ALA (cf. Table 16.1)

ALA is mainly indicated for lesions involving the occipital condyle, C0-C1 
joint, lateral mass, and anterior arch of C1, odontoid process, lateral mass, and 
body of C2.

Table 16.2 summarizes the key characteristics of the different surgical approaches 
that can be discussed along with the ALA to treat lesions at the CVJ.

16 Anterolateral and Extreme Lateral Approaches
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16.4  Preoperative Considerations

A detailed study of the preoperative images should be done by an experienced mul-
tidisciplinary skull base team. An angio-CT of the vessels of the neck with bony 
reconstructions is mandatory. The head and cervical spine CT scan should be exam-
ined in detail to identify all areas of bony destruction of infiltration that need to be 
resected and/or reconstructed. All cases should also have an MRI of the head and 
cervical spine preoperatively, including contrast-enhanced sequences. In tumor 
cases, all extensions of the lesion to be resected should be delineated and recorded. 
Careful attention should also be given to extensions causing neurological compres-
sion, those that will not be accessible to adjuvant radiation therapy (i.e., close to the 
brainstem, bone infiltration, or near metallic implants, etc.).

The relationship of the lesion with the lower cranial nerves, namely the 9th, 10th, 
and 11th at the level of the jugular foramen and the 12th cranial nerve in its hypo-
glossal canal is another critical element to establish preoperatively. Their function 
should be assessed and documented, and in cases of severe preoperative dysfunc-
tion, a precautionary tracheostomy should be discussed in order to protect the air-
ways during the postoperative period. When the lower cranial nerves function is 
impaired on one side and the contralateral nerves are involved or at risk during 
surgery, care should be taken to avoid catastrophic bilateral deficits and such a risk 
should be discussed frankly and in details with the patient and his/her family.

Preoperative assessment of CVJ instability with dynamic studies may be required 
in some tumor cases. Extent of condylar osteolysis, the presence of “dynamic” 

Table 16.2 Surgical indications of the ALA, PLA 

Indications Pathology
Anterolateral 
approach (ALA)

Extradural 
lesions
Bone lesion 
C1-C2
Midline/lateral

–  Chordomas
–  Myeloma
–  Metastasis
–  Tuberculosis
–  Primary bone tumors (chondroid tumor, 

sarcoma, fibrous dysplasia, osteoid osteoma)
Posterolateral 
approach

Intradural 
lesions
Lower clivus/C2

–  Meningiomas (foramen magnum, lower clivus)
–  Hemangioblastomas
–  Schwannomas (vestibular schwannoma, jugular 

foramen schwannoma, hypoglossal 
schwannoma)

–  Neurofibromas
–  Glomus tumors
–  Vascular pathology (VA, PICA, BA)

Extended endoscopic 
endonasal approach

Extra- and 
intradural 
lesions
Midline
Above C2
Soft tumors

–  Chordomas
–  Primary bone tumors (chondroid tumor, 

sarcoma, myeloma)
–  Rheumatoid arthritis
–  Congenital bony abnormalities

ALA Anterolateral Approach, BA basilar artery, PICA posterior inferior cerebellar artery, PLA 
Posterior lateral approach, VA vertebral artery

16 Anterolateral and Extreme Lateral Approaches
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cervical pain and/or a hypoglossal palsy may be useful as clinical and radiological 
indicators of potential CVJ instability.

16.4.1  Vertebral Artery

Envisioning the precise localization of the VA is imperative at all times during an 
ALA.  The VA is divided into four segments: (1) V1, or the “ostial” segment, is 
located between the subclavian artery and the foramen transversarium of C6, (2) 
V2, the “transversary segment” runs from C6 to C2 in the foramen transversarium, 
(3) V3 or the “suboccipital” segment extends from the foramen transversarium of 
C2 to the point of entry of the VA in the intradural compartment, and (4) V4 is the 
“intradural” segment [14]. The V3 segment can be further divided into a vertical 
segment between the transverse foramen of C2 and the transverse foramen of C1 
and a horizontal segment along the posterior arch of C1.

The VA is surrounded by a dense venous plexus, which should be kept intact and not 
be disrupted when manipulating the VA, in order to avoid profuse venous bleeding.

Moreover, anatomic variations of the VA are frequent, including loops and 
anomalous locations. Elderly patients are particularly prone to vascular ectopia, 
atherosclerosis, and calcifications. Bone anatomical variations such as arcuate fora-
men, occipitalization of the atlas, and defect of the posterior arch of C1, defect of 
the transverse foramen of C1 can also occur leading to surgeon disorientation and 
VA injury [24–26].

One should also be aware that with the head rotation that is needed for ALA, the 
vertical segment of the V3 becomes horizontal and can be identified immediately 
below the posterior arch of C1 (Fig. 16.2).

In other cases, there can be an extradural origin of the posterior inferior cerebel-
lar artery (PICA) [24, 27]. It is thus critical that anatomical variations be recognized 
preoperatively on a CTA.

When the tumor involves the vertebral artery, it is important to clarify if and how 
the VA can be sacrificed. In some pathology, resection of an invaded VA may be 
required for oncological control of the tumor while in other tumors, adjuvant ther-
apy is sufficient to ensure long-term control of residual tumor. Ideally, this should 
be discussed in multidisciplinary tumor boards. In cases where VA ligature/resec-
tion is considered, a balloon test occlusion (BTO) should be performed preopera-
tively. If the patient fails the BTO, a revascularization procedure may be required 
before the actual resection can take place safely.

16.5  Surgical Anatomy and Technique

16.5.1  Positioning

The patient is placed supine and the head rotated laterally, approximately 30–45° to 
the contralateral side (Fig.  16.2a–d). Placing the head in slight extension is 

K. Watanabe et al.
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important to disengage the angle of the mandible. A horseshoe headrest is preferred 
since it allows modification of the position of the head if necessary. More impor-
tantly, if the need for osteosynthesis or vertebral reconstruction arises during the 
case, the head can then be placed in a neutral position to do so.

The shoulders should be as flat as possible and should not impede the surgeon. 
Rotation of the head can be adjusted depending on the location of the lesion and its 
extensions; with increasing rotation, the anterior arch of C1 becomes progressively 
hidden by the transverse process of C1 and the vertebral artery (Fig. 16.3).

16.5.2  Neurophysiological Monitoring and Surgical Adjuncts

Electromyographic (EMG) monitoring of the 7th, 9th, 10th, 11th, and 12th nerves, 
motor and sensory evoked potentials are done in all cases of ALA. Direct stimula-
tion with an EMG probe can be useful in cranial nerve identification and preserva-
tion (especially 11th cranial nerve). Neurophysiological monitoring with 
somatosensory evoked potentials (SSEPs) and motor evoked potentials (MEPs) also 

a c

b d

Fig. 16.2 Surgical positioning in an anterolateral approach. (a) The patient is placed supine and 
the head is rotated laterally, approximately 30–45° to the contralateral side. A Mayfield head 
holder can be used in most cases (as shown in the figure), but a “horseshoe” headrest can allow 
neutral repositioning of the head during cases when fixation or vertebral reconstruction are 
planned. (b) A wide area around the planned skin incision should be prepped to have a large work-
ing space. The head should not be rotated too much. (c) Skin incision in an anterolateral approach. 
It is made along the upper third of the anterior border of the sternocleidomastoid muscle and is 
curved at the level of the mastoid process (skin markings) and the occipital crest

16 Anterolateral and Extreme Lateral Approaches
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has a pivotal role during the surgical positioning of unstable high cervical lesions 
and during tumor resection in case of brainstem or high cervical medullary 
compression.

Neuronavigation is not used routinely since its precision in the CVJ, especially 
through an ALA, is usually inadequate. Electromagnetic neuronavigation and intra-
operative imaging might be used in select cases. We routinely use the micro- Doppler 
probe in all ALA cases.

16.5.3  Skin Incision

The skin incision is made along the upper third of the anterior border of the sterno-
cleidomastoid (SCM) muscle and is curved at the level of the mastoid process and 
the occipital crest (Fig. 16.3). The anterior border of the SCM can be approximated 
by a line connecting the manubrium and the mastoid tip. The height of the incision 
can be adapted to the surgical goals and strategy. For instance, when a mastoidec-
tomy is planned, the incision needs to reach the level of the transverse sinus. The 
inferior border of the incision also depends on the pathology at hand, but 5–6 cm 
below from the mastoid tip on the anterior border of the sternocleidomastoid muscle 
is usually adequate for CVJ exposures.

16.5.4  High Cervical Dissection and Exposure of the Vertebral 
Artery

16.5.4.1  Dissection Between the SCM and Internal Jugular Vein
After the skin and hypodermis are incised, the first layer that is encountered is the 
platysma, which is dissected and incised parallel to the skin incision. The SCM is 

Fig. 16.3 Rotation of the head can be adjusted depending on the location of the lesion and its 
extensions; With increasing rotation, the anterior arch of C1 becomes progressively hidden by the 
transverse process of C1. More importantly, the vertebral artery’s trajectory is altered by rotation 
of the head as the vertical portion of V3 is “horizontalized”

K. Watanabe et al.
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then exposed and its medial border followed. The great auricular nerve can be dis-
sected on the surface of the SCM (Fig. 16.4a). This nerve can be used for nerve 
reconstruction in case of cranial nerve injury or sutured back at the end of the pro-
cedure. The cervical fascia is then opened along the medial aspect of the SCM 
muscle and the internal jugular vein (IJV) is identified (Fig. 16.4b, c). The facial 
vein is usually encountered and can be ligated safely. The mastoid insertion of the 
SCM is then cut and the insertion of the splenius capitis muscle and longissimus 
muscle are detached from the mastoid process and occipital bone. These muscles 
are translocated posteriorly (Fig. 16.4d, e).

16.5.4.2  Identification of the Posterior Edge of the Digastric 
Muscle

The IJV is dissected and followed distally up to the posterior border of the digastric 
muscle. The digastric muscle is found under the SCM, and can be easily identified 
and traced anteriorly starting from its groove posterior to the mastoid tip. During 
this dissection, the occipital artery (OA) can be found coming from under the digas-
tric muscle. The OA can be ligated or preserved to serve as a donor vessel if the need 
for revascularization arises.

16.5.4.3  Detachment and Mobilization of the Digastric Muscle
In order to further expose the jugular foramen and lower cranial nerve that exit from 
the foramen, it is necessary to detach the digastric muscle from the digastric groove 
of the mastoid process and to mobilize it inferiorly (Fig. 16.4f). The facial nerve 
exits from the stylomastoid foramen and runs medially to the deep fascia of the 
digastric muscle toward the inferior aspect of the parotid gland. In this segment, the 
facial nerve gives off a branch to the digastric muscle, about 1 cm below the mastoid 
tip. Although the facial nerve branch is usually covered with fat tissue, manipula-
tion, partial resection, and/or retraction of the digastric muscle should be done care-
fully so as not to injure the facial nerve. Thus, when the digastric muscle is sectioned, 
the anterior aponeurosis of the muscle should be preserved to protect the facial 
nerve.

A common mechanism of injury of the facial nerve is prolonged and overly 
aggressive retraction with autostatic retractors that are positioned too high immedi-
ately below the tip of the mastoid.

16.5.4.4  Identification of the Accessory Nerve and Dissection 
of the Fat Pad (Fig. 16.4d, e)

The C1 lateral process, which can be easily identified by palpation, is found approx-
imately 1 cm below the tip of the mastoid. The C1 lateral process is a very important 
landmark for the vertebral artery (VA) and the accessory nerve (XIth). In most 
patients, the XIth can be found 0.5–1 cm below the transverse process of C1. From 
there, the nerve runs more or less obliquely superomedially to infero-laterally in 
direction of the medial border of the SCM muscle at the C3–C4 level. The carotid 
fat pad, located in the triangle formed by the posterior edge of the digastric muscle, 
the splenius muscle, and internal jugular vein encloses the XIth. The XIth is 
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Fig. 16.4 (a) The skin incision is made along the upper third of the anterior border of the sterno-
cleidomastoid (SCM) muscle and is curved at the level of the mastoid process and the occipital 
crest. (b) The Greater auricular nerve can be seen running above the SCM. The SCM is detached 
from the mastoid and transposed inferiorly. GAN greater auricular nerve, SCM sternocleidomas-
toid muscle. (c) Under the SCM, the splenius muscle and a fat pad are exposed. The accessory 
nerve can be identified in the fat pad inferiorly. IJV internal jugular vein, XI accessory nerve. (d) 
After transposition of the splenius muscle posteriorly, the fat pad can also be detached from the 
surrounding tissues and can be transposed inferiorly and kept as a protective layer for the accessory 
nerve. DM digastric muscle, IJV internal jugular vein, OA occipital artery, LM longissimus muscle, 
TP transvers process, XI accessory nerve. (e) Under the fat pad, the longissimus muscle can be 
exposed and detached from the mastoid inferiorly. The superior oblique muscle is exposed. DM 
digastric muscle, IJV internal jugular vein, LM longissimus muscle, SOM superior oblique muscle. 
(f) The suboccipital triangle, defined by the superior oblique muscle, the inferior oblique muscle, 
and the rectus capitis posterior major muscle. DM digastric muscle, IOM superior oblique muscle, 
LM longissimus muscle, LSM Levator scapulae muscle, SOM superior oblique muscle
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superficial in this fat pad and can be readily detected with electric stimulation. Once 
the XIth nerve is identified, the fat pad can then be detached superiorly and mobi-
lized downward from the digastric, splenius muscles and from the dense fibro-fatty 
tissue covering the suboccipital triangle. It is then used as a natural protection for 
the retraction of the XIth nerve inferiorly [28].

16.5.4.5  Identification of the Suboccipital Triangle (Fig. 16.4f )
In addition to the transverse process, the suboccipital triangle is also an important 
landmark for identification of the VA. This triangle is defined by the superior oblique 
muscle, the inferior oblique muscle, and the rectus capitis posterior major and is 
covered by a layer of dense fibro-fatty tissue. It is located beneath the semispinalis 
capitis.

At the level of the C1 posterior lamina, the vertebral artery as well as the verte-
bral venous plexus and C1 nerve root can be found in the center of this triangle. 
Muscular branches often arise from the horizontal segment of the VA in this area. 
Rarely, a PICA with an extradural origin may originate from the V3 segment on its 
horizontal portion, just outside the dura or further laterally above the transverse 
foramen of C1. The incidence of an extradural origin of the PICA is between 5 and 
20% (George). In this configuration, the PICA courses parallel to the VA and the C1 
nerve root extradurally.

16.5.4.6  Exposure of the Transverse Process (TP) of C1
To fully expose the transverse process of C1 and easily identify the foramen trans-
versarium at this level; the muscles inserted on the TP of C1 are detached. Five 
muscles insert on the TP of C1: the rectus capitis lateralis, the superior oblique, the 
inferior oblique, the splenius cervicalis, and the levator scapulae muscles (Fig. 16.5a, 
b). The muscle insertion on the TP of C1 are progressively coagulated and sectioned 
until the posterior aspect of the TP of C1 is identified and further exposed using 
subperiosteal dissection. The opening of the transverse foramen is identified with a 
dissector along the superior and inferior aspect of the TP of C1, in this area, large 
venous plexuses are found in the retrocondylar fossa, around the vertebral artery 
and between the TP of C1 and the lateral mass of C2. These venous plexuses should 
be left intact as much as possible to avoid profuse bleeding. Coagulation is often 
ineffective while injectable hemostatic agents are usually sufficient in controlling 
such venous bleeding (Fig. 16.5d–f).

16.5.4.7  VA Exposure
Safe tumor removal and adequate access requires mobilization, translocation, or at 
least identification of the VA above and below the transverse foramen of C1 (V2 and 
V3 segments) (Fig. 16.5c). The superior surface of the posterior arch of C1 has an 
osseous groove in which the VA is located, the sulcus arteriosus. The safest way to 
identify the VA is to follow laterally the posterior arch of C1 from the midline. The 
sulcus arteriosus, along the superior surface of the posterior arch of C1, is exposed 
subperiostally, from medial to lateral until the superior opening of the transverse 
foramen of C1 is identified. It is imperative that this dissection be done 
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subperiosteally. In fact, the periosteum acts as a protective layer for the venous plexus 
around the VA. Then, the TP of C1 is removed (Fig. 16.5c, d). The tip can be first 
removed with a rongeur. Once the cancellous bone of the TP is exposed, we favor the 
use of a high-speed diamond drill in order to progressively unroof the transverse 
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Fig. 16.5 (a) C1 transverse process is exposed and the rectus capitis lateralis muscle is exposed 
below the mastoid. IOM superior oblique muscle, LM longissimus muscle, LSM Levator scapulae 
muscle, SOM superior oblique muscle. (b) The muscles which are attached to the C1 transverse 
process can be coagulated and detached. IOM superior oblique muscle, LM longissimus muscle, 
LSM levator scapulae muscle, SOM superior oblique muscle, RCLM rectus capitis lateralis muscle. 
(c) After transposition of the cervical muscles and the transvers process of C1 has been denuded, 
the vertebral artery (V3) can be seen in the C1 arterial groove and between the C1 and C2. TP 
transverse process, IJV internal jugular vein. (d) The transverse foramen is opened, uncovering this 
whole 3d segment of the vertebral artery. IOM superior oblique muscle, LM longissimus muscle, 
LSM levator scapulae muscle, SOM superior oblique muscle, VA vertebral artery. (e) The vertebral 
artery is transposed posteriorly and medially from the transverse foramen. LSM levator scapulae 
muscle, VA vertebral artery. (f) The transverse process is drilled and lateral mass is exposed. LM 
lateral mass, VA vertebral artery
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foramen of C1. The last shell of cortical bone that form the posterior margin of the 
foramen is then removed with a kerrison rongeur. Once the transverse foramen of C1 
is completely open, the third segment of the VA can be separated from the foramen 
and fully mobilized. The vertebral artery can also be followed downward toward the 
transverse foramen of C2. At this level, the C2 nerve root is identified. Once the 
transverse foramen of C2 is identified, the foramen can be opened, and the TP of C2 
removed to allow further mobilization of the VA (Fig. 16.5e, f).

16.5.4.8  Rectus Capitis Lateralis Muscle (RCLM) (Fig. 16.5a, b)
The rectus capitis lateralis muscle (RCLM) is one of the key muscles to access the 
anterior aspect of the cranio-vertebral junction. The RCLM is a short muscle 
attached to the upper surface of the TP of C1 and to the jugular process located 
between the mastoid process and the occipital condyle. To access the cranio- 
vertebral segment of the IX, X, XI, XII nerves and the IJV or the anterior part of C1, 
the odontoid process, and the lower clivus, both the TP of C1 and the RCLM should 
be removed. If a tumor extends to the high cervical region, in the case of a dumbbell- 
type jugular foramen lesion or a lower clivus and cervical chordoma, removing the 
RCLM is usually required to gain enough space to access the anterior aspect of the 
CVJ and benefit from the look up view to the jugular foramen and clivus that the 
ALA can provide.

16.5.5  Variations and Extensions

16.5.5.1  Transposition of the VA
If the VA is not already occluded by the tumor and when the condyle, the lateral 
mass of C1, odontoid process or the clivus is invaded by tumor, transposition of the 
VA is often necessary to fully expose the lesion. In case of a soft chordoma, full 
transposition may be avoided. After identifying the horizontal segment of the verte-
bral artery along the sulcus arteriosus, the TP of C1 is removed and the transverse 
foramen of C1 is opened. The V3 segment is then displaced posteriorly and out of 
the transverse foramen of C1, freeing a corridor to the lateral mass of C1 and 
beyond. The periosteal sheath and vertebral plexus around the VA should be kept 
intact to protect the VA, reduce venous bleeding, and minimize the risk of dissec-
tion. When additional mobility is needed, the transverse foramen of C2 can also be 
opened, liberating completely the suboccipital segment of the VA.

After translocation of the VA and exposure of the lateral mass of C1, the anterior 
arch of C1 is followed in direction of the midline and even to the contralateral side 
of the anterior arch (Fig. 16.6a). Subsequent resection of the tumor infiltrating the 
lateral mass of C1, the odontoid process and surrounding ligaments (alar, transverse 
and apical) and the contralateral mass of C1 can be performed (Fig. 16.6b, c). Care 
must be taken to preserve the contralateral vertebral artery, especially if the ipsilat-
eral vertebral artery is occluded by the tumor or has been already been sacrificed 
during the surgery. The use of a Doppler probe is mandatory to identify the contra-
lateral VA.

16 Anterolateral and Extreme Lateral Approaches



252

a d

b e

c f

Fig. 16.6 (a) After drilling of the C1 lateral mass, the anterior arch of C1 can be accessed. C1 ant 
Arc C1 anterior arch. (b) The C1 anterior arch is drilled until the midline, the transverse ligament 
of the odontoid process is exposed. Transverse lig transverse ligament. (c) The occipital condyle 
can be also drilled to gain an upper view to the lower clivus. C1 ant Arc C1 anterior arch, OC 
occipital condyle, Transvers lig transverse ligament. (d) The hypoglossal canal with the posterior 
condyle emissary vein can be seen in the condyle. Anterior to the hypoglossal canal, an area of 
cancellous bone is found. This finding indicates entry into the lower aspect of the clivus. Cl clivus, 
HGC hypoglossal canal, Post CEV posterior condyle emissary vein. (e) The anterior condyle emis-
sary vein and the posterior condyle emissary vein can be skeletonized during condylar drilling. 
These veins connect to the occipital venous plexus. Cl clivus, HGC hypoglossal canal, Ant CEV 
anterior condyle emissary vein, Post CEV posterior condyle emissary vein. (f) The view obtained 
after drilling the anterior arch of C1 and condyle. The odontoid process and dura mater of the spine 
are exposed. C1 ant Arc C1 anterior arch, Cl clivus, HGC hypoglossal canal, Dm dura mater, OD 
odontoid process, Post CEV posterior condyle emissary vein
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16.5.5.2  Condylar Resection
In case of a tumor extending in the condyle and the lower clivus, such as chordo-
mas, chondroid tumors, myeloma, hypoglossal schwannoma, etc. a resection of 
the condyle may become necessary. To gain adequate exposure of these lesions, 
the inferior part of the sigmoid sinus and the jugular bulb is skeletonized. The 
retrocondylar fossa is exposed and the posterior condylar emissary vein are iden-
tified. After partial condylectomy, the anterior condylar emissary vein can also be 
seen (Fig. 16.6d, e). It runs with the hypoglossal nerve in the hypoglossal canal 
and is exposed with the inferior aspect of the sigmoid sinus and jugular bulb 
(Fig. 16.6e, f). This is the combination of an anterolateral approach and a far lat-
eral transcondylar approach.

It is important to limit bony resection if it is not necessary for surgical exposure 
or from an oncological standpoint. However, oftentimes the tumor has already com-
promised the structural integrity of the C0-C1 joint. When involvement of the con-
dyle is superior to 75%, occipitocervical fusion is usually necessary, although some 
reconstruction strategies can obviate the need for rigid fixation. Limiting the drilling 
to the posterolateral third of the condyle also reduces the risk of injury to the hypo-
glossal canal and nerve, which is located in the anteromedial aspect of the 
condyle.

To access the anterior arch of C1 or the odontoid process, opening of the C0-C1 
joint with condylar and lateral mass removal provide an adequate trajectory. Slight 
downward mobilization of the horizontal segment of the V3 segment of the VA is 
needed to expose the lateral mass of C1. Rather than a complete translocation of the 
VA and resection of the rectus capitis lateralis muscle, this can be an alternative 
strategy to reach the anterior aspect of the CVJ.

16.5.5.3  Inferior Extension to the C2-4 Vertebrae
When the target lesion extends inferiorly to C2-C3, exposure of the V2 segment of 
the VA is necessary [14]. The C2 lateral process and the longus colli and longus 
capitis muscles can be exposed and removed to expose the VA and gain access to the 
body of C2 and the lower cervical vertebrae. In this situation, care must be taken to 
avoid injuring the sympathetic chain and the superior cervical ganglion, which run 
under the prevertebral fascia over the longus coli muscle. The vagus nerve gives off 
the superior and recurrent laryngeal nerves. These nerves run medially to the 
carotid-jugular sheath and, contrarily to an anterior approach, are not at risk of 
injury. However, care must be taken not to compress the vagal nerve in order to 
avoid laryngeal nerve dysfunction.

16.5.5.4  Intradural Extension, Combined Extradural, 
and Intradural Approach

In cases when the tumor originates intradurally, the far lateral transcondylar 
approach is usually preferred as a larger surface of posterior fossa dura can be 
exposed and better neurovascular control can be insured than through an ALA. When 
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there is extradural extension of a mostly intradural tumor, for example a meningi-
oma invading the clival bone, these extensions can often be reached transdurally 
though the intradural exposure provided by the far lateral transcondylar or postero-
lateral approach. Similarly, and as it is often the case for chordomas, intradural 
tumor extensions of mostly extradural tumors can usually be resected through the 
ALA extradural exposure, after tumor resection has provided the space and corridor 
to do so.

16.5.5.5  Endoscope Assistance Through an ALA
In addition to classic skull base techniques such as mastoidectomy, unroofing the 
hypoglossal canal, or transposition of the vertebral artery, the use of endoscopic 
assistance has also proven to be an invaluable tool to increase the exposure provided 
by the ALA. The endoscope increases both illumination and visualization in these 
deep locations. It should be used as a tool to navigate and operate in the depths of 
the triangles defined by the lower cranial nerves and vertebral artery. When using 
the endoscope through these “deep keyholes,” further tumor resection can be accom-
plished in the lower clivus more anteriorly in the prevertebral retropharyngeal space, 
medially and inferiorly in the periodontoid region and, controlaterally in the oppo-
site lateral mass of C1, in and around the odontoid process and around the contra-
lateral occipital condyle.

Through the condylar corridor, and with careful protection of the hypoglos-
sal nerve, endoscopic assistance can provide visualization of tumor extensions 
higher up into the middle and superior third of the clivus, toward the petrous 
apex and sphenoid sinus. With the cervical muscles retracted inferiorly and the 
high cervical dissection already providing the look up trajectory, exposure can 
indeed reach the level of the sphenoid sinus. When the tumor is soft and easily 
aspirated, the resection cavity becomes an additional corridor to deepen the 
exposure.

16.6  Complication Avoidance and Management

The most frequent complications encountered during and after and ALA are cranial 
nerve palsy, vertebral artery injury, and cervical hematoma. As in all cervical sur-
gery, careful hemostasis is mandatory and can prevent the occurrence of a poten-
tially life-threatening hematoma. The “coagulate and cut” technique helps providing 
a dry surgical field and probably reduces the occurrence of a postoperative hema-
toma. The use of a subcutaneous drain can also be considered depending on the 
situation.

In case of intraoperative injury to the VA, and when a BTO has not been obtained 
before the surgery or has been failed, the objective should be to preserve flow and 
avoid emboli. A primary repair of the VA can be attempted when the arterial wall 
defect is small. When the risk of intraoperative rupture is high, i.e., after radiation 
therapy or when there is tumor encasement, the arm can be draped to be prepared 
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for radial artery graft harvest. The radial artery is an ideal donor in terms of size 
match with the VA and long-term patency. Otherwise, the occipital artery can serve 
as a donor vessel when it is of adequate size and has been preserved while perform-
ing the approach [29].

16.7  Clinical Cases

Case Illustration 1 (Figs. 16.8 and 16.9)
A 72-year-old male was referred to our clinic after multiple previous operations for 
a cervical chordoma. The patient initially presented an acute tetraparesis secondary 
to a C2-C3 lesion. The patient underwent in another center emergency laminectomy 
but this posterior approach did not allow exposure of the tumor and a subsequent 
anterior surgery for tumor biopsy was done.

The patient improved neurologically after the first surgery but presented unre-
lenting cervical pain that required constant immobilization with a Minerva ortho-
sis. On the MRI, a lesion centered on the vertebral body of C3 with an extradural 
extension behind the inferior half of the body of C2 was found. Its characteristics 
on T1 and T2-weighted images were concordant with chordoma (Fig. 16.7a–f). 
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Fig. 16.7 T2-weighted MR images (a–c; axial and d–f; sagittal) showing a lesion at the posterior 
aspect of the C2-C3 vertebral bodies and causing compression on the spinal cord
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Gross total resection of the lesion was accomplished through an anterolateral 
approach. Considering that the vertebral bodies of C2 and C3 were only partially 
resected (Figs. 16.8 and 16.9), neither vertebral body reconstruction nor poste-
rior cervical fixation was required. Clinically, the cervical pain remitted and the 
patient did not present any neurological deficit. He underwent adjuvant proton 
beam therapy.
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Fig. 16.8 (a) The fat pad, and the accessary nerve, inferior jugular vein, transverse process are 
exposed. The accessory nerve is protected with the fat pad. DM digastric muscle, IOM inferior 
oblique muscle, IJV internal jugular vein, SOM superior oblique muscle, TP transverse process, XI 
accessory nerve. (b) The fat pad is translocated inferiorly with protection of the accessory nerve. 
The C1 posterior arch is exposed by detaching the superior oblique and inferior oblique muscles 
from the C1 transverse process. IOM inferior oblique muscle, IJV internal jugular vein, SOM supe-
rior oblique muscle, TP transverse process, XI accessory nerve. (c) The C1 transverse process is 
drilled and the transverse foramen opened, thus uncovering V3. IJV internal jugular vein, Rt. VA 
right vertebral artery, XI accessory nerve. (d) C2 transverse process is also removed, allowing 
mobilization of the segment of the vertebral artery between its exit from C3 transverse foramen to 
its intradural entry. The internal jugular vein is retracted anteriorly, opening a corridor to the ante-
rior aspect of the C2-C3 vertebral bodies. Rt. VA right vertebral artery, TP transverse process, (e) 
The transverse foramen of C2 is opened, exposing the vertebral artery from C1 to C3. TF trans-
verse foramen. (f) The surgical corridor to the anterior aspect of the C2-C3 vertebral bodies. Rt. VA 
right vertebral artery
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Case Illustration 2 (Figs. 16.10 and 16.11)
A 41-year-old man initially presented with headaches. On imaging, a tumor was 
found in the left petrous apex. The patient underwent surgical resection through a left 
anterior petrosectomy and was diagnosed with chondrosarcoma. Four years later, he 
was referred to us with hoarseness, dysphagia, and partial deviation of the tongue. 
The tumor was found to have grown and was causing mass effect on the jugular fora-
men. It was extending to level of C2 inferiorly and to the sphenoid sinus superiorly. 
We performed anterolateral and posterolateral transmastoid combined approach with 
endoscopic-assisted resection of this large lesion. Care was taken to preserve a barrier 
between the extradural and intradural compartment of the lesion. Two corridors were 
used to access the tumor (multiportal surgery): (1) the high cervical anterolateral 
approach, to benefit from the look up view to the lower clivus and medial aspect of 
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Fig. 16.9 (a) The posterior past of the vertebral body of C2 is drilled to expose the tumor. Rt. VA 
right vertebral artery. (b) The tumor is seen between the C2 vertebral body and the vertebral artery. 
Rt. VA right vertebral artery, Tu tumor. (c) An area of soft tumor can be seen in the vertebral body. 
Rt. VA right vertebral artery, Tu tumor. (d) After resection of the tumor, the dura mater of the cervi-
cal spine is seen. DM dura mater. (e) Endoscopic view in the anterolateral corridor. The border 
between the tumor and normal structures can be inspected precisely. Tu tumor. (f) After removing 
the tumor and fibrous tissue, the clean dura mater can be seen. DM dura mater
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Fig. 16.10 The MRI shows a lesion in the area of the jugular foramen and extending from C2 to the 
sphenoid sinus. The tumor engulfs the internal carotid artery and extends into the intracranial com-
partment through the jugular foramen. (a–e) Preoperative gadolinium enhanced T1weighted axial 
images show the tumor engulf the carotid artery and jugular foramen. (g–i) Preoperative MRI T2 
weighted sagital images show the tumor located from the C2 level to the sphenoid sinus. (j–n) 
Postoperative MRI Gadolinium enhanced T1 image show the tumor was removed except the sphe-
noid sinus lesion. The part of the tumor that was located in the mastoid area was partly resected during 
the previous surgery. Postoperative MRI image shows a small residual tumor in the sphenoid sinus

the jugular foramen, and (2) transmastoid presigmoid, suprajugular bulb look down 
view on the medial jugular foramen. The transmastoid corridor also allowed better 
visualization of the lesions extending toward the petrous apex. A small residual tumor 
that was left in the sphenoid was subsequently resected though an endoscopic endo-
nasal approach. Clinically, the patient did not present any new neurological deficit.

16.8  Summary

The anterolateral approach grants a unique surgical trajectory to the cranio- vertebral 
junction that is in an inferior to superior and posterior to anterior direction. In addition 
to the cervical vertebrae, including C1 and C2 that are seen from a lateral perspective, 
the ALA allows exposure of the lower clivus and jugular foramen from below. Detailed 
knowledge of the 3D surgical anatomy, especially of the vertebral artery, is paramount 
for safe dissection and exposure through an ALA. In our practice, it is most often used 
to resect chordomas and other bony lesions of the CVJ. Endoscopic assistance as a 
surgical tool is an important adjunction that can enhance the exposure provided by the 
ALA in order to reach deep tumor extensions.
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Fig. 16.11 (a) After an anterolateral approach and dissection, the internal jugular vein and hypoglossal 
nerve are seen. The tumor is exposed between the internal jugular vein and hypoglossal nerve. (b) 
Endoscopic assisted tumor removal is performed through the high cervical corridor, in the space 
between the internal jugular vein and hypoglossal nerve. The endoscope improved visualization of the 
tumor, which was located medial to the jugular foramen. (c) The fallopian canal and sigmoid sinus are 
exposed after mastoidectomy. The tumor can be seen between the fallopian canal and sigmoid sinus. (d) 
Endoscopic-assisted tumor removal is performed through the retrofacial presigmoid, suprajugular cor-
ridor. The inferior petrosal sinus is seen between the petrous bone and clivus. Through this corridor, the 
petrous segment of the internal carotid artery is identified. (e, f) The neuronavigation indicates the area 
of the petrous apex, confirming that the tumor was totally removed in this location
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17Minimally Invasive Techniques Applied 
to the Cranio-Vertebral Junction

Ken Hsuan-kan Chang, John Paul G. Kolcun, 
and Michael Y. Wang

17.1  Introduction

Minimally invasive surgery (MIS) has gained popularity among spine surgeons in 
recent decades. MIS techniques involve less blood loss and tissue damage, reducing 
the physical stress of surgery and potentially shortening recovery time and hospital 
stay [1, 2]. These procedures are therefore safer in elderly or otherwise frail patients, 
a segment of the population projected to increase dramatically in coming decades 
[3, 4]. MIS procedures have also been associated with significant cost reductions 
following their adoption [5, 6].

While the early applications of MIS to the spine were in lumbar surgery, signifi-
cant advances have been made across the spectrum of spinal pathology. In this chap-
ter, we will describe a variety of MIS fixation techniques at the craniovertebral 
junction (CVJ), including their indications, technique, perioperative considerations, 
and common complications.
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17.2  Anterior Odontoid Screw Fixation

17.2.1  Indications

Odontoid screw fixation attempts to restore bony integrity from odontoid fracture 
through internal fixation. Nearly 50% of axial rotation of the CVJ is provided by the 
C1-2 structure. Odontoid screws avoid compromising the physiological function of the 
C2 odontoid bone by fusing the C1-2 complex, thereby maintaining the rotatory motion 
of atlantoaxial joint. Open odontoid screw fixation has been performed for decades 
since its first introduction in the 1980s [7]. Recently, several publications have advo-
cated a minimally invasive (MIS) approach for anterior odontoid screw placement.

The indications for MIS odontoid screw fixation are very similar to the open 
surgery. The best indication for odontoid screw is type II and some rostral type III 
odontoid fracture, according to Anderson and D’Alonzo’s classification. The odon-
toid fracture must be reducible. This technique is contraindicated with a displaced 
odontoid fracture unless anatomical reduction can be achieved with skull traction. 
Other contraindications include a disrupted C1-2 transverse ligament, C2 vertebral 
body fracture, pathologic fracture, etc. The fusion rate of chronic fracture or non-
union using odontoid screw fixation is low. In cases of chronic nonunion >6 months, 
C1-2 arthrodesis carries a greater chance for bone fusion.

17.2.2  Preoperative Planning

Complete X-ray (XR) examination of the cervical spine, including open-mouth 
view, is mandatory to evaluate the fracture type and the stability of atlantoaxial 
joint. MRI is recommended to evaluate the integrity of the transverse ligament. CT 
scan with coronal and sagittal reconstruction is helpful in clarifying the integrity of 
the entire bone structure and verifying the fracture type.

It may be difficult to obtain an ideal angle for screw insertion for patients with 
obesity, short neck, barrel chest, or cervical kyphotic deformity. Preoperative CT 
and MRI can be useful for planning the proper angle of screw insertion and thereby 
previse any obstacles.

Nasotracheal intubation is preferred. Radiolucent mouth bite is used to facilitate 
intraoperative fluoroscopic imaging of the open-mouth view. The patient’s skull 
must be secured with either a head-fixation device or the Gardner-Wells tongs trac-
tion system. After positioning, anteroposterior (AP) open-mouth view and lateral 
XR should be obtained before surgery to assure the visualization of the C1 lateral 
mass, C2 body, and odontoid process.

17.2.3  Surgical Technique

After the patient is positioned supine and the head is secured, a 5 mm–1 cm incision 
is made at approximately the level of C4-5 and slightly medial to the sternocleido-
mastoid (SCM) muscle. The platysma muscle is then divided. The medial border of 
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the SCM muscle was dissected sharply. With blunt dissection, the anterior surface 
of the cervical spine is approached from the natural tissue plane between the carotid 
sheath and the esophagus/trachea. Hashizume et  al. also published an alternative 
technique for anterior approach with endoscopic assistance [8]. A guide tube is then 
placed. The tip of the tube is pointed at the anterior and inferior tip of the C2 body 
under lateral XR guidance. Under AP XR imaging, the guide tube should be docked 
on the midline of the C2 body as the entry point. A power drill is used to create a 
proper tract across the fracture line to the tip of the odontoid process under fluoro-
scopic guidance. The drill is exchanged for a guidewire, which is inserted into the 
tract created by the power drill. The guide tube is replaced with a working channel. 
The screw tract is then tapped via the working channel. The screw length can be 
measured with a depth-gauge. Finally, a 4-mm cannulated screw is inserted into the 
C2 body. The screw is advanced under XR guidance to reach the superior tip of the 
odontoid process (Fig. 17.1).

As an alternative, the screw entry point can be placed under the inferior endplate 
of C2 and pass through the anterior C2-3 disc space. This may allow the surgeon to 
obtain a more adequate trajectory and conceal the screw head in the disc space by 

Fig. 17.1 Percutaneous anterior odontoid screw. Upper figures: A power drill was used to create 
a proper tract across the fracture line to the tip of odontoid process under fluoroscopic guidance. 
Lower figures: a 4-mm cannulated screw was inserted into the C2 body and aimed toward the 
superior tip of odontoid process under the monitor of X-ray image. (Adapted from Chi YL, Wang 
XY, Xu HZ, et al. Management of odontoid fractures with percutaneous anterior odontoid screw 
fixation. Eur Spine J. 2007;16(8):1157–1164)

17 Minimally Invasive Techniques Applied to the Cranio-Vertebral Junction



264

removing a small portion of C2-3 disc. This technique does involve the disruption 
of an intact C2-3 disc, and may therefore accelerate disc degeneration at this level.

In the open technique, two odontoid screws can be inserted to prevent odontoid 
rotation around a single screw. However, inserting two screws is technically chal-
lenging under MIS setting and has not been reported in the literature.

Robotic arm-assisted placement of odontoid screws has been reported in litera-
ture [9]. The robotic arm can move spontaneously, providing a preoperatively 
planned trajectory to serve as a drill guide. A Kirschner wire can be inserted after 
drilling. The screw is then placed manually.

17.2.4  Postoperative Care

On postoperative day one, follow-up XR (AP, lateral, and open-mouth view) should 
be obtained to check screw position. A cervical collar is prescribed to immobilize 
the cervical spine for 3 months. In severe osteoporotic cases, a halo brace may be 
considered to enhance fusion.

Current studies regarding MIS odontoid screw fixation are scarce. The reported 
radiographic fusion rate was approximate 90% after an average of 15 months fol-
low- up in a small clinical series. There was no procedure-related complication. No 
screw loosening or breakage was seen in that series [10]. Wang et al. compared a 
percutaneous technique to open surgery and demonstrated equivalent fusion rates in 
both group. There was no procedure- or implant-related complication for patients 
who underwent MIS surgery [11]. In summary, the literature regarding MIS odon-
toid screw fixation remains limited. The outcome and safety of MIS odontoid screw 
fixation require further validation (Fig. 17.2).

Fig. 17.2 CT confirmation of percutaneous anterior odontoid screw. (Adapted from Wu AM, 
Wang XY, Xia DD, Luo P, Xu HZ, Chi YL. A novel technique of two-hole guide tube for percutane-
ous anterior odontoid screw fixation. Spine J. 2015;15(5):1141–1145)
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17.2.5  Complications

Complications of this surgery are associated with the technique, the implant, 
and the bone fusion. The most common presentation of nonunion is persistent 
high neck pain beyond the normal fusion period (approximately 3–6 months). 
Myelopathy can develop if a nonunion dens fragment causes compression of the 
spinal cord. Soft tissue growth around a dens fragment may also cause spinal 
cord compression. Implant-related complications include screw breakage, loos-
ening, and pullout. Screw malposition may occur if the surgeon lacks experi-
ence with the MIS approach. MIS techniques can potentially cause any of the 
complications seen with open surgery, including postoperative hematomas, dys-
phagia, and hoarseness. Serious morbidities, such as esophageal perforation, 
carotid artery laceration, neurologic deterioration, and airway obstruction are 
also possible.

17.3  Anterior Transarticular Screw Fixation

17.3.1  Indications

Atlantoaxial instability can result from C1-2 dislocation with transverse atlantal 
ligament incompetence (rheumatoid arthritis, trauma, local infection, Down syn-
drome, etc.), chronic nonunion after odontoid fracture, or os odontoideum. The 
most common surgical treatment for atlantoaxial instability is posterior transarticu-
lar screw fixation or C1-C2 fixation. Anterior transarticular screw fixation has been 
advocated to treat atlantoaxial instability, as it avoids the excessive muscle damage 
and bleeding associated with the posterior cervical approach. Anterior transarticular 
screws achieve similar biomechanical stability when compared to posterior screw 
fixation [12].

Additional indications for anterior transarticular screw fixation include odontoid 
fracture with displacement and odontoid process invasion by tumor. Generally, 
anterior transarticular screw fixation can be useful when C1-2 fusion is indicated. 
MIS methods of anterior transarticular screw fixation have been described in several 
studies in the literature. A minimally invasive approach may further reduce the tis-
sue damage and bleeding from surgery.

Patients with irreducible atlantoaxial dislocation may prove poor candidates for 
anterior transarticular fixation. Irreducible dislocation requires more extensive 
release and intraoperative reduction, which may be more appropriately treated with 
C1-C2 screw fixation. In open surgery, previous cervical spine operation is usually 
not a contraindication for anterior transarticular screw fixation. However, previous 
operation may increase the risk of vital structure injury (i.e., artery, vein, and esoph-
agus) during the approach. It is certainly not recommended to perform percutaneous 
procedure under such circumstances.
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17.3.2  Preoperative Planning

The preoperative planning, anesthetic considerations, and patient positioning are 
similar to MIS odontoid screw fixation. Preoperative MRI, CT, and full set of XR 
images (AP, lateral, and open-mouth view) should be carefully examined. CT angi-
ography is of paramount importance to investigate the course of vertebral artery 
(VA) at the C1-2 region, as VA anomalies are not uncommon. Patient characteristics 
such as obesity, short neck, barrel chest, and kyphotic cervical spine are taken into 
consideration to planning for proper screw angle.

Nasotracheal intubation and radiolucent mouth bite are recommended to facili-
tate the quality of intraoperative fluoroscopy. AP, lateral, and open-mouth fluoro-
scopic views are checked after patient’s head is secured with a Mayfield skull clamp 
or Gardner-Wells tongs traction system.

17.3.3  Surgical Technique

The percutaneous approach is similar to MIS odontoid screw placement. The patient 
is positioned supine with the head secured. A 5–10 mm incision is made at approxi-
mately the level of the C4-5 disc space, medial to the sternocleidomastoid (SCM) 
muscle. The platysma muscle is then divided. The anterior border of the cervical 
spine is approached with blunt dissection via the natural tissue plane between the 
carotid sheaths and the esophagus/trachea. A guide tube is placed at the inferior bor-
der of the C2 vertebral body. The entry point should be 5–10 mm from the midline 
on AP imaging. A sharp-tip K-wire is used to drill a tract from the C2 body to the 
center of the C1 lateral mass with a power drill. Xu et al. proposed that the direction 
of the drill should aim toward the C1 lateral mass at an angle of 20–30° from midline 
on the AP view and 20–28° from the vertical line on the lateral view (Fig. 17.3) [13]. 

Fig. 17.3 The trajectory of drill aims toward the C1 lateral mass at an angle of 20–30° from midline 
on the AP view and 20–28° from the vertical line on the lateral view. The gray area represents the 
safety zone. (Adapted from Li WL, Chi YL, Xu HZ, et al. Percutaneous anterior transarticular screw 
fixation for atlantoaxial instability: a case series. J Bone Joint Surg Br. 2010;92(4):545–549)
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They concluded this to be a safe trajectory as it avoided VA injury in a series of 
patients, which was confirmed with three-dimensional (3D) CT [14]. A protective 
sleeve is then inserted along the guide tube. After the guide tube is removed, a 3.5 mm 
partially-threaded self-tapping cannulated screw is then placed along the K-wire, 
inside the protective sleeve. The screw is advanced to the tip of the C1 lateral mass 
(Fig. 17.4). The K-wire is then removed. The anterior C1-2 articular process is then 
exposed on both sides and grafted with autologous or heterologous bone grafts 
through the protective sleeve.

17.3.4  Postoperative Care

After surgery, patients are braced with a cervical collar for 3 months until bone 
fusion is achieved. Periodic follow-up XR to assess implants is recommended.

Radiological and clinical outcomes with percutaneous anterior transarticular 
screws demonstrate favorable results in the current literature [13, 15]. Solid fusion 
can be achieved without serious screw misplacement and surgical complication. 
However, there are few reports on the efficacy of anterior transarticular screws for 
atlantoaxial instability. More study is required to confirm its safety and feasibility.

17.3.5  Complications

Potential serious complications involve VA and nerve injury, which are often caused by 
misplacement of the instruments and implants. Cautious examination of neurovascular 
and bony anatomy as well as planning of screw trajectory are imperative to avoid dev-
astating neurovascular complications. Careful monitoring of intraoperative fluoros-
copy while drilling and instrumenting may help to reduce these complications. Other 
possible complications are esophageal or vascular injury during the percutaneous 
approach. Previous neck surgery is considered a contraindication in a MIS setting.

Fig. 17.4 Left: Intraoperative fluoroscopic image of percutaneous anterior transarticular screw 
placement. Right: The postoperative CT confirmation, coronal view. (Adapted from Wang J, Zhou 
Y, Zhang Z, Li C, Zheng W, Zhang Y. Minimally invasive anterior transarticular screw fixation and 
microendoscopic bone graft for atlantoaxial instability. Eur Spine J. 2012;21(8):1568–1574)
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17.4  Posterior Atlantoaxial Fixation

17.4.1  Indications

In general, atlantoaxial instability due to fracture is the most common indication for 
fusion. Other common indications include degenerative changes, spondylosis, and 
rheumatic disease. Less frequently, fusion may be indicated for mal-union, stenosis, 
congenital deformity, dislocation, or neoplasm [16].

MIS techniques are generally indicated in elderly or frail patients with medical 
co-morbidities. The MIS approach may also prove useful in revisions, avoiding a 
larger dissection through scar tissue with altered anatomy. An MIS approach to 
atlantoaxial fusion spares the posterior tension band, the deep extensor muscle 
attachment to C2, and the multifidus and semispinalis cervicis muscles [17]. The 
preservation of these structures may help reduce postoperative loss of cervical 
lordosis.

17.4.2  Preoperative Planning

Preoperative CT scanning should be performed to note the dimensions of the C1 
lateral mass, the C2 pedicles, and the vertebral artery, and to plan the ideal screw 
trajectory. The patient is positioned prone on chest rolls or a Jackson frame, with the 
head secured with skull clamp fixation device. Neuromonitoring is performed with 
somatosensory evoked potentials (SSEPs) and motor evoked potentials (MEPs). 
Cervical alignment should be carefully maintained and verified fluoroscopically. 
The surgical area is prepped and draped in the usual fashion.

17.4.3  Surgical Technique

Small vertical paramedian incisions are made 2–4 cm from midline on either side. 
The first dilator is docked at superior aspect of the C2 facet, after standard blunt 
tissue dissection. Following sequential dilation, the MIS tubular retractor is docked 
in the superior aspect of the C2 lateral mass under fluoroscopy. Electrocautery and 
dissectors can be used to remove any soft tissue overlying the C2 lateral mass and 
pars in order to visualize the C2 nerve root, the articulating facet of the C1 lateral 
mass, the C1-2 joint, and the C2 pars. The C2 nerve root may be sacrificed and 
divided by electrocautery if necessary. Alternately, the inferior oblique muscle can 
be transected by electrocautery to visualize the C1 posterior arch, the posterior 
atlantoaxial membrane, and the C2 pars. The posterior atlantoaxial membrane is 
then divided by sharp dissection.

Further dissection for the venous plexus between the C1 and C2 lateral mass 
can be performed with bipolar and unipolar electrocautery, in order to visualize 
entry points for C1 lateral mass and C2 pedicle screws. Bleeding from the venous 
plexus is often massive and can usually be controlled with bipolar cautery, tissue 
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sealant, and hemostatic agents. A C1-2 joint spacer is then introduced. The joint 
space can be distracted manually with a Penfield dissector. Following endplate 
preparation, a graft can be placed into the joint space. The C1 lateral mass screws, 
C2 pedicle screws, and connecting rods are then be introduced by standard meth-
ods. Of note, the angle of the tubular retractor may require adjustment during 
screw insertion (Fig. 17.5) [18, 19].

a b

c d

e f

Fig. 17.5 (a) Image showing the skin marking and stretch ability of the skin in the cervical 
region, allowing for a smaller incision. (b–e) Intraoperative fluoroscopy images showing initial 
docking over the C-2 facet (b), after sequential dilation (c), placement of an expandable retractor 
(d), the C-1 lateral mass drill hole being prepared (e), and the final construct (f). (Adapted from 
Srikantha U, Khanapure KS, Jagannatha AT, Joshi KC, Varma RG, Hegde AS. Minimally invasive 
atlantoaxial fusion: cadaveric study and report of 5 clinical cases. J Neurosurg Spine. 
2016;25(6):675–680)
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17.4.4  Postoperative Care

Postoperative CT imaging can be used to confirm screw placement. The cervical 
spine should be immobilized postoperatively. A halo brace is mandatory for 
3–4 months in patients with rheumatoid arthritis or osteopenia. In patients without 
these co-morbidities who undergo rigid fusion with screws, and hard collar is 
acceptable. Although there are as yet no large-scale investigations of MIS atlanto-
axial fusion, a recent study in five patients reported an average postoperative hospi-
tal stay of 7.4 days (Fig. 17.6) [19].

17.4.5  Complications

As in conventional atlantoaxial fusion, the vertebral artery (VA) is at risk during place-
ment of the C1 lateral mass screw and C2 pedicle screw. Patients with a “ponticulus 
posticus” at C1 are at higher risk for injury. Ponticulus posticus is known as the abnor-
mal bony formation at the posterior arch of C1. A complete ponticulus posticus can 
easily be recognized as a thickened posterior arch and therefore be mistaken as an 
incorrect entry site for C1 screws (Fig. 17.7). This risk is mitigated by (1) reviewing 
the preoperative CT scan for the presence of a posterior ponticulus and (2) introducing 
10–15° of medial angulation during C1 lateral mass screw placement [20]. VA injury 
can also occur during C2 pedicle screw insertion due to a small or absent pedicle, or a 
major vertebral artery anomaly. Preoperative images such as MRI and CT angiogra-
phy should be scrutinized in detail before surgery. We recommend thin cut CT angi-
ography (1–2 mm) as a routine study. This allows spine surgeons to evaluate imperative 
anatomical features, such as the pedicle diameter, the course of the VA, and the 
patency of bilateral vessels. If the pedicle is narrower than 4 mm, it is very likely that 
the screw diameter will be larger than the pedicle size. This may result in screw breach 
or pedicle fracture. One must be cautious in patients with unilateral vertebral artery 
obstruction or hypoplasia. Damage to the contralateral patent VA can have serious 
consequences, such as cerebrovascular stroke due to a complete obstruction of arterial 
flow to the brain stem. Dural tear, dysphagia, and dystonia occur infrequently. As with 
any instrumented fusion, nonunion, screw loosening, and rod breakage are possible.

a b c

Fig. 17.6 (a, b) Postoperative anteroposterior (a) and lateral (b) radiographs showing the position 
of the screws. (c) Appearance of the wound at follow-up. (Adapted from Srikantha U, Khanapure 
KS, Jagannatha AT, Joshi KC, Varma RG, Hegde AS.  Minimally invasive atlantoaxial fusion: 
cadaveric study and report of 5 clinical cases. J Neurosurg Spine. 2016;25(6):675–680)
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There is typically a steep learning-curve associated with the new adoption of 
MIS techniques. Thorough training in a laboratory setting is therefore recommended 
to familiarize the surgeon with the restricted view of the relevant anatomy, as well 
as the operation and nuances of the MIS equipment.

17.5  Anterior Occipito-Cervical Fixation

Occipito-cervical (OC) fusion is commonly performed from a posterior approach 
with screws, rods, and plate fixation. Solid fusion can be achieved for atlanto- 
occipital instability with open posterior OC fixation. However, there is a substantial 
lack of literature applying the MIS techniques to OC fusion.

Dvorak et al. have described a technique of anterior occiput-to-axis fixation in an 
open setting [21]. Subsequent biomechanical investigation demonstrated comparable 
stability to posterior plate and screw fixation in axial rotation and lateral bending, but 
inferiority in extension and flexion [22]. A Chinese group published a clinical series of 
MIS anterior occiput-to-axis screw fixation [23]. With a mini-open approach, a guide 
tube is placed at the antero-inferior border of the C2 body, 5–10 mm from the midline. 
Under C-arm control, a power drill and K-wire oriented approximately 10–20° later-
ally and 15–36° posteriorly across the C1 lateral mass is aimed toward the posterolat-
eral third of the occipital condyle (Fig. 17.8). Self- tapping cannulated screws are then 
inserted inside a protective channel on both sides. Iliac cancellous bone is grafted at the 
occiput-C1 and C1-C2 articular surfaces through the protective channel. In this study, 
anterior surgery was indicated in patients with anatomic restraints precluding posterior 
fixation or with previous suboccipital decompressive craniectomy. Five of six patients 
in their series achieved solid fusion after an average 20 months of follow-up.

a b

Fig. 17.7 (a) C1 lateral mass screw in a normal posterior arch of atlas; (b) A misplaced screw 
trajectory when a “ponticulus posticus” is mistaken as a thicken posterior arch of atlas. (Adapted 
from Zhang XL, Huang DG, Wang XD, et al. The feasibility of inserting a C1 pedicle screw in 
patients with ponticulus posticus: a retrospective analysis of eleven patients. Eur Spine J. 
2017;26(4):1058–1063)
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17.6  Conclusion

Minimally invasive surgery at the craniovertebral junction remains an evolving field 
in spine surgery. Although percutaneous screw fixation has been implemented with 
some success, the majority of procedures at the craniovertebral junction are still 
performed with open techniques. Minimally invasive odontoid screws and anterior/
posterior transarticular screw fixation may yield promising outcomes with further 
study. For now, while minimally invasive surgery of the thoracolumbar and subaxial 
cervical spine is a thriving field in modern spine surgery, much progress remains in 
developing these techniques at the craniovertebral junction.
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18.1  Part 1: Craniovertebral Junction Aneurysms

18.1.1  Vertebral Artery Aneurysms

One of the major blood supplying vessels to the central nervous system, the vertebral 
artery (VA) branches from the postero-superior aspect of the first part of the subcla-
vian artery, travels in the neck and enters intracranially piercing the dura at the level 
of the first cervical vertebrae. It can be divided into four consequent anatomical seg-
ments: the extra-osseous segment (V1) originating from the subclavian artery toward 
the C6 transverse foramina, the foraminal segment (V2) traveling from C6 to C1 
within the transverse foramina, the sub-occipital segment as the VA emerges from 
the transverse foramina of C1 where it describes a siphon-like tortuosity before 
entering the skull through the foramen magnum and wanders intradurally (V4) along 
the medulla toward the basilar artery (BA). Whether single or dually aberrant or 
anomalous, VAs are predominantly damaged via dissection of the arterial wall [24]. 
VA aneurysms (VAA) are not encountered repeatedly but are increasingly recog-
nized as dissecting in nature. Although the majority of dissecting VAAs are subse-
quent to significant blunt or penetrating injury, several spontaneous VAAs ensue after 
a trivial trauma involving a certain degree of cervical distortion. Rare associations 
between VAA and neurofibromatosis type I, fibromuscular dysplasia, autosomal 
dominant polycystic kidney disease and Ehler-Danlos disease have been reported.
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Vertebral artery dissection (VAD) is often an underdiagnosed entity because of 
the repeatedly vague nature and insidious early symptoms: although not always 
obvious, patients would experience an initially severe occipital headache with a 
posterior nuchal pain following a head or neck injury and manifest with focal neu-
rologic signs attributable to the ischemia of the brainstem or the cerebellum. The 
variable presentation attributed to VAD is vindicated by the reckoned anatomic 
variability of the collaterals connecting the different arteries of the circle of 
Willis—completely intact in only about 20% of individuals. This is why sacrificing 
one VA, while treating VAD, can be tolerated while the contralateral supposedly 
intact VA suffuses adequately the BA.  Several reports have identified mortality 
rates, as high as 46%, with untreated VAAs. Patients presenting with bleeding or 
ruptured VAAs have a pronounced 71% prospect of rebleeding especially within 
the first 24 h following hemorrhage, and within the first week if left untreated. 
However, relatively benign natural histories have been reported in cases presenting 
with ischemic symptoms and the indications or timings for treatment of non-SAH 
cases remain controversial.

Patients presenting with symptomatic or ruptured VAA have been mainly treated 
with a deconstructive procedure of the vertebral artery or a reconstructive procedure 
with flow diversion keeping in mind the challenge of starting patients with SAH on 
dual anti-platelet therapy. Those dissecting aneurysms are rarely coiled due to their 
nature and the fact that they are considered more as pseudoaneurysms as compared 
to real aneurysms. On the other hand, unruptured asymptomatic VAA tend to follow 
a relatively benign clinical course, and because the prognosis tends to be agreeable, 
conservative treatment has been proposed.

Endovascular management of dissecting VAAs is a safe procedure. It war-
rants a remarkable low recurrence rate of aneurysm refilling-bleeding in those 
initially presenting with a SAH, whether proximal or distal to the PICA, treat-
ment options of VAAs are clearly elucidated and accessible; but those involving 
the PICA have been renowned endovascularly challenging. In such cases, neu-
rointerventionists tend to use the [balloon transitory occlusion (BTO)] Transient 
Balloon Occlusion technique (TBO) in order to evaluate the likelihood of the 
neurological damage subsequent to sacrificing the PICA with or without VA 
revascularization. Currently, the treatment of PC aneurysms has somewhat 
shifted away from microsurgical clipping to endovascular techniques. Pipeline 
embolization device (PED) has been exceedingly deployed in the treatment of 
anterior circulation aneurysms, nonetheless, it has not been quietly implicated 
in the treatment of posterior circulation (PC) aneurysms. Few centers have suc-
cessfully installed the PED across the VAA’s neck in order to divert the blood 
flow and consequently prompt its occlusion [5, 13]. Parent vessel occlusion, 
trapping, coiling, stent-assisted coiling, or stent monotherapy are also used to 
treat these aneurysms. Parent artery occlusion is a reliable technique for oblit-
eration of the aneurysm, but it may not be feasible for cases with dominant 
artery or major branch (PICA or anterior spinal artery) involvement without 
collateral flow. In these cases, flow diversion with the cylindrical meshwork 
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PED may be the preferred treatment modality. One of the major advantages of 
the PED in this setting is to maintain patency of branching vessels or perforators 
arising from the parent artery.

18.1.2  Posterior Inferior Cerebellar Artery Aneurysms

PICA, the largest branch of the VA, usually arises from the intradural segment (V4) 
of the VA near the inferior olives and passes posteriorly around the medulla. At the 
lateral margin of the medulla, it passes between the rootlets of the hypoglossal 
nerve, and courses rostral to the fila of the glossopharyngeal, vagus, and accessory 
nerves, then, it courses in a tortuous manner toward the fourth ventricle. PICA aneu-
rysms (PICAA) are relatively uncommon (0.5–3%) among intracranial aneurysms 
(IA) but they count for roughly 18% of infratentorial aneurysms, making it the 
second in frequency following the basilar apex aneurysms.

PICAA can sprout at the PICA origin (saccular) or—not infrequently—at a dis-
tal location along p2 to p5 segments of the artery. These aneurysms are usually 
“atypical” with an increased incidence of fusiform or dolichoectatic morphology, 
lobulated and distally located beyond the arterial origin. This is mostly due to the 
rebellious turns in the course of the PICA, and excessive sheer stress forces contrib-
uting to the elastic lamina injury and subsequent aneurysm formation. As with all 
other IA, patients are often diagnosed subsequently to subarachnoid hemorrhage 
(SAH) or to symptoms involving the medulla or cranial nerves IX-XI [23]. Natural 
history studies have demonstrated that PC aneurysms have a higher risk of rupture 
and a higher associated mortality than their anterior circulation counterparts. 
Selecting the best treatment protocol for PICAA is vital because of their somewhat 
elevated risk of recurrence and its overwhelming risk of fatality.

Blood vessel reconstruction via open surgery has been the optimal choice for 
treating PICAA for decades. Nevertheless, surgeons nowadays tend to prefer mini-
mally invasive endovascular procedures as first-line treatment for several but not all 
PICAAs. It is challenging to elucidate the gold standard treatment of these aneu-
rysms now that flow diversion techniques are easily accessible and flow diversion 
stents straightforwardly deployable across the aneurysms neck. Xu F. et al. 2017 
[23] discussed this latter postulation, and pondered the challenging technique and 
the potential neurological damage accompanying open surgery—due to its proxim-
ity to the brainstem—, and compared it to the more “luxurious” endovascular ther-
apy that offers a less invasive alternative. They confirmed, in a series of 42 PICAA, 
the effectiveness of the endovascular treatment in achieving long-term stability and 
preventing rebleeding. It can be technically performed either by occluding the aneu-
rysm with endosaccular coiling or an assisted bypass with parent artery preserva-
tion—with a decreased risk of ischemic complications—or by inducing reversed 
blood flow by occluding parent artery, forming an assisted bypass or diverting the 
blood flow with the PED that would preserve and reconstruct the main vessel and 
induce a progressive aneurysm occlusion [2]. The morbi-mortality rate associated 
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with endovascular embolization of PICAA—related to the small and tortuous anat-
omy of the main artery sometimes preventing catheterization—has ranged between 
8.6 and 12.7% [2, 3, 10, 20]. Still, the risk of brainstem ischemia seems to be rela-
tively low, because of commonly seen sufficient collateral vascularization impend-
ing from the contralateral PICA or from the ipsilateral anterior cerebellar artery 
and/or the superior cerebellar artery.

The primary complications encountered with the endovascular PICAA treatment 
are aneurysm recurrence (5.4%), rebleeding phenomenon (3.2%) and thrombosis of 
the main artery, and the utmost portrayed complication of the surgical approach is the 
injury affecting the lower set of cranial nerves IX-XII (18.5%). For this reason, the 
microsurgical anatomy has been portrayed as a series of triangular corridors for lim-
iting nerve injury while approaching such aneurysms with an open surgical proce-
dure. While treating a series of 113 PICAA (65 microsurgically and 37 endovascularly) 
Bohnstedt et al. 2015 [2] reported a higher significant tendency to use shunts (31% 
vs 23%) in patients treated microsurgically compared to endovascular treatment. 
Around 41% of ruptured and unruptured aneurysms undergoing surgical treatment, 
experience postoperative deficits compared to only 16% of the endovascularly man-
aged ruptured aneurysms. Despite statistically significant differences in complica-
tions between endovascularly or microsurgically treated patients, these same 
differences were not observed in final patient outcomes at 1 year follow-up [2].

Decisions to treat PICAA with a microsurgical far-lateral approach or endovas-
cularly are selected on a case-by-case basis according to aneurysm location, mor-
phology—broad neck aneurysm or ruptured state—, presenting neurologic 
condition, medical comorbidities, preferences of the treatment team and of the 
patient. Comparing both approaches in variable settings remains essential in order 
to define the primary treatment of care for every PICAA (Figs. 18.1, 18.2, and 18.3).

Fig. 18.1 Angiogram 
showing a Left vertebral 
artery (Lvert) 
catheterization with 
contrast injection. Wide 
necked saccular aneurysm 
at the lateral medullary 
segment (P2) of the left 
poterior inferior cerebellar 
artery (PICA)
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18.1.3  Vertebro-Basilar Aneurysms

Vertebro-basilar junction (VBJ) is an intracranial midline union of the intradural seg-
ments of the right and left VAs. It gives rise to the BA which is divided into junctional, 
trunk and tip segments and branches into the anterior inferior cerebellar artery (proxi-
mal BA trunk) and the superior cerebellar artery (proximal to BA tip). Aneurysms of 
the VBJ (VBJA) are often large, giant in size and mostly of non- saccular geometry, 
dissecting in nature characterized by elongation, dilation, and/or tortuosity of the 

Fig. 18.2 Flow diversion 
pipeline embolization 
device (PED) deployment, 
at the lateral medullary 
segment of the left poterior 
inferior cerebellar artery 
(PICA), across the neck of 
the aneurysm

Fig. 18.3 One-year 
follow-up digital 
subtraction angiography 
(DSA) with left vertebral 
artery (Lvert) 
catheterization and contrast 
injection. Complete 
resolution of the saccular 
aneurysm, at the left 
poterior inferior cerebellar 
artery (PICA), after 
treatment with the pipeline 
embolization device (PED)
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vessel. This has been related in almost 70% of VBJAs to defects of embryogenesis 
manifesting as fenestration of the intracranial vasculature arising from the incomplete 
fusion of primitive neural arteries. The main underlying pathologic mechanism behind 
the aneurysms at this site has been linked to the delicate arterial wall media defects 
rendering it susceptible to wall shear stress and altered hemodynamics. VBJAs are 
relatively rare, with an incidence of almost 0.5%. Asymptomatic patients tend to pre-
cipitate ischemic disease rather than IA rupture and SAH. Most symptomatic patients 
present with a SAH. Mizutani et al. suggested, in 1999, a benign progression of the 
disease of the dolichoectatic VBJAs. In opposition to this proposition, Nasr et al. 2016 
[17] deliberated, in their analysis on the imaging characteristics associated with grow-
ing and ruptured non-saccular and dolichoectatic aneurysms of the VB tree, the likeli-
hood of dolichoectatic aneurysm to grow (8%) during the follow-up period similarly 
but less frequently than transitional and fusiform aneurysms. These results are analo-
gous to those displayed by Passero and Rossi [19] who found that approximately 5% 
of dolichoectactic aneurysms progressed (defined as either increasing tortuosity and/
or enlargement) over a 5-year follow-up period.

Surgical access to the VBJ is challenging, local anatomy is complex due to the 
existence of perforators to the brainstem and lower cranial nerves. In addition, the 
complicated geometry of the fenestration makes clipping of the aneurysms difficult. 
With the results of the subarachnoid aneurysm Trial, the endovascular treatment of 
VBJAs has been widely acknowledged and has become the first-line treatment of 
these lesions ranging from coiling, balloon remodeling techniques, stenting, parent 
vessel occlusion, and trapping [25]. The rate of technical success of endovascular 
interventions has been reported close to 95.5% with only 10% risk of per-procedural 
complications [25]. Meckel et al. [14] demonstrated the safety and the efficacy of 
single pipeline or pipeline/coiling combined treatment of complex VBJAs. 
Nevertheless, they have debated the persisting risk of recurrent SAH, late intra-PED 
thrombosis, progressive mass effect and delayed intracranial hemorrhage, coupled 
to the endovascular approach. Consequently, the use of PED in the treatment of 
VBJAs should be pondered and reserved for those cases in which alternative 
approaches either are deemed unsafe or are likely to be ineffective.

18.2  Part 2: Arteriovenous Malformations and Tumors 
Encasing the Vertebral Artery—Temporary Balloon 
Occlusion and Tumor Embolization

18.2.1  Arteriovenous Malformations and Fistulas of the Vertebral 
Artery

Spinal arteriovenous malformations and fistulas (AVM/F) are uncommon lesions in 
adults (4%) and rarer still in children. These vascular lesions may cause serious neuro-
logic morbidities, are regularly categorized based on nidus anatomical location and its 
corresponding angioarchitecture, four groups have been described: dural AVF, glomus 
AVM, juvenile metameric AVM, and pial AVF. The dural type is the most frequent 
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lesion (70%) of all spinal AVMs. One AVM could be supplied by multiple feeders aris-
ing from anterior/posterior or VAs. Previous reports have assembled a heterogeneous 
collection of VA arteriovenous lesions, including arterial contributions from the upper 
and lower VAs draining into a variety of spinal and paraspinal collectors.

Embryologically, the CVJ represents a transition point from a spinal intersegmen-
tal arterial organization to a carotid-based system. In the first few weeks of embryo-
genesis, while the temporary connections between the first six cervical segments and 
the dorsal aorta go on to regress, the VAs originate as the C7 intersegmental branches. 
With regression of the other cervical intersegmental branches, the longitudinal axis 
of the definitive VAs within the foramen transversarium results from the coalescence 
of the first six cervical intersegmental arteries. In contrast, at the CVJ, development 
is instead organized along the carotid-vertebral anastomoses. These temporary con-
nections between the carotid arteries and the plexiform longitudinal neural arteries 
go on to regress, and the longitudinal neural arteries unite to form the definitive basi-
lar artery. Thus, for arteriovenous lesions affecting the upper vertebral artery, distinct 
embryological pathways of coalescence and regression between the cervical inter-
segmental and the longitudinal neural arteries may be related to developmental ana-
tomic variants. However, the mid and lower cervical longitudinal axis of the VA 
represents purely intersegmental development, and is thus thought less likely to be a 
congenital lesion originating from anatomic variants.

Based on the latter embryological inscription, several authors suggested that 
upper VAs angio-malformations tend to be spontaneous lesions whereas those affect-
ing the mid and lower segments of the VA are mostly subsequent to various traumatic 
aggressions and dissections. It was Rodesch and Lasjaunias who proposed, in a clas-
sification of vertebral-vertebral AVF (VVAVF), the likelihood of having lower verte-
bral AVF as typically low flow with large paraspinal collecting venous pouches. 
Nevertheless, this is not always the case [1]. Clinical manifestations of these lesions 
has been correlated to the anatomic location of the malformation and regrouped a 
few or many of the following signs and symptoms: objective bruit, pain, paresthesia, 
congestive myelopathy-related to retrograde intradural venous drainage-, paresis, 
paralysis, subarachnoid, epidural, or intramedullary hemorrhage, high-output car-
diac failure, and VB insufficiency secondary to arterial steal.

Many authors have labeled the microsurgical approach as a primordial treat-
ment for AVMs. Surgical treatment of VVAVFs include radical fistula resection/
trapping, clip ligation of the fistulous point, VA sacrifice, and surgical decom-
pression. Given the potential blood loss and the morbidity of such a delicate 
surgical technic, a fairly large number of these vascular malformations are dif-
ficult to treat with primary microsurgical occlusion. Endovascular management 
of these vascular “nests” has gained significant popularity and has become com-
mon practice with the recent escalation of catheter and guidewire technology 
and novel embolic materials. Detachable latex balloons and coils have the lon-
gest historical track record for this purpose, although more recently liquid 
embolic agents have also been used for the spinal AVF treatment. However, 
unlike coils which can be retrieved before detachment—only if the pattern of 
deployment appears unfavorable—, liquid embolic agents are not retrievable 
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after injection and pose the potential risk of distal embolization through the 
epidural plexus or proximal embolization through the VA.  Although modern 
endovascular approach for treating AVM/Fs is becoming increasingly effective, 
it still lags behind surgical success rates which approach 100% [12]. The out-
come of both treatment options is similar if complete obliteration of AVM/F is 
obtained and depends mainly on the severity of neurological dysfunction before 
treatment (Figs. 18.4, 18.5, and 18.6).

18.2.2  Tumors Encasing the Vertebral Artery

Mass occupying lesions are commonly encountered in this anatomical location. 
Several neoplastic lesions can occupy the CVJ: chordomas, osteoblastomas, menin-
giomas, hemangioblastoma, ependymoma, metastatic tumors, etc. The surgical 
management of these tumors, particularly with associated neurovascular compro-
mise, is challenging in terms of achieving proper resection, spinal stabilization and 
guaranteeing minimal probability of recurrence. Whenever the tumor is at proxim-
ity or encircling the VA, additional investigations with digital subtraction angiogra-
phy or magnetic resonance angiogram is desirable with possible embolization or 

a b

Fig. 18.4 Sagittal T2-weighted short-tau inversion recovery (STIR) images of the thoracic (a) and 
cervical (b) spine. Dilated dorsal perimedullary veins are seen throughout the imaged spinal canal, 
but significant cord signal change is seen only from T8 to the conus medullaris
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a b

Fig. 18.5 Thoracic (a) and cervical (b) time-resolved MR angiogram (TR-MRA) using TRICKS 
protocol (General Electric Inc., Chicago, USA). There is no evidence of fistulous lesion seen on 
thoracic TR-MRA, but is clearly seen in the cervical images (arrow) at the level of the craniover-
tebral junction

temporary balloon occlusion. Preoperative VA angiograms or highly specific CT 
angiograms should be routinely completed to demonstrate the relation between 
VAs, the cervical spine and the tumor. This step is primordial in the planning of the 
right surgical technique.

18.2.2.1  Tumor Embolization
VA angiograms are usually gold standard in the preoperative visualization of the 
vascular anatomy and serves as a tactical approach to perform adjuvant endovascu-
lar tumor embolization (TE), only if feeders happen to be accessible.

Embolic agents may be permanent or of temporary use. Choosing the best agent 
relies on the tumor infiltration, on the vascular anatomy and on the interventionist’s 
expertise in manipulating liquid embolic agents or particles that can penetrate into 
the smallest vessels but withhold a relatively considerable risk of damage to the 
normal adjacent tissues. Superselective micro-catheterization is often necessary for 
complete evaluation of individual distal vessels and to assess for intratumoral shunt-
ing. Close attention should be paid to the presence of anastomoses between extra 
and intracranial circulation or anastomoses to critical structures such as the eye or 
vaso nervosum supplying various cranial nerves [11].
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The procedure is considered technically successful once the surgeon is capable 
of occluding the designated vessels. Clinical success is attained if minute blood is 
lost during surgery, if it has participated in limiting surgical morbidity by allowing 
better visualization of the surgical field, shortening of the operative procedure time, 
increased the chances of complete surgical resection and limited the damage to 
adjacent normal tissue.

18.2.2.2  Vertebral Artery Deconstruction: The Role of Temporary 
Balloon Occlusion

The safety and the efficacy of preoperative endovascular deconstruction of the 
encircled VA has been shown to facilitate safe CVJT resection. Chalouhi et al. [4] 
described a new technique in 2013 for carotid and VA deconstruction using a com-
bination of Onyx and coils, and assessed its feasibility, safety, and efficacy. 
Nevertheless, the use of trans-arterial detachable coils has been described as time- 
consuming and costly expensive since it frequently requires several coils deploy-
ment to achieve flow interruption. Ogungbemi et al. 2015 re-evaluated the safety 
and the efficacy of the primal endovascular detachable balloons, performed without 
prior TBO in the preoperative management of these tumors. The only absolute con-
traindication to occlusion was absent or severely hypoplastic intradural segment of 

a b c

d e f

Fig. 18.6 Digital subtraction angiography (DSA) of the right vertebral artery (VA) (a–c) and 
common carotid artery (CCA) (d–f) systems. Evidence of a large early-draining vein is seen at the 
level of the craniovertebral junction on both VA and CCA injections (a, d, arrows). Superselective 
catheterization shows filling of the fistula through branches of the posterior meningeal artery and 
ascending pharyngeal artery (b, e). Control runs after superselective embolization of the dural 
arteriovenous Fistula show complete occlusion of the fistula (c, f)
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the contralateral VA considered angiographically inadequate to support the poste-
rior circulation. Temporary VA balloon test conventionally precedes complete per-
procedural VA sacrificing with CVJT resection in order to establish the integrity of 
the circle of Willis and identify patients prone to ischemic complications [8]. In 
opposition to several statements, VA TBO is not always deemed necessary as its 
veracity in predicting subsequent ischemia has not been, so far, clearly elucidated 
[9, 22, 26]. In fact, TBO is one of many preoperative indicators- like regional cere-
bral blood flow evaluation with computed tomography and magnetic resonance 
imaging, measurement of arterial stump pressure, transcranial Doppler ultrasound, 
deemed significant in order to predict inadequate perfusion. Although it seems logi-
cal that cerebral blood flow evaluation and/or other adjunctive tests performed dur-
ing TBO should help to reveal marginal areas of perfusion that might lead to 
neurologic deficits after permanent arterial occlusion, this has not been convinc-
ingly shown.

Published data suggested that clinically evident ischemic complication is rela-
tively infrequent following unilateral VA occlusion. Dominance of the affected VA 
is not considered to be a contraindication to vessel deconstruction. Dual VA inflow 
to BA and multiple potential collateral inputs to the distal VA from cervical and 
external carotid arteries as well as retrograde flow from the circle of Willis are pro-
tective against ischemic complications. Although the use of detachable balloons 
carries several risks of potential disastrous distal embolization as well as balloon 
deflation and delayed vessel recanalization if used inappropriately, in experienced 
hands, they may offer further advantages including accuracy of placement, cost 
effective flow arrest with lower consequent radiation dose knowing that those bal-
loons were removed from the US market.

18.3  Part 3: Mechanical Thrombectomy in the Management 
of Vertebro-Basilar Artery Strokes

Posterior ischemic stroke (PIS) represents approximately 20% of all ischemic 
strokes. Small lesions can cause significant deficits as compared to anterior circula-
tion strokes, due to the close proximity of major afferent and efferent tracts and 
cranial nerve nuclei in Brainstem [18]. A PIS is defined by an infarction occurring 
within the vascular territory supplied by the VB arterial system [18]. Although the 
posterior circulation (PC) is branded with a highly interconnected vasculature, 
around 70% of VB infarcts are clinically manifest due to the concomitant anatomi-
cal variability of the PC vasculature: unilateral VA hypoplasia and BA curvature.

Multiple stroke registries have been analyzed to determine the most characteris-
tics and common etiologies of PIS. Large vessel and small vessel stroke ensuing 
from causal atherosclerotic disease have been responsible for 35% and 13% of PIS, 
respectively. The most common location of VA atherosclerosis and consequently 
thrombus formation are V1 and V4 segments. It is noteworthy to consider VA dis-
section whenever stenosis involves the V2 and V3 segments. Similar to ICA athero-
thrombotic accidents, lesion irregularity and plaque morphology correlate with the 
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severity of the ischemic presentation in the PC. De facto, ischemia due to intracra-
nial disease may result from tissue hypoperfusion, in situ-thrombosis or artery to 
artery thromboembolis (20% in PIS disease). The failure of compensatory mecha-
nisms—typically witnessed in “Tandem” extra-intracranial VA lesions—can be 
responsible for a wide range of severe neurologic damage, which has been labeled 
as the “misery perfusion phenomenon.”

Chemical and mechanical revascularization options have been considered lately 
as primary modalities in the management of PISs. The use of mechanical thrombec-
tomy (MT) in the management of acute ischemic stroke (AIS) has become increas-
ingly popular throughout the past decade. It provides an option for flow restoration 
in those who are arbitrated non-eligible for receiving chemical intravenous throm-
bolysis with the classical fibrinolytic agents (IV-rtPA). It augments the chances of 
completely reversing the patients’ symptoms by offering to extend the treatment 
window from 4.5 h with the IV-rtPA to 8 h from the initial time of their early symp-
toms manifestation. It is worthy to mention that although to a much less extent, 
some patients still benefit from the use of MT after 8-h mark [6].

Multiple factors affect the clinical outcome and the complication rates in patients 
with AIS treated with mechanical flow restoration devices. The first device was the 
Merci Retriever (Concentric Medical, Kalamazoo, Michigan), which was approved 
by the US Food and Drug Administration (FDA) in 2004, and the second mechani-
cal thrombectomy device was the Penumbra, which was approved in 2007. In 2012, 
a newer generation of MT devices, the Solitaire flow restoration (FR) revasculariza-
tion device (ev3/Covidien Vascular Therapies, Irvine, California) and the Trevo 
stent retriever devices (Stryker, Kalamazoo, Michigan), were approved by the 
FDA. Better clinical outcomes, recanalization rates, and significantly less complica-
tions have been recently quantified with the Solitaire® device.

Current MT interventionists prefer the use of stentrievers over its predecessors 
[6, 21]. The use of such devices has been associated with high rates of recanaliza-
tion with a low probability of complications and a consequent improved func-
tional outcome in patients with AIS involving the PC [7]. The rate of good clinical 
outcome was higher in young patients <80 years (67%) [6]. Nevertheless, a dis-
crepancy has been described between a high thrombolysis in cerebral infarction 
(TICI) perfusion scale grade and clinical outcome. Not all patients with good 
recanalization grade go on to having favorable outcomes, especially patients with 
internal carotid or BA occlusion, elderly and those with higher NIHSS score at 
admission. In a retrospective study conducted by Daou et al. [6], 89 patients pre-
senting with AIS symptoms underwent MT. Although eight of nine patients with 
a VB thrombus had substantial revascularization, the only statistically significant 
predictors of increased mortality after Solitaire® thrombectomy were thrombus 
location in the PC with a mortality rate of 33%, and a high NIHSS score. An 
occlusion of the VB circulation is often associated with higher odds of morbidity 
and mortality. A comparable result has been reported by Mordasini et  al. [15] 
where all the included patients had successful revascularization however, the mor-
tality rate was 35.7%. Mourand et  al. 2014 [16] included 31 patients in their 
designed prospective single center study and were diagnosed with acute BA 
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occlusion; they underwent MT and reported an analogous mortality rate of 32% 
also. Nonetheless, neurointerventionists should tend to include MT in the urgent 
management of PISs, for it is regarded as a life-saver, an indispensable procedure 
and remains capable of improving the clinical outcome of approximately 70% of 
the PIS patients.

18.4  Conclusion

The craniovertebral junction is an anatomical region where a multitude of pathol-
ogies can occur. Endovascular techniques play a major role in either treating or as 
an adjunct to the final surgical treatment of those lesions, knowing the indications 
and limitations of those techniques is key to screen patients and reduce 
complications.
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19Craniovertebral Junction Instability 
and Mechanisms of Injury
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Corentin Dauleac, and Philippe Bancel

19.1  Introduction

The most important challenge in managing craniovertebral junction (CVJ) traumas 
mainly lies in recognizing and differentiating stable and unstable lesions which may 
result into severe neurological complication(s). With this objective, one must under-
stand the normal anatomy and biomechanics of the CVJ [5, 25–28, 34, 37], and also 
the mechanisms of the injury, in order to diagnose the unstable post-traumatic 
lesions which may lead to a surgical indication.

Biomechanically, the cranio-cervical junction supports the weight of the head 
and represents one of the most mobile segment of the spine [6, 29, 35, 36, 37]. 
Physiological range of motion must be understood with approximately 25–30° of 
flexion-extension at C0-C1 and C1-C2, and around 35–40° of rotation at C1-C2. 
The stability is ensured by both soft tissues including joint capsules, membranes 
and ligaments, and sub-occipital muscles with the key-role played by the trans-
verse ligament and bony structures. According to the mechanisms of injury (com-
pression, distraction, rotation, and translation), it is possible to categorize specific 
injury patterns that is helpful to assess the stability of the injury and may influence 
the treatment option.

This book chapter is mainly focused on the biomechanics of the injured CVJ to 
help the clinician for treatment decision-making.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18700-2_19&domain=pdf
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19.2  Biomechanics of the Injured Spine

Different mechanisms of injury, which will be detailed further, may result into exces-
sive range of motion and therefore overtake the physiological resistance of ligaments, 
capsules, and/or bony structures. Damage of the bony structures and/or soft tissues 
elements may lead to severe CVJ instability with compromise of the integrity of the 
neurological structures [9, 10, 19, 38]. The objective of this part III is to analyze what 
are the biomechanical consequences according to which structure is injured.

19.2.1  Ligamentous Injuries

Ligaments represent uniaxial structures that can resist to direct traction forces. 
Some ligaments may resist to forces from a range of directions because of the mul-
tidirectional orientation of their fibers. In fact, ligaments are the most resistant when 
they are stressed along the direction of their predominant fibers. Otherwise, not only 
the amount of load but also the rate of load application may affect the nature of 
injury produced, as reported by Goel and al [20, 21].

Also, severe ligamentous injuries are incapable to heal spontaneously. 
Ligamentous lesions thus result into permanent and definitive instability and surgi-
cal stabilization has to be considered in most cases.

19.2.1.1  Rupture of the Transverse Ligament
The transverse ligament (TL) is the thickest and strongest ligament of the entire 
spine. Another mechanical particularity of the transverse ligament is represented by 
its poor elasticity [14]. During CJV injury, the thick and inelastic transverse liga-
ment resists and suddenly disrupts. It tears suddenly as an “all-or-nothing” mecha-
nism and does not fail partially or gradually, potentially leading to horizontal C1-C2 
instability with C1 anterior subluxation (up to 12 mm), Fig. 19.1.

The transverse ligament represents the main stabilizing structure of C1-C2 con-
straining C1 around the dens. When torn, TL is incapable to repair and surgical 
C1-C2 fusion has strongly to be considered.

Fig. 19.1 (a, b). Avulsion of transverse ligament (blue arrow) resulting into C1-C2 horizontal 
instability with increase of ADI (atlanto-dens interval, which normally should be less than 3 mm) 
(from personal series)
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19.2.1.2  Rupture of the Joint Capsules
Capsular C1-C2 ligaments are relatively loose and provide a small of C1-C2 stabil-
ity. In the presence of intact transverse and alar ligaments, unilateral rupture of 
C1-C2 capsules result to augmented ROM into contralateral rotation. Isolated injury 
of C1-C2 capsular ligaments injury is considered not sufficient to induce C1-C2 
instability [7].

19.2.1.3  Rupture of the Alar Ligament
It has been reported that isolated and unilateral rupture of alar ligaments on one side 
will cause increased contralateral axial rotation by approximately 30% [11].

Both alar and capsular ligaments compromise, without rupture of the transverse 
ligament, are unlikely to induce significant risk for C1-C2 translation, as demon-
strated by Puttlitz et al. [30].

19.2.2  Bony Injuries

Not only ligamentar elements play a role for stability of CVJ but also bony struc-
tures [5]. Among them, the dens represents a major pivot element for stability of 
C0-C1-C2 complex. The dens and the intact transverse ligament are considered as 
the elements providing the major stability at the C1-C2 articulation. As an example, 
trans-oral or trans-nasal odontoidectomy, which is performed to decompress the 
upper spinal cord or the brain stem, may significantly jeopardize the CVJ stability 
(Fig. 19.2). This phenomenon is easy to understand seeing the crucial role of the 

Fig. 19.2 (a, b) Illustrative case. Eighty-year-old woman who underwent a trans-sphenoidal odon-
toid process resection for a compressive rheumatoid pannus developed a severe CVJ instability. The 
neurological symptoms progressively relapsed, and the CT-scan showed a severe mixed vertical and 
horizontal CVJ instability with anterior translation of the C0-C1 complex regarding C2 vertebra (a) 
and associated with basilar invagination. The patient had to go through a revision surgery in order 
to decompress the spinal cord, reduce the displacement and the deformity and perform a posterior 
instrumented stabilization from C0 to T1 with bone grafting (b). The case illustrates the importance 
of the dens integrity to ensure the stability of the CVJ (from personal series)
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dens which is the pivot around which C1 vertebra and the transverse ligament artic-
ulate. The laxity of C1 (translational movements) was proven to significantly 
increase after a trans-oral odontoidectomy, principally into the antero-posterior 
direction [9, 30]. C0-C2 posterior instrumented stabilization should systematically 
be discussed after partial/complete resection of the dens.

Otherwise, in contrast to ligamentous injuries, bony injuries have the potential of 
healing and orthoses may play a role for treatment until the consolidation of the 
bone occurs.

19.3  Mechanisms of Injury

In the context of normal biomechanics, understanding the mechanism of injury 
permits to fully appreciate the potential instability of the injured CVJ.  In fact, 
CVJ injury is the result from the application of moments (with a certain magni-
tude of force, a certain length of lever arm, and a certain angle of application) to 
a particular site of the craniovertebral junction. The summary of theses torques 
are called major injuring vector (MIV). The mechanism of injury depends on the 
MIV, which conditions the damage of one or multiple anatomical element. By 
analyzing the type of injury force vectors, post-traumatic cervical lesions can be 
categorized into specific injury patterns. Also, according to the mechanism of 
injury, one must pay attention to the expected specific lesions associated with that 
mechanism.

Even if this organizational approach based on the predominant force vector is a 
kind of simplification, it is helpful to understand more precisely the potential insta-
bility consecutive to a trauma.

19.3.1  Pure Compression

The structures that bear the compressive forces at the CVJ are mainly the bony 
structures (and the discs into the sub-axial cervical spine) and are represented by 
the occipital condyles, the lateral masses of C1 and C2, and the vertebral body of 
C2. In fact, pure compression is rarely observed and most often compression is 
associated with flexion (flexion-compression vector) or rotation (rotation-com-
pression vector).

19.3.1.1  Fracture of the Occipital Condyle
Fracture of the occipital condyle may result from different primary force vectors 
including: axial compression, axial traction, rotation-compression, asymmetrical 
compression, asymmetrical traction, and translation (Fig.  19.3). In fact, pure 
compression is very rare and most often more complex mechanism is the cause 
of the injury [31]. Most widely used classification is the one reported by Anderson 
and Montesano [2] into three types: compression fracture (type I), skull base 
fracture extended to occipital condyle (type II), and avulsion fracture of the alar 
ligament (type III).
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19.3.1.2  Fracture of the Lateral Mass of C1
Atlas injuries represent the second most frequent type of bony lesions in the CVJ 
after odontoid fractures and are essentially caused by axial compression [32]. They 
are rarely isolated and are associated with C2 fracture in approximately 1 case over 
2. The most relevant classification is the one reported by Gehweiler et al. [16] divid-
ing theses fractures into five types: isolated fracture of the anterior arch (type I), 
isolated fracture of the posterior arch (type II), fracture of both anterior and poste-
rior arch (type III), fracture of the lateral mass (type IV), and fracture of the trans-
verse process (type V), Fig. 19.4.

19.3.1.3  Fracture of the Lateral Mass of C2
Isolated lateral mass fracture of C2 is rare (Fig. 19.5) and most often associated with 
a more complex vertebral body fracture of C2.

19.3.1.4  Fractures of C2 Vertebral Body
C2 vertebral body fractures are uncommon (7.2% among a series of 417 C1-C2 
traumas as reported by Barrey and Charles [3]) and were classified into three main 
types by Benzel et al. [4, 17] according to the predominant direction of the frac-
ture: coronally oriented (type I), sagittally oriented (type II), and transversally 

Fig. 19.3 (a, b) Fracture of the occipital condyle (left side). Type I injury according to Anderson 
and Montesano grading (from personal series)

Fig. 19.4 (a–d) Unilateral lateral mass fracture of C1 consecutive to a pure compression mecha-
nism. Type IV injury according to Gehweiler grading (from personal series)
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oriented (type III), Fig. 19.6. In fact, Benzel type III is equivalent to type III odon-
toid fracture according to Anderson and D’Alonzo classification for odontoid 
fractures.

Type I (coronal) and type II (sagittal) are consecutive to axial compression mech-
anisms when type III is caused by hyperflexion or hyperextension mechanisms.

19.3.2  Distraction (Hyperflexion or Hyperextension)

Distraction injuries are typically consecutive to rapid acceleration or deceleration of 
the spine with the trunk staying in place and the head keeping to move. They are 
divided into hyperflexion and hyperextension mechanisms. According to the location 
of the center of rotation, hyperflexion injuries can result into pure flexion- distraction 
or flexion-compression injury patterns. Hyperextension will result into excessive 
stresses on the posterior elements and particularly on the posterior arches of C1 and 
C2, which are compressed between the occiput and the bony structures below.

Fig. 19.5 Isolated 
unilateral fracture of the 
lateral mass of C2 (from 
personal series)

Fig. 19.6 (a–c) Fracture of C2 vertebral body, coronally oriented (i.e., Benzel type I), and con-
secutive to a predominant axial compression vector (from personal series)
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19.3.2.1  Occipital Cervical Dislocation
Occipital-cervical dislocation (OCD) is also called cranio-cervical dislocation or 
dissociation [22, 23]. OCD is consecutive to application of enormous distraction 
energy pulling the head vertically (Fig. 19.7). This devastating injury is generally 
fatal. Traynelis et al. [33] categorized OCD into three types according to the main 
force vector: anterior (type I), vertical (type II), and posterior (type III).

19.3.2.2  Jefferson Fracture
Jefferson fracture was first reported in 1920, consists of both anterior and posterior 
arch fracture of C1 (Fig. 19.8) and corresponds to type 3 according to the classifica-
tion system by Gehweiler [16]. Combination of hyperflexion and hyperextension is 
now considered as the main mechanism injury for Jefferson fracture with the poste-
rior arch of C1 compressed between the occiput and the posterior of C2 during 
hyperextension and the anterior arch of C1 compressed between the basion and the 
body of C2 during hyperflexion [32].

Fig. 19.7 (a–d) Complete C0-C1 dislocation secondary to a pure vertical distraction mechanism 
(a, b). Note the injury of the spinal cord (c). The treatment consisted of C0-C2 posterior stabiliza-
tion (d) (from personal series)

Fig. 19.8 (a–c) Jefferson fracture with fracture of both the anterior and posterior arches of C1 (a, 
b). According to the “rule of Spence,” if the sum of A + B is more than 7 mm, instability should be 
considered (c) (from personal series)
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19.3.2.3  Atlantoaxial Dislocation
In the case of atlantoaxial dislocation (Fig. 19.9), enormous energy is necessary to 
separate C1 from C2. The vertical portion of crucial ligament is sectioned whereas 
the horizontal part (i.e., the transverse ligament) is still intact. If the section occurs 
below the transverse ligament, atlantoaxial dislocation is observed, if the section is 
above, occipito-atlantal dislocation will occur.

19.3.2.4  Type II Odontoid Fracture
Type II odontoid fractures represent the most common type of bony lesion in the 
upper cervical spine [24]. They may result into atlantoaxial instability, antero- 
posterior translation and, therefore, compromise of the neurological structures [1]. 
Type II odontoid fractures generally result from hyperflexion or hyperextension, 
with the main injury mechanism determining the direction of the displacement 
(Fig. 19.10). When the main force vector is hyperflexion, typically, an anterior dis-
placement of the dens will be observed. On the contrary, hyperextension will result 
into a posterior translation of the dens. The most common classification used 

Fig. 19.9 (a–c) Atlantoaxial dislocation due to high-energy distraction mechanism (from per-
sonal series)

Fig. 19.10 (a, b) Type II odontoid fracture with antero-inferior direction of the fracture and ante-
rior displacement of the dens by hyperflexion mechanism (a); and type II with posterior displace-
ment by hyperextension mechanism (b) (from personal series)
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nowadays is the one reported by Anderson and Alonzo who distinguish: fracture of 
the tip of odontoid process (type I), fracture of the base (type II), and fracture pass-
ing through C2 vertebral body (type III).

19.3.2.5  Hangman’s Fracture
Hangman’s fracture is also referred as the bilateral isthmic fracture of C2 or post- 
traumatic cervical spondylolisthesis of C2. Hyperextension, generally associated 
with axial compression forces, will result to shear stresses on the isthmus of C2, 
which may lead to bilateral C2 pars fracture, also referred as the Hangman’s frac-
ture (Fig.  19.11). Effendi et  al. [13] divided the lesions into three main types: 
non- displaced fracture with no kyphotic deformity (type I), fracture associated 
with translation more than 3.5 mm and/or angulation more than 11° (type II), and 
fracture associated with unilateral or bilateral complete C2-C3 facet dislocation 
(type III).

19.3.3  Translation

19.3.3.1  Occipito-Cervical Dislocation
Occipito-cervical dislocation can result from a pure vertical distraction force vector 
(see Fig. 19.7) but also from an anterior or posterior translation vector, correspond-
ing respectively to Traynelis type I and III.

19.3.3.2  Rupture of the Transverse Ligament
In normal conditions, the transverse ligament (TL) serves as the restraint to anterior 
translation of C1 and represents the strongest ligamentous structure of the cranio- 
cervical junction [14]. In case of rupture of TL, this allows the anterior translation 
of C1 (up to 12  mm) with the risk of compromise of neurological structures, 
Fig. 19.12.

Fig. 19.11 (a–d) Bi-isthmic fracture of C2, Effendi type I, consecutive to a hyperextension mech-
anism (from personal series)
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Imaging modalities (CT-scan and MRI) permit to differentiate type I and II inju-
ries according to Dickman’s classification [8] for atlantal-transverse ligaments 
lesions. Type I corresponds to an intra-ligamentous rupture with respect to the attach 
zone of the TL at the inner aspect of lateral mass of C1. Type II is characterized by 
the bony avulsion of the transverse ligament from the medial border of the lateral 
mass of C1.

19.3.3.3  Type II Odontoid Fracture
Most odontoid fractures result from complex force vectors including distraction, 
lateral bending, axial compression, and translation forces. Importance of fracture- 
displacement indicates the severity of the instability (not the only parameter), 
Fig. 19.13.

Fig. 19.12 (a–c) Rupture of the transverse ligament associated with anterior translation of C1 
(abnormal increase of the ADI). In normal conditions, the TL permits to restraint the anterior arch 
of C1 (from personal series)

Fig. 19.13 (a–c) Type II odontoid fracture with severe antero-posterior translation (a, b). The 
fracture necessitated a combined surgery with anterior screw and posterior C1-C2 fixation to con-
trol the post-traumatic C1-C2 instability (from personal series)
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19.3.4  Rotation

The rotation at the CVJ is neutralized by the alar ligaments at first line, with contri-
bution from the tectorial membrane, joint capsules, and transverse ligament. In case 
of excessive rotatory force vector, these structures may be ruptured and lead to rota-
tory subluxation or dislocation. Also, asymmetrical injuries, including asymmetri-
cal fracture or ligamentar rupture, suggest a part of rotational force vector.

19.3.4.1  Rupture of C1-C2 Capsular Ligaments
Capsular C1-C2 ligaments function predominantly into control axial rotation. 
Isolated injury of C1-C2 capsular ligaments injury is considered not sufficient to 
induce C1-C2 instability.

19.3.4.2  Atlantoaxial Rotatory Subluxation
The first case of atlantoaxial rotatory subluxation was reported by Charles Bell in 
1930. In the case of C1-C2 rotatory subluxation, it is important to determine if the 
subluxation is partial/complete and reducible/irreducible [12, 18]. Fielding and 
Hawkins [15] proposed a classification into four types: rotatory subluxation of 
C1-C2 with no anterior displacement of C1 (type I), rotatory subluxation of C1-C2 
with anterior displacement of C1 by 3–5  mm (type II), rotatory subluxation of 
C1-C2 with anterior displacement >5 mm (type III), and rotatory subluxation of 
C1-C2 with posterior displacement of C1 (type IV) in Fig. 19.14.

Fig. 19.14 (a–d) Incomplete rotatory subluxation of C1-C2. The lateral masses of C1 and C2 are 
still in contact (a, b). If the sum of angle A + B is more than 45°, significant instability should be 
suspected (c, d) (from personal series)
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Key-Messages from the Mechanism Injury

 – Main injury vectors are compression, distraction, translation, rotation, and a 
combination of all of them.

 – Most post-traumatic lesions can be categorized into specific injury patterns even 
if they result most often from a combination of primary forces.

 – Compression injuries affect predominantly bony structures.
 – Distraction and rotation affect predominantly ligamentar elements.
 – Asymmetrical injuries suggest a part of rotational force vector.
 – The main injury mechanisms dictate the nature of post-traumatic lesions observed 

and the direction of the displacement.
 – Mechanisms of injury for type II odontoid fracture, which represent the 

most common injury in the upper cervical spine, are often complex and 
multidirectional.

19.4  Recognize the Unstable Lesions

The stability of the injury is the determining factor for decision-making in term of 
surgical indication. Determining instability in the case of ligament injury can be 
particularly challenging. Indeed, ligamentous instability will not heal by itself and 
generally requires a surgical fusion. Radiological analysis is fundamental in that it 
shows indirect or direct signs of instability.

19.4.1  Indirect Signs

Unstable lesions can lead to abnormal displacements or diastasis between the occip-
ital bone and the cervical spine, or between C1 and C2. In contrast to bony injuries, 
ligament injuries are much more difficult to diagnose and assess. Some radiological 
measurements were described (see below) that must lead to the suspicion of unsta-
ble lesions and call for the realization of an MRI imaging. Abnormal displacements 
indirectly reflect the injury of soft tissues and are typically observed on multiaxial 
CT-scan and/or dynamic X-rays.

Indirect signs suggesting instability:

 – axial rotation between C0 and C1 superior to 8°
 – axial rotation between C1 and C2 superior to 45°
 – translation superior to 1 mm between the dens and the basion (caudal extremity 

of the clivus) between flexion and extension
 – more than 2.5 mm between the occipital condyle and the lateral mass of C1 (this 

is suggestive of atlanto-cervical dislocation)
 – lateral translation between lateral masses of C1 and lateral masses of C2 more 

than 7 mm (suggesting rupture of transverse ligament)
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 – atlanto-dens interval (ADI) superior to 3 mm in adults and superior to 5 mm in 
children

 – space available for the cord (SAC) between the posterior cortex of the dens and 
the posterior arch of C1 inferior to 13 mm

 – distance from the lateral mass of C1 to the lateral mass of C2 should not exceed 
2.6 mm on coronal CT-scan

19.4.2  Direct Signs

The most specific test to diagnose unstable lesions that require surgical fusion in the 
CVJ is the MRI (Fig. 19.15). T2 STIR sequence allows the direct visualization of cap-
sules and/or ligaments ruptures that represent unstable lesions. Abnormal signal and/or 
Intra-capsular hematoma with the presence of fluid observed on MRI (T2 sequence) is 
suggestive of capsules injury (Fig. 19.16). MRI in now considered safer and far more 
sensitive and specific than dynamic X-rays to evaluate the ligamentar structures.

Fig. 19.15 (a, b) Rupture of transverse ligament (TL) was suspected on CT-scan with the pres-
ence of bony fragment avulsion on the inner aspect of right lateral mass of C1 (blue arrow). Axial 
MRI could confirm the rupture of transverse ligament. TL was still intact on the left side (blue 
circle) (from personal series)

Fig. 19.16 (a–c) Atlantoaxial dislocation with the presence of intra-capsular fluid between C1-C2 
on both sides on MRI (T2 sequence) (from personal series)
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19.5  Conclusions

The comprehension of the normal anatomy, normal biomechanics, and normal 
physiological range of motion is essential to recognize the unstable lesions of the 
CVJ. The post-traumatic unstable injuries result from specific force vectors which 
may induce failure of bony and/or ligamentar stabilizing structures. Most lesions 
result from a combination of basic primary force vectors including compression, 
distraction, translation, and rotation. Bony injuries are detected on multiplanar 
CT-scan (thin slices). Ligament injuries can be suspected on CT-scan in the pres-
ence of abnormal displacements; however, they can be observed directly on MRI 
(T2-STIR sequence). These two modalities are therefore complementary to fully 
explore post-traumatic injuries of the CVJ.
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Assessment of CVJ Trauma
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20.1  Introduction

Trauma to the craniovertebral junction (CVJ) require complex clinical diagnosis 
and management in survivors reaching a hospital setting. Several classification sys-
tems are currently available that which combine clinical and radiological data to 
obtain a treatment algorithm. Recently, the role of ligaments as primary stabilizers 
at the CVJ has been recognized. Comprehensive assessment of soft tissue compo-
nent of the injury requires MR imaging, making classifications even more complex 
to assess post-traumatic stability of the CVJ [1].

Although the overall incidence of CVJ fractures is not fully elucidated, these 
may represent 2–6% of all spine trauma and 20% of cervical trauma. While conven-
tional radiographs or CT scans can reveal detailed bone anatomy and have a high 
sensitivity for fractures, MR imaging plays a very important role in evaluating the 
presence or likelihood of instability caused by ligamentous injury at the CVJ [2].

Approximately 10–20% of all spinal trauma results in spinal cord injury and 
associated morbidity and mortality, particularly among young people. Clinical 
examination of upper cervical spine trauma may be limited, particularly where the 
patient has an associated head injury with altered level of consciousness [3].

The craniovertebral junction (CVJ) has specific injury patterns on CT and 
MRI. High-resolution axial T2 MR images from CVJ should be obtained to fully 
assess the stabilizing ligaments and surrounding soft tissues. MRI techniques, 
including volumetric sequences, high resolution can be attained, allowing for 
detailed analysis of the ligaments, particularly in trauma patients [4].
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This chapter will focus on classification of CVJ trauma and the complementary 
role of different radiologic modalities in the diagnosis of patients with traumatic 
CVJ injuries.

The role of imaging CVJ trauma classifications will be addressed. The impor-
tance of MR imaging in the assessment of soft tissue injury and the increasing role 
of advanced imaging techniques such as dynamic MRI, or 3D printed models, for 
prognostication of the traumatic spine could play a role in the near future [5].

20.2  Atlanto-Occipital Dislocation (AOD)

Craniocervical ligamentous injuries without dislocation of the occipito-atlantal or 
atlantoaxial motion segments have been described rarely. The most important soft 
tissue structures that are usually involved are the alar ligaments, the occipito- atlantal 
joint capsules, the tectorial membrane, the rectus capitis muscles, and the suboc-
cipital muscles [6].

The distractive forces necessary for AOD are extremely high. This is often a 
lethal injury with many if not most victims succumbing in the field, likely due to 
acute cardiopulmonary insufficiency or arrest. The number of survivors is increas-
ing due to more efficient and faster interventions in the field followed by transfer to 
acute medical centers. This lesion is often missed on the initial trauma evaluation, 
and must be considered in any high energy impact.

Due to extensive ligamentous disruption, there can be significant mobility in all 
axes between the skull base and C1. In surviving cases, the diagnosis may be obvious 
due to significant C0-C1 joint dislocation. In more subtle screening radiological find-
ings, any suspicion of this injury mandates appropriate immobilization followed by 
rapid MR imaging for ligamentous assessment. Placement and maintaining a cervical 
collar may be hazardous. Halo vest placement with gentle compression may be placed 
in the emergency room, followed by imaging and subsequent surgical management. 
MRI procedures performed at 3-T may be particularly problematic for patients with 
external orthosis because of the higher field strength and frequency causing excessive 
heating, and artifacts. Ceramic-tipped pins and compression- molded, glass composite 
halos are the only ones that can be used with 3 T MRIs [7–9].

AODs are classified by Traynelis in anterior, vertical, and posterior according to 
where the condyles are projected compared to the atlas lateral masses.

20.2.1  Occipital Condyle Fractures (OCF)

Patients with an OCF often have head injuries that may be difficult for the clinical 
and neurologic examination. Patients which are neurologically intact may present 
only with pain and tenderness in the posterior cervical region, whereas others may 
have significant neurologic deficits with lower cranial nerve palsies can occur in 
nearly 20% of patients with an OCF and sometimes even a lesion to the brainstem 
can be evident [10, 11].
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Classification of the OCF incorporates the mechanisms of injury and addresses 
the potential for instability and was introduced by Anderson and Montesano in 1988 
[12] (Table below) (Fig. 20.1a).

Table Type 1 Type 2 Type 3
Description Small fracture of the 

occipital condyle 
secondary to axial forces 
with no displacement of 
fragments into the 
foramen magnum

Fracture into the base 
of the occipital 
condyle. The condyle 
is still at least partially 
attached to the base of 
the skull base

Excessive rotation and/or 
lateral bending can result 
in condylar avulsion and 
the fracture extending into 
the skull base

Ligament 
injury

Alar ligament Alar ligament/tectorial 
membrane

Alar ligament/tectorial, 
apical (may be bilateral)

Unstable No No Yes
CT Yes Yes Yes
MRI No No Recommended/but may 

not change treatment

Current cervical spine guidelines recommend CT scan but there is no rec-
ommendation for the need of MRI in OCF.  It is important to note that the 
increased sensitivity of MRI may result in surgeons overinterpreting any 
abnormal signal as pathological, so caution is advised. MRI can, according to 
some authors, identify additional injuries in 23.6% of patients despite a nor-
mal CT scan [13].

20.2.2  C1 Fractures

Atlas fractures account for 2–10% of acute injuries of the cervical spine and 1–2% 
of all spinal injuries [14]. C1 fractures occur due to a traumatic axial loading and are 
commonly associated with other lesions in the upper cervical spine. Atlas fractures 
can involve lateral mass and/or the lamina. Single fractures involving the ring are 
rare, and a ring disruption with a fracture at two sites is common [1]. Numerous 

Fig. 20.1 (a) CT scan 
(coronal) shows right Type 
1 Fracture (Red dotted 
circle). The need of MRI in 
this particular case is 
irrelevant because it does 
not change treatment 
algorithm
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developmental anomalies also occur which can mimic trauma this is why a com-
plete clinical and radiological evaluation should be done. Identifying fractures is 
even more difficult in pediatric patients, because C1 cannot be visualized radio-
graphically until patients reach 1 year of age and the fusion of the C1 ring does not 
occur until the age of 5 years.

Geoffrey Jefferson was the first to report a detailed analysis on C1 fractures in 
1919 to describe the action of axial loading on the traumatic mechanisms producing 
vertebral damage. Nearly 100 years later, this classification for C1 fractures is still 
in daily clinical use (Table below) (Fig. 20.2). Multiple modification had been made 

a

b

c

3

2

1

Fig. 20.2 (1) Anatomic C1 vertebrae showing an anterior and posterior C1 arch fracture (2) 
Anatomic C1 vertebrae showing a posterior C1 arch fracture. (3) (a) Anatomic fracture of lateral 
mass and arch of C1. Axial and coronal view. (b, c) CT scan showing a Type 3 C1 Fracture
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to the original Jefferson classification but still today there is no uniformly accepted 
classification system for C1 fractures [1, 15, 16].

Table Type 1 Fig. 20.2(1)
Type 2 
Fig. 20.2(2)

Type 3 
Fig. 20.2(2 
and 3a–c)

Atlanto-occipital 
dislocation

Description Isolated fracture of 
the anterior or 
posterior arch of 
C1

Bilateral fractures 
of anterior or 
posterior C1 arch

Lateral mass 
fracture

Disruption of 
ligament skull base 
and lateral mass

Ligament 
injury

No No Possible Yes

Unstable No No Possible Yes
CT Yes Yes Yes Yes
MRI No No Yes Recommended

When deciding whether a patient requires surgical stabilization, surgeons will 
look at the integrity of the transverse atlantal ligament (TAL). The TAL main-
tains the odontoid process of C-2  in close proximity to the C-1 ring, allowing 
rotational movement around the long axis of the odontoid process. Other liga-
ments, including the capsular ligaments, alar ligaments, apical ligament, anterior 
longitudinal ligament, and tectorial membrane, assist the TL in providing cervi-
cal stability. TL injury has been classified by Dickman and co-workers and there 
are four types (Fig. 20.2a–c) [16, 17]. Transoral X ray has limited value nowa-
days but the MRI can provide a good view of the alar and transverse ligaments 
(Fig. 20.3a–d).

20.2.2.1  Shear Fracture of the Anterior Arch of C1
This is an additional rare fracture due to hyperextension at the craniovertebral junc-
tion. There are usually bilateral vertical fractures of the anterior arch of C1 with 
anterior displacement of the fragment which remains in articulation with the odon-
toid process. It is considered stable, and usually CT scan is the radiological method 
of choice [18].

20.2.3  C2 Fractures

The C2 vertebra consists of a body, paired pedicles, lateral masses (superior articu-
lating facets), odontoid, pars interarticularis, inferior articulating facets, lamina, and 
bifid spinous process [4].

Due to the complexity of this vertebrae and the challenge that it represents for 
treatment algorithms we will discuss into separate entities the fractures that involve 
the odontoid process, the fractures that involve the body of C2, and the ones that 
involve the pedicles or a combination of the last two [19].
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20.2.3.1  Odontoid Fractures
Fractures of the cervical spine are relatively common odontoid process fractures 
account for approximately 10% of cervical spine fractures and seem to have a not 
well-understood behavior. In the literature, there is no clear consensus on the 
proper treatment and the natural history of symptomatic and asymptomatic pseud-
arthrosis [20].

Classification of odontoid fractures is related to the need of immobilization due 
to the instability that may cause a neurological deficit. Help from modern radiologi-
cal techniques has evolved to better define traumatic lesions and the need for immo-
bilization [21].

At least five classifications exist to assess the odontoid fractures [22, 19] (Table 
below). The best known classification is that described by Anderson–D’Alonzo in 
the early 1970s [23] dating from the pre-CT era. It consists of three basic types 
(Fig. 20.4(1–3 and a–c)) [19, 24].

a

c d

b

Fig. 20.3 (a) X Rays Transoral showing lateral mass fracture with augmentation of the Spencer 
rule on the right lateral mass. (b) MRI Coronal view showing alar ligaments (Blue arrows) (c) 
Axial MRI showing a complete transverse ligament (Blue arrow). (d) MRI Axial view showing a 
disruption of the transverse ligament 8 (red arrow)

J. Barges-Coll and J. M. Duff



313

a

b

c3

2

1

Fig. 20.4 (1–3) Anatomic representation of Type 1, 2, and 3 odontoid fractures. (a–c) CT Scan 
showing Type 1, 2, and 3 fractures of the odontoid
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Table Schatzker
Anderson–
D’Alonzo Althoff Korres

Description Two types
(a) Tip of the 
odontoid
(b) Base of the 
odontoid

Three types
1.  Tip of the 
odontoid
2. Neck of the 
odontoid
3. Base of the 
odontoid

Four types
(a) Tip of the 
odontoid
(b) Neck of the 
odontoid
(c) Incomplete 
base of the 
odontoid
(d) Complete 
transverse fracture 
at the base

Four types
(a) Avulsion 
fractures at the 
points of 
insertion of the 
alar or apical 
ligaments
(b) Most 
common fracture 
at the level of 
the base of the 
odontoid
(c) Fracture 
projects into the 
body of C2
(d) Neutral 
zone

Ligament 
injury

In type B Type 1 Alar or 
apical or both. 2) 
Transverse 3) 
Non

Possible type B B and C

Surgical 
treatment 
recommended

Type B Type 2 Type B and 
possible C

B most 
unfavorable for 
conservative 
management.

CT Yes Yes Yes Yes
MRI Not necessary 

but 
recommended in 
case of ligament 
injury needs to 
be assessed

Not necessary 
but 
recommended in 
case of ligament 
injury needs to 
be assessed

Not necessary but 
recommended in 
case of ligament 
injury needs to be 
assessed

Not necessary 
but 
recommended in 
case of ligament 
injury needs to 
be assessed

Korres classification is based on the anatomical and biomechanical properties of 
the odontoid process and may be the most useful for determining the need or not of 
surgical treatment. In the more recent classifications, CT scan is recommended. 
Thus far there is no consensus about using MRI systematically in patients with 
odontoid fractures [22].

20.2.3.2  C2 Hangman Fracture
A hangman or “hangman-like” fracture of C2 represents about 12–20% of all the 
fractures that involve the CVJ [19]. This may be due to one of two mechanisms, 
namely hyperextension and axial load that results in fractures of the pars interarticu-
laris or the pedicle, or due to flexion/distraction mechanism results in disruption of 
the C2–3 disk and posterior longitudinal ligament besides de pars fracture. Multiple 
classification systems have been proposed [25] but the classification by Effendi 
published in 1981 is the one most commonly used in clinical practice [26].
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Table Type 1 Type 1A Type 2
Type 3 Fig. 20.5(1 
and 2) (a and b)

Description Bilateral pars 
fractures with 
translation 
<3 mm and no 
angulation. 
C2-C3 disc 
remains intact.

Type 
IA. There is 
minimal 
translation 
and little or 
no angulation

The C2–3 disk and 
posterior longitudinal 
ligament are disrupted, 
resulting in translation 
>3 mm and marked 
angulation

Combination of 
pars fracture with 
dislocation of the 
C2–3 facet joint

Unstable No No Possible Yes
CT Yes Yes Yes Yes
MRI No No Recommended for 

assessing disc 
disruption

Recommended for 
assessing disc 
disruption

a1

2
b

Fig. 20.5 (1and 2) Schematic anatomical specimen showing a hangman fracture. (a, b) X-ray and 
CT scan showing a combined hangman and burst fracture
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20.2.3.3  C2 Body Fractures
Axis body fractures include fractures of the body, and may have extension into the 
pedicle, lateral mass, or transverse foramen. C2 body factures are classified into 
three types, according to the orientation of the fracture, along with subtypes in each 
group.

Table Type 1 Type 2 Type 3
Description Vertical fracture Vertical and horizontal 

fractures
Horizontal fracture (Type 3 
Alonzo odontoid)

Unstable No No No
CT Yes Yes Yes
X-rays Yes (Transoral) Yes (Transoral) Yes (Transoral)
MRI No No No

20.3  Radiological Assessment of CVJ Trauma

Current practice for the management of cervical spine trauma recommend CT 
scan in patients in whom there is a suspicion of cervical spine trauma (level 1 
evidence) and the use of MRI (level 3 evidence). The ultimate decision to use MRI 
for a patient with a CVJ trauma relies on the judgment and bias of the treating 
physician [27]. Recent reviews about this topic have been published and there is a 
tendency in favor of using MRI since CT scan alone may underestimate the extent 
of the injury [17, 28].

CT is a very sensitive method for evaluating craniovertebral osseous relations 
and is the gold standard method for evaluating injuries in the CVJ. It also allows 3D 
visualization of fractures using good quality reconstruction algorithms.

MRI is occasionally useful to assess patients with neurological deficit or any 
suspicion of ligamentous injury (especially the transverse ligament) (Fig. 20.3).

Using X-ray alone for diagnostic purposes nowadays has limited value. Open- 
mouth radiographs allow visualization of the atlas, odontoid process, and lateral 
masses of the axis. They are useful for assessing the integrity of the odontoid pro-
cess and the lateral masses. Supervised flexion and extension lateral radiographs 
may be helpful in recognizing instability at both occiput-C1 and C1-C2 (see trau-
matic C2 spondylolisthesis Type 1 or 2) (Fig. 20.5).

20.4  Conclusions

Established classification systems for CVJ injuries currently widely used in clinical 
practice are based primarily on bone injuries. However, CVJ stability is largely 
dependent on ligamentous integrity. In recent years, there has been a shift from 
screening high energy trauma victims with X-rays to screening with trauma proto-
col CT scanning of the spine. Findings of a traumatic lesion at the CVJ following 
high energy trauma should prompt careful examination for a second concomitant 
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lesion lower down in the spine. Expert interpretation of the CT scan may obviate the 
need for MRI. However, such expert interpretation has not yet been directly com-
pared with MRI and may not be available to all providers, so in select cases MRI can 
be used to rule out injury to ligaments or disc disruption so there should be a high 
index of suspicion for an “unseen” ligamentous injury, and a low threshold to pro-
ceed to MR imaging. Advances in more sophisticated imaging techniques may help 
in the future to in provide more information which will enable improved therapeutic 
decision making for a given traumatic CVJ lesion.
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21.1  Introduction

CVJ traumatic injuries represent a challenge for spine surgeons for several reasons. First, 
CVJ biomechanics is unique because of the high weight discrepancy between the head 
and the small vertebral bodies, making this transitional region subject to a high biome-
chanical stress. Second, the specific orientation of the facet joints in childhood and ado-
lescence predisposes patients to secondary post-traumatic dislocations, especially when 
rotational forces are applied to the CVJ. Third, the occipital bone is almost everywhere 
extremely thin, making the occipital screws’ purchase lower than in any part of the 
spine. Fourth, the steep angle existing between the occiput and cervical spine makes the 
stabilization challenging in terms of spinal alignment. At last, there is not enough space 
available for bone grafting between the occiput and C1-C2 region [3, 7, 8, 14].

In light of the above, the first line treatment in CVJ injuries should be the conser-
vative one. Nevertheless, in some specific clinical and radiological scenarios there 
is a clear indication to perform surgical stabilization. This chapter will illustrate 
surgical indications and strategies in CVJ injured patients.

Case 1
• Fracture type: C2 vertebral body (miscellaneous fracture)
• Surgery: C2-C3 anterior fusion
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A 56-year-old male patient was referred to the Emergency Unit following a car 
accident and complaining of severe neck pain. X-ray, CT scan, and MRI demon-
strated a complex vertebral body fracture at C2 (miscellaneous fracture). 
Neurological examination was normal, and the patient presented only with neck 
stiffness.

The fracture was considered unstable and surgery was recommended. The patient 
underwent anterior C2-C3 fusion on day 5 after admission.

A right submandibular approach was used with the head slightly rotated con-
tralaterally and fixed on a Mayfield clamp. Ligation of the superior tiroid artery 
was necessary to gain access to the upper part of C2 vertebra, the hypoglossal 
nerve was isolated, and protected with a patty. After complete C2-C3 discectomy, 
an autologous bone graft harvested from the iliac crest was inserted, and a cervi-
cal plate (Orion, Medtronic Sofamor Danek, Memphis, USA) was positioned. 
Surgery was uneventful and the patient was recommended to wear a soft collar for 
6 weeks. Clinical and radiological follow-up was satisfactory (Fig. 21.1).

Case 2
• Fracture type: C2 Type II odontoid fracture
• Surgery: Odontoid screw insertion

A 38-year-old male was found unconscious after a car accident and transferred 
to the emergency unit. He quickly recovered upon admission, and the neurological 
examination did not reveal any deficit. The radiological work-up showed a Type II 
Anderson–D’Alonzo [1] odontoid fracture, associated with multiple rib fractures 
(from fourth to ninth with fluctuant bone flap) and hemothorax drained by a chest 
tube. A right laminar C6 fracture was also evident (Fig. 21.2a).

The concomitant thoracic lesions and the need for a rapid functional recovery 
made surgery the first option. Anterior odontoid screw fixation was then favored on 
the posterior fixation because: (1) Favorable fracture line (O-BAR according to Roy-
Camille classification) [12]; (2) Need to avoid every thoracic compression related to 
the prone position that could prove potentially dangerous for the thoracic bone flap.

The operation was carried out with double fluoroscopy guidance. A standard 
Cloward approach with skin incision at C5-C6 level was used. The anterior part of 
C2-C3 disc space was then identified and the entry point prepared. A single odon-
toid screw was then inserted along a Kirschner wire. The operation time was 60 min 
with 50 mL of blood loss. The postoperative course was uneventful and the patient 
recovered quickly from surgery. The 1-year follow-up X-ray is shown in Fig. 21.2b.

Case 3
• Fracture type: delayed C1-C2 ligamentous instability
• Surgery: C1-C2 posterior fixation

A 73-year-old male has been involved in a car accident with cervical whiplash. 
The radiological work-up did not show any bony lesions and the patient was dis-
charged. One year later, the patient came to the outpatients’ clinic complaining of 
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mild tetraparesis and neck pain. The MRI showed a C1-C2 myelopathy with 
T2-hyperintensity and associated stenosis (Fig. 21.3a).

Dynamic films revealed C1-C2 instability with increase in ADI (atlanto-dental 
interval) [3, 10].

The patient underwent to C1-C2 posterior fixation. Since preoperative CT angio-
gram showed a high riding left vertebral artery, screws were implanted in C1 lateral 
masses and C2 laminas to reduce the risk of VA injury (Fig. 21.3b).

The postoperative course was uneventful with prompt recovery. At 6  months 
follow-up the patient presented with a mild neurological improvement 
(Fig. 21.3c–e).

a

b

Fig. 21.1 (a) Case 1 Preoperative CT scan of C2 vertebral body fracture. (b) Case 1 Postoperative 
3D CT reconstruction and X-ray after C2-C3 anterior cervical fusion
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a

b

Fig. 21.2 (a) Preoperative CT scan showing Type II dens fracture. (b) Postoperative X-ray after 
direct dens repair
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Case 4
• Fracture type: atypical type I Hangman fracture
• Surgery: Pars repair with Judet approach

A 37-year-old man presented with severe neck tenderness and restricted range of 
motion (ROM) following a swimming injury with head hyperextension. He was 
admitted to the emergency department fully conscious and with no neurological 
impairment. Multiplanar, reconstructed, computed tomography (CT) of the cranio- 
vertebral junction (CVJ) showed traumatic C2 spondylolisthesis, with a fracture 
line crossing both C2 pedicles and extending to the posterior wall of the vertebral 

a b

c d e

Fig. 21.3 (a) Preoperative T2 MRI with C1 Myelopathy. (b) Preoperative CT angiogram reveal-
ing a high riding vertebral artery. (c–e) Postoperative X-ray, CT scan, and MRI. Laminar screws 
were preferred to C2 isthmic/pedicle screws because of an high riding vertebral artery

21 Surgical Decision-Making in Cranio-Vertebral Junction Trauma: A Case Illustrated…



324

body as well as to the lateral masses. This fracture was classified as atypical type I 
hangman’s fracture (Fig. 21.4a–c).

The patient was referred to the neurosurgical department. Radiological assess-
ment included magnetic resonance (MR) of cranio-vertebral junction and cervical 
spine to rule out any soft tissue or ligamentous damage to the cervical spine 
(Fig. 21.4d).

The best treatment option for hangman’s fractures is controversial [12]. 
Conservative management with non-rigid external fixation is considered to be effec-
tive only for resolution of type I (as well as type II) fractures without any involve-
ment of posterior wall of C2 vertebral body [11]. Although anterior (either transoral 
or retropharyngeal) approach with C2-C3 intersomatic fusion, with or without plat-
ing, has been proposed as surgical option for unstable traumatic spondylolisthesis of 

a

d e

g h

f

b c

Fig. 21.4 Axial (a, b) and sagittal (c) CT scan showing an hairline fracture of the ring of the axis 
with involvement of the posterior wall of C2 vertebral body and minimal dislocation of the verte-
bral body (<3 mm). (d) Preoperative, sagittal, T2-weighted MRI showing no evidence of spinal 
injury. (e, f) Immediate postoperative CT scan confirming correct screws position. (g, h) 
Postoperative CT scan, 6 months later, demonstrating fusion across the fracture line
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the axis, this technique is associated with a high rate of complications and does not 
always allow for preservation of the rotational motion preservation [6, 11].

The posterior approach with pars-pedicle C2 screws for “direct” fixation of 
hangman’s type fractures was described by Judet as a motion (C1-C2) preserving 
technique. Lag screws facilitate the intraoperative reduction and fixation of C2 ped-
icle fractures, not achievable with head traction during patient positioning [9]. 
Vertebral artery injury, as well as neural damage, is possible and pre-operative 
angio-CT is mandatory to study the course of vertebral arteries in relationship to C2 
pedicles [5].

Although the best indication for this surgical option seems to be the hangman’s 
type IIa Levine-Edwards fractures [4, 5], direct transpedicular fixation of C2 using 
30 mm lag screws was performed in the present case harboring an atypical type I 
fracture. Visualization of the medial edge of C2 pedicles assisted screw insertion 
maneuvers and surgery was guided by fluoroscopy. However, CT-guided technique 
and neuronavigation guidance for placement of C2 pars-pedicle screw according to 
Judet approach have also been described [2, 13].

No intra- and/or postoperative complications were observed. Postoperative CT 
scan showed complete reduction of the fracture lines (Fig. 21.4e, f). The patient 
experienced full clinical recovery, with disappearance of neck pain, as well as early 
mobilization and short hospitalization. Furthermore, optimal ROM was restored as 
documented by long-term follow-up evaluation, and a solid, long-term fusion has 
been achieved (Fig. 21.4g, h) (Table 21.1).

Table 21.1 CVJ injuries usually treated with surgery

Location: Occipital condyle
Name of injury: Anderson and Montesano type 3
Description: Total avulsion of the condyle at the insertion of the alar ligament, worse if 
bilateral
Operation: Occipito-cervical fusion
Location: C1 atlas
Name of injury: Jefferson type III
Description: Rule of Spence more than 6.9 mm in coronal CT
Operation: C1-C2 posterior fusion
Location: C2 Axis
Name of injury: Anderson–D’Alonzo Type 2
Description: fracture at the base of the dens at or above the junction with the vertebral body or 
dens displacement >6 mm
Operation: Anterior odontoid screw, C1-C2 posterior fusion
Location: C2 Axis
Type of injury: Levine and Edwards Type II and III
Description: Traumatic spondylolisthesis of the axis with displacement over lateral plain film
Operation: C2-C3 discectomy and fusion, C1-C3 posterior fusion, direct C2 pars 
reconstruction
Location: C1-C2 region
Type of injury: Type 1 Dickman and Sonntag ligamentous injury
Description: Lesion of the transverse ligament
Operation: C1-C2 posterior fusion

This table links most CVJ injuries that require surgical correction
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22Management of Retro-Odontoid 
Pseudotumor
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22.1  Introduction

The pathologic condition firstly called retro-odontoid pseudotumor [1], but also 
known as pannus or phantom tumor [2], consists of a non-neoplastic, fibro- 
cartilaginous mass involving the odontoid process, and the surrounding structures 
of craniovertebral junction [3, 4].

Despite the controversies surrounding etiology and pathophysiology of retro- 
odontoid pseudotumor, various predisposing factors are considered to be associated 
with its development, including inflammatory diseases (rheumatoid arthritis [5] and 
psoriatic arthritis [6]) and, less frequently, noninflammatory conditions (post- 
traumatic dens axis pseudoarthrosis [7], unstable odontoid fractures [8], os odontoi-
deum [9], post-laminoplasty kyphotic cervical instability [10], long-term 
hemodialysis [11], craniocervical junction malformations [12], and chronic atlanto-
axial subluxation/instability [1, 12]).

Surgical treatment of retro-odontoid pseudotumor can be performed by direct 
removal of the mass, through the transnasal/transoral-transpharyngeal approach 
[13, 14] or the high cervical lateral approach [15] or the posterior extradural/trans-
dural approach via laminectomy [16]. Conversely, C1 laminoplasty [2] or posterior 
decompression with/without atlantoaxial/occipito-cervical fixation [8, 12, 17–19] 
are considered to induce spontaneous pannus regression.

The aim of this chapter is to provide an overview of surgical techniques and 
related indications to decide which type of surgery for retro-odontoid pseudotumor 
should be performed. At the end of procedures’ description, an illustrated case will 
be presented.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18700-2_22&domain=pdf


328

22.2  Surgical Techniques and Indications

Retro-odontoid pannus concentrates its action between the dens and C1 anterior 
arch, or the dens and transverse ligament. Its development causes spinal canal nar-
rowing and consequent neurological symptoms. Direct spinal cord decompression 
is indicated when neurological deficits are present [20]. Alternatively, even if symp-
toms are partially silent but radiological neural structures compression is reported, 
posterior decompression with vertebral fixation can be performed to induce pro-
gressive pannus reabsorption [21, 22].

22.2.1  Direct Removal of Retro-Odontoid Pseudotumor

22.2.1.1  Transnasal/Transoral-Transpharyngeal Approach
An anterior approach with decompression of cervical spinal canal and odontoidec-
tomy is needed when spinal cord compression leads to myelopathy and progressive 
neurologic impairment. A transoral odontoid resection is also indicated in cases of 
irreducible atlantoaxial kyphosis [23].

The transoral-transpharyngeal approach has been described for decades as an 
effective surgical technique for direct access to the anterior superior cervical spine 
[24], and it has been considered to be the treatment of choice to remove the retro- 
odontoid mass in cases without cervical instability [13, 14]. Intraoperative and post-
operative complications, such as velopharyngeal incompetence, hypernasal speech, 
swallowing disturbance, and temporomandibular joint syndrome, are frequently 
reported in association with the transoral approach, regardless of whether endo-
scopic techniques or not are used [22].

The endoscopic transnasal transclival approach may be used as alternative to the 
transoral-transpharyngeal approach, achieving retro-odontoid pseudotumor removal 
and satisfactory decompression, in absence of surgical complications [25].

However, the anterior surgical access does not allow the surgeon to approach the 
posterior arch of the atlas if concomitant posterior decompression is needed [23]. 
Moreover, the transnasal/transoral approach is not adequate for treatment of retro- 
odontoid pannus associated with craniovertebral instability, and even so posterior 
fusion surgery would be mandatory in this case [25].

22.2.1.2  High Cervical Lateral Approach
Although the high cervical lateral approach is not routinely used for resection of 
retro-odontoid pannus, it may be taken into account when the retro-odontoid mass 
appears large and laterally extended. Removal via lateral approach alone is suffi-
cient if cervical instability is not associated and it reveals very useful in case of 
rapidly progressive spinal cord symptoms, as well as via the anterior approach [15].

Preoperative evaluation of the arterial anatomy is mandatory to avoid vertebral 
artery injury, which represents the main risk of this approach. Despite spinal instability 
can occur after surgery based on the degree of bony resection, surgeon may consider 
this technique as an effective surgical option in selected cases, particularly if the ante-
rior approach is undesirable (for instance, in patients presenting with dysphagia) [26].
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22.2.1.3  Posterior Extradural/Transdural Approach via 
Laminectomy

Thanks to advances in spinal cord monitoring, posterior cervical spine procedures have 
become possible and considerably safe for expert spine surgeons, bypassing infective 
and vascular complications related to anterior (transoral) and lateral approaches.

Among posterior approaches aiming to direct removal of retro-odontoid pseudo-
tumor, the posterior extradural resection via C1 laminectomy is the most commonly 
used. No vertebral fixation is usually required. Moreover, one of the advantages of 
this technique is that additional fusion surgery can be performed during the same 
approach if necessary.

Since pseudotumor is sited medially in front of the spinal cord, the posterior 
transdural approach—more frequently used for cervical and thoracic disk hernia-
tion—has also been described to reach more directly the retro-odontoid mass. 
Transdural access is encouraged by the favorable ratio of dural-to-spinal cord width 
at C1-C2 level. Furthermore, the transdural resection allows avoiding epidural 
bleeding and adhesions that could make the extradural approach hard. Careful 
manipulation of spinal cord and preservation of arachnoid membranes are essential 
cautions during this procedure [16].

22.2.2  Induced Spontaneous Regression of Retro-Odontoid 
Pseudotumor

22.2.2.1  C1 Laminectomy/Laminoplasty
The retro-odontoid pseudotumor is frequently observed in rheumatoid arthritis and 
it is associated with atlantoaxial subluxation in most cases [27]. However, retro- 
odontoid pannus is not necessarily related to cervical instability; indeed, subaxial 
fusion due to ossification of the anterior longitudinal ligament and ankylosis of 
adjacent segments (C0-C1, C2-C3) may occasionally induce pseudotumor develop-
ment [28]. In these cases, posterior fixation would lead to the decrease of the already 
disturbed cervical range of motion, and thus it should be avoided [29]. Therefore, 
posterior decompressive procedures have been proposed as simpler, less-invasive, 
and relatively risk-free surgical treatment for pseudotumor without atlantoaxial 
instability if compared to the alternative anterior and lateral approaches.

C1 laminectomy provides satisfactory neurological improvement as result of 
neural structures decompression and no additional postoperative instability. 
Additionally, it is able to induce regression of retro-odontoid pannus in many cases, 
probably due to the improvement of blood flow following decompression [29].

Similar clinical and radiological outcomes are reported when C1 laminoplasty is 
performed in cases of cervical pannus-related myelopathy with either absent or slight 
atlantoaxial instability. The frequent postoperative regression of the retro- odontoid 
pseudotumor is attributed to posterior movement of the spinal cord and recovery of 
dural pulsation after C1 laminoplasty. This seems to be particularly effective if the 
pseudotumor is associated with synovial cysts. Moreover, laminoplasty has been sug-
gested to limit the risk of postoperative spinal cord compression caused by scar tissue, 
and to prevent the postoperative kyphosis often observed after laminectomy [2].
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22.2.2.2  Posterior Decompression with Atlantoaxial/Occipito- 
Cervical Fixation

The surgical strategies previously presented are not indicated in cases of retro- 
odointoid pseudotumor involving instability.

Pseudotumor associated with atlantoaxial instability—including an increased 
motion at the C1–C2 level as a consequence of a reduced motion of the subaxial 
spine secondary to spondylotic changes—are usually treated by posterior C1-C2 
fixation with/without C1 laminectomy [21, 23]. Patients presenting a retro-odontoid 
pannus caused by spondylosis or ankylosis or ossification of the anterior longitudi-
nal ligament could also undergo C1-C2 fixation surgery [4].

From a biomechanical point of view, the most effective strategy is represented by 
the C1-C2 transarticularis fixation technique; it provides both great stability and 
high fusion rate [17, 19, 30]. However, this procedure is associated with risk of 
iatrogenic vertebral artery injury [31]. Due to this reason, the C1 lateral mass-C2 
pedicle/isthmus screws and rods technique has been introduced for treatment of the 
retro-odontoid pannus [32–34]; it presents more remarkable clinical and radiologi-
cal outcomes even if compared with the transarticularis method [35]. Alternatively, 
bilateral crossing C2 laminar screws may be placed, allowing safer osteosynthesis 
in cases with high-riding vertebral artery or small C2 pedicles/isthmus [36].

Pseudotumor reduction in size significantly occurs in patients treated by poste-
rior C1-C2 fixation, even if atlantoaxial instability is not reported [4, 8, 21].

In order to treat retro-odontoid pannus associated with either subaxial sublux-
ation or C0-C1 fusion, an occipito-cervical fusion is needed; moreover, it may be 
useful in cases of poor bone quality due to extensive degenerative changes of cervi-
cal spine. This surgical strategy provides reduction of the pannus and decompres-
sion of spinal cord [21, 23].

In addition to posterior fixation procedures, C1 laminectomy is frequently per-
formed with the purpose of achieving an early decompression of neuronal structures 
while safely waiting for the pannus reabsorption, which is commonly a process 
needing several months to take place [21].

22.3  An Illustrated Case of Retro-Odontoid Pseudotumor

A 63-year-old man presented with a 2-year history of bilateral, cervical, radicular 
syndrome. Neck pain and electric shock-like pain radiating down the shoulders and 
upper limbs to hands were rapidly worsening during the last 2 months before the 
admission. Neurological examination showed a severe spastic tetraparesis associ-
ated with tetrahyperreflexia; bilateral Hoffman sign was also present; grade-3 
Nurick score was recorded. Moreover, urge incontinence was present.

The patient did not suffer from inflammatory diseases and no previous history of 
trauma or neoplastic disease was reported.

Neuroradiological examinations were performed to disclose the possible cause 
of this condition. Cervical X-rays with flexion-extension views and computer 
tomography (CT) with multiplanar reconstructions showed C1-C2 instability 
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associated with subaxial diffuse idiopathic skeletal hyperostosis (DISH) and C5-C6 
fusion. Magnetic resonance imaging (MRI) revealed cervical myelopathy second-
ary to a retro-odontoid mass compressing the anterior surface of the spinal cord. The 
retro-odontoid pseudotumor appeared hypointense on T1-weighted images, with 
mixed intensity on T2-weighted images (Fig. 22.1a). No gadolinium enhancement 
of the pseudotumor was seen.

Since neither rheumatic nor psoriatic arthritis was reported and as clear signs of 
cervical subaxial spondylosis with C1-C2 instability were radiologically shown, a 
posterior approach was chosen to treat this condition. In particular, under intraop-
erative fluoroscopic guidance, the patient underwent a C1-C2 Harms fixation, with 
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Fig. 22.1 (a) Sagittal, T2-weighted MRI showing severe cord compression due to a large retro- 
odontoid pseudotumor along with a spondylotic spinal cord compression at C5-C6  in a DISH 
condition. (b) Lateral X-ray showing C1-C2 fixation and (c, d) axial CT scan demonstrating the 
correct device position. Postoperative, sagittal, T2-weighted MRI confirming progressive pannus 
reabsorption at 5- (e), 8- (f) and 13-months (g) follow-up. The “key-hole” approach to remove 
focal compression at C5-C6 is seen on coronal (h) and axial (i) CT scan
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C1 lateral mass and C2 pedicle polyaxial screw insertion and bilateral rods place-
ment. A decompressive C1 laminectomy was also performed in order to achieve 
immediate spinal cord decompression. Moreover, a later focal decompression at 
C5-C6 level was achieved in the same patient by a “key-hole” approach. Postoperative 
check X-rays and CT scans showed the decompression of neural structures and cor-
rect positioning of C1 and C2 screws (Fig. 22.1b–d). Gradual neurological improve-
ment was reported over the months following surgery. The pain completely 
recovered and the Nurick score improved from grade 3 to 1, allowing the patient to 
return to routine activities including work activities. Therefore, the patient was fol-
lowed- up with serial MRI examinations showing progressive retro-odontoid pannus 
reabsorption to the point of its disappearance (Fig. 22.1e–g).
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23Classification and Radiological 
Assessment of CVJ Tumors

Christian F. Freyschlag and Claudius Thomé

23.1  Classification

Tumors of the craniovertebral junction (CVJ) may be classified either as primary or 
secondary (metastatic) disease or with respect to their localization as intradural or 
extradural lesions. Additionally, they are characterized as benign or malignant 
lesions and according to their cell of origin.

The four cell types that are involved in formation and destruction of bone are 
osteoblasts, osteoclasts, chondroblasts, and fibroblasts. Tumors that arise from these 
cells can be identified by active ossification. Involved tumors are osteoma, osteo-
blastoma, and osteosarcoma. Tumors arising from chondroblasts are characterized 
by production of cartilage; fibroblastic tumors usually exhibit production of colla-
gen. Tumors can also originate from supporting tissues such as hemangioma, aneu-
rysmal bone cyst and hemangiopericytoma (blood vessels) or from bone marrow 
(plasmocytoma, myeloma, and Ewing’s sarcoma) as well as from remnants of the 
notochord (chordoma).

23.2  Extradural, Benign Tumors

23.2.1  Osteogenic

Both commonly diagnosed benign osteogenic tumors of the CVJ are histologically 
identical. Tumor size is used to differentiate between osteoid osteoma and osteo-
blastoma [1].
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23.2.1.1  Osteoid Osteoma
Osteoid osteoma constitutes a small, benign, and nonprogressive lesion that is 
smaller than 1.5 cm2. It accounts for 11% of all primary benign bone tumors [2–4] 
and 25% of osteoid osteomas are located in the spine. Usually, osteoid osteomas 
affect male patients 5 times more frequently and occur predominately in their twen-
ties and thirties [5]. Typically, osteoid osteoma patients present with localized pain, 
leading to torticollis in more severe cases. Neurological compromise is unlikely 
because of their small size. The pain arises from intralesional production of arachi-
donic acid, resulting in painful osteolysis. Traditionally, the pain is responsive to 
aspirin. Treatment consists of complete surgical excision of the nidus [6] with recur-
rence rates of up to 4.5% [5, 7].

The diagnosis of osteoid osteoma can be based on native CT scans, revealing a 
dense sclerotic rim and a central lucent nidus with less than 1.5 cm in diameter. 
Additionally, SPECT bone scans demonstrate a high tracer uptake in osteoid osteo-
mas, whereas absence of tracer uptake has never been reported [8].

23.2.1.2  Osteoblastoma
Osteoblastomas represent 3% of all primary bone tumors. They show a predilec-
tion for the posterior spinal elements, 40% of all reported cases are located in the 
spinal column [9] and are located in the cervical spine in 10–40% of cases [2, 4, 
10]. Unlike the histologically similar osteoid osteoma, osteoblastoma grow 
rather rapidly and can undergo malignant transformation. Surgical treatment of 
choice is en bloc excision. In CVJ osteoblastoma, however, only a piecemeal 
resection may be achievable [11]. Overall recurrence rates of osteoblastomas are 
approximately 10%, and incomplete resection leads to a high probability of 
recurrence [7, 12–14].

Imaging is comparable to osteoid osteomas. A hyperdense, sclerotic rim sur-
rounds a radiolucent nidus, larger than 1.5 cm. On MR imaging, they demonstrate 
avid osseous and extraosseous enhancement [15].

23.2.2  Cartilageneous

These tumors are derived from remnants of cartilaginous tissue that was left behind 
by the epi- or apophysial growth of the endplate [16].

23.2.2.1  Osteochondroma
Osteochondroma can occur both as solitary and as multiple lesions (osteochon-
dromatosis) [17]. The spine is involved in 6% of cases [2, 17], half of which occur 
in the cervical spine [4]. Multiple lesions are often familial with autosomal domi-
nant inheritance. The lesion is typically “capped” with cartilageneous tissue that 
is mostly responsible for compression symptoms. Because of their very slow 
expansive growth, surgical decision-making has to weigh risks and benefits care-
fully [18, 19].
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23.2.2.2  Enchondroma
Enchondroma constitutes an extremely rare disease, which is typically found in 
bones of hand and feet [20]. Less than 20 cases with spinal involvement have been 
reported. They consist of hyaline cartilage nodes that are usually surrounded by 
bone [21]. Surgical resection is rarely required [22]. Enchondroma can be associ-
ated with the autosomal dominant Maffucci’s syndrome [22] and presents with mul-
tiple enchondromas and multiple hemangiomas.

23.2.3  Vascular

23.2.3.1  Hemangioma
With a female predominance, hemangiomas are the most common benign verte-
bral neoplasms [3, 20] and are frequently found on routine spine imaging. 
Symptoms can occur in cases with extravertebral soft-tissue extension and result-
ing spinal cord compression. Rarely, epidural hemorrhages may compromise 
neural structures. Symptoms can also occur, if the vertebral body stability is 
jeopardized by an extensive growth of a hemangioma [23, 24]. The indication for 
surgical treatment can be challenging in patients with vague pain, cases with 
neurologic symptoms due to compression, however, require rather straightfor-
ward treatment decisions [25].

Diagnostic procedures include MRI and CT, discovering a polka-dotted appear-
ance on CT and T1 hyperintensity and enhancement on MR imaging.

23.2.3.2  Aneurysmal Bone Cyst
Aneurysmal bone cysts are benign expansile lesions of uncertain etiology [2] con-
taining numerous blood-filled channels [26]. They present in patients younger than 
20 years of age in 80% of cases. Aneurysmal bone cysts involve the vertebral col-
umn in 20–30% of cases (typically the posterior elements), of which approximately 
40% involve the vertebral body.

They show fluid-fluid levels on MR imaging and thin peripheral/septal enhance-
ment. These lesions may result in pain and neurologic compromise, prompting 
treatment [12]. Standard surgical management depends on the lesion size [27] and 
includes curettage, bone grafting, and internal fixation as well as en bloc or wide 
resection [28]. Non-surgical management by embolization or by denosumab has 
recently been advocated.

23.2.4  Fibrous Tissue Tumors

Non-ossifying fibromas or fibrous cortical lesions can be found commonly in the 
immature femur. Spinal presentation of fibrous tumors is rare but with a predilection 
of the upper cervical spine. The lesions are minimally expansile and mostly asymp-
tomatic. On plain radiographs, the lesions show a well-circumscript border.
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23.2.5  Fat Cell Tumors

23.2.5.1  Lipoma
Lipomas of the spinal cord account for 1% of all primary spine tumors and 40% are 
extradural [29] but an intradural presentation is more common [30].

The tumors show no characteristic radiological appearance and should be 
resected if necessary [2, 31].

23.2.5.2  Angiolipoma
Angiolipomas are composed of typical spinal lipomas with the addition of a signifi-
cant vascular element. The tumors can involve the vertebral body and dorsal struc-
tures. Symptoms are usually explained by neural compression if there is a sizable 
epidural component.

Both fat cell tumors show the intensity of fat upon MRI and CT.

23.2.6  Miscellaneous

23.2.6.1  Eosinophilic Granuloma
Eosinophilic granulomas account for less than 4% of primary spinal tumors [2]. 
Spinal involvement is seen in up to 15% of cases [20, 32]. They grow locally expans-
ile and destructive [33] although their growth pattern is often self-limited [34]. 
Despite their fluctuating clinical presentation [35], treatment should be conservative 
[12, 36].

23.2.6.2  Solitary Plasmocytoma
With only very few cases present only in bone, solitary plasmocytoma is a type of 
B-cell lymphocytic tumor [37]. Patients seek attention due to local pain or spinal 
cord compression.

Imaging shows a lytic lesion with a cystic component that can easily be identified 
on CT.

Treatment of choice is radiotherapy [38] but vertebroplasty may be reasonable 
even at the level of C1 and C2.

23.3  Malignant Tumors

23.3.1  Osteogenic

23.3.1.1  Osteosarcoma
Osteosarcomas demonstrate spinal involvement in less than 5% of cases [3]. The 
most common complaint caused by this invasive malignant lesion is local pain. 
Many patients, however, have progressed to compression of the spinal cord or nerve 
roots resulting in neurological deficits before they are diagnosed. Typically for its 
malignant behavior, osteosarcoma usually involves the anterior column of the spine 
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[4]. Histologically, these tumors show malignant osteoblasts in a woven bone with 
an extensive vascular stroma.

Imaging includes both CT and MRI, showing the destructive lesion and com-
monly presenting with epidural growth. CT imaging of the thorax is additionally 
required, as 10–20% of osteosarcomas have already metastasized to the lungs at the 
time of presentation.

Treatment consists of aggressive surgical resection attempting en bloc excision 
[39], followed by radio- and chemotherapy. If neoadjuvant treatment is considered, 
the pretreatment imaging has to be taken into account for surgical planning [40].

23.3.2  Cartilageneous

23.3.2.1  Chondrosarcomas
Chondrosarcomas are usually extraaxial lesions. Less than 7% affect the spine with 
a peak incidence in the fifth and sixth decade [41]. Half of the patients will have 
neurological deficits before their condition is diagnosed [42]. The radiologic appear-
ance is consistent with the expectations of a malignant and highly vascularized 
tumor [3]. Preoperative CT and MR imaging is crucial for treatment planning and to 
delineate soft tissue and bone involvement. Typically, CT demonstrates a lytic 
lesion with a partly calcified soft tissue mass. In highly vascularized lesions, preop-
erative angiography should be considered in order to perform embolization, which 
could play an important role in surgical treatment [43, 44]. Even low-grade lesions 
have a high likelihood for recurrence [41].

Treatment consists of aggressive (en bloc) resection followed by radiotherapy 
[42] although these lesions were thought to be radioresistant and the use of proton 
beam irradiation offers additional treatment options [45]. Resection has to include 
bone and soft tissue, in cases where radical resection could not be obtained, repeti-
tive debulking surgery can be helpful [46].

23.3.3  Vascular

23.3.3.1  Hemangiopericytoma
Derived from pericytes, hemangiopericytomas have a propensity for dissemination 
by hematogeneous routes [47]. Previously published studies found a rate of meta-
static spread of 15–56% [48]. Only few of these rare malignant vascular tumors 
have been reported to involve the spine [47]. Plain radiographs show a soft tissue 
mass. When involving bone, they are predominantly lytic, and may mimic heman-
giomas with a course honeycomb appearance. Angiography shows dense, well- 
circumscribed areas of enhancement with early draining veins and shunting. 
Hemangiopericytoma are described as having a pedicle formed by the arteries sup-
plying the tumor from which vessels branch to encircle the tumor. CT depicts a 
density similar to muscle but with bright contrast enhancement. CTA may demon-
strate large feeding vessels. MRI reveals a brightly enhancing soft tissue mass, often 
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hyperintense on T2WI, with prominent flow voids [48]. Treatment of choice is a 
wide surgical resection whenever feasible [48], the 10-year survival rate is approxi-
mately 70%.

23.3.3.2  Angiosarcoma/Hemangioendothelioma
Closely related to hemangiopericytoma, angiosarcomas/hemangioendotheliomas 
are derived from vascular endothelium. Angiosarcoma of the spinal column is 
described to form lytic bony lesions with cortical destruction and extraosseous 
mass. Surgical resection (with or without embolization) is considered the treatment 
of choice [49, 50] with a 5-year survival of 25% for hemangioendothelioma, 
whereas patients suffering from angiosarcoma rarely survive 5  years. Radiation 
therapy has been advocated with the use of proton beam irradiation [51].

23.3.4  Tumors of Unknown Origin

23.3.4.1  Giant Cell Tumor (GCT)
Accounting for approximately 4% of all bone tumors, giant cell tumors are rela-
tively uncommon [52]. They are most common in females in their second to fourth 
decades of life with a preference for the metaphysis of long bones [53]. However, 
they have been identified in the vertebral column evenly distributed in the cervical, 
thoracic, and lumbosacral spine. Patients present mostly with back pain that evolves 
over several months [54]. Radiographically, plain X-ray and CT include a narrow 
zone of transition, whereas a broader zone of transition is seen in more aggressive 
GCTs. Most of the tumors show no surrounding sclerosis (80–85%) with the overly-
ing cortex thinned, expanded, or deficient. A periosteal reaction is seen in only 
10–30% of cases with a possibility of detecting pathological fractures. MRI shows 
typical signal characteristics including a low to intermediate solid component and 
low signal periphery on T1. Solid components enhance, and help to distinguish 
GCT from aneurysmal bone cysts. On T2 sequences, there is a heterogeneous high 
signal with areas of low signal intensity due to haemosiderin or fibrosis. Their 
locally aggressive behavior favors early surgical resection [12, 55], offering the 
patients the lowest rate of recurrence. Unfortunately, many GCTs are too advanced 
at the time of presentation. Subtotal resections show a recurrence rate of up to 40% 
[55]. Recently, neoadjuvant therapy and medical management with denosumab, a 
receptor activator of nuclear factor κB ligand (RANKL) inhibitor, has been advo-
cated with promising results.

23.3.4.2  Ewing’s Sarcoma
Ewing’s sarcoma occurs throughout the skeleton and rarely (in 3.5–15% of all 
cases) in the non-sacral spine [56]. These tumors typically evolve in children and 
adolescents between 10 and 20 years of age (95% between 4 and 25 years of age) 
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[57] and have a slight male predilection (M:F 1.5:1). Spinal Ewing’s sarcoma often 
represents a metastatic lesion. They usually have an aggressive appearance on 
imaging [3], but are characterized by variable imaging features, including Codman 
triangles, spiculated (sunburst) or thick periosteal reaction and even bone expan-
sion or cystic components. Soft tissue calcification is uncommon, seen in less than 
10% of cases. MRI demonstrates a low to intermediate signal on T1, a heteroge-
neous but prominent enhancement on T1 with contrast and a heterogeneously high 
signal on T2. Treatment consists of closed needle biopsy to obtain the diagnosis of 
Ewing’s sarcoma, followed by neoadjuvant chemotherapy and later radical (en 
bloc) surgical resection. Prognosis in spinal Ewing’s sarcoma is still limited [58].

23.3.5  Miscellaneous

23.3.5.1  Chordoma
Chordoma is considered a histologically benign neoplasm, that is associated with a 
high recurrence rate and the potential for distant metastases due to local invasive-
ness. They are uncommon malignant tumors that account for 1% of intracranial 
tumors and 4% of all primary bone tumors [44]. They originate from embryonic 
remnants of the primitive notochord (earliest fetal axial skeleton, extending from 
the Rathke’s pouch to the coccyx). Since chordomas arise in bone, they are usually 
extradural and result in  local bone destruction. They are locally aggressive but 
uncommonly metastasize. Chordomas occur at any age but are usually seen in adults 
(30–70 years). Those located in the spheno-occipital region most commonly occur 
in patients 20–40 years of age, whereas sacrococcygeal chordomas are typically 
seen in a slightly older age group (peak around 50 years). They are slow growing 
tumors and present due to mass effect on adjacent structures (brainstem, cranial 
nerves, nasopharynx, spinal cord), or as a mass (e.g., sacrococcygeal chordoma). 
Metastatic spread of chordomas is observed in 7–14% of patients and includes 
nodal, pulmonary, bone, cerebral, or abdominal visceral involvement, predomi-
nantly from massive tumors. True malignant forms of chordomas occasionally have 
areas of typical chordoma and undifferentiated areas, most often suggestive of fibro-
sarcoma. Overall, the prognosis is poor.

The clival region accounts for 30–35% of cases. Typically, the mass projects in 
the midline posteriorly indenting the pons. This characteristic appearance has been 
termed the “thumb sign.”

Chordomas of vertebral bodies are rare, but nonetheless the most common pri-
mary malignancy of the spine in adults [59]. They most commonly involve the cer-
vical spine (particularly C2), followed by the lumbar spine. They often extend 
across the intervertebral disc space, involving more than one vertebral segment. 
They may extend into the epidural space, compressing the spinal cord, or along the 
nerve roots, enlarging the neural foramen.
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MRI and CT scan have complementary roles in tumor evaluation. CT evaluation is 
needed to assess the degree of bone involvement or destruction and to detect patterns 
of calcifications within the lesion. MRI provides excellent three-dimensional analysis 
of the posterior fossa (especially the brainstem) [39], sella turcica, cavernous sinuses, 
and middle cranial fossa. MRI depicts calcifications and the precise involvement of 
skull base osteolysis and the cranial nerve foramina less well than CT [3].

Traditionally, surgical resection has been the first-line of treatment in feasible 
scenarios [60], with radiotherapy offered for recurrent cases. Ideally, en bloc resec-
tion is aimed for, but cannot be achieved in a significant portion of cases due to 
epidural and circumferential extension. Some advocate the combination of radiation 
therapy and complete or subtotal surgical resection for selected patients [3, 61]. 
Recurrence, including seeding along the operative tract, is common [62]. Prognosis 
is typically poor, due to the locally aggressive nature of these tumors with a 10-year 
survival of approximately 40% [63].

23.4  Secondary Tumors

Metastatic lesions to the craniovertebral junction indicate a grave progression of 
systemic cancer. However, the management of spinal metastasis continues to be 
controversial especially regarding the merits of recent advances in surgical tech-
nique and radiation oncology. All solid cancers are feasible to metastasize to the 
spinal column.

Imaging depends on the initial diagnosis. CT mostly discovers lytic lesions with 
bony destruction including the cortical surface. MRI usually shows contrast 
enhancement, in cases of metastatic melanoma, susceptibility weighted imaging 
can be used to depict the melanin rim.

Treatment consists of resection or decompression [64] (with and without stabili-
zation) [65]. In cases without neural compression, radiation therapy can be a treat-
ment option. Postoperative radiation is recommended. While metastatic lesions in 
the clivus and occiput are rare, C1 and particularly C2 are often involved in metas-
tasis. With the region being highly mobile and representing a junctional area stabil-
ity is often compromised.

23.5  Intradural Tumors

23.5.1  Neuroepithelial Tumors

Astrocytomas and ependymomas can occur in the upper cervical spinal cord. 
Generally, around 50% of astrocytomas are found in the cervical spinal cord [66]. 
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As astrocytomas arise from cord parenchyma they typically have an eccentric loca-
tion within the spinal cord and usually have poorly defined margins. Peritumoral 
edema is present in ~40%. Intratumoral cysts can be seen in ~20% and peritumoral 
cysts are present in ~15%. Reported signal characteristics include T1: isointense to 
hypointense, T2: hyperintense and T1 with contrast (Gd) depicts that the vast major-
ity enhance, usually in a patchy fashion. Unlike ependymomas, hemorrhage is 
uncommon [66].

Ependymomas account for 60% of all spinal intramedullary neoplasms [67], 
they are predominately found in the cervical spinal cord. CT may demonstrate a 
nonspecific canal widening and a lesion isodense to slightly hyper-attenuating com-
pared with normal spinal cord. The MRI is the modality of choice for evaluating 
suspected spinal cord tumors. Features include widened spinal cord (as ependymo-
mas arise from ependymal cells lining the central canal, they tend to occupy the 
central portion of the spinal cord and cause symmetric cord expansion). Although 
unencapsulated, they are well-circumscribed and tumoral cysts are present in 22% 
of the cases [67]. Non-tumoral cysts are present in 62%. Syringohydromyelia occurs 
in 9–50% of cases. In contrast to intracranial ependymomas, calcification is uncom-
mon. These lesions require microsurgical technique via a dorsal (laminectomy/
laminoplasty) approach and do not pose any specific requirements if they occur at 
the CVJ.

23.5.2  Schwannoma

Spinal schwannomas are arising from nerve roots [68]. They represent the most 
common intradural extramedullary spinal tumors, representing 30% of these lesions 
[69]. They are most frequently seen in the cervical and lumbar regions, far more 
frequently than in the thoracic spine. Particularly in cases of neurofibromatosis, but 
also in sporadic cases they can pose a specific challenge at the CVJ due to the 
region’s complex anatomy.

On imaging, they are usually characterized as solid and well-defined lesions 
with low T1 and high T2 MRI signals, and showing contrast enhancement. The 
signal intensity can be heterogeneous due to associated hemorrhage and fatty 
degeneration [70].

Schwannomas are in most instances indistinguishable from neurofibromas. In 
general, schwannomas appear as round lesions, which are often associated with 
adjacent bone remodeling. At the CVJ, these tumors often protrude out of the neural 
foramen, forming a dumbbell shaped mass. Although neurofibromas and schwan-
nomas can look identical, schwannomas are frequently associated with hemorrhage, 
intrinsic vascular changes (thrombosis, sinusoidal dilatation), cyst formation, and 
fatty degeneration. These findings are rare in neurofibromas. Typical signal 
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characteristics include: T1: 75% are isointense, 25% are hypointense, whereas on 
T2: more than 95% are hyper intense, often with mixed signal. T1 C+: virtually 
100% enhance [69].

23.5.3  Meningioma

Meningiomas of the craniocervial junction [71] originate from the lower part of the 
clivus and the upper edge of the axis, laterally from the jugular tubercle to the upper 
aspect of the C-2 lamina [72]. Approximately 70% of all tumors in the craniocervi-
cal junction are meningiomas of benign origin [73]. Complete resection is the pri-
mary goal of surgery and is usually accomplished via a posterior neurosurgical 
procedure. However, it might be difficult to achieve total resection due to their close 
relationship to critical vascular structures, the brainstem and cranial nerves [73]. A 
higher risk of recurrence can be expected because a Simpson grade 1 resection is 
rarely achieved. The vast majority of spinal meningiomas are extramedullary 
in location [74].

Interestingly spinal meningiomas are also not distributed evenly along the canal: 
cervical spine—15%, thoracic spine—80%, lumbosacral spine—uncommon. 
Meningiomas are often located posterolaterally in the thoracic region and anteriorly 
in the cervical region. Most meningiomas are solitary lesions (98%), whereas mul-
tiple meningiomas are most often associated with NF2. CT depicts an isodense or 
moderately hyperdense mass. Some hyperostosis may be seen but is not as common 
as in intracranial meningiomas and calcification may be present [74]. On MRI, they 
are usually well-circumscribed and attached to the dura on a broad-base, known as 
a dural tail sign [74]. They share similar signal characteristics to typical intracranial 
meningiomas. On T1, they are isointense to slightly hypointense or may have a 
heterogeneous texture. On T2, they appear isointense to slightly hyperintense and 
T1 C+ (Gd) demonstrates moderate homogeneous enhancement. Occasionally, 
densely calcified meningiomas are hypointense on T1 and T2, and show only mini-
mal contrast enhancement [74]. The ginkgo leaf sign of spinal meningiomas has 
been described as a useful MRI sign in distinguishing a spinal meningioma from 
schwannoma [75]. It is seen on axial post contrast T1 imaging, with the leaf repre-
senting the distorted spinal cord, pushed to one side of the theca by the meningioma, 
and the stem, seen as a non-enhancing “streak,” representing the stretched dentate 
ligament [75] (Table 23.1).
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24Primary Osseous and Metastatic 
Neoplasms of the CVJ

Jared Fridley, Adetokunbo Oyelese, and Ziya Gokaslan

24.1  Introduction

Tumor surgery at the craniovertebral junction (CVJ) poses significant technical 
challenges owing to its complicated regional anatomy and unique biomechanics. 
Knowledge of the unique bony structure of the CVJ which includes the lower clivus, 
occipital condyles, atlas, and axis, as well as its surrounding neurovascular struc-
tures such as the brainstem, vertebral arteries, and lower cranial nerves, is vital prior 
to attempting tumor resection and spinal reconstruction in this region. In addition to 
considering involved anatomic structures, surgery must consider tumor pathology, 
as this may affect surgical strategy. Multiple types of tumors may be found at the 
CVJ including metastases, local extension of head and neck tumors, tumors arising 
from nervous system tissues, and primary osseous neoplasms. In this chapter, we 
will focus on the presentation, epidemiology, classification, and management of 
spinal metastases and primary osseous neoplasms.

24.2  Presentation

Pain is the most common presenting symptom in patients with tumors of the 
CVJ. It may be focal neck pain or mechanical in nature. Focal neck pain is often 
described as achiness or stiffness, and is often worse at night. Pain that is 
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significantly relieved by aspirin is a classic characteristic of osteoid osteomas. 
Mechanical neck pain refers to aggravation of pain with flexion or extension of the 
cervical spine. In addition, rotational movement of the neck can also worsen the 
neck pain, which is often not seen in subaxial cervical spine tumors [1]. Occipital 
neuralgia due to C2 nerve root compression is often seen either due to direct tumor 
compression or degeneration of the atlantoaxial joint causing local inflammation or 
bony compression.

Symptoms and signs of myelopathy are uncommon with CVJ tumors due to the 
capacious spinal canal at this level. If present, either the tumor has reached a sig-
nificant size, extended cranially through the foramen magnum, or eroded bony 
structures causing atlantoaxial subluxation and subsequent cord compression. 
Neurologic deficits tend to portend malignant disease and a worse overall progno-
sis [2]. Lower cranial nerve deficits can be seen due to either compression of the 
brain stem or tumor involvement of the lower cranial nerves. The spinal accessory 
nerve is the most common nerve root involved due to its long, looping course. 
This can manifest as weakness of the trapezius/sternocleidomastoid muscles, or 
torticollis.

24.3  Epidemiology and Classification

24.3.1  Metastases

Nearly 1.7 million people in the United States are estimated to have been diagnosed 
with cancer in 2016 [3]. Bone is the most common site of metastases in the body, 
with the spine being the most common bone structure affected. Nearly 40% of can-
cer patients at autopsy have pathologic evidence of spinal metastases [4]. It is esti-
mated that 5–10% of patients with metastatic spine disease will become symptomatic 
and require treatment [5]. The mean age at presentation is approximately 60 years 
old. The thoracic spine is the most commonly affected spinal segment, followed by 
the lumbar spine and then cervical spine. Involvement of the CVJ accounts for only 
0.5% of spinal metastases [6]. Common primary sources of metastatic spinal dis-
ease are breast carcinoma (35%), non-small cell lung carcinoma (15%), and pros-
tate carcinoma (10%) [6].

Multiple myeloma is a hematological malignancy that frequently metastasizes to 
the spine. Patients typically present with neck pain, either focal or mechanical. 
Cervical spine metastases are often the first presentation of this disease. Myeloma 
lesions are lytic, and imaging usually reveals pathologic fracture on CT. At the CVJ, 
dens fractures are the most common, and are usually unstable, requiring external 
orthoses prior to definitive therapy. Multiple myeloma is radiosensitive, and radia-
tion has been shown to be an effective treatment for pain relief even in the presence 
of an unstable fracture [7]. Therefore, radiation is regarded as first-line therapy, with 
surgery only rarely needed. Posterior occipitocervical instrumentation is an option 
in those patients with significant instability of the CVJ or ongoing neck pain not 
responsive to radiation.
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24.3.2  Primary Osseous Tumors

Unlike metastatic spinal disease, primary osseous spinal tumors are rare, represent-
ing only 4.6% of all spine tumors [2]. There are nearly 3300 cases of bone cancer 
each year, with only approximately 10% involving the spine [3]. Multiple myeloma 
is the most frequently encountered primary spine tumor followed by hemangioma, 
eosinophilic granuloma, aneurysmal bone cyst, osteoblastoma/osteoid osteoma, 
chondrosarcoma, giant cell tumor, chondroma, osteosarcoma, and chordoma [8]. 
Like metastatic disease, the thoracic spine is most often affected, followed by the 
lumbar spine, sacrum, and then the cervical spine. At the CVJ chordoma is the most 
common primary spine tumor, followed by osteoid osteoma/osteoblastoma, osteo-
chondroma, multiple myeloma, aneurysmal bone cyst, giant cell tumor, and Ewing’s 
sarcoma [9]. For further details refer to Chap. 23.

24.4  Diagnostic Workup

24.4.1  Imaging

Patients in whom there is a suspicion of a CVJ neoplasm should be thoroughly 
imaged. Both magnetic resonance imaging (MRI) and computed tomography (CT) 
are helpful in tumor evaluation. MRI of the brain and spine with and without con-
trast in axial, sagittal, and coronal planes is helpful for defining the relationship of 
tumor to neural elements and adjacent soft tissue structures. CT is used to evaluate 
the extent of osseous disease, and whether the tumor is osteolytic or osteoblastic. 
Imaging of the chest, abdomen, and pelvis using CT with and without contrast is 
mandatory to evaluate for evidence of metastatic disease. Fluorine-18 fluorodeoxy-
glucose positron emission tomography (FDG-PET) and technetium-99m methylene 
diphosphonate (MDP) bone scintigraphy can be useful for identifying osseous 
metastasis originating from malignant primary spinal tumors [10].

The differential diagnosis of a primary osseous CVJ neoplasm can be narrowed 
based on imaging findings [11]. In the case of bone forming neoplasms such as 
osteoid osteoma or osteoblastoma, a nidus of immature bone surrounded by scle-
rotic bone, usually in the posterior elements, is characteristically seen on 
CT. These lesions tend to enhance on contrast enhanced MRI, and T2 sequences 
often reveal edema within the lamina and pedicle extending toward the vertebral 
body. Osteosarcoma has similar characteristics although the disease is often more 
extensive. Osteochondromas are common benign lesions of the CVJ, particularly 
at C2, and have characteristic cortical and marrow continuity with the underlying 
vertebra [11]. Chondroblastomas and chondrosarcomas typically show extensive 
bony destruction, and often soft tissue extension. Hemangiomas have a stereotypi-
cal honeycomb appearance on CT, and both T1 and T2 hyperintensity. Chordomas 
at the CVJ are iso- to hypointense on MRI T1 imaging, hyperintense on T2, 
enhance with contrast administration, and show bony erosion on CT imaging 
(Fig. 24.1).
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Due to the complex anatomy of the CVJ obtaining tumor tissue via posterior 
percutaneous biopsy is generally not recommended. Open incisional or excisional 
biopsy is generally the preferred strategy for diagnosis. In the case of a small soli-
tary mass in the posterior elements of C1 or C2, such as with a suspected osteoid 
osteoma, open excisional biopsy may be the most reasonable option. An anterior 
transoral biopsy is contraindicated due to the risk of tumor seeding along the biopsy 
tract.

a b

c d

Fig. 24.1 Case illustration of a C2 chordoma on both MRI and CT imaging. (a) Preoperative 
T2-weighted MRI sagittal sequence showing a hyperintense mass within the body of C2 consistent 
with a chordoma. (b) CT sagittal reconstruction demonstrating bony erosion by the tumor. (c) 
T1-weighted with contrast axial image demonstrating an enhancing tumor within C2. (d) CT axial 
image showing a destructive tumor in the C2 body without posterior element involvement. 
(Reproduced with permission from the senior author Z.G.)
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Vascular imaging with either CT angiography or conventional angiography is 
recommended to evaluate the course of the vertebral arteries and their involve-
ment with tumor. Determining the patency and dominance of the vertebral artery 
is useful in surgical planning as often one of these vessels must be sacrificed. 
Angiographic assessment of collateral blood flow and filling of the posterior 
inferior cerebellar arteries is helpful to determine the risk of infarction prior to 
vertebral artery embolization. A balloon occlusion test of the involved vertebral 
artery is recommended in the case of dominant vertebral artery involvement. 
Tumor blush on angiography indicates hypervascularity, in which case preopera-
tive particle or glue embolization can be useful to minimize both blood loss and 
operative time.

24.4.2  Laboratory Studies

In addition to imaging, laboratory studies can add information that will assist in the 
diagnoses of a CVJ tumor, particularly with metastatic lesions. For example, eleva-
tions in serum prostate specific antigen (PSA) or carcinoembryonic antigen (CEA) 
can point toward a prostate or gastrointestinal primary tumor respectively. In the 
case of multiple myeloma, abnormalities in hematocrit or platelet count may be 
seen. Additionally, serum protein electrophoresis (SPEP) or urine protein electro-
phoresis (UPEP) may be useful to look for a monoclonal gammopathy pointing 
toward multiple myeloma.

24.5  Treatment Strategy

The treatment of a CVJ neoplasm can vary significantly based on patient his-
tory/physical, suspected tumor pathology, tumor location, involvement of adja-
cent structures, and presence of spinal instability. The first decision-making 
branch point is whether the data from diagnostic workup indicates a metastasis 
or a primary spinal tumor. If metastatic disease is suspected, then the question 
becomes whether surgery or radiation should be the primary treatment. The goal 
with treatment of spinal metastases remains palliative and is focused on improv-
ing patient quality of life. This is unlike treatment for many primary osseous 
spinal tumors in which patients may live for a long time depending on the 
pathology. We now discuss radiation and surgery options for both metastatic and 
primary tumors.

24.5.1  Radiation

In patients with suspected metastatic disease that don’t have evidence of either neu-
ral element compression or spinal instability, radiation is a viable first-line treatment 
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option. External beam radiotherapy, typically 300 cGy over 10 fractions, can be an 
effective means of pain relief in patients with CVJ metastases. In a study of 33 
patients with CVJ metastases by Bilsky et al., 23 patients without evidence of radio-
graphic instability (defined as less than 5 mm of atlantoaxial subluxation and less 
than 11° of odontoid angulation) underwent initial treatment with external beam 
radiotherapy [12]. Over 90% of these patients had significant relief or resolution of 
their neck pain. Only two of the 23 patients underwent eventual surgical 
stabilization.

The recent advent of spinal radiosurgery (SRS) has recently been demonstrated 
to be efficacious in treatment of CVJ metastases, both in terms of neck pain relief 
and local control [13, 14]. In a small series by Azad et al., 25 patients underwent 
SRS for various histologies, most commonly breast and lung cancers [13]. No 
patient had a SINS score > 12. At a median 18-month follow-up, there was resolu-
tion or improvement in neck pain in 8 of 17 patients with preoperative pain. Sixteen 
out of 19 patients at last follow-up either had no change or a decrease in size of the 
radiated tumor. Only 2 out of 25 patients ultimately required surgery for stabiliza-
tion. Given the small size of this series and inherent limitations in study design more 
research on SRS for CVJ metastases is needed.

In the case of primary osseous spinal tumors, the role of radiotherapy is histol-
ogy specific, and its use is limited to benign aggressive and malignant primary 
tumors. Not only are most of these tumors radioresistant, radiation doses at the 
CVJ are limited due to risk of radiation toxicity to the spinal cord, brain stem, and 
nerve roots. This presents a problem in the treatment of these tumors as the doses 
required to treat them are usually rather high. For chordoma, radiation therapy has 
been shown to have a 5-year local control rate of only 10–40% at doses of 
40–60 Gy [10]. Alternative types of radiation, such as proton-based therapy have 
recently been shown to be a promising treatment option for use after surgery [10]. 
Similar to chordoma, traditional EBRT for treatment of osteosarcoma [15] and 
chondrosarcoma has had poor results, but there has been ongoing research with 
the use of high dose proton beam or combination therapy [16]. Ewing’s sarcoma 
is unique in that adjuvant conventional radiation has been shown to be effective 
following surgery or in combination with chemotherapy in cases of non-surgical 
candidates [17].

24.5.2  Surgery

As mentioned previously the surgical management of CVJ neoplasms is based to a 
large degree on underlying pathology. The goal of surgery for spinal metastases is 
palliative, with patient’s typically succumbing to their systemic disease rather than 
their spinal pathology. This is contrasted with primary spinal tumor pathology in 
which there is usually no systemic disease, and patients can have a significantly 
lengthened survival with aggressive treatment [17].
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24.5.2.1  Metastases
Metastatic epidural compression of the spinal cord or brain stem is uncommon at 
the CVJ due to size of the spinal canal at this level. In many cases, epidural disease 
without cord compression can be treated with radiation. However, if a patient pres-
ents with signs of myelopathy due to epidural tumor compression, surgical decom-
pression is indicated. Dorsal decompression of the spinal cord at the CVJ involves 
a simple laminectomy of C1 and/or C2, followed by direct tumor resection. As with 
most metastatic spinal tumors, the challenge arises with ventral cord compression. 
While both anterior and posterior approaches to the ventral thecal sac at the CVJ are 
feasible, one must consider the high morbidity of approaching anteriorly such as 
with a transoral or high retropharyngeal procedure [18]. It must always be kept in 
mind that with the availability of radiosurgery and EBRT, postoperative radiation 
may be used to treat residual tumor, a strategy referred to as “separation surgery” 
[19]. In other words, if possible, a posterior or posterolateral approach to the CVJ 
for decompression of neural elements due to metastatic epidural disease is the pre-
ferred option. At C1 and C2, laminectomies are performed, followed by identifica-
tion the C1-2 facet joints and C2 nerve roots. Sacrifice of one or both C2 nerve roots 
is well tolerated as it is a purse sensory root, with only rare cases of postoperative 
occipital neuralgia. In many cases, epidural tumor results in thecal sac displacement 
which creates a corridor by which tumor can be easily approached. The primary 
concern with a posterior approach is with vertebral artery injury. Study of the verte-
bral artery course on preoperative imaging is essential to minimize risk of injury. At 
C2 the vertebral artery courses laterally, while at C2 it turns medially and over the 
C1 lamina. If the vertebral artery is encased by tumor, residual disease can be rea-
sonably be left behind with the intention to radiate this area postoperatively.

In patients with clinical or radiographic evidence of atlantoaxial instability 
related to either metastatic disease or from iatrogenic insult, posterior surgical sta-
bilization is recommended. Clinical evidence of CVJ instability, while not clearly 
defined, may be defined as an inability of the CVJ to function under physiologic 
loads without pain, neurologic deficit, or spinal deformity [20]. Radiographic evi-
dence of atlantoaxial subluxation, angulation of the dens, rotary subluxation, or 
destruction of the occipitoatlantal/atlantoaxial facet complexes are, in our view, 
indications for stabilization. In patients with mechanical neck pain but no gross 
radiographic evidence of instability, we generally recommend posterior instru-
mented stabilization. Occipitocervical instrumented fusion is preferred over atlanto-
axial stabilization, even in the case of isolated C1 or C2 metastases, primarily 
because of the unpredictable course of metastatic disease, and the concern that 
involvement of adjacent areas may lead to possible construct failure and need for 
additional surgery (Fig. 24.2). In the series by Fourney et al., [21] occipitocervical 
stabilization in 19 patients with CVJ metastases resulted in a significant improve-
ment in neck pain with minimal surgical morbidity. We perform posterolateral 
arthrodesis in all patients to help mitigate potential future hardware failures, though 
given the limited life expectancy in many metastatic disease patients it is unclear 
whether a more tailored approach may be beneficial.
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24.5.2.2  Primary Tumors
Unlike metastatic spine disease, treatment for primary spinal tumors is performed 
with the goal of improving overall patient survival, with the possibility of cure in 
select patients. However, the unique anatomy of the CVJ makes this goal extremely 
challenging, and sometimes impossible, due to the risk of patient morbidity associ-
ated with injury to adjacent neurovascular structures. Tumor resection performed in 
en bloc fashion, defined as resection of tumor with a surrounding layer of healthy 
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tissue, [22] has been shown to improve median survival in multiple different pri-
mary spine tumors when compared to subtotal resection [23–26].

Unlike with the thoracic, lumbar, and subaxial cervical spine, there are no CVJ 
specific surgical classification systems to help determine the optimal surgical 
approach for these tumors. However, it is helpful to adopt the principles of the 
Weinstein, Boriani, Biagimi staging system and the Enneking system [22]. Dividing 
both C1 and C2 into multiple radial zones helps to determine sites for osteotomies 
and the adjacent neurovascular structures that must be taken into account during 
tumor resection. Surgery can be divided into two stages. The first stage involves 
separation of the tumor from normal spine and uninvolved adjacent neural elements. 
C1 and C2 are ringed structures, so bony separation of tumor involves creating at 
least two osteotomies to disconnect the tumor from surrounding spine. Tumor in the 
spinal canal must then be separated from underlying neural elements. The second 
stage of surgery involves tumor delivery. Depending on tumor location this may 
involve one or more ventral and/or dorsal approaches.

Tumors within the posterior elements of C1 or C2, such as osteoid osteomas or 
osteochondromas are readily resected via a midline posterior cervical approach. A 
simple laminectomy may be all that is required for en bloc tumor resection with no 
need for stabilization. Involvement of facets or lateral masses requires additional 
surgical steps, including stabilization. Axial loading of the cervical spine occurs 
through the facets and lateral masses. Force is transmitted from the occipital con-
dyles through the lateral masses of C1 and C2, and then through the subaxial cervi-
cal spine. We prefer placement of posterior instrumentation prior to tumor resection 
if the hardware does not obstruct the operative view during resection. The C2 nerve 
root must be exposed if the C1-2 facet is involved with tumor. Tumor involvement 
of cervical nerve roots often necessitates their sacrifice. There is little clinical con-
sequence to sacrifice of either C1 or C2 nerve roots. Transecting the C2 nerve root 
will lead to occipital scalp numbness in roughly 11% of patients which typically 
resolves over time, but very rarely will it cause significant dysesthesias [27]. Caudal 
involvement of the subaxial spine nerve roots merits further consideration as sacri-
fice of these roots can lead to clinically significant motor weakness and disability.

Lateral mass cage reconstruction is a viable reconstruction option when CVJ 
facets are resected (Fig. 24.3) [28]. Reconstruction of the lateral cervical spine col-
umns with a cage construct may help prevent pseudoarthrosis or hardware failure. It 
is important that the cage extend from the occipital condyle or rostral lateral mass 
to another lateral mass caudally, not a vertebral body, to decrease the risk of cage 
displacement. The cage is packed with autograft or allograft prior to placement to 
help achieve solid arthrodesis.

Careful consideration should be given to management of the vertebral artery if 
involved with tumor due to its complicated anatomic course, and devastating poten-
tial complications if sacrificed or injured. After exiting the C3 transverse foramen 
the vertebral artery travels rostral through the C2 foramen, then superolateral 
through the C1 foramen, travels posteromedial over the C1 arterial sulcus, and sub-
sequently pierces the dura at the cervicomedullary junction after which it travels to 
join the contralateral vertebral artery. In about 50% of people the left vertebral 
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artery is dominant, 25% of people are right artery dominant, and 25% are codomi-
nant. Determination of dominance can often be determined based on measurement 
of vessel caliber on preoperative imaging studies, but does not accurately predict the 
risk of stroke with vertebral artery sacrifice. Conventional angiography balloon test 
occlusion with provocative maneuvers, such as induced hypotension, can be useful 
to determine the clinical consequences of sacrificing a vertebral artery. If able to be 
sacrificed, coil embolization above and below the tumor is performed. Alternatively, 
intraoperative monitoring of motor and sensory evoked potentials with transient clip 
ligation of the vertebral artery of interest can provide similarly useful information. 
Prior to ligation and transection of a vertebral artery, the vessel segment rostral and 
caudal to the tumor must be exposed and skeletonized.

a b c d

e f g h

Fig. 24.3 Case illustration of cervical lateral mass reconstruction. (a–c) Preoperative T2-weighted 
MR images of biopsy-proven chondrosarcoma. (a) Axial image obtained at the level of the C-4 
nerve root, demonstrating the tumor originating in the C-3 vertebral body with lateral extension. 
(b) Sagittal image obtained at the level of the lateral masses, demonstrating tumor extending from 
C-2 to C-4. (c) Midline sagittal image demonstrating C-3 pathological compression and canal 
compromise caused by the tumor. (d–g) Postoperative anteroposterior (d) and (e) lateral radio-
graphs demonstrating the cage extending from the lateral masses of C1–6. Cage placement is fur-
ther visualized on coronal (f) and sagittal (g) CT scans. (h) One year after surgery, the patient 
presented with neck pain and was found to have a new cervical deformity and fracture of her right 
posterior rod above the crossbar. (Figure from Clarke MJ, Zadnik PL, Groves ML, Sciubba DM, 
Witham TF, Bydon A, Gokaslan ZL, Wolinsky JP. Fusion following lateral mass reconstruction in 
the cervical spine. Journal of Neurosurgery: Spine. 2015 Feb;22(2):139–50)
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Tumors arising within the body of C2 or inferior clivus require a ventral or ven-
trolateral approach for either en bloc or piecemeal tumor resection. If attempting to 
remove these tumors en bloc a posterior approach to perform releasing osteotomies 
and posterior occipital cervical instrumentation is needed, after which the ventral 
approach is used to deliver the tumor. The transoral approach is the most direct route 
to the lower clivus, anterior arch of C1, vertebral body of C2, and C2-3 disc space. 
Supplemental splitting of the palate or mandible gives additional rostral and caudal 
exposure [29]. These procedures carry a substantial risk of morbidity due to entry 
through the oral-pharyngeal mucosa including velopharyngeal incompetence, dys-
phagia, odynophagia, pharyngeal wound dehiscence, cerebrospinal fluid leak, and 
meningitis. Another risk of a ventral approach through the pharyngeal mucosa is the 
potential for tumor seeding along the surgical tract, particularly with primary tumors 
such as chordoma.

There are alternative approaches that mitigate the risks of a transoral approach 
including the high transcervical approach and endoscopic-assisted approaches. The 
high transcervical approach allows access to ventral or ventrolateral tumors from 
C1 to C3 [30]. Visualization can be limited due to a narrow working corridor, and 
there may be difficulty seeing rostrally to the clivus. The submandibular incision 
can be extended to allow access further caudally to the subaxial cervical spine in the 
event of tumor extension inferiorly. Reconstruction of the anterior column follow-
ing tumor resection is typically performed using a cage or strut graft followed by 
plate placement. While the high transcervical approach is generally well tolerated, 
there are exposure related risks including injury to the hypoglossal nerve, facial 
artery, facial vein, and vertebral artery.

Advances in endoscopy and image guidance using during skull base surgery and 
pituitary surgery have been incorporated into approaches to CVJ tumors. During a 
transoral approach to the CVJ the addition of endoscope assistance can improve 
tumor access and resection in both rostral-caudal and lateral directions. Angled 
endoscopes allow illumination and visualization rostral to the palate and caudal to 
the confines of the tongue. This can spare the need for splitting the mandible, palate, 
or tongue. The endoscope can also be used for a transnasal approach to the CVJ 
[29]. This technique uses a combination of image guidance and direct endoscopic 
visualization. Like a standard transnasal pituitary tumor resection, the rostrum of 
the sphenoid sinus is opened and the floor of the sphenoid sinus drilled flat. An 
endoscope is angled caudally toward the clivus and the nasopharyngeal mucosa is 
opened as a flap. This allows access the lower clivus, anterior C1 arch, and C2 dens. 
For primary tumor resection, healthy tissue margins are identified and maintained, 
if possible. Tumor is then resected using a combination of both straight and angled 
instruments. Once resection is completed the nasopharyngeal mucosa is flapped 
back into place. Image-guided endoscopic resection has also been described for a 
standard transcervical approach to the CVJ [30]. This technique takes advantage of 
the low morbidity of a standard transcervical exposure versus transmucosal 
techniques.
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25.1  Introduction

Intra-axial cervicomedullary tumors (CMTs) are a heterogeneous group of tumors 
with a low incidence and a various range of malignancy.

These neoplasms, located at the junction of cervical spine and brainstem, were 
initially considered a specific subgroup of brainstem glial tumors. CMTs have been 
generally considered surgical inaccessible lesions, due to their perceived high risk 
of neurological morbidity, and associated with a poor prognosis [1].

In 1987, Epstein and Winsoff attempted to find criteria to classify brainstem glio-
mas; they were the first to identify five subgroups for such neoplasms: diffuse glio-
mas, localized gliomas, exophytic gliomas, cystic gliomas, and cervicomedullary 
gliomas [1]. Even if their classification was embryonal, they were pioneers in attrib-
uting a specific identity to CMTs.

Even if the first described results derived from pediatric records (brainstem glio-
mas have a 10% incidence in pediatric age and 2% in adult age), recent publications 
show a high incidence also in adult population [1]. The most represented are low 
grade gliomas, with a slow growth rate, considered histologically “benign” and 
associated with an indolent clinical presentation, with progressive and slow onset 
neurological symptoms.

Anatomically, cervicomedullary junction is full of eloquent structures: the areas 
for cardiorespiratory regulation (solitary nucleus and reticular formation), and the 
nuclei of the mixed motor and sensory nerves with their infranuclear portion. The 
corticospinal tract, spinothalamic tract, and posterior columns contribute to the ana-
tomical complexity of this area, continuing towards the spinal cord.

Among CMTs, we can include neoplasms involving the medulla oblongata, the 
upper cervical region, or both with bulbo-cervical extension. According to the most 
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supported hypothesis, the origin of the tumor is in the upper region of cervical spi-
nal cord, with a secondary extension towards the medulla oblongata [2].

These tumors, mainly astrocytomas, have the capability to displace the nervous 
structures encountered along the growth towards the medulla oblongata, both white 
matter and nuclei, interrupting at the junction between pons and medulla oblongata, 
where white matter tracts cross [1]. This growth pattern might explain why the ana-
tomical extension of this kind of tumors is extended in the bulbo-cervical area, 
without involvement of the contiguous tissue of the pons, and the growth is then 
“forced” dorsally into the cisterna magna or in the fourth ventricle. This hypothesis 
is supported by the observed histopathologic categories: is evident an overlap with 
purely intramedullary spinal histotypes if compared to the more aggressive and 
infiltrative tumors.

25.2  Epidemiology

Intramedullary tumors represent 20–30% of all the intradural tumors in the adult 
population, more than 50% in pediatric population.

Gliomas account for 80% of intramedullary tumors: 60–70% are astrocytomas 
and the remaining 30–40% are ependymomas. Astrocytomas are more represented 
in the pediatric age, while ependymomas are more represented in adult age [2].

The third category, accounting for 2–15%, is represented by hemangioblastomas 
[2]. About 2% is represented by intramedullary metastases, mainly lung or breast 
primary tumors, and is often encountered during autopsies [2]. Other tumors such 
as lipomas (1%) or tumors of other nature (mesenchymal, germ cell, dermoid, epi-
dermoid, hematopoietic) are extremely rare in this region.

25.3  Clinical Signs and Symptoms

CMTs are, in most cases, low grade tumors, affecting mainly pediatric population. 
Their clinical presentation may vary, but is often encountered a clinical onset asso-
ciated with a long history of clinical symptoms before the diagnosis is made.

The primary clinical manifestations can be divided into two categories: dysfunc-
tion of the lower cranial nerves and medullary impairment. Lower cranial nerves 
dysfunction (motor and sensory function) is characterized by deglutition and speech 
dysfunction. Medullary impairment can determine hemiparesis or tetraparesis and 
other symptoms related to a damage of the corticospinal tract (upper motor neuron). 
An involvement of the spinothalamic tract determines a reduction in the perception 
of temperature and pain. The involvement of the dorsal columns is characterized by 
proprioception deficit and gait disturbances (ataxia). Tumors involving the autono-
mous system might cause sympathetic and parasympathetic impairment. Severe 
spinal cord injury can determine a visceral impairment such as respiratory deficit, 
sphincter dysfunction, and sexual dysfunction. Paresthesia or dysesthesia can be 
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unilateral, often encountered distally and only in a second phase they might have a 
proximal and a contralateral extension.

The onset of medullary symptoms is often indolent, with a slow motor impair-
ment followed by impairment of cranial nerves after few months or years. Spinal 
pain is often described immediately before or just after the onset of neurological 
symptoms. In sporadic cases (young patients and giant CMTs), cervical pain might 
represent the only symptom, without neurological dysfunction. It has been postu-
lated that pain, typically worsening in lying position and during night hours, can be 
derived by the distension and irritation of the dura mater.

The most frequently encountered clinical onset is characterized by lower limbs 
motor deficit (78.1%). Other clinical conditions include: suboccipital pain (68.8%), 
sensory loss (56.3%), sphincter and bowel involvement (28.1%), respiratory 
impairment (46.9%), vomit (46.9%) dysphagia (43.8%), nasal regurgitation 
(43.8%), and headache (34.4%). Cranial nerves deficits are distributed for fre-
quency: deficit of the IX and X cranial nerve (cardiac and respiratory instability, 
43.8%), XI cranial nerve (weakness and atrophy of sternocleidomastoid and trape-
zius muscles, 31.3%), XII cranial nerve (ipsilateral tongue palsy and atrophy, 
21.9%). Symptoms related to the involvement of the posterior tracts are described 
in 31.3% of the patients.

Hydrocephalus is described in 1–8% of the cases of CMTs. It might be related to 
the obstruction of CSF flow in the subarachnoid space determined by the tumor or 
to an alteration in CSF reabsorption induced by an increase of the protein concentra-
tion in the CSF, produced by the tumor itself. CSF flow obstruction determined by 
increased proteins with xanthochromic CSF is known as Froin syndrome. CMTs 
often determine respiratory impairment (46.9%).

For tumors located selectively in the inferior portion of the medulla oblongata, 
the clinical pattern is constituted by: ipsilateral loss of tactile sensitivity of the mid-
dle and lower portion of the trunk (compression of gracile nucleus); ipsilateral loss 
of tactile sensitivity of the middle and upper portion of the trunk (compression of 
cuneate nucleus); a potential cardiac and respiratory instability (compression of 
solitary tract and dorsal motor nucleus of vagus) sleep apnea, known as primary 
alveolar hypoventilation; motor weakness of the ipsilateral hemi-tongue (compres-
sion of XII cranial nerve nucleus).

For tumors located in the ventral and lateral portion of the medulla oblongata, the 
clinical onset is characterized by motor weakness of the ipsilateral hemi-tongue 
(compression of XII cranial nerve nucleus), loss of the deglutition reflex (compres-
sion of nucleus ambiguus), loss of thermic and pain sensitivity of the contralateral 
half body (trunk and limbs) due to the compression of the spinothalamic tract, and 
loss of sensitivity in the contralateral half body (trunk and limbs) due to the com-
pression of the medial lemniscus.

The clinical presentation of CMTs is related to their growth rate, their position, 
and their longitudinal extension. Other factors influencing the symptoms are: age, 
disc degenerative disease of the spine, dimensions of the spinal canal, the presence 
of other comorbidities [1, 2].
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25.4  Radiological Findings

MRI represents the study of choice and is able to characterize a specific pattern on 
the basis of morphology, changes in signal intensity, the presence or absence of 
contrast enhancement, and anatomic location and extent. MRI may be helpful in 
differential diagnosis and to define the presence or absence of a cord–tumor inter-
face, associated cysts, or syringomyelia. Looking at gliomas specifically (ependy-
momas and astrocytomas), both lesions enhance with gadolinium and demonstrate 
fusiform morphology over numerous vertebral segments; they both appear hypo- or 
isointense on T1-weighted images and hyperintense on T2-weighted images.

Ependymomas are more likely to have associated blood by-products and large sat-
ellite cysts and tend to be centrally located within the cord displaying symmetric 
expansion with diffuse heterogeneous enhancement. They tend to occupy the whole 
width of the cord and generally produce enhanced margins. Astrocytomas, in com-
parison, tend to be eccentrically positioned, show an exophytic component, and can 
be non-enhancing, heterogeneously enhancing or display only an enhancing nodule.

Hemangioblastomas are richly vascularized tumors with significant surrounding 
edema. They have a frequent association with syringomyelia and they are most 
commonly sporadic even if 30% of patients with hemangioblastomas show Von 
Hippel–Lindau syndrome. On MRI, they have mural nodules, which appear isoin-
tense on T1-weighted images and hyperintense on T2-weighted images with 
homogenous contrast enhancement.

Cavernous angiomas are lobulated masses of interwoven vessels or locules of 
variable size containing blood products at different stages of evolution; on CT scan, 
they can be negative in 30–50% of cases or they appear as well-delineated round 
hyperdense lesions usually <3 cm. T1-weighted sequences show different aspects 
depending on hemorrhage stage: the most common findings are a “popcorn ball” 
appearance of mixed hyper-, hypointense blood-containing locules; less frequently 
we can observe acute hemorrhage or reticulated “mulberry-like” lesion with a 
mixed signal core and complete hypointense hemosiderin rim. Cavernomas are 
angiographically occult vascular malformation with slow intralesional flow without 
artero-venous shunting.

Metastases are well-encapsulated masses and they often show cystic change or 
intralesional hemorrhage. Metastatic lesions are most likely eccentrically located in 
the cord and expand the cord parenchyma, which was historically visible on myelog-
raphy and illustrated clearly on MRI. Metastases are most likely to be T1 isointense 
and T2 hyperintense. The amount of edema may be out of proportion to the size of 
the tumor, and this is evidenced by extensive T2 hyperintensity, which can be on 
average 3.6-fold larger than that of the enhancing portion of the lesion [2–4].

25.5  Preoperative Planning

An accurate preoperative planning is mandatory. Sometimes it might be of great 
importance to clearly identify the position of the vessels, including the vertebral 
arteries and the venous structures. The need, even if rare for intramedullary tumors, 
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to perform a partial demolition of the occipital condyle might influence the stability 
of the craniovertebral junction. Therefore, it is important to perform lateral dynamic 
X-rays before surgery. The clinical or radiological hypothesis of a dysfunction or an 
involvement of the lower cranial nerves (IX, X, XI, XII) should be verified preop-
eratively, with a systematic examination of deglutition, phonation, and respiration. 
The lateral expansion of the tumor is a determining factor, but in case of a tumor 
extended on the midline, the anatomy of the neurovascular structures becomes more 
important. The dimension of the tumor combined with the direction and the exten-
sion of the tumoral growth concur to define the necessary approach, how useful it 
can be and if it can be helpful the combination of more approaches. The stability of 
the craniovertebral junction and the expected level of bony resection have to be 
considered before performing surgery to have a well-established plan for recon-
struction, whenever needed [5].

25.6  Advanced Neuroimaging: DTI

Morphological MRI techniques provide only anatomical information while some 
specific sequences as diffusion-weighted imaging (DWI), diffusion tensor imaging 
(DTI), and fractional anisotropy (FA) are useful to described, detect, and map the 
extent of spinal cord lesions.

DTI and Fiber Tracking (FT) are used to describe tumors and to detect their 
limbs. It is also possible to envisage a histological diagnosis if you know that FA 
values are similar for astrocytomas, ependymomas, and metastases but are different 
for hemangioblastomas; in particular the lowest FA values are seen in metastases, 
and the highest are seen in hemangioblastomas. FT may show fibers that are 
destroyed or displaced by the tumor. This could be important to estimate highly 
infiltrative tumors and to identify their margins before surgery resection. Also neu-
ronavigation should be used in two different ways: (1) to understand the extension 
of an intrinsic spinal lesion that must be removed; (2) to help in estimating tumor 
removal limits during surgery. The application of DTI-based fiber tracking, for 
diagnosis and neuronavigation, should be used in the clinical routine for the man-
agement of intramedullary high grade astrocytomas, in order to achieve a safer his-
tological diagnosis and tumor resection [6, 7].

25.7  Treatment

25.7.1  Surgical Approaches

The most frequently used surgical approaches to perform the resection of intradural 
and intramedullary tumors of the craniovertebral junction are:

 – Median suboccipital
 – Lateral suboccipital: far lateral or postero-lateral
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 – Pure cervical approach with laminectomy or laminotomy (with or without a 
small median suboccipital craniectomy associated).

Median posterior suboccipital approach is performed with a median bilateral 
suboccipital craniotomy. The target lesions are located posteriorly to the dentate 
ligament.

The lateral or postero-lateral (far lateral) approach is performed with a suboc-
cipital lateral craniotomy, with dissection of the muscolo-cutaneous layers with cir-
cumferential postero-lateral direction.

Postero-lateral approach is reserved to tumors located anterior to dentate liga-
ments. Main advantages are: the control over vertebral artery on its extradural 
course, the access to the anterolateral aspect of the junction without retracting brain-
stem or cranial nerves, and the optimal surgical control on the mixed nerves in their 
more lateral course. In both suboccipital approaches, for a proper rostral-caudal 
exposition and a better working angle, it is necessary to complete the surgical 
approach with the opening of foramen magnum and removal of the C1 posterior 
arch.

The choice of the surgical approach is determined by the anatomical location of 
the tumor in craniocaudal direction (suboccipital approaches for bulbar lesions, cer-
vical approaches for cervical intramedullary lesions, and a combination of the 
aforementioned approaches for tumors with both bulbar and cervical extension). 
The approach is related also to the posterior or anterior location and median or lat-
eral position of the tumor in the neuraxis: anterolateral and lateral tumors are 
reached with a postero-lateral approach (possible drilling of condylar process). For 
median and posterior tumors, the most considered approach is the median suboc-
cipital with removal of C1 posterior arch and eventually associated with a posterior 
cervical approach.

25.7.2  Suboccipital Median Approach

The more appropriate surgical positionings for this approach are the prone position 
(Concorde position), the lateral-oblique and the seated position. All positions 
require head fixation with the Mayfield head holder for all patients older than 
2  years. Neck flexion is also required, to be obtained with particular care, after 
excluding cervical instability and tonsil herniation through the foramen magnum.

Skin incision is performed along the posterior midline, from 1 to 2 cm above the 
external occipital protuberance, to end in correspondence of C4. If the tumor has a 
lateral location a “hockey stick” incision might be used, to allow a wider exposure and 
a more extended craniotomy. Skin and subcutaneous tissue are carefully dissected by 
the fascia on both sides of the upper half of the incision, aiming to create an adequate 
fascial patch for reconstruction. The dissection is then continued with autostatic 
retractors, aiming to spare both occipital nerves and arteries. Muscle dissection has to 
be performed along the midline: a deviation from midline will cause muscular bleed-
ing during exposure of the deeper muscular layers. The next step is the Y-shaped 
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incision of the fascia. The muscles are dissected away from the bone with the alternate 
use of bipolar electro-cautery and periosteum elevator. The lateral exposition is 
arrested as soon as the mastoid emissary vein is identified bilaterally. The muscular 
insertions are disinserted from the spinous processes, from C1 posterior arch and C2 
laminae. Suboccipital craniotomy is performed with two burr holes, one for each side, 
at approximately 3 cm from the midline, just below the transverse sinus. In elderly 
patients, a third burr hole might be performed below the torcular herophili. The dura 
mater adjacent to the burr hole is detached with a Penfield dissector, and the bone flap 
is removed with a high speed drill or a craniotome. The transverse and sigmoid sinuses 
represent the upper and lateral limits for the craniotomy. Inferiorly, the craniotomy 
should always include the posterior margin of the foramen magnum, in order to avoid 
a potential cerebellar laceration touching the bony margin during retraction. A wider 
opening in the area of the foramen magnum reduces the potential risk of herniation 
due to postoperative hematomas or cerebellar swelling. The bone in correspondence 
of the midline is detached as last thing, because it is formed by a deep and vascular-
ized ridge. This ridge has to be carefully detached by the surface of the dura mater, 
with extreme care in proximity of the median occipital sinus and of the annular sinus, 
near the foramen magnum. All the bony margins should be covered with bone wax to 
avoid air to enter into the lacunae. The dissection of C1 lamina has to be performed in 
craniocaudal direction, because the vertebral artery is located on the superior margin 
of the lamina. The removal of C1 lamina is performed with a bone rongeur or with an 
angled Kerrison rongeur. In some cases of cranio vertebral junction (CVJ) intramedul-
lary tumors with caudal extension might be useful to extend laminectomy to the pos-
terior arch of C2 and C3.

25.7.2.1  Accessory Surgical Routes to IV Ventricle
When the intramedullary tumor follows a cranial growth path towards the fourth 
ventricle, it is necessary to plan a second surgical step aiming to reach the superior 
pole of the tumor. The approaches most frequently used to reach the ventricular cav-
ity are: the telovelar and transvermian approaches. In telovelar approach, the cere-
bellomedullary fissure, an arachnoid cleft located between the tonsils and the 
posterior surface of the medulla oblongata, is the anatomic landmark of choice to 
begin the dissection to reach the IV ventricle.

Telovelar incision can be divided in three parts: the first one opens the tela cho-
roidea and begins inferiorly in proximity of the Magendie foramen, in the lowest 
part of IV ventricle’s roof, to extend upwards until the junction of the tela with the 
inferior medullary velum. Once the tela choroidea is opened, the entire length of the 
IV ventricle’s pavement is exposed. The second part of the incision consists in the 
opening of the inferior medullary velum, allowing to expose the entire pavement of 
the IV ventricle, also the ipsilateral superolateral recess (particular care has to be 
taken to preserve the vein of the cerebellomedullary fissure that often crosses the 
inferior medullary velum). The third incision performed between the tonsils and the 
medulla oblongata through the tela choroidea (in the portion where it forms the 
most caudal part of the posterior wall of the lateral recess) exposes more extensively 
the lateral recess and the Luschka foramen [8].
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The alternative surgical corridor is the transvermian approach, performed through 
the splitting on the midline of the inferior portion of the vermis, in its suboccipital 
surface [9–11].

The entity of the resection has been scarcely described, but some authors recom-
mend to limit as much as possible the incision on the vermis, to minimize the clini-
cal effects related to the splitting of the cerebellar fibers [12]. Otherwise, some 
authors prolong the transvermian incision including also its most inferior portion 
and extend superiorly until the fastigium, preserving the inferior margin of the supe-
rior medullary velum [13]. Functionally, the fibers decurring from the superior cer-
ebellar peduncles make their decussation deeply under the superior medullary 
velum, a subtle lamina of white matter interposed between the superior cerebellar 
peduncles. This first vermian incision exposes only the underlying nodule; once it 
has been incised together with the choroid tela and the inferior medullary velum, the 
access to the IV ventricle is gained. The retraction of the two inferior halves of the 
vermis provides a workspace of 1–2 cm between the two inferior vermis margins. 
Following the tonsils and vermis retraction laterally, it is possible to observe the 
right and left PICA in their telovelotonsillar portion. The obtained surgical corridor 
between the two arteries must preserve the collateral vessels. In most cases the vein 
of the cerebellomedullary fissure might be adequately visualized, in its horizontal 
course along the median vermian incision along the choroid tela and the inferior 
medullary velum. Many authors demonstrated that the transvermian approach does 
not allow to easily expose the most lateral portion of the recess, as well as the fora-
men of Luschka. Those structures might be reached only by performing a resection 
of the lateral process of the vermis and a further retraction of the tonsillar pole (fora-
men of Luschka) [14].

25.7.3  Far Lateral or Postero-Lateral Approach

The postero-lateral approach is also called lateral suboccipital, “basic” far lateral or 
retrocondylar far lateral. The far lateral approach, described for the first time by 
Seeger, has been an effective instrument to expose the anterior and anterolateral 
intradural tumors of the CVJ. The basic far lateral description does not include the 
occipital condyle resection, but the surgical corridor can be extended with the 
removal of bony components, based on the position and the extension of the tumor. 
The patient is in sitting position or in modified park bench position. The skin inci-
sion begins on the mastoid process, continues superiorly and then below the supe-
rior nuchal line to reach the midline until C4. The horseshoe or “hockey stick” 
incision allows a better exposition of the muscular layers and of the nervous and 
vascular structures if compared to the linear incision. A subperiosteal dissection is 
performed to visualize the squamous part of the occipital bone, the posterior margin 
of the foramen magnum, and the posterior arch of C1 and C2 by the same side of the 
tumor. The muscles are generally elevated in a single layer with the scalp, to expose 
the muscles forming the suboccipital triangle. The incision might be extended, if 
necessary, to expose the mastoid process and the C1 and C2 transverse processes. 
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Opening the triangle, the venous plexus surrounding the vertebral artery is visual-
ized; then it passes behind the atlanto-occipital junction, above the C1 posterior 
arch. The C2 nerve root emerges between the posterior arch of the atlas and the 
lamina. Even if the suboccipital approaches do not require the anatomical dissection 
of every single muscular layer, the selective identification of the muscles is an 
important requirement to recognize early and efficiently the vascular, nervous and 
bony structures. Some other important anatomic landmarks include the rectus capi-
tis lateralis, useful to identify the jugular foramen and the elevator scapulae muscle, 
which allows to identify the vertebral artery where it passes through the transverse 
foramina of C1 and C2, and the posterior belly of the digastric muscle, associated to 
the facial nerve. Generally the exposition is unilateral [5]. The exposition and con-
trol of the vertebral artery is mandatory to perform the surgical procedure, to ensure 
a vascular control, but it is not always necessary to perform also the transposition of 
the artery. Much care must be taken during the dissection of C1 lateral mass, in 
order to avoid any damage to the vertebral artery and its branches. The atlas poste-
rior arch is removed following a subperiosteal dissection, starting from the midline 
towards the opposite side considering the ipsilateral foramen transversarium. The 
bony resection consists in a lateral suboccipital craniotomy including the margin of 
the foramen magnum. The remaining bone of the posterior margin can be removed 
with the help of a Kerrison rongeur. The bony removal from the cranial base contin-
ues towards the condylar fossa. The most useful variant of far lateral approach is the 
transcondylar approach [15]. Condylar resection offers a more lateral access to the 
inferior portion of the clivus and to the premedullary area. In the approaches per-
formed for intramedullary tumors, the transposition of the vertebral artery, condy-
lectomy, and the removal of the jugular tubercle do not seem to be necessary [5, 16].

25.7.4  Medulla Oblongata: Deep Tumors and Medullary Safe 
Entry Zones

In case of tumors located deeply in the medulla oblongata without effacement to the 
pial surface, the functional eloquence of the nervous tissue obliges the surgeon to 
plan a bulbotomy with an access as safe as possible.

25.7.4.1  Surgical Access to the Dorsal Caudal and Rostral Medulla 
Oblongata

The approach of choice for the access to the dorsal portion of the medulla oblongata 
is the median suboccipital approach. The gracile and cuneate fasciculus are consid-
ered the main anatomic landmarks for the approaches to the dorsal caudal region of 
the medulla oblongata. Bricolo describes three “safe entry zones” for the dorsal 
medulla oblongata.

They are the posterior median sulcus, below the obex; the posterior intermediate 
sulcus, between the gracile and cuneate fasciculus; and the posterior lateral sulcus, 
between the cuneate fasciculus medially and the trigeminal nucleus and trigeminal- 
spinal tract laterally. Tumors of the pavement of the fourth ventricle with 
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involvement of the rostral and dorsal portion of the bulb are accessible with the 
pontine safe entry zones (suprafacial and infrafacial triangle) if the tumor is extended 
also in the pons (cavernomas). The area of the calamus scriptorius must be pre-
served by any surgical manipulation, to prevent dysphagia and cardiorespiratory 
impairment for any damage of the vagal and hypoglossal trigone. A damage of the 
nucleus ambiguus, located more laterally, that gives fibers to the IX, X, and XI cra-
nial nerves, will cause a palatine velum, pharynx and larynx palsy [17–19].

25.7.4.2  Surgical Access to the Ventral Bulb
The surgical approach preferred for the access to the medulla oblongata in its 
ventro- lateral region is the far lateral approach. The two olivary bodies are consid-
ered the main anatomical landmarks for the ventral surface of the medulla oblon-
gata. The two main approaches described for this region comprehend an anterolateral 
and a retro-olivary access. The approach is laterally limited by the corticospinal 
tract, laterally by the olivary bodies and in depth by the medial lemniscus. The retro- 
olivary approach is performed between the two olivary bodies anteriorly and by the 
cerebellar pedunculus inferiorly. A unilateral damage of the olivary bodies does not 
provide a clinically significant impairment [17–19].

25.7.5  Medulla Oblongata: Superficial and Exophytic Tumors

A different approach is demanded when the bulbar tumor, presenting with a super-
ficial growth, is responsible for a macroscopically appreciable deformation of the 
bulbar surface, such as a dyschromic area or a bulky zone. In this situation, the 
surgeon, after a direct neurophysiological stimulation of the area and a confirmation 
obtained with neuronavigation or ultrasound, can perform a bulbar incision in the 
area of effacement/dyschromia. For the tumors with an exophytic component, the 
resection might be easier in the area of the cisterna magna, but will result extremely 
difficult in the attempt of preserving the areas of the IV ventricle pavement involved 
by the tumor adherence. It is frequent the decision to perform an incomplete resec-
tion, with a small tumoral residue adherent to the surface of the IV ventricle pave-
ment, aiming to preserve the function (ependymomas are the tumors with the 
highest adhesion).

25.7.6  Median Posterior Cervical Approach

Surgery for rostral cervical intramedullary tumor resection is performed through a 
laminectomy and a subsequent posterior exploration through durotomy. Surgery is 
performed in general anesthesia with the patient in prone position. Usually, the inci-
sion is extended one level above and one level below the location of the tumor. The 
bony opening might be performed through a standard laminectomy or rarely with a 
laminotomy. Extensive laminectomies, performed for four or more adjacent 
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segments, should be avoided in order to minimize the risk of kyphotic deformity 
(swan neck deformity). Some authors advocate the possibility of performing mini-
mally invasive approaches to the spine, even for intramedullary tumors. Laminoplasty 
is an alternative solution such as the unilateral laminectomy or laminotomy. 
According to the experience of our department, the minimally invasive approaches 
to the bony structures force the surgeon to perform much more manipulation on the 
medullary tissues. In order to avoid this condition and to prevent medullary swell-
ings, we prefer to perform a bilateral laminectomy, and only in very selected cases 
a laminotomy with laminoplasty (pediatric age). For those patients with rostral cer-
vical tumors (C1) extended cranially up to the foramen magnum or with a clear 
bulbar involvement, together with a laminectomy, it is necessary to perform a small 
median suboccipital craniectomy/craniotomy to better dominate the apical pole of 
the tumor [2]. Nowadays, an intraoperative control might be performed with spinal 
neuronavigation or with ultrasounds. The advantages of the overlapping of the two 
technologies (MRI and ultrasonography) are evident also after the dural and arach-
noid opening. CSF drainage is responsible for a reduced accuracy for “shift” phe-
nomenon, and ultrasonography allows a real-time visualization and a correction of 
this aberration. At this point of the procedure, the use of operating microscope and 
neurophysiological monitoring is mandatory. The dural incision is performed with 
a scalpel along the midline, in craniocaudal direction, with particular care to not 
determine arachnoid opening or vascular damages.

25.8  Tumor Removal and Neurophysiological Monitoring

The majority of the intramedullary tumors have a dorsal effacement: a median pos-
terior myelotomy or bulbotomy is then commonly performed. Even if the lateral 
medullary margin might appear as infiltrated by the tumor, a not centered myelot-
omy might lead to dorsal columns and vessels damages. Ultrasonography can iden-
tify medullary distortion and provide useful information on transversal and 
longitudinal axis and to identify the dentate ligament. The posterior median septum 
and the entry zones of the small dorsal nerve roots bilaterally are considered as a 
referral to perform a correct median incision. Myelotomy is centered on the most 
voluminous part of the tumor (bulky zone) and then extended to the entire length of 
the lesion. It is commonly performed with an arachnoid blade. Pial sutures are 
placed to realize a slight countertraction and to avoid any trauma on the nervous 
tissue. In case of an ependymoma, the presence of caudal or rostral cysts is a com-
mon finding, with a little prevalence of rostral pole cysts. It is necessary to cauterize 
the afferent vessels of the tumor, in order to mobilize and remove the tumor that is 
anchored by the same vessels to the surrounding parenchyma. For small tumors, 
once the correct plan of dissection has been identified, an “en bloc” removal might 
be performed, with an “outside-in” technique. In most cases, in particular for very 
large and infiltrating tumors, an intracapsular debulking performed with ultrasonic 
aspirator might be preferred, until the interface with the medullary tissue is 
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identified (“inside-out” technique). The internal removal should be reduced to the 
minimum, in order to avoid a piecemeal resection due to a superficial fragmentation 
of the tumor and the loss of the cleavage plane.

Hemangioblastomas are commonly located on the medullary or bulbar dorsal or 
dorsolateral pial surface, and only occasionally require a myelotomy/bulbotomy. 
Their aspect is the one of well-encapsulated vascular masses with many superficial 
vessels feeding the tumor. An optimal resection is related to the control of the tumor 
vascularization. The cleavage plane is easily identified. The target for the removal 
of this kind of tumors is a gross total resection, aiming to preserve the draining 
veins. The ventral dissection is the most difficult and challenging step: the volume 
occupied by the tumor is the main obstacle to an optimal visualization of the 
medullary- tumor interface, and often the dissection is challenging despite the deli-
cate pial countertraction [20, 21].

Nowadays the surgical resection of these tumors is more efficient thanks to the 
use of intraoperative neurophysiological monitoring, such as motor evoked poten-
tials (MEP), somato-sensitive evoked potentials (SSEP), electromyography (EMG), 
and cranial nerves monitoring.

Since the performing of the myelotomy, SSEP are fundamental to identify 
the midline. The identification of the median raphe might be difficult in cases of 
anatomical alteration due to the presence of the tumor. Using the technique of 
the dorsal mapping, the physiological midline might be identified. The introduc-
tion of MEP, both muscular and epidural (D-wave), is considered as the gold 
standard for intramedullary tumors surgery. The fundamental role of the neuro-
monitoring is to interrupt the surgical dissection and avoid a neurological 
impairment. At the same time, it guarantees a safer and more radical resection. 
MEP modifications should invite the surgeon to interrupt the surgical manipula-
tion, to irrigate the nervous tissue with tepid saline solution (that dilutes the 
extracellulary kalium and washes away metabolites and other irritating prod-
ucts), to apply papaverin and to create a moderate induced hypertension (papav-
erin and hypertension might prevent an ischemic damage). The cutoff for the 
D-wave reduction is 50%. The preservation of the D-wave above 50% has been 
evaluated as predictive for the long-term preservation of the voluntary control 
over the lower limbs. The loss of muscular MEP and the preservation of the 
height of the D-wave, a transient postoperative motor deficit. This condition has 
been described as “warning,” a reversible phase in which the surgeon can mod-
ify the surgical strategy and manipulation before a permanent damage occurred. 
A difficult situation is observed when the referral value of MEPs is present and 
the D-wave is absent since the beginning. This occurs in about 30% of the 
patients and has been described as “D-wave desynchronization.” Many authors 
have noticed the D-wave desynchronization to occur after radiation therapy 
intramedullary tumors associated to syringomyelia. Surgical radicality is influ-
enced by many factors (histology, presence or absence of a cleavage plane, 
dimensions, anatomical localization), but the intraoperative modification of the 
potentials represents the main factor that might influence the surgeon to leave in 
place a small fragment of tumor [22, 23].
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25.9  Discussion and Outcome

The first successful surgery for the resection of an intramedullary tumor was 
described by Elsberg and Beer in 1911 [20, 24]. After a century from that first surgi-
cal procedure, a lot of advancements in the pathology knowledge have been made: 
Guidetti and his co-workers, describing the long-term follow-up of a group of intra-
medullary gliomas treated between 1951 and 1978, analyzed the differences in 
terms of prognosis improvement related to the progression of the surgical tech-
niques. The authors were able to identify an increase in gross total resection rate, a 
better functional outcome and recovery, and no intraoperative deaths only in the 
second part of their surgical experience, between 1967 and 1978, due to the techni-
cal advancements [20, 25].

The first papers describing intrinsic brainstem and CVJ tumors have been pub-
lished in 1980, thanks to the contribution of some authors such as Epstein, McCleary, 
and Wisoff [26, 27]. They described the first results of their surgical experience in 
the treatment of this subgroup of patients and analyze their main characteristics. 
The analysis of the first two series, 35 brainstem gliomas and 20 CVJ intramedul-
lary tumors, emerges that surgery was a sustainable and effective treatment option, 
and the worse results were mainly associated with aggressive forms of tumors. CVJ 
intramedullary tumors presented as a variegated oncological category, and the first 
examined series showed a characteristic melting pot of different pathologies with 
alternation of typically spinal histotypes and typical brainstem tumors. Tumors 
originating from the most cranial portion of the brainstem often show a higher his-
tological malignity. On the other side, tumors of the caudal portion (bulb) are most 
similar to the low grade tumors (gliomas) typical of the spinal cord [27–30].

Patients with a clinical presentation represented by cervical pain and/or symp-
toms related to the impairment of the pyramidal tracts are probably more represen-
tative of a solid nucleus neoplasm in the cervical spinal cord, with a cystic component 
extended to the brainstem. This last kind of tumors have an aspect and a behavior 
similar to medullary astrocytomas, and are often associated to voluminous cystic 
components adherent to the cranial or caudal pole of the neoplasm [26, 28–34].

Even in the nomenclature we can appreciate this difference, distinguishing 
cranio- spinal and spino-cranial tumors. The first group is for tumors with a major 
extension in the cranial region; the second group has a major extension in the spinal 
compartment. Probably the portion of more representation of the tumor defines the 
region of origin of the neoplasm solid nucleus.

According to some authors, the spatial growth of these neoplasms follows a char-
acteristic growth pattern defined as “stereotypical” and suggestive for an indolent 
behavior [35–37]. These neoplasms have the capability to grow in respect of the 
white matter fascicles pathways, so that, when the tumor grows in proximity of the 
pyramidal decussation or of the dorsal columns, the growth is interrupted by the 
pyramidal fascicles and by the medial lemniscus, grows in the dorsal direction an 
exophytical behavior in the cisterna magna or cranially in the IV ventricle.

The growth of these tumors often proceeds with a circumferential pattern around 
the pial structures and is led towards the interface with the white matter fascicles: 

25 Intramedullary Tumors of the Cervicomedullary Junction



380

therefore it is rare to observe tumors extending beyond the pons-medulla oblongata 
junction [37, 38].

This restrictive growth pattern often delineates a good interface plan with the 
tumor, allowing an “easier” excision [39, 40]. The biological behavior of many 
“low-grade tumors” of the CVJ seems to mimic, as suggested by Daumas-Duport 
(in a particular topographic variant), the category called Neuroepithelial 
Dysembryoplastic Tumors [35, 41]. Neoplasms with a particularly favorable behav-
ior are associated to a long history of preoperative symptoms and a favorable neu-
rological outcome. In this subgroup of tumors, the tendency to develop a recurrence 
after a subtotal resection appears to be minimal.

A further typical feature of CVJ intramedullary tumors is the evidence that surgi-
cal treatment, often with gross total resection, is a feasible and effective treatment 
strategy. Surgery arrests the biological growth of most of those astrocytomas or low 
grade neoplasms, assuming an important therapeutic value [26].

For brainstem astrocytomas with growth above the medulla oblongata (pons and 
mesencephalon), the gross total resection is achieved in limited and occasional 
cases. Tumors with high grade of malignancy are associated with a different devel-
opment: despite a gross total resection, the early recurrence, an infiltrating behavior 
towards the nervous structures, and the limited survival configure them as a sub-
group with unfavorable prognosis, not similar to the majority of the tumors of the 
CVJ. The majority is represented by low grade gliomas and astrocytomas, despite 
the characteristics of those histotypes are well known, the literature does not express 
guidelines on the surgical timing and alternative treatment strategies. They are often 
scarcely responsive tumors to radiotherapic and chemotherapic treatments, so that 
surgical treatment with a maximally cytoreductive surgery remains the treatment of 
choice. The scarce response to adjuvant treatments has been attributed to a low pro-
liferation index related to the poor malignancy of the most represented histotypes.

When the neurological deterioration related to the mass effect on the adjacent 
tissues becomes progressive and evident, it is common opinion that the surgical 
treatment is the only strategy to limit the damage or the complete loss of the neuro-
logical function. Surgical resection remains the best treatment option to obtain path-
ological tissue for a histological examination, to optimize a neurological recovery 
and to eradicate the tumor [20].

There are no codified guidelines on surgical indication, but only recommenda-
tions shared by the scientific community. For this specific tumoral subset (asymp-
tomatic patients), the most approved indication is the radiological monitoring with 
systematic MRI scan controls (wait and see) [20]. Aghakhani, in a study on intra-
medullary ependymomas, compared the post-surgical results between a group of 
symptomatic patients and a group treated in absence of symptoms [20, 42]. The 
analysis of this series demonstrated that the surgical procedure was associated with 
a certain grade of neurological morbidity, without major differences in the two 
groups of patients (10% of postoperative neurological symptoms in both groups). 
Considering that the risk of neurological impairment [32, 42–51] related to the sur-
gical procedure is not absent, the author underlines that for asymptomatic patients 
surgery is only a treatment option [20].
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Patients with slow symptom onset before the diagnosis are often associated to a 
progressive neurological improvement and long-term survival. Weiner and co- 
workers reported a clinical course before the diagnosis of 24 weeks [35]. In patients 
with slow tumor growth and low grade tumors, even if the resection was subtotal, 
the clinical outcome was favorable [26]. On the other side, the neurological condi-
tion of fast growing neoplasm and acute onset symptoms, independently from the 
resection grade achieved, was not favorable. A symptom onset in the last 15 weeks 
was associated to a shorter progression free survival (PFS) at 5  years follow-up 
(Weiner describes a 46% PFS in patients with symptoms duration of less than 
15 weeks, compared to the 72% more than 15 weeks). The second component able 
to conditionate the neurological status and the global survival is the tumor grade to 
the histopathological diagnosis [26]. The survival of patients treated for high grade 
gliomas was not superior to 6–9  months. On the other side, low grade tumors 
showed 5 years survival rate of 89% [35].

Very frequently, most of the studies demonstrate that preoperative neurological 
status is the most significative factor influencing the neurological and functional 
status of the patients in postoperative period [32, 35, 44, 49, 50, 52, 53]. Early surgi-
cal resection of intramedullary tumors is often recommended in order to maintain a 
good neurological condition and to avoid a severe deterioration. Malignant astrocy-
tomas (WHO grade 3 and 4) are the only intramedullary tumors in which there is not 
a correlation between early surgery and neurological preservation or survival. In 
conclusion, the surgical resection has to be performed in all the patients with pro-
gressive neurological impairment because preoperative neurological status remains 
the most influencing predictive factor on the postoperative status [20]. The guide 
principle for the surgical resection of intramedullary tumors is traditionally based 
on the identification of an interface between tumor and adjacent parenchymal sur-
face, defined as plane of dissection (POD). Benign tumors such as ependymomas 
and hemangioblastomas often show a clear plane of dissection and this facilitates 
the resection [54–56]. The presence of this plane has always encouraged the sur-
geons to perform a gross total resection [54, 55, 57]. The surgical treatment of 
malignant intramedullary neoplasms is still controversial [58, 59]. For infiltrating 
tumors such as astrocytomas, the absence of a plane of dissection has often led the 
surgeons to perform a subtotal resection or sometimes a simple biopsy in order to 
avoid aggressive manipulations that might cause neurological impairment [54, 60]. 
Garcés-Ambrossi and co-workers described the surgical experience of more than 
100 patients; in the majority of cases they obtained a gross total resection but the 
good results were associated to the dimensions of the tumors and to the presence of 
a POD. The authors noticed that a clinical improvement during follow-up was asso-
ciated to the presence of a POD in patients with an early postoperative improvement 
[40]. Gross total resection is often associated to a favorable outcome, mostly in low 
grade tumors such as ependymomas [61, 62] and hemangioblastomas [40, 63, 64]. 
The analysis of single and small case numbers suggest that a gross total resection is 
independent by the tumor dimensions; many authors, on the other hand, sustain that 
small tumors with a well-recognizable POD allow a gross total resection and an en 
bloc resection. The presence of a well-recognizable POD is one of the most 
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important aspects for a safe and aggressive surgical resection. Many authors, as 
Schwartz and McCormick [65], emphasized this factor and suggested a more 
extended myelotomy to minimize the debulking maneuvers and an aggressive 
hemostasis to efficiently identify the different planes [40, 61, 66].

The vast majority of the literature on intramedullary tumors affirms that the pres-
ence or absence of a POD is histology related [52, 66–68], Garcés-Ambrossi affirms 
that there is a wide interindividual variability in the same histotype, and the pres-
ence of a POD is the element to be primarily considered to evaluate the entity of the 
resection. Any histotype might present a high variability if a POD is present or 
absent. The presence of a POD, independently from the grade of malignancy, is a 
positive prognostic factor to evaluate the biological behavior of the tumor and the 
recurrence rate [40].

In the study of Karikari, it is the histopathology that assumes a predictive value 
towards the presence of a POD and the resection grade [54]. Karikari obtained a 
gross total resection in 96.4% of cases, and in all cases a clear POD was identified. 
About 50% of patients with recurrence had not a clear POD. Similar results were 
obtained for hemangioblastomas and other tumors. None of the astrocytomas pre-
sented a clear POD, so that it did not report any gross total resection on this kind of 
tumor [54]. These data appear to be in contrast with what has been reported by 
Garcés-Ambrossi, that described gross total resection in 25%, 40%, and 44% of 
pilocytic astrocytomas, grade II, and malignant, respectively. This extreme diversity 
in the results in the different series makes it difficult to formulate recommendations 
for the management of intramedullary astrocytomas [40]. McGirt, for example, in 
his study, reported that gross total resection in intramedullary astrocytomas might 
not be associated to a statistically significant survival increase, and the surgical 
invasiveness is associated to a motor impairment [54, 58]. Unsatisfactory results in 
terms of short survival associated to astrocytomas surgery have been also described 
in Minehan’s retrospective study, underlining the uncertainty for an optimal treat-
ment [69]. Therefore, the surgical resection of astrocytomas without a clear POD 
should be influenced by factors such as the patient’s will, the surgeon experience, 
and the intraoperative modifications of intraoperative motor and sensory evoked 
potentials. On the other hand, for benign tumors with intraoperative evidence of a 
POD, a gross total resection should be attempted due to the significant impact on the 
recurrence rate [54].

Another interesting aspect is the neurological status in the early and late follow-
 up. As reported by Garcés-Ambrossi, in one-third of the patients there is a neuro-
logical deterioration, and half of those have a consistent recovery during the 
following month. Most of the treated patients, therefore, presented an improvement 
of the preoperative neurological impairment, with a stable improvement maintained 
during follow-up [40].

An estimation of the postoperative neurological deterioration after intramedul-
lary tumor resection is of about 20% in most of the series of the literature [52, 67, 
70]. The only independent factors associated with an acute deterioration are the 
advanced age and an unfavorable MEP alteration during the surgical maneuvers 
[54, 71–73].
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In the series of Garcés-Ambrossi, about a half of the patients with postoperative 
neurological deterioration returned to the preoperative neurological function in 
about 30 days from surgery [40].

Many authors describe a 60% improvement of the motor impairment 6 weeks 
after surgery [40, 64, 74].

Even if many authors affirm that the primary aim of intramedullary tumors sur-
gery is to maintain the preoperative neurological status [44, 65, 75] and suggest to 
perform surgery before a neurological deterioration, other authors advocate that 
many patients might neurologically ameliorate and maintain this result event years 
after surgery [40, 44, 50, 52, 66, 76–79].

According to some authors, the strongest predictive factors that might influ-
ence the neurological outcome are the preoperative neurological status and the 
tumor histology, with a stability in maintaining the preoperative neurological 
status [54].

Authors such as Xu and co-workers describe a 77.6% rate of neurological 
improvement in the long-term follow-up [70]. Also in this point the results appear 
to be discordant with the results obtained by Karikari, that reported 20% of ependy-
momas had a neurological improvement, 69% maintained the same preoperative 
status, and 10.9% had a worsening. Even worse are the results obtained with astro-
cytomas: only 4.8% had a neurological improvement, 47.6 remained stable, 47% 
had a worsening.

In astrocytomas evaluation, the neurological impairment might be associated to 
a multifactorial aetiogenesis: sometimes as the result of a too aggressive surgery 
(early impairment in the postoperative period), but more often by the recurrence, 
responsible for a long-term neurological deterioration [54].

The anatomical location has been often associated to different neurological con-
ditions during follow-up [50, 52, 54, 55]. Different conclusions might be analyzed 
about PFS, an aspect extremely variable and dependent by histology. Many studies 
analyze PFS with a recurrence rate between 34 and 54% [43, 66, 79], and according 
to some authors the association between adjuvant therapy and radiotherapy does not 
seem to be independently associated to survival [40, 80–82].

For the majority of the papers, histology is the most important predictive factor 
of PFS [66, 79]. The Garcés-Ambrossi study adds an interesting perspective. It 
affirms that the presence of a clear POD has a role in conditioning PFS with a value 
even higher than neoplasm histology, reporting an increasing PFS in each histotype. 
At 48  months the survival in ependymomas was 86% against 50% (absence of 
POD), at 48  months the survival of hemangioblastomas was 93% against 0% 
(absence of POD), at 24 months the survival of grade II astrocytomas was 100% 
against 43% (absence of POD); at 6 months the survival of a high grade astrocytoma 
was 50% against 25% (absence of plane) [40].

The association between PFS and gross total resection has been also described 
for hemangioblastomas and ependymomas, probably because the postoperative 
inflammation might eliminate and neutralize the microscopical residues [83, 84]. 
This same association is not so clear in the evaluation of astrocytomas [40, 43, 78, 
85, 86].
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25.10  Our Results/Institutional Findings

Our department describes its own surgical experience on intramedullary tumors 
of the CVJ through the results obtained in the resection of 28 neoplasms in the 
period between 1990 and 2016. All the patients had been treated with surgery, in 
the attempt of a gross total resection. Our series comprehended a 78.5% of low 
grade or benign tumors and a 21.5% of high grade tumors. The population 
included: 18% low grade astrocytomas, 14% hemangioblastomas, 11% low grade 
ependymomas, 36% cavernomas, 18% high grade astrocytomas, 3% high grade 
ependymomas.

This retrospective study analyzed all the intrinsic tumors involving the medulla 
oblongata (43%), the cervical spinal cord in its rostral portion (from C1 to C4 with 
involvement of the foramen magnum area, 25%), and cervicomedullary tumors 
(32%). Analyzing the growth pattern of the low grade tumors emerged a stereotypi-
cal pattern; also in our experience these tumors did not extend beyond the limit of 
the ponto-bulbar junction, and in 25% of the cases they extended cranially into the 
IV ventricle.

The duration onset of the symptoms was very long, with a mean value of 22, 
8 weeks before the diagnosis. About 64% in the series showed a slowly progressive 
symptom onset, of more than 6 weeks. The long clinical history did not seem to be 
related (in a statistically significant manner) to a better long-term outcome. About 
89% of the patients complained for sensitive or motor impairment and involvement 
of the pyramidal tracts, 43% had cranial nerves impairment (IX, X, XI, and XII 
cranial nerves), 11% had respiratory and cardiac disturbances, 21% pain, and 14% 
symptoms related to hydrocephalus.

All the patients who underwent surgery were symptomatic. In 61% of the 
patients, we performed a median suboccipital approach with the removal of C1 
posterior arch (median tumors with main posterior development); in 35.5% of 
median suboccipital approaches, the extension to the IV ventricle imposed an 
adjunctive surgical route: transvermian in two cases and telovelar in four cases. In 
18% of patients, a postero-lateral approach was performed (neoplasms with main 
anterior or anterolateral component) and with C1 posterior arch removal.

In 21% of patients, a posterior median cervical approach with laminectomy 
(83%) or laminotomy (17%) frequently associated with a small median suboccipital 
craniectomy to allow a better control of the foramen magnum area (intramedullary 
cervical tumors). Since the introduction of the neurophysiological examination, all 
patients underwent surgery with the possibility to control SSEP, MEP, EMG moni-
toring, and also cranial nerves.

In our series, a gross total resection was obtained in 54% of the patients, a subto-
tal resection (>90%) in 14%, and a partial resection (between 50 and 90%) in the 
remaining 32%. In 71% of our patients, a POD was clearly identified. The POD 
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presence increased in a statistically significant manner (P = 0.0004) the possibility 
to perform a gross total resection, and this influenced a better neurological status 
during follow-up (P < 0.0001 al KPS, P 0.0004 MC). In our series, the presence of 
a POD was not statistically related to the histological subgroup. Gross total resec-
tion was influenced, in a statistically significant manner (P < 0.0001), by the histo-
type: in 100% of cavernomas and 75% of hemangioblastomas, a gross total resection 
was obtained; in 100% of high grade astrocytomas, a subtotal resection was 
achieved.

A high variability in maximal cytoreduction for all the low grade astrocytomas 
(low grade gliomas and ependymomas showed in 78% of the cases gross total resec-
tions or subtotal resections).

The gross total removal of the neoplasm seemed to be statistically significant on 
a better long-term outcome: 73% of the patients had a KPS > 70 (P 0.0012) or I 
grade MC (P 0.031) during late follow-up.

This result confirms that, in absence of intraoperative alterations in the neuro-
physiological monitoring, the target in tumor removal should be a total resection. In 
our experience, the gross total resection was not associated to a further neurological 
impairment.

The early neurological postoperative morbidity was 25%: 7% had a de novo 
cranial nerve impairment, 11% had a worsening in sensory and motor impairment, 
7% had a de novo cardiac and respiratory impairment. The aforementioned morbid-
ity was compatible with the procedure-related risk.

Despite the functional eloquence of this anatomical region, surgery allows an 
important stability of the preoperative symptoms.

During the 5.6 years follow-up (range 11 days–14 years), the neurological status 
was evaluated in a more accurate fashion, with an evaluation of the functional status 
with Karnofsky performance score (KPS) and McCormick grade (MC).

The preoperative evaluation, in 54% of the population, was KPS > 70, and 46% 
had a KPS ≤ 70 (32% MC grade I, 61% MC grade II, 7% MC grade III). At the end 
of follow-up, 79% of patients had a KPS > 70, while only 21% had a KPS ≤ 70 
(75% MC grade I, 17% MC grade II, 8% MC grade III).

The late clinical worsening, defined as tardive morbidity, was evidenced in 21% 
of patients; in 84% of cases it was related to disease progression, with consequent 
neurological impairment in high grade gliomas. The overall survival rate was rele-
vantly influenced by histology: low grade or benign tumors had 7  years overall 
survival and high grade gliomas showed 11.7 months survival.

The identification of a clear POD (P < 0.0001), the possibility of a gross total 
resection or a semi-total resection (P 0.0012), a preoperative functional status 
with a KPS > 70 or MC grade I (P 0.0012), the histological typization (heman-
gioblastomas, low grade gliomas, cavernomas), the use of intraoperative neuro-
monitoring and the advanced imaging (P 0.05), and the absence of tardive 
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morbidity (P < 0.0001) were related to a statistically significant better tardive 
follow-up (KPS > 70 and MC grade I).

The possibility to maintain an optimal functional status during the follow-up 
was a prognostic positive factor on OS and PFS. About 94% of patients with tar-
dive KPS > 70/MC grade I survived at the late follow-up and had a very low recur-
rence rate.

25.11  Conclusions

CVJ intramedullary tumors are rare neoplasms of the transition area between spinal 
cord and brainstem, for many years scarcely described in the literature.

The majority of these tumors are histologically benign, with a slow growth 
pattern, and a typical long-term onset of the symptoms before the diagnosis; they 
are considered suitable for a radical surgical resection. They have a stereotypical 
growth pattern, with the tendency to respect the white matter pathways. The goal 
of the surgical treatment is to reach, with the help of the neurophysiological 
monitoring, a maximal cytoreduction with a minimal postoperative risk of neu-
rological damage.

This patient subgroup has many similarities with the pure intramedullary tumors. 
The total tumor resection is possible only with a clear POD between tumor and 
parenchyma, despite the functional eloquence of the anatomical area. In absence of 
a POD, it is recommended a submaximal resection in order to preserve the neuro-
logical function. These tumors show an indolent behavior, and are associated with a 
reduced rate of recurrence/regrowth, even if a gross total removal is not 
performed.

Obtaining a gross total resection is related to a better late functional outcome 
(evaluated with KPS and McCormick). Surgery is not free of risks. Those tumors 
are characterized by a good functional outcome, but not the high grade tumors, that 
are less represented and associated to an unfavorable biological and growth 
pattern.

The evaluation of late KPS and MC allowed to observe that the favorable out-
come was often associated to: specific histological subgroups (hemangioblastomas, 
low grade gliomas/ependymomas and cavernomas), the presence of a POD, the 
achievement of a gross total or a subtotal resection, a good preoperative neurologi-
cal condition, the use of intraoperative neuromonitoring and advanced imaging, the 
absence of late morbidity. An optimal functional outcome is a relevant element for 
an augmented overall survival and a good PFS (Fig. 25.1).
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Fig. 25.1 (1) Sagittal scan, (2) coronal scan, and (3) axial scan of preoperative MRI: T1-weighted 
sequences with gadolinium that show a cervicomedullary pilocytic astrocytoma in a young man 
(34 years old). (4, 5) Sagittal scans (T2-weighted sequences) with fibers tracking reconstruction in 
preoperative MRI: cervicomedullary pilocytic astrocytoma (young man—34 years old) displacing 
anteriorly white matter. (6) Sagittal scan, (7) coronal scan, and (8) axial scan of postoperative MRI: 
T1-weighted sequences with gadolinium that show complete removal of a cervicomedullary pilo-
cytic astrocytoma in a young man (34 years old). (9) Sagittal scan and (10) axial scan in T1-weighted 
sequences with gadolinium; (11) sagittal scan and (12) axial scan in T2-weighted sequences: pre-
operative MRI of medullary hemangioblastoma in adult woman (56 years old). (13) Sagittal scan 
and (14) axial scan in T2-weighted sequences; (15) sagittal scan and (16) axial scan in T1-weighted 
sequences with gadolinium: postoperative MRI that shows complete removal of a medullary 
hemangioblastoma in adult woman (56 years old)
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Fig. 25.1 (continued)
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Fig. 25.1 (continued)
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26The Anterior (Endoscopic Endonasal) 
Approach and Outcomes for Foramen 
Magnum Tumors

Nathan T. Zwagerman, Juan C. Fernandez-Miranda, 
Eric W. Wang, Carl H. Snyderman, and Paul A. Gardner

26.1  Introduction

Disorders of the ventral cranio-vertebral junction are rare and, depending on the 
pathology, present because of neural element compression or pain. The classic 
description of foramen magnum syndrome involves weakness in one arm, followed 
by the ipsilateral leg, contralateral leg, and finally the contralateral upper extremity. 
More commonly, lesions in this area can present slowly with varying degrees of 
myelopathy, weakness, and cranial nerve deficit which are often indolent in nature 
leading to delayed diagnosis. Many of these patients present initially with posterior 
head and neck pain similarly to those classically associated with Chiari malforma-
tion. The treatment for diseases in this region depends largely on the pathology 
noted. Small, asymptomatic lesions found incidentally may be managed conserva-
tively, whereas large symptomatic lesions require surgical intervention. Given the 
proximity to cranial nerves, vasculature, and the brain stem/cervical cord, traditional 
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approaches to this region inevitably require some degree of neurovascular manipula-
tion. The operative approach must be catered to the specific goals of surgery and 
location of the pathology. Lesions located medial to the cranial nerves and above the 
nasopalatine line may be approached through the endoscopic endonasal route. In this 
chapter, we will present a case of a foramen magnum lesion, discuss the differential 
diagnosis, describe the surgical approach and present the current literature.

26.2  Case Illustration

A 51-year-old woman presents with significant neck pain as well as numbness in 
both of her arms for several months. The patient’s symptoms have progressed so that 
she is having difficulty walking secondary to imbalance and gait instability. Imaging 
was performed and can be seen in Fig. 26.1. Her past medical history was unreveal-
ing and she had not had prior surgery. Examination of the patient confirmed bilateral 
upper extremity weakness and dense myelopathy of the upper and lower limbs. She 
suffered from a wide-based gait with inability to walk heel to toe. She had bilateral 
Hoffman’s sign as well as several beats of clonus. Her cranial nerve exam was intact. 
Formal speech evaluation was performed and no signs of dysphagia were noted. 
Given the progressive nature of the disease and imaging characteristics, she was 
diagnosed with a meningioma and surgical resection was recommended.

26.2.1  Differential Diagnosis

The differential diagnosis of extra-axial foramen magnum lesions can be broad 
but may be narrowed down based on the clinical history as well as the imaging 

a b c

Fig. 26.1 Preoperative images of foramen magnum meningioma. (a) MR T1 contrasted axial imag-
ing indicating severe medulla compression and right vertebral artery encasement. (b) MR T2 axial 
without contrast indicating signal change around the tumor and in the medulla. (c) CT with contrast, 
sagittal imaging indicating location at the foramen magnum and minimal bone involvement
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characteristics. The most common lesion at the cranio-vertebral junction is menin-
gioma which is seen 78% of the time [1]. Other pathologies include chordoma 
(often involving or extending behind the dens), schwannoma, epidermoid, chon-
droma, chondrosarcoma, plasmacytoma, and metastasis. Non-neoplastic lesions 
must also be entertained which include ectasia/aneurysm of the vertebral artery, 
odontoid pannus in rheumatoid patients, or synovial cyst of the quadrate ligament 
(see Table 26.1).

Prior to treatment, it is important to refine the differential diagnosis as accu-
rately as possible. When treating an odontoid pannus, there should not be a large 
dural defect, whereas the treatment for a meningioma requires a careful, multi-
layer, vascularized reconstruction to prevent postoperative complications. A 
chordoma would require a complete resection but leaving a small amount of 
residual tumor may be unavoidable. As a result, thorough review of the imaging 
characteristics of these lesions, which can be very specific, is critical for surgical 
planning.

26.2.2  Surgery

Surgical resection was recommended via the endoscopic endonasal approach 
(EEA). Care was taken during the preoperative planning to evaluate the location 
of the vertebral arteries as well as to identify the location of the cranial nerves. 
Pre- positioning somatosensory evoked potentials were performed to identify if 
any changes occurred during patient positioning. Image guidance was used to 
help facilitate intraoperative orientation and exposure planning. The patient was 
positioned in a neutral head position, with the vertex slightly pointed to the left 
and the head slightly turned to the right. Electromyography of bilateral cranial 
nerves IX–XII as well as bilateral auditory evoked potentials were monitored. 
The otolaryngology team performed the initial exposure and raised an extended 
nasoseptal flap (including the nasal floor mucosa). The maxillary crest/spine was 
reduced with a drill down to the level of the hard palate to gain more inferior 
access to the C1/C2 junction. The sphenoid sinus was opened and the septations 
removed. This allowed placement of the flap into the sphenoid until the end of 
the case. The nasopharyngeal mucosa, basopharyngeal fascia, and rectus capitis 

Table 26.1 Differential 
diagnosis of extra-axial 
pathology at the foramen 
magnum

Neoplastic Non-neoplastic
Meningioma Odontoid pannus
Chordoma Ectatic vertebral artery
Schwannoma Aneurysm
Epidermoid tumor Synovial cyst
Chondroma
Chondrosarcoma
Plasmacytoma
Metastasis
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muscles were removed to expose the bottom of C1 and the base of the odontoid. 
This was carried out laterally to resect as much of the rectus capitis muscle as 
possible, limited by the parapharyngeal internal carotid arteries (ICAs). The 
landmarks for the parapharyngeal ICA, the Eustachian tubes, were preserved and 
mobilized laterally.

Bone removal was carried out by drilling the floor of the sphenoid sinus and then 
extending inferiorly. This extended laterally to the foramen lacerum and petroclival 
fissure bilaterally. The inferolateral exposure was extended to the proximal portion of 
the hypoglossal canals which were not opened. The clival bone was removed to 
expose the underlying dura. The inferior extent of exposure included drilling the 
superior half of the arch of C1 as well as the odontoid tip. Care was taken to preserve 
the body of the odontoid as well as the transverse ligament to preserve stability.

Once the dura was exposed, it was widely coagulated to devascularize the tumor. 
All visible dura was cauterized taking note to identify the interdural vertebral arter-
ies to avoid incidental injury. The dura was then opened with a linear incision in the 
middle of the tumor. Microsurgical technique was used to debulk the lesion. At first 
the “two-suction” technique was employed; however, due to the fibrous nature of 
the lesion, an extended tip ultrasonic aspirator had to be used to accomplish any 
significant debulking. Once debulked, sharp dissection was used to remove the 
tumor from the bilateral vertebral arteries as well as the brain stem. The plane 
between the tumor and the brain stem was maintained by a layer of arachnoid. The 
nerves were preserved and small amounts of the tumor were left attached to the right 
vertebral artery for fear of injury. Once tumor resection was completed, the process 
of closing the defect began.

26.2.3  Closure

For closure of large clival defects, fascia lata is harvested from the ipsilateral leg 
which is prepped before draping. Superficial fat is also harvested from the leg to be 
used in the construct. An intradural collagen matrix is placed to serve as the first 
layer of closure. This was secured behind the dura with slits to allow for the exit of 
nerves and the dural entry of the vertebral arteries. Next, fascia lata is used to lay 
over the dural defect and is large enough to cover the defect, foramen lacerum, and 
is tucked behind the nasopharyngeal soft tissue to prevent cerebrospinal fluid leak-
age. A fat graft is used on top of this layer to provide for a buttress, fill in the space 
between ICAS, and provide a flat surface on which the nasoseptal flap will be laid. 
The nasoseptal flap covers the entire defect from the sphenoid sinus to the remain-
ing arch of C1. Our current method is to suture the bottom edge of the fascia to the 
nasopharyngeal tissue to form a water tight closure. Nasal packing is left in place 
for 5–7 days to provide a buttress for wound healing. Often, nasal splints are used 
to prevent postoperative scarring. Lumbar drainage of cerebrospinal fluid is used for 
72 h to prevent postoperative cerebral spinal fluid leaks. This is used for large ante-
rior or posterior cranial defects and has been shown to reduce CSF leaks in a ran-
domized controlled trial [2].
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26.2.4  Postoperative Course

The patient did well and was extubated on postoperative day 1 with no new 
cranial nerve defects and only complaining of some postoperative headache. 
She was discharged from the intensive care unit on postoperative day 2 to a 
neurosurgical stepdown floor. Her lumbar drain was removed on postoperative 
day 4 and her nasal packing was removed on postoperative day 6. She was seen 
by physical therapy and cleared for discharge to home. She passed a bedside 
swallow evaluation without difficulty. She had full motor strength in her arms. 
She was discharged after her packing was removed. She suffered from no new 
cranial nerve defects. At her 6 month follow-up evaluation, her gait had improved 
and she stated her neck pain was gone. Her postoperative imaging revealed no 
obvious residual tumor (Fig. 26.2).

a b

c

Fig. 26.2 Postoperative images of foramen magnum meningioma. (a) MR T1 contrasted 
axial imaging indicating complete resolution of brain stem compression and patent vertebral 
arteries. (b) MR T1 sagittal with contrast complete resection of the tumor and resolution of 
brain stem compression. (c) CT without contrast, axial imaging indicating fat graft in place 
and boney resection

26 The Anterior (Endoscopic Endonasal) Approach and Outcomes for Foramen…
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26.3  Discussion

Traditional approaches to foramen magnum lesions initially included posterior 
midline approaches; however, these were associated with significant morbidity 
associated with retraction [1]. Later, posterolateral approaches were employed and 
provided a safe and effective route for anterior tumor resection; however, these 
approaches have limitations due to working between and around the lower cranial 
nerves and limited access to contralateral tumor expansion [3, 4]. The first anterior 
route was transoral; however, this approach was limited by cerebrospinal fluid leak 
with high rates of infection and spinal instability [5, 6]. Moreover, retraction of the 
soft palate has been known to cause velopharyngeal insufficiency in up to half of 
patients who undergo maneuvers such as splitting of the soft palate [7]. More 
recently, the anterior route to the foramen magnum through the endoscopic endo-
nasal approach has been described by several authors [8–13]. In particular, this 
approach has been used with success in large series of 34 patients who underwent 
endoscopic endonasal odontoid resection [14]. This series indicates the safety and 
feasibility of regularly reaching the cranio-vertebral junction. The lower extent of 
approach is predicted by the nasopalatine line which has proven to be simple and 
practical for preoperative planning [15]. Lesions with expansion below this level 
should be approached using an alternative route. Several biomechanical studies 
indicated that with 50–75% occipital condyle resection, the occipital cervical joint 
becomes hypermobile [16, 17]. This corresponds to a retrospective review by 
Kooshkabadi who found that an inflexion point for cranio-vertebral instability 
occurs at 75% condyle resection [18]. Regardless, care must be taken to avoid 
destabilization of the cranio-vertebral junction. A recent report by Wang et al. per-
formed an anatomical study on cadavers indicating only one fifth of the medial 
occipital condyle was needed to be drilled to provide access to the ventral foramen 
magnum [11].

Outcomes after the endoscopic endonasal approach to the cranio-vertebral junc-
tion and foramen magnum are limited to a few case series and reports. As mentioned, 
a series of 34 patients undergoing odontoidectomy avoided significant morbidity and 
velopalatal insufficiency [14]. A series of five patients who underwent EEA for fora-
men magnum tumors is being followed without cranio-vertebral insufficiency at an 
average 18 months of follow-up and demonstrates similar efficacy to the far lateral 
approach (in press, Operative Neurosurgery). No large series of the EEA for intradu-
ral lesions of the ventral foramen magnum currently exist, but several case reports 
including one by Wang, et al. indicate the safety and efficacy of the approach [11]. 
Given the novel development of this technique and the rarity of the lesions, it will 
take time to determine the limitations of this approach; however, the EEA does pro-
vide several added benefits including direct tumor access, minimal or no nerve 
manipulation, no brain stem/spinal cord retraction, and no velopalatal insufficiency 
compared with other approaches.

One of the major criticisms of this approach has the increased risk of CSF leak 
associated with other lesions (chordoma, olfactory groove meningioma) which has 
ranged as high as 30% [19, 20]. As a result, reconstruction is paramount for success 
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when using the endoscopic endonasal approach. There have been many different 
closure techniques which include collagen grafts, fat grafts, and fascia lata, but the 
most important has been the use of the vascularized nasoseptal flap [21]. Our tech-
nique is to perform a multilayer closure with an in-lay collagen matrix, followed by 
an on-lay fascia lata graft. This is held in place by a fat graft which also helps to 
avoid pontine encephalocele formation [22] and fills in the space deep to the naso-
pharyngeal mucosa. This is covered by the nasoseptal flap. All patients with poste-
rior fossa defects undergo postoperative lumbar drain placement based on a 
randomized controlled trial which found that the CSF leak rate drops from 32 to 9% 
with lumbar drainage [2].

26.4  Conclusion

The endoscopic endonasal approach for resection of foramen magnum lesions has 
significant promise as a direct approach to ventral lesions with no brain stem/spinal 
cord or cranial nerve manipulation. Several studies have indicated its feasibility and 
reports have indicated limited success. More studies are needed to document long- 
term tumor control rates and surgical morbidity.
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27Foramen Magnum Tumours: Posterior 
Approaches and Outcome

Karl Schaller

Tumours at the foramen magnum are exceedingly rare. They are divided in intradu-
ral tumours, such as meningiomas, schwannomas, or neurofibromas, with foramen 
magnum meningiomas (FMMs) representing the majority among them. Extradural 
tumours include chordomas and chondrosarcomas, or metastases, with lower clival 
chordomas representing the most frequent entity of this group. Depending on size 
and extension a variety of surgical approaches to this region has been proposed, 
extending from endonasal endoscopic approaches to the anterior rim of the foramen 
magnum to far lateral trans-/paracondylar approaches with/without transient trans-
position of the vertebral artery (VA) to otherwise extended retrosigmoid approaches 
with additional opening of the foramen magnum—and to variations of the standard 
posterior midline approach [1–11].

FMMs originate from the dura of the foramen magnum proper, thereby account-
ing for less than 3% of intracranial meningiomas in large clinical series [12]. 
Epidemiologically they don’t differ from meningiomas in other localizations, with 
a mean age of >50 years and a female predominance. They share with other intra- or 
extradural lesions of this particular region that they may reach a considerable size 
prior to diagnosis—despite their delicate localization close to critical neurovascular 
structures at the cranio-cervical junction. Most FMMs arise from the anterior or 
anterolateral aspect of the foramen magnum, that is anterior to the denticulate liga-
ment. Likewise in FMMs and in other tumours, the relationship between the tumour 
and the V3 and V4 segments of the vertebral artery, with CN IX–XII, the posterior 
inferior cerebellar artery (PICA), and the brainstem are decisive for the surgical 
strategy. This anatomical complexity renders treatment of such tumours a chal-
lenge—despite all contemporary technology and techniques for diagnosis and for 
surgical treatment.
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27.1  Symptoms

Symptomatology includes spontaneous head and neck pain in the occipital and sub-
occipital region, and painful limitation of head movements in flexion, extension and 
on rotation [2, 5, 7, 9–11]. Subtle neurological deficits such as mild to moderate 
lower cranial nerve palsies may go unnoticed. For example, especially elderly 
patients may present with long-standing dysphagia, hoarseness, or with deviation of 
their tongue, problems which they may have attributed to more generalized aspects 
of ageing. Depending on the site of dural attachment, precise localization, and size, 
other symptoms include unilateral or bilateral long-tract signs such as spasticity and 
gait ataxia [2, 5, 7, 9–11].

27.2  Diagnosis

Adequate contemporary diagnostic workup includes not only thorough clinical 
examination and standard imaging, but video oesophago- and tracheoscopy and 
X-rays or MRI of the swallowing act as well. MR imaging of the whole neuraxis 
is recommended to exclude multiplicity of lesions. That is, elderly patients in 
particular who are presenting with uni- or bilateral long-tract signs may have 
suffered from previous stroke, or they may suffer from additional cervical spon-
dylotic myelopathy (CSM), the latter of which has to be taken into account when 
it comes to positioning for surgery. MRI should include not only native and 
injected standard sequences, but MR venography in addition, because, especially 
in large FMMs, there may be involvement of the sigmoid sinus. A persisting 
occipital venous sinus should be ruled out as well, as this may represent a major 
source for surgical complications during the early phases of craniotomy and 
dural opening. High-resolution CT of the cranio-cervical junction is equally rec-
ommended: this helps to assess the degree of calcification of the FMMs and its 
potentially hyperostotic root, to understand the bony relationship with the occipi-
tal condyles and the transverse processes of C1, with the jugular tubercle, and to 
prepare for the case that instability may ensue due to (partial) drilling of the 
C0-C1 joints. Should involvement or encasement of the vertebral artery (typi-
cally segments C3 and C4) be suspected from the MRI, then performance of CT 
angiography is recommended. This may influence the surgical strategy, i.e. by 
preparation for vascular repair.

27.3  Classification

There are several classifications for FMMs (Lit) [3, 9, 13]. A more recent one was 
proposed by Bernard George’s group from Paris, which is based on three main cri-
teria: the compartment which contains the majority of the tumour mass, the site of 
dural insertion, and the degree of vertebral artery involvement. The tumours can be 
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localized strictly intradurally (anterior, lateral, or posterior), combined intra-extra- 
durally, or extradurally [3]. The latter two types are localized antero- or posterolat-
erally. An additional criterion concerns the relationship between the tumour and the 
VA: the FMMs may be localized above or below, or combined above and below 
with subsequent encasement of the VA.

27.4  Presurgical Considerations

In this author’s view, it doesn’t make sense to be apodictic about the approach to 
these lesions: posteriorly located FMMs are approached by a posterior midline 
approach anyway. When it comes to the surgical resection of antero- or postero-
laterally located FMMs, different neurosurgical schools apply different rules. 
This includes patient installation in semi-sitting, or in supine, or in park-bench 
positions, and the practice of far lateral, or trans- and paracondylar approaches 
with varying degrees of drilling of the C0-C1 joints and the jugular tubercle [1, 2, 
12, 14–17]. The vast majority of FMMs may be accessed by a posterior midline 
approach, however [12, 15, 18, 19].

27.5  Technique of Dorsal Midline or Paramedian Approach

The dorsal midline approach to FMMs is performed in the following steps:

 1. Surgeon should assure herself/himself that adequate haemostatic material is 
available on the scrub nurse’s table (i.e. Gelfoam™, Tachosil™, Surgiflo™, 
aneurysm clips in case of involvement of the VA).

 2. In case of large FMMs and presence of additional CSM: Placement of monitor-
ing tools and devices PRIOR to definitive patient positioning. This includes 
standard MEP and SEP monitoring to/from arms and legs (median nerve and 
tibial nerves, and corresponding specific muscles, respectively).

 3. Prone position, the head in flexion (Concorde).
 4. Linear incision, normally from inion to C3 (depending on extent of caudal 

tumour growth). Palpating the inion and the spinous processes of C2 and lower 
mxfhelps to draw an appropriate line on the skin.

 5. Placement of one curved self-retaining retractors with the handle pointing cra-
nially at the level of the posterior fossa, which follows the anatomical shape of 
the suboccipital region as to avoid interference with the surgeon’s hands and 
hindering convenient access to the target region. A second self-retaining retrac-
tor may be used in reverse sense, its handle pointing caudally, depending on the 
necessity and extent of cervical exposition and possible need for resection of 
posterior arches C1 and C2. Resection of extradural tumours such as chordo-
mas may end at this stage—with resection and drilling of affected bony struc-
tures around the FM.
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 6. Haemostasis, placement of cotton patties, and rinsing of the surgical field.
 7. In a midline approach, and depending on the cranial extension of the tumour, it 

is advised to place two burr holes at the same horizontal level, on either side of 
the midline, and as far lateral as possible. Posterior fossa exposition is notori-
ously limited and easily misjudged in the beginning, and each millimetre of 
exposition counts. These twin burr holes are connected by a blunt dissector. 
Care must be taken not to run into a possible large venous lacuna or a persisting 
occipital venous sinus. In that case, drilling of the bone to complete the crani-
otomy may be safer than the blunt use of a craniotome for the connection of 
these two burr holes. Adequate haemostatic material and dural titanium clips 
should be ready to be used if deemed necessary.

 8. The posterior atlanto-occipital membrane can be thickened and extremely cum-
bersome to be separated from the occipital bone.

 9. Dural incision is performed in a way which leaves a 2–3 mm rim around the 
entrance zone of the vertebral artery, so as to have enough room for watertight 
dural closure at the end of the procedure and to minimize the risk for occur-
rence of a CSF fistula.

 10. Upon dural opening, and in case of direct visibility of an aspect of the 
tumour it may be advisable to perform direct electrical stimulation of the 
exposed capsule in order to avoid to miss and to cut through a thinned and 
stretched CN.

 11. If possible, the capsule of the tumour is followed toward its site of insertion. If 
being confronted with whitish fibres, which cannot be clearly attributed to CN 
or to denticulate ligament, then direct electrical stimulation is performed again. 
At the anterolateral insertion site, bipolar coagulation is performed for conse-
quent devascularization of the tumour.

 12. In most intradural tumours with no history of previous surgical or radiosur-
gical treatment, it is possible to find and to define an arachnoidal plane 
between their capsule and critical neurovascular structures such as CN or the 
brainstem. It is of utmost importance to guard this plane as it will help dur-
ing tumour dissection from its surrounding structures. Large tumours may be 
debulked from internally first, thus facilitating manipulation of residual 
tumour and its capsule. The situation can be different and far more challeng-
ing in recurrent tumours where it might be advisable to leave a thin layer of 
tumour on CN or the brainstem rather than trying to peel it completely off 
and thereby causing structural damage and consecutive neurological 
worsening.

 13. In most instances, the zone of dural attachment is resected in this late stage 
of the surgical procedure. If this concerns dura overlying the clivus, this does 
not require subsequent duroplasty. If the insertion site was more lateral or 
posterior, then bovine pericard can be used for duroplasty. It is advised to 
cover the dura with fibrinoid material at the end of the procedure (i.e. with 
Tachosil™).
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27.6  Technique of Dorsal Paramedian Approach

Alternatively, and for a strictly lateralized approach, the skin incision should be 
placed on a line halfway between the posterior midline and the virtual projection of 
the lateral border of the patient’s head (“mid of the mid”). Subcutaneous and trans-
muscular dissection will equally lead to the posterior fossa along its flattening 
aspect toward the foramen magnum, and laterally to the C0-C1 articulation and the 
basion.

27.7  Outcome

The posterior midline approach has been used for the treatment of FMMs 
since decades. This includes meningiomas of all sizes, calcified and non-cal-
cified tumours, and antero-laterally and anteriorly localized FMMs. The ratio-
nale behind the use of (far) lateral approaches is the avoidance of traction-related 
neurological worsening, i.e. by placing retractors on the brainstem with direct 
impact on long white matter tracts and cranial nerve nuclei, or by transmitted 
traction on the cranial nerves themselves. Proponents of lateral approaches 
argue that there is better direct tumour exposition and local control of neuro-
vascular structures around it by additional bone and C0/C1-joint drilling. This 
should then result in better clinical outcomes in large series of FMMs reported 
in the literature. In fact, this is not the case when different series from differ-
ent neurosurgical centres are compared (with all the reservations with regard 
to such comparisons). The results which were obtained with the use of poste-
rior approaches in respective clinical series of FMMs are as follows: perma-
nent morbidities in the range of 5–10%, and mortality <5% [4, 9–11, 13, 15, 
20–22]. This is not different from corresponding numbers for (far) lateral 
approaches with/without additional osteosynthesis of the cranio-cervical junc-
tion. In principle, these numbers show that surgery of tumours at the foramen 
magnum by experienced teams is entirely feasible. There seems to be an 
intrinsic rate of morbidity and mortality for the resection of these lesions, 
which is the same for both principally different types of approaches—dorsal 
vs. lateral. This is an argument in favour of the posterior approach, because it 
takes lesser time and resources—presumed that the results on long term are 
the same. Reported recurrence rates for either approach were similarly low, 
however [15, 20, 21, 23]. In addition, the application of simple posterior 
approaches without drilling of the C0/C1 joints does not require additional 
cranio-cervical osteosynthesis with all its inherent risks and complications 
(Figs. 27.1, 27.2, 27.3, 27.4, 27.5, 27.6, 27.7, and 27.8).
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Fig. 27.1 Right-sided 
laterally localized FMM, 
with complete encasement 
of the (non-dominant) right 
vertebral artery in a 
77-year-old female patient. 
This Gd-enhanced axial cut 
of a T1-weighted sequence 
allows to distinguish 
between the various 
involved neurovascular 
structures, the enhanced 
tumour, which takes 
approximatively up to 50% 
percent of the diameter at 
the level of the cranio-
cervical junction. This 
tumour was approached via 
a standard midline incision, 
followed by a suboccipital 
craniotomy, resection of the 
posterior arch of C1, partial 
resection of the arch of 
C2—all more to the right 
side than to the left

Fig. 27.2 Coronal view in same patient as in Fig. 27.1 of right-sided, laterally localized FMM, 
with complete encasement of the (non-dominant) right vertebral artery. T1-weighted Gd-enhanced 
imaging clearly shows the dural attachment and the venous sinuses. All this is relevant for planning 
of the surgical approach, and for preparation of material for vascular repair
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Fig. 27.3 Sagittal view in 
same patient as in 
Figs. 27.1 and 27.2 of 
right-sided, laterally 
localized FMM. This 
T1-weighted Gd-enhanced 
image is of particular value 
for assessment of the 
tumour size in the 
cranio-caudal direction and 
for presurgical planning, 
i.e. skin incision, resection 
of laminae C1 and C2, etc.

Fig. 27.4 Right-sided, anteriolaterally localized highly calcified meningioma in 67-year-old 
woman with known psychiatric disease and increasing walking difficulties. On this T1-weighted 
Gd-enhanced axial MR image, the tumours are mainly black. There is severe compression of the 
brainstem and partial encasement of the vertebral artery. The tumour was approached via a midline 
skin incision from the inion down to the spinous process of C2. Resection of the posterior arch of 
C1 and posterior enlargement of the foramen magnum by drilling the infero-posterior part of the 
occipital bones. This was followed by Y-shaped dural opening. Only subtotal removal was possi-
ble, because the tumour had to be drilled out partially, and a margin of security was left around the 
vertebral artery
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Fig. 27.5 Non-injected 
T2-weighted axial MR 
image of the same patient 
as in Fig. 27.4. The extent 
of the calcified process is 
better demarcated

Fig. 27.6 Sagittal 
Gd-enhanced T1-weighted 
MR image of the same 
patient as in Fig. 27.4. The 
mass at the cranio-cervical 
junction can be seen as a 
mere “negative” defect of 
the medulla oblongata 
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Fig. 27.7 Axial CT bone 
scan of the same patient as 
in Fig. 27.4. Extensive 
calcification can be seen 
obstructing the foramen 
magnum in a right-to-left 
direction

Fig. 27.8 Post-operative 
axial CT bone scan of the 
same patient as in 
Fig. 27.4. A hyperostotic 
shell is remaining along 
the dura and around the 
vertebral artery following 
subtotal removal of the 
calcified meningioma, 
which could be removed 
with extensive drilling 
only. Decompression of the 
brainstem has been 
achieved
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28Surgery Involving the Vertebral Artery 
at the Cranio-vertebral Junction

Michael Bruneau and Bernard George

28.1  Introduction

The ability to surgically expose and control the vertebral artery (VA) in its third seg-
ment (V3) between C2 and the foramen magnum (FM), e.g., at the level of the 
cranio- vertebral junction (CVJ), is very useful as it permits to treat many problems; 
they include intrinsic occlusive VA diseases or extrinsic compression during par-
ticular movements of the head and neck, also named Bow Hunter’s syndrome induc-
ing vertebro-basilar ischemia, but also and mainly, many tumors that are also better 
treated using surgical approaches in which the VA exposure is part of the technique: 
FM, CVJ, and Jugular Foramen (JF) tumors [1–8].

All these pathologies need surgical approaches that include VA exposure but also 
specific techniques. In this chapter, the surgical exposure of the VA will be first 
described, and then the associated specific techniques necessary to treat all the pre-
viously mentioned pathologies will be reported.

For a better understanding, the reader is invited to previously read the chapter: 
Anatomy of the VA third segment.
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28.2  VA Exposure

The VA at the CVJ level can be exposed by two surgical approaches: the posterolat-
eral and the anterolateral approach [2, 9]. After the initial description [10], they 
were published with some variations under different names, especially the far lateral 
and the extreme lateral [11–20].

28.2.1  Posterolateral Approach

The posterolateral approach (Fig. 28.1a) is a lateral extension of the standard mid-
line posterior approach. The patient is most of the time placed in the prone position 
but some surgeons sometimes favor the lateral or the sitting position. The midline 
skin incision extends from the occipital protuberance down to the C4-C5 level and 
curves laterally along the superior occipital crest more or less toward the mastoid 
process following the size and shape of the neck. Some surgeons prefer a parame-
dian or an oblique straight or S shape incision. The advantage of the midline and 
superiorly curved skin incision is to start by a midline exposure which is familiar to 
everyone; then the muscles are detached from the superior occipital crest and are 
retracted inferiorly and laterally in one big layer with the skin. The occipital bone, 
the posterior arches of atlas (PAA), and the spinous process and laminae of C2 are 
subperiosteally exposed just like in the standard midline approach. The exposure of 
the PAA is then extended laterally starting by the inferior edge, next by the superior 
edge which in fact is the posterior limit of the VA groove. This groove extends from 
the transverse foramen (TF) to a step at the end of the groove where the height of 

a b

Fig. 28.1 The posterolateral approach. (a) Patient position, skin incision, and approach to the 
vertebral artery. (b) Subperiosteal dissection. (From Pathology and Surgery around the Vertebral 
Artery. George B, Bruneau M, Spetzler RF (eds), Springer 2011)
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the PAA increases markedly (Fig. 28.1b). The subperiosteal exposure is a crucial 
point as it preserves the periosteal sheath surrounding the VA and its venous plexus. 
Therefore no troublesome bleeding is to be expected; however, some venous con-
nections may exist between the VA venous plexus and the posterior condylar vein or 
the C1-C2 intervertebral plexus around the C2 nerve root. These connections can be 
easily coagulated and if necessary, the posterior condylar vein is controlled by 
Surgicel® and bone wax.

The posterolateral approach provides an easy and safe access and control to the 
VA segment above C1 from the transverse foramen to the FM dura. However, the 
vertical segment between the C2 and C1 TF is more difficult to reach in most cases. 
In fact, the posterolateral approach is essentially designed for the exposure of the 
VA horizontal segment above C1.

28.2.2  Anterolateral Approach

28.2.2.1  Exposure of the Two Vertical and Horizontal VA Segments
The anterolateral approach (Fig. 28.2a) at the CVJ level is basically similar to the 
one used lower in the neck to expose the VA in its V2 segment; it opens the field 
between the internal jugular vein (IJV) medially and the sterno-mastoid muscle 
(SM) laterally.

The patient is in the supine position with the head slightly extended, tilted down, 
and rotated toward the opposite side; in fact as C1 is rotating over C2 during head 
rotation the transverse process (TP) of atlas is projected anteriorly and the anterior 
arch is brought away.

The skin incision follows the medial edge of the SM in its superior part up to the 
tip of the mastoid process (MP), then curved along the superior occipital crest 
more or less toward the occipital protuberance following the size and shape of the 
neck. The posterior muscles are separated from the occipital bone and the MP 
including the tendon of the SM. They are then progressively retracted inferiorly 
and laterally. The IJV is next controlled in the inferior part of the field and progres-
sively up to the skull base, moving up toward the MP and the digastric muscle. 
Between the IJV medially and the SM laterally, the depth of the field is filled by a 
fatty layer in which runs the accessory nerve (CN XI). This nerve should be identi-
fied and dissected free out of this fat layer that is then rolled around the nerve so as 
to retract the nerve inferiorly and medially. At this time of the approach, the field 
between the SM laterally, the IJV medially, and the digastric muscle superiorly is 
widely opened. About 15 mm below the tip of the MP, the tip of the TP of atlas can 
be palpated; it is connected with the occipital bone and C2 by several little muscles 
(levator scapulae, oblique and rectus muscles) which are now detached and retracted 
progressively giving view to the two VA segments: the vertical one between C2 and 
C1 and the horizontal segment in the groove of the PAA. This exposure must be 
achieved slowly so as to preserve the periosteal sheath of the VA and hence to avoid 
any troublesome bleeding. There is no landmark along the muscles resection except 
the anterior branch of the second cervical nerve root, which crosses the inferior part 
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of the C1-C2 segment. In between the two VA segments and parallel to them is the 
PAA. As in the posterolateral approach, the PAA must be exposed subperiosteally, 
first on its posterior aspect then on its superior one, e.g., on the VA groove. The VA 
may be followed all along the VA groove until the step at the end of this groove is 
reached. From this point, the VA runs obliquely and superiorly toward the FM dura. 
There is often a muscular branch originating at the corner between the horizontal 
and oblique VA segments.

Again the main trick in this exposure is to work out of the periosteal sheath encir-
cling the VA and the venous plexus.

28.2.2.2  Opening of the Transverse Foramen of Atlas and VA 
Transposition

Whenever the transverse foramen (TF) of atlas needs to be opened and furthermore 
when it is useful to transpose the VA out of this foramen, the preservation of the 

Fig. 28.2 (a) The anterolateral approach. A. Patient position and skin incision. B. Approach to the 
vertebral artery: superficial muscles exposure. C. Approach to the vertebral artery: deep muscles 
exposure. D. Section of the muscles inserting on the C1 transverse process. (b) Vertebral artery 
exposure and transposition. A. Subperiosteal dissection along the C1 posterior arch. B. Exposure 
of the VA V3 segment above C1. C. Subperiosteal dissection inside the C1 transverse foramen. 
D. Opening of the C1 transverse foramen by resection of the posterior branch of the C1 transverse 
process. E. Section of the ligament at the upper aspect of the vertebral artery, covering the occipital 
condyle. F. After unroofing of the vertebral artery at the level of the transverse foramen, the artery 
is transposed. (From Pathology and Surgery around the Vertebral Artery. George B, Bruneau M, 
Spetzler RF (eds), Springer 2011)

a
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periosteal sheath is even more crucial (Fig. 28.2b). To achieve the opening of the C1 TF, 
the periosteum at the entrance and the exit of the TF must be elevated with a smooth 
spatula; then the heel of a Kerrison Rongeur is pushed in between the bone and the peri-
osteum inside the TF to bite the bone covering the VA from both sides of the TF. To clear 
the field, the tip of the TP of atlas may be resected, as it is generally a huge piece of bone.

To transpose the VA out of the TF, the VA periosteal sheath must be split from the 
bone all around the VA inside the TF. Before pulling out the VA, the bone in the 
concavity of the loop formed by the two VA segments must be resected as much as 
possible. In fact, the VA may be torn during this maneuver if the tip of the PAA is 
not properly removed.

28.2.3  Extension Upstream and Downstream

The VA can be followed upstream as low in the neck as necessary using the antero-
lateral approach. For this, the skin incision is extended along the medial edge of the 

b

Fig. 28.2 (continued)
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SM. Then the field between the SM and the IJV is opened on as many levels as 
necessary.

The course of the VA between C2 and C3 is complex with a first corner at the 
level of the C2 TP and a second one at the base of the C2 vertebral body. After the 
lower end of the vertical segment between C1 and C2, the VA runs horizontally 
toward the C2 vertebral body and after the second corner vertically down along the 
transversary segment from C3 to C6. The work at the level of each TP is similar to 
the one done at the C1 level. The TP must be subperiosteally exposed including the 
inside of the TF if they need to be unroofed.

To follow the VA upstream on its V4 intradural segment, the occipital bone has 
to be opened; the upper the VA must be exposed, the more lateral this opening is 
extended toward the MP and the jugular tubercle.

28.3  Applications of the VA Exposure

28.3.1  VA Revascularization

The C1-C2 vertical segment and much more rarely the horizontal segment are the 
site of choice for the distal implantation of a saphenous vein graft bypassing the VA 
with the external, internal, or common carotid, or the subclavian artery. This bypass 
indication was pretty common 30 years ago to revascularize the vertebro-basilar 
system in case of multiple cervical vessels stenosis or occlusion. It was more rarely 
used to exclude cervical VA aneurysm and arterio-venous malformations by occlud-
ing the VA below the distal implantation of the bypass followed by embolization. 
However, all these indications have almost completely disappeared with the exten-
sive development of endovascular techniques. It remains few indications in selected 
cases of tumor encasing a dominant VA when complete removal is contemplated 
and vessel preservation is not possible (Fig.  28.3). The VA must be completely 
exposed and controlled inside the periosteal sheath which hence needs to be opened. 
Obviously the venous plexus has to be controlled by bipolar coagulation. Most of 
the time the space between the C1 and C2 TF is quite sufficient to apply clips at both 
ends of this segment and to permit to suture the vein graft in between them. However 
if necessary the space may be enlarged by the opening of the C1 TF.

28.3.2  Extrinsic Compression of the VA; Bow Hunter Syndrome

This syndrome is rare but must be clearly identified since an appropriate and very 
efficient treatment can be proposed. It corresponds to an intermittent and severe 
compression of the VA in its V3 segment during a particular movement of the head 
and neck; this movement must always be the same and must induce a severe stenosis 
or an occlusion as demonstrated on any exam. Today angiography is no more neces-
sary; Doppler ultrasound study and angio-CT are quite demonstrative and less inva-
sive. The compression may be due to a bony or tendinous anomaly. Bony 
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Fig. 28.3 Vertebral artery reconstruction by a C2-C4 bypass in a case of recurrent osteoblastoma. 
(a) This woman was already operated on twice in another institution with partial resection of the 
tumor and C2-C4 reconstruction with a distractible cage. The tumor remnant was growing. The 
tumor completely encases the left vertebral artery (arrow). (b) The tumor extends up to the base of 
C2 in close relation with the area where the vertebral artery performs an acute lateral bend (arrow). 
(c) Coronal view showing the relations between the tumor and the vertebral artery (arrows). (d, e) 
The left vertebral artery is clearly dominant and vascularizes the tumor. The left vertebral artery 
can not be sacrificed. (f) Intraoperative view after complete resection and reconstruction of the 
vertebral artery with a saphenous graft bypass. Proximal (arrowhead) and distal vertebral artery 
control (double arrowhead) were gained early in the procedure; temporary clips were placed at this 
level during the bypass. (g–j) Postoperative angio-CT controls confirming complete tumor resec-
tion and bypass patency (arrows). (With permission of Erasme Hospital, ULB)
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malformations are quite common at the CVJ including a supplementary piece of 
bone on the condyle or the lateral mass of atlas or a Klippel–Feil malformation with 
fusion between C1 and C2; it may be also tendon thickening either on the vertical 
(C1-C2) or the horizontal (above C1) segment. In our experience, the anterior 
branch of the C2 root crossing the anterior aspect of the VA C1-C2 segment may be 
part of the compression and had always to be cut.

The anterolateral approach is generally used with resection of the compressing 
element and very often the opening of the two TF (C1 and C2) and the cut of the C2 
root. Some authors have also proposed to suppress the offending movement by an 
arthrodesis but this strategy can have a significant impact on head rotation and the 
quality of live [5, 7, 21].

28.3.3  FM Tumors

FM tumors and especially, by much the most frequent ones, meningiomas are best 
treated using the posterolateral approach. FM meningiomas are classified based on 
their compartment of development, their dural insertion, and their relation to the 
vertebral artery (Fig. 28.4). The bone opening is more or less extended following the 
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Intradural
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Intra-extradural Extradural

Posterior midline

Posterior

Below Above
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Fig. 28.4 Classification system of foramen magnum meningiomas. This classification system 
allows for determining preoperatively the adequate surgical strategy by determining the appropri-
ate surgical approach and anticipating the modified position of vital neurovascular structures. 
FMMs are first classified by their compartment of development: purely intradural tumors, intra- 
extra- dural tumors, and purely extradural lesions. Intradural meningiomas are then subdivided 
according to their base of insertion and their relation with the VA, determining, respectively, the 
tumor position in the horizontal and vertical plane. According to their base of insertion, FMMs can 
be classified into anterior if its base of insertion is observed on both sides of the midline, lateral if 
it takes its origin between the midline and the dentate ligament, and posterior if found behind this 
ligament. According to their relation with the vertebral artery, FMMs are able to develop below, 
above, or on both sides of the VA. When located below the VA, the lower cranial nerves are always 
displaced cranially and posteriorly. If the meningioma grows above or on both sides of the VA, the 
position of the lower cranial nerves cannot be anticipated. (From Pathology and Surgery around 
the Vertebral Artery. George B, Bruneau M, Spetzler RF (eds), Springer 2011)

tumor location; anterior ones attached on both sides of the anterior midline need as 
lateral an extension as possible while lateral ones attached between the anterior 
midline and the denticulate ligament need a limited lateral opening. In fact with the 
posterolateral approach as described above (Sect. 28.2.1), it is never useful to drill 
far laterally either the occipital condyle or the lateral mass of atlas.

In case of involvement of the dura at the level of the VA penetration, it is safer to 
cut the dura at some distance around the VA so as to leave a cuff of dura because of 
the interconnection between the dura and the VA adventitia (see chapter anatomy).

The posterolateral approach is essentially designed for any intradural FM tumors 
(Fig. 28.5) but may be also applied on some extradural pathologies located inside 
the bone limits of the CVJ.
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Fig. 28.5 Bulbomedullar hemangioblastoma. (a) The tumor is laterally located, close to the intra-
dural segment (V4) of the vertebral artery. (b) Coronal view at the foramen magnum level. (c) The 
tumor is responsible for a syringomyelia. (d) View after the bilateral suboccipital craniotomy, more 
extended on the right side, exposing the cerebellar dura matter (Cer). The midline is showed with 
dotted line. The horizontal portion of the right vertebral artery V3 segment is visible above the C1 
posterior arch (arrow). (e) Subperiosteal exposure of the horizontal portion of the vertebral artery 
V3 segment above the C1 posterior arch through a postero-lateral approach. (f) The control of the 
V3 segment allows to resect the C1 posterior arch laterally up to the C1 lateral wall and then to 
retract the dura matter more laterally. By doing this, the tumor can be exposed safely without any 
risk of tumor disruption to achieve a complete en-bloc resection and avoid profuse bleedings. The 
intradural segment of the vertebral artery (arrow) and the lower cranial nerves are controlled at the 
beginning of the procedure. (g) View at the completion of the complete resection. Neurological 
examination remained unchanged. (With permission of Erasme Hospital, ULB)

a b

c d

28.3.4  CVJ Tumors

Tumors involving the bone structures of the CVJ or developed in contact with them 
are best treated using the anterolateral approach (Figs. 28.6 and 28.7). The first basic 
principle is to perfectly delineate on the image workup the tumor and the useful 
extent of resection to drill no more than the necessary bone. Based on this principle, 
in the vast majority of cases, the bone drilling must not create a CVJ instability; the 
instability should essentially be due to the bone destruction by the tumor and almost 
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Fig. 28.5 (continued)

never to the surgical drilling. Following these points, an occipito- cervical fusion may 
have to be considered preoperatively and rarely postoperatively. In very particular 
cases, a bone graft, occasionally screwed, can be placed as a fixation.

The second basic principle is, before all, to control the VA on both sides of the 
tumor. Then if the VA is encased by the tumor, its size must be appreciated and a 
balloon occlusion test asked if a dominant VA has to be sacrificed or is at risk during 
the surgery.

28.3.5  JF Tumors

JF tumors include essentially paragangliomas (glomus tumors), neurinomas, and 
meningiomas [3, 22].

Especially for glomus tumors, the VA is one of the vasculo-nervous elements that 
need to be controlled in a first step before considering the tumor resection. Moreover, 
its control is necessary to gain a postero-inferior access to the JF without the need for 
any petrous bone drilling. This technique called the juxtacondylar approach is an exten-
sion of the anterolateral approach. The first step is the VA exposure, followed by the 
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Fig. 28.6 Aneurysmal bone cyst quickly growing in a 6-year-old girl. (a, b) Preoperative MRI 
showing the tumor involving the posterior elements and the C2 vertebral body and C2-C3 interver-
tebral foramen on the left side. (c) Six weeks later, the tumor has grown significantly and com-
presses the spinal cord. Despite the compression, the neurological status remains normal. (d, e) 
The left vertebral artery vascularizes the tumor through several branches. The artery was com-
pressed by the tumor (arrow). (f) The tumor was preoperatively embolized through direct transcu-
taneous punctures. The procedure was interrupted when observing some embolization material in 
the right vertebral artery (arrow). (g) The patient was operated on through a left lateral approach 
and then a posterior approach. The postoperative angio-CT shows the patent left vertebral artery 
(white arrow), the bone graft placed inside the C2 dens (black arrow), the bone graft between the 
C1 posterior arch and the C3 lamina on the right side (arrowhead). (h) After 6 months, the C2 bone 
graft was completely integrated (arrowheads). (i) View at the level of C2 showing the bone graft 
and reconstruction of the C2 lamina using bone chips. (j) Postoperative stabilization was achieved 
with C1 lateral mass screws and C3-C4 hooks due to the small size of the facets in this child. (k) 
MRI at 6 months confirms the complete resection. (With permission of Erasme Hospital, ULB)

a b

c d

e f

M. Bruneau and B. George



425

g h

i j

k

Fig. 28.6 (continued)

control of the vasculo-nervous cervical elements as needed: the internal and external 
carotid arteries; the IX, X, XI, and XII cranial nerves; and the sympathetic chain. Then 
a retrosigmoid opening is realized including a mastoidectomy exposing the last centi-
meters of the sigmoid sinus (SS). At this point it remain some bone covering the JF 
between the upper part of the IJV and the end of the SS. Unroofing the JF is rather easy 
in most cases since the JF is much enlarged by the tumor, the bone cover is thin, and the 
SS is generally occluded. Therefore this approach is quite sufficient for any tumor 
developed inside the bony limits of the JF. This is generally the case of neurinomas. 
Conversely in cases of tumors overtaking these bony limits and extending into the 
petrous bone, the bone drilling must follow these extensions but can be limited.
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Fig. 28.7 The patient suffered from a right-sided C2 chordoma. The patient has already had a 
biopsy and a posterior fixation elsewhere. (a) The tumor (arrowheads) destructed the C2 vertebral 
body and the C2-C3 facet joint, and extended to the surrounding soft tissues, including the C2-C3 
intervertebral foramen. (b) Coronal view showing also the extension to the uncus of C3. (c) The 
right vertebral artery was dominant. Note that the artery irregular to the compression by the tumor 
(arrowheads). (d) The contralateral vertebral artery was hypoplastic. (e) The tumor has been 
resected through a right-sided lateral approach. Note the exposure of the spinal accessory nerve 
(black arrow). The vertebral artery was first controlled at the level of the C1 transverse foramen 
(arrow) and then at the C3 level. (f) The vertebral artery is visible at the C2 level, showed by the 
forceps. (g) View after tumor resection extended up to normal bone. The vertebral artery is visible 
inside the periosteal sheath (arrow). (h, i) MRI confirmed the complete resection of the tumor and 
showed the right vertebral artery (arrow) after its dissection. (j) Bone stabilization was achieved 
using a distractible cage filling the bone defect and a 2-screw lateral plate. (With permission of 
Erasme Hospital, ULB)
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Fig. 28.7 (continued)

28.4  Risks and Hazards of the VA Exposure

The VA exposure in the neck from its origin to the FM dura penetration is a well- 
defined technique applied in our experience in more than 1700 cases including more 
than 400 at the CVJ (V3 level). Mortality and morbidity related to the VA exposure 
is very limited. There is no mortality, and morbidity is limited to some damages to 
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the accessory nerve in three cases with painful stiffness of the SM resolving in 2 or 
3 months. It can be explained by a too strong retraction of the SM. In our experi-
ence, no tear of the VA occurred.

28.5  Conclusions

The VA in its V3 segment at the CVJ level can be exposed and controlled using two 
well-defined techniques: the posterolateral approach essentially useful for intradu-
ral FM tumors and the anterolateral approach for VA revascularization, release of 
extrinsic intermittent compression, and resection of CVJ and JF tumors. In our 
experience, a complete resection can be achieved in most cases with limited mor-
bidity and mortality.

The VA exposure is a well-defined technique, which can be easily applied after 
some training. The main trick is to preserve the periosteal sheath surrounding the 
VA and its venous plexus. Overall the VA control permits to extend the access 
around the CVJ without inducing in most cases a CVJ instability, avoiding unneces-
sary petrous bone drilling, and generally permitting a safe and radical tumoral 
resection. Moreover, the VA can be followed upstream in the lower neck and down-
stream inside the posterior fossa.
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29Management of Aneurysms and AVMs 
at the Cranio-vertebral Junction

Paolo Di Russo, Erez Nossek, and Amir R. Dehdashti

29.1  Aneurysms

Posterior circulation aneurysms account for 5–10% of all intracranial aneurysms, 
with the most common location at the basilar artery bifurcation (about 50% of 
cases), followed by vertebral artery–posterior inferior cerebellar artery (VA–PICA) 
aneurysms (about 10% of cases).

Intracranial aneurysms harboring in the posterior circulation have been consid-
ered difficult to manage, since first reports. They are usually deep located, close to 
the brainstem, and interposed between cranial nerves, always representing a surgi-
cal challenge for vascular neurosurgeons. Furthermore, the natural history of these 
aneurysms is also considered poorer, with higher risk of rupture when compared 
with other localizations in the anterior circulations.

Aneurysms at the cranial-vertebral junction are located in the lower third of pos-
terior cranial fossa and they usually involve the vertebral artery and the PICA. Both 
saccular and dissecting aneurysms can occur at this level. They can be classified into 
two groups: vertebral artery–PICA aneurysms and distal PICA aneurysms.

In this context, VA–basilar artery aneurysms (or vertebrobasilar junction aneu-
rysms) are located more cranially and farther from the CVJ.
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29.1.1  Vertebral Artery–PICA Saccular Aneurysms

29.1.1.1  Introduction
The most common aneurysm arising at the CVJ is the VA–Posterior Inferior 
Cerebellar Artery (PICA) aneurysm, accounting for 0.5 to 3–4% of all intracranial 
aneurysms in different series. They can present both as saccular and fusiform/dis-
secting aneurysms.

Before the expansion of endovascular techniques, VA–PICA aneurysms were 
surgically approached and even considered relatively straightforward to access 
when addressed by expert neurosurgeon. The PICA lies into the cerebello-pontine 
angle cistern and the neurosurgeon confident with the neurovascular anatomy of the 
area can identify the VA–PICA convergence and gently dissect the neck and dome 
of the aneurysm for clipping.

In spite of this, the progressive development and refinement of endovascular 
treatment of intracranial aneurysms led the number of cases treated with surgical 
clipping to consequently decrease during years. Nevertheless, the common nature 
of small caliber of PICA, the small size of some PICA aneurysms, and also the 
broad neck of the aneurysm might favor a surgical clipping instead of endovascular 
treatment for some aneurysms. Furthermore, the lack of endovascular treatment in 
obtaining a high rate of complete occlusion of the aneurysms (reported rate of 
recanalization around 20–30%), as reported in several studies, emphasizes the mat-
ter that direct clipping is still an important option for treatment of these challenging 
lesions. Also complex cases, like large or giant aneurysms or the involvement of 
perforating vessel or important arterial branches, might sometimes be more suitable 
for surgical treatment.

29.1.1.2  Clinical Presentation
Patients with vertebral artery–PICA aneurysms usually present with subarachnoid 
hemorrhage (SAH), commonly with a high Fisher scoring, due to the presence of 
intraventricular hemorrhage (IVH), with real possibility of acute hydrocephalus. 
Otherwise, they also can be discovered occasionally as unruptured aneurysms or 
they can present with symptoms of cranial nerves or brainstem compression or 
ictus. VA–PICA aneurysm can also be incidentally diagnosed, in patients with mul-
tiple aneurysms, with a slight prevalence for the association with middle cerebral 
artery (MCA) aneurysms.

29.1.1.3  Neuroradiological Assessment
After computed tomography (CT) evidence of SAH, digital subtraction angiogra-
phy (DSA) is still the gold standard method for diagnosing the presence of intracra-
nial aneurysms. All the details of the aneurysm, like the shape, size, and location, 
can be observed with DSA. Nevertheless, also a less invasive exam like computed 
tomography angiography (CTA) identifies the presence of the aneurysm and fur-
thermore allows to better relate the relationship of the aneurysm with important 
bony landmarks that can be used to plan the cranial or caudal extension of the 
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craniotomy and dural opening. These structures are the edge of the foramen mag-
num, the occipital condyle, and the jugular tubercle. In fact, adjunctive bony work 
like partial drilling of the occipital condyle or the jugular tubercle could be neces-
sary in some cases to enhance the surgical corridor.

29.1.1.4  Anatomy of VA–PICA Convergence and PICA
Posterior inferior cerebellar artery is the largest branch from the vertebral artery 
and presents the most variable and tortuous course of the cerebellar arteries. In 
about 90% of cases, PICA origins within 1 cm above the CVJ and 1 cm below the 
VA–basilar junction. Usually it has an intradural origin from the posterior or lateral 
aspect of the VA (V4 segment), anterior to the inferior olive and directed posteri-
orly and medially toward the cerebellomedullary fissure. Before reaching the fis-
sure, along its course into the lateral part of the cisterna magna, the artery meets the 
lower cranial nerves. At this level, the artery first pass antero-lateral to medulla 
(anterior medullary segment) and in close relation with the rootles of hypoglossal 
nerve (XII c.n.). After, it curves at the level of the postero-lateral aspect of the 
medulla ( lateral medullary segment) where it crosses glossopharyngeal (IX c.n.), 
vagus (X c.n.) and accessory (XI c.n.) nerves. Once passed lower cranial nerves, 
PICA enters the fissure and makes a caudal loop around the ipsilateral cerebellar 
tonsil (tonsillomedullary segment). Then, the artery takes an ascending course 
becoming very close to the roof of the fourth ventricle (telovelotonsillary segment) 
and looping again around the superior pole of the tonsil. Finally, the artery leaves 
the groove between the vermis and tonsil and bifurcates into two trunks giving off 
cortical branches (cortical segment), supplying vermis and cerebellar hemisphere 
on the suboccipital surface. Perforating vessels are important small arteries directed 
to the brainstem and they usually arise from the first three segments of the PICA.

The origin of the PICA could vary along the course of the VA, being next to the 
initial part of V4 (intradural segment of VA) or very close to vertebral-basilar junc-
tion, necessitating different surgical approaches when an aneurysm is sited. In a low 
number of cases, the origin of PICA is below the foramen magnum and even more 
rarely it comes off from the extradural VA. This anatomical variation can be preop-
eratively analyzed with DSA and CTA.

29.1.1.5  Aneurysm’s Anatomical Features
The so-called PICA aneurysm is instead a truly VA aneurysm, with PICA usu-
ally originating from or close to the neck of the aneurysm. According to the 
origin of the neck, distally or cranially to the origin of the PICA on the VA, the 
aneurysms can be considered pre-PICA or post-PICA.  Post-PICA have been 
reported as more common. Thus, in most cases, the neck of the aneurysm is 
wide and the origin of the PICA is included. The dome of the aneurysm can be 
directed cranially or caudally, and also medially toward the brainstem or later-
ally away from the brainstem. In most of cases, the dome has a cranial direction. 
Usually the medium size of VA–PICA aneurysms is 5–8 mm and giant aneu-
rysms are seldom reported.

29 Management of Aneurysms and AVMs at the Cranial-vertebral Junction



434

29.1.1.6  Preoperative Management
Depending on patient’s level of consciousness, preoperative neurological examina-
tion is performed to rule out the presence of lower cranial nerve deficits or other 
symptoms. In the setting of subarachnoid hemorrhage and after CTA, most patients 
undergo an external ventricular drainage (EVD) placement. The patient is then 
transferred to neurosurgical intensive care unit (NICU) and a treatment between 
clipping and coiling is decided upon according to the angio-anatomy of the aneu-
rysm and characteristics of a given patient. When surgical clipping is preferred, the 
timing of treatment depends on general clinical situation of the patient. Our policy 
is to perform surgery within 24 h of subarachnoid hemorrhage, to reduce the rate of 
early re-bleeding and poor outcome.

29.1.1.7  Surgical Approaches
The main goal of surgery for VA–PICA aneurysms follows the principles of aneu-
rysm surgery. Obtaining an early proximal control, a direct view of the neck of the 
aneurysms and a comfortable surgical maneuverability for arachnoid dissection are 
all important key-points when dealing with these aneurysms. Different surgical 
approaches are suitable for this purpose. The choice of the approach depends on the 
origin of the PICA (and the aneurysm) along the VA and also on the surgeon 
preference.

Posterior-Lateral Approaches
The far-lateral transcondylar approach represents the work-horse for surgery 
around the CVJ and our preferred approach for PICA aneurysms. This approach 
allows an early identification of the extradural segment of the VA (V3) and a good 
exposure of the anterior-lateral aspect of the brainstem and upper cervical cord. 
Conventional far-lateral approach includes a lateral suboccipital craniotomy 
extended to the foramen magnum, C1 hemilaminectomy, and some drilling (10–
30%) of the medial occipital condyle. Extension of the far-lateral approach has been 
proposed, according to the location of the lesions. Sometimes, the presence of a big 
tumor (e.g., foramen magnum meningioma) naturally increases the working space. 
Instead, in vascular cases, different amount of bony work could be helpful in order 
to obtain a better surgical maneuverability for aneurysm dissection and clipping or 
to gain space for temporary clipping if necessary or to manage cases with vascular 
anatomical variations. For instance, the posterior third of the occipital condyle can 
be drilled to a further extent (more than 30%) when a tortuous VA gives off a PICA 
closer to the midline. Moreover, the jugular tubercle can be drilled in cases of higher 
origin of the PICA closer to the vertebral-basilar junction (trans-tubercular 
approach). The entry point of VA into the dura of the CVJ is at the level of the 
occipital condyle, so the C1 hemilaminectomy increases the work space for safe 
identification and possible transposition of the VA if necessary. This is even more 
crucial when the origin of PICA is closer to the point where the VA pierces the dura. 
Usually it is not necessary to expose the transverse-sigmoid sinus junction, except 
for when the PICA has a much higher origin on the VA. These different scenarios 
can be preoperatively identified with CTA and DSA.
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A three-quarter prone (park bench) position is used, with (1) the head inferiorly 
flexed, (2) rotated toward the floor (about 30–45°), (3) laterally tilted (about 20°), 
and (4) elevated above the heart level. Before the skin incision, neurophysiological 
monitoring of lower cranial nerves, somatosensory and motor evoked potentials are 
set up. A slightly curved skin incision is performed two finger breadth behind the 
base of the mastoid, using mastoid tip, C1 tubercle, and zygomatic arch as anatomi-
cal landmarks. The end of the incision curves toward the midline to identify the C2 
spinous process during the dissection. C1 tubercle is a reliable landmark that can be 
palpated from outside and thus can be used for both planning of skin incision (which 
remains two finger breadth behind) and during the muscular dissection for identifi-
cation of VA. The C2 spinous process helps in better identification of midline when 
the head is rotated in park bench position. Posterior-lateral muscles are dissected 
together with the bovie, leaving a small cuff just below the superior nuchal line, at 
the inferior nuchal line where superior oblique and rectus capitis posterior major 
(RCPMj) muscles attach. These two muscles together with inferior oblique muscle 
form the suboccipital triangle. In the depth of this triangle, the vertebral artery (V3 
segment) can be identified. Superior oblique and RCPMj always need to be dis-
sected bluntly with small periosteal elevators to allow performance of the craniot-
omy including opening of the foramen magnum. Detachment of the inferior oblique 
muscle exposes the underlying C1 lamina. After all muscles have been dissected in 
a subperiosteal fashion and the extradural vertebral artery is identified, a C1 hemi-
laminectomy followed by a low lateral suboccipital craniotomy (extended to the 
foramen magnum inferiorly and sigmoid sinus and jugular bulb laterally) is per-
formed. At this point, the medial and posterior aspect of the occipital condyle is 
drilled to achieve a flat lateral surface of skull base. Usually 10–30% drilling is 
enough. Mobilization and transposition of the VA is not necessary unless a tumor 
anatomy dictates so or if the VA is used as a donor for a bypass graft.

The dura mater is opened in a linear fashion parallel to the skin incision from the 
upper extension of the craniotomy to the CVJ, as far caudal as bone removal (depend-
ing on C1 hemilaminectomy). The cut proceeds from above in a slight curvilinear 
shape, then becomes close to the later edge of the craniotomy (occipital condyle and 
jugular tubercle) and finally gently bends medially and down to the limit of bone 
removal beyond the foramen magnum and at the craniocervical junction. Particular 
attention must be made to not to injure the VA at the dura entry point, hence the 
importance of identification of VA before dural incision. Once the dura is opened, 
gentle arachnoid dissection together with egress of the cerebral- spinal fluid (CSF) 
allows to obtain a complete view of the lateral brainstem-upper medulla anatomy. 
Only the lateral edges of the dura need to be retracted with sutures. Lower cranial 
nerves, V4 and PICA lie in the lateral cerebellum-medullary cistern and the knowl-
edge of neurovascular anatomy of this location easily allows the surgeon to identify 
the VA–PICA convergence. The dentate ligament can be cut at the level of the fora-
men magnum and C1, to reduce the tension on the brainstem if necessary. Its white 
tensioning fibrous structure distinguishes itself from the lower cranial nerves. The 
intradural segment of the VA is then identified and traced up to the PICA origin and 
the aneurysm is recognized. The whole approach is done in a retractorless fashion.
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Retro-Sigmoid Approach
Different modifications of retro-sigmoid approach have been proposed and tailored 
according to specific neurovascular pathologies in the cerebellum-pontine angle. 
Surgical clipping of VA–PICA aneurysms through a retro-sigmoid craniotomy has 
also been described. Considering the already narrow corridor, this approach could 
further impact and reduce the space disposable to comfortably work in between 
cranial nerves. This will result in less surgical view and maneuverability, necessity 
of cerebellum retraction, and higher risk of cranial nerve injuries. In our opinion, 
retro-sigmoid approach should not be considered for these aneurysms.

Endoscopic Extended Endonasal Approach
During the past decade, the endoscopic endonasal skull base surgery has shown 
important improvements. Thus, expert skull base surgeons started to report clipping 
of posterior circulation aneurysms with pure extended endoscopic endonasal 
approaches (EEA). Few cases have been described, using a trans-clival route with 
only one successful attempt to clip a VA–PICA ruptured aneurysm. These small 
series underlined some limitations of the EEA in tackling such aneurysms. The 
higher risk of CSF leak, more restricted surgical maneuverability especially in the 
lateral direction, and suboptimal control for handling an intraoperative rupture are 
among serious limitations. For these reasons, despite the wide experience of the 
senior author (A.D.) in using EEA, we do not recommend an EEA for clipping of 
CVJ aneurysms or removal of AVMs.

29.1.1.8  Clipping Technique
Different clipping techniques have been described. The goal of surgery is to com-
pletely exclude the aneurysm from the circulation and to preserve blood flow inside 
the PICA. The patency of PICA could be compromised with improper visualization 
of distal PICA or the wrong choice of a clip type.

PICA is the most anterior structure in the surgical field and therefore the surgical 
depth is significant. Furthermore, the presence of numerous lower cranial nerve 
rootlets (IX, X, XI, XII c.n.) complicates the surgical maneuverability between 
them. The XII c.n. exits from the medulla at the anterior-lateral sulcus and passes 
over the PICA directed laterally toward the hypoglossal canal. Nevertheless, consid-
ering that the origin of the aneurysm is most of the times from the posterior or lat-
eral aspect of the VA, the hypoglossal nerve can be located at the same level of the 
VA–PICA aneurysm in the surgical field. Therefore, sometimes XII c.n. is located 
laterally to the aneurysm and other times can even be located anterior and deeper in 
the surgical field hidden by the aneurysm. Instead, the accessory root of the XI c.n. 
runs with an inferior-superior direction and passes inside the foramen magnum to 
reach the IX, X, and XI c.n. rootlets before entering the jugular foramen. This nerve 
root can be adherent to the upper spinal cord and medulla or more lateral in the 
cistern obstructing the view of the neck. In these cases, it needs to be gently dis-
sected medially or laterally to expose the aneurysm neck for clipping. In most cases, 
rootlets of IX, X, and XI CNs are cranial to the VA–PICA junction. Only in cases of 
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higher PICA origin or large aneurysms, the superior aspect of the dome can be in 
relation with these nerves. Nevertheless, manipulation of lower cranial nerves 
should be as least as possible, to reduce the rate of postoperative related 
complication.

These anatomical details suggest that the best clipping technique should allow to 
clip aneurysm’s neck, together with sparing cranial nerves rootlets and PICA origin. 
Considering this, the most common clipping technique is usually with the use of a 
fenestrated clip. First, a fenestrated clip encircling the PICA and/or lower cranial 
nerves (in most of cases spinal root of accessory nerve) is placed parallel to the VA 
axis (Illustrative Case 1). A second clip, usually straight, can be added over the first 
one completing the exclusion of the aneurysm. However, if the anatomy dictates, a 
straight or ballonet clip can be used instead of the first fenestrated clip. Also the 
direction of the dome of the aneurysms needs to be carefully evaluated preopera-
tively, because it can affect the surgical strategy. Most PICA aneurysms have a 
superior projection, along the axis of the VA. This feature highlights the importance 
of tandem clipping with fenestrated clip. When dealing with large aneurysm, usu-
ally the patient presents with symptoms due to compression medulla or lower cra-
nial nerves. Consecutively, after clipping, incision and reduction of the aneurysm 
dome is an important step for decompression. During dissection and clipping of 
VA–PICA aneurysms, particular attention needs to be paid to avoid damage or 
occlusion of perforating arteries arising at the first three medullary segments of 
PICA. Particular assessment of the clips blade position must be done to not to injure 
the hypoglossal nerve rootles hidden behind the aneurysm dome.

29.1.1.9  Complications and Outcome
Despite the meticulous microsurgical technique and continuous intraoperative neu-
rophysiological monitoring, complications leading to lower cranial nerves palsies 
(LCNP) are not uncommon. The onset of new LCNP after surgery is reported to be 
around 20–40%. LCNP are responsible for dysphagia and aspiration pneumonia. In 
the majority of cases, LCNP are partial and temporary, with complete recover after 
3–9 months. The rate of permanent LCNP is about 10%. These patients present with 
persistent dysphagia, hoarseness, and need for prolonged tracheostomy.

The presence of a postoperative lateral medullary syndrome (Wallenberg syn-
drome) is usually related to the occlusion of perforating arteries during surgical 
manipulations or to the sacrifice of PICA proximal to the telovelotonsillary seg-
ment. This can result in permanent neurological deficits, e.g., mild or severe hemi-
paresis, ataxia, and swallowing difficulties.

The occurrence of hydrocephalus is more common in ruptured posterior circula-
tion aneurysms, and even more for VA–PICA aneurysms, accounting for about 
20–30% of cases. This is probably due to the proximity of the bleeding origin to the 
foramen of Luschka (mostly for aneurysms proximal on the VA) and consequently 
the presence of blood inside the fourth ventricle (about 80% of ruptured VA–PICA 
aneurysms). Many of these patients will require ventricular-peritoneal shunt 
placement.
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Patients with poor grade SAH who survive are at a higher risk of worse and per-
manent LCNP (commonly present also before surgery), prolonged stay in the ICU, 
worse quality of life, and 1-year mortality rate of 20–30%.

29.1.2  Distal PICA Saccular Aneurysms

Distal PICA aneurysms are defined as aneurysms not involving the VA–PICA ori-
gin. They are less frequent than VA–PICA aneurysms (incidence is about 0.2–1.4%) 
and they can arise on each of five segments of PICA, showing prevalence for 
telovelotonsillary segment. Frequentely, hemodynamic stress factors contribute to 
the genesis of these aneurysms. Indeed, not rarely they are detected in presence of 
posterior fossa arteriovenous malformations (AVMs), as pre- or post-nidus aneu-
rysms, or in case of absence of contralateral PICA. The anatomy of different seg-
ments of the PICA has already been discussed earlier.

Depending on the course and tortuosity of PICA and on the location of the aneu-
rysm, all these aneurysms can be located and addressed with different surgical 
approaches toward the CVJ. Aneurysms arising in the first two segments of PICA are 
located in the cerebellum-medullary cistern and require a more lateral exposure (far 
lateral), as for VA–PICA aneurysms. Aneurysms on the last three segments of PICA lie 
in the paramedian area inside the Vallecula of Reil, which is a narrow space between 
the tonsils that interconnect the cisterna magna with the fourth ventricle and a midline 
suboccipital approach is favored. Considering their proximity to the cerebellar tonsils, 
they can also present with intracerebellar hematoma. More peripheral aneurysms 
instead lie on the cerebellar surface, and most of the times are far away from the CVJ.

As discussed for VA–PICA aneurysms, far-lateral approach is the best surgical 
option for aneurysms arising on the anterior medullary and lateral medullary seg-
ment. Most of the times, drilling of the occipital condyle is only very minimal 
because of the more medial location of these aneurysms. A temporary clip can be 
positioned on the proximal PICA before the aneurysmal segment. For aneurysms 
located on the telovelotonsillar or on cortical segments, a standard midline suboc-
cipital craniotomy including the foramen magnum is suggested. After dissecting the 
cerebellomedullary and uvulo-tonsillar fissures, one or both tonsils can be displaced 
and retraced depending on the position of the aneurysm. Instead, for the tonsillom-
edullary segment (and whenever an access to both proximal and detail PICA is 
needed), an approach combining a lateral and medial suboccipital craniotomy usu-
ally allows the surgeon to obtain enough space for proximal control and clipping. 
Also in these cases, according to the position and dimension of the aneurysms, 
tonsils can be retracted or in few cases partially resected if necessary to gain space 
for clipping. C1 laminectomy is not always necessary in this instance although we 
do prefer to do it for better maneuverability.

Distal PICA aneurysms are usually located more superficial than lower cra-
nial nerves or relatively away from them. Thus, lower cranial nerve complica-
tions described for VA–PICA aneurysms are less frequent with more distal 
aneurysms.
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29.1.3  Non-saccular VA and VA–PICA, Distal PICA Aneurysms

Dissecting and fusiform aneurysms are not infrequent at the VA–PICA junction or 
on distal PICA itself. The rate of these aneurysms at this level is higher when com-
pared to other locations, accounting for about one-third of all VA–PICA and PICA 
aneurysms. They frequently involve a long tract of the VA across the CVJ, some-
times including the PICA origin. They usually present with ischemic symptoms 
(both dissecting and fusiform aneurysms) or SAH (dissecting aneurysms). Proximal 
VA dissecting aneurysms are routinely treated with endovascular occlusion leaving 
the PICA origin intact if possible. Revascularization options should be considered 
if PICA origin is planned to be sacrificed. For fusiform PICA aneurysms, due to 
non-clippability and the importance of preserving PICA, especially in the first three 
segments, a bypass strategy is favored. Bypass options are described in another 
chapter.

29.2  Arteriovenous Malformations

Brain arteriovenous malformations (AVMs) present an estimated prevalence close 
to 10/1,00,000 in general population. They are complex vascular lesions to manage 
and surgery plays a primary role in treatment.

Deep brainstem AVMs are rare (2–3% of all AVMs) and considered more chal-
lenging to treat. Spetzler–Martin grading is not helpful in this particular location 
and these AVMs are seldom addressed for surgery due to high rate of complications 
deriving from brainstem potential injury. In this area, also radiosurgery (RS) and 
embolization are not free of morbidity. For this reasons, in the past, observation 
with radiological follow-up has been advocated for this AVMs. Nevertheless, they 
are more aggressive when compared with supratentorial ones, with annual hemor-
rhages rate of 15–20%. Thus, even if affected by high complication rate, a tentative 
to cure these AVMs should be suggested, considering both single and multimodality 
treatment strategies.

In this context, AVMs fed by vertebral artery and posterior inferior cerebellar 
artery, with nidus located on the anterior or lateral aspect of the medulla oblongata, 
are considered to be related to the Craniovertebral Junction. During discussion, we 
refer also to AVMs located at the cervical-medullary junction, considering the same 
vascular anatomy (feeding arteries and draining veins) and surgical approaches 
required.

29.2.1  Anterior and Lateral Medullary and Cervical-Medullary 
Junction AVMs

29.2.1.1  Introduction
According to the location of the nidus, brainstem arteriovenous malformations have 
been recently classified into six different types: anterior and posterior midbrain, 
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anterior and lateral pons, anterior and lateral medulla. AVMs located around the 
CVJ are those with nidus sitting on anterior medulla, lateral medulla, and cervico- 
medullary junction. They account for 4–30% of brainstem AVMs in different series. 
Lateral medullary AVMs are more common ones.

29.2.1.2  Clinical Presentation and Neuroradiological Assessment
AVMs located at the cranial-vertebral junction usually present with subarachnoid 
hemorrhage (SAH) with or without intraparenchymal hemorrhage (IPH), detected 
on computed tomography (CT) scan. After acute onset with headache, nausea, and 
vomiting, patients usually show up with severe life-threatening symptoms, like 
decreased consciousness and cranial nerve deficits. About 80% of patients present 
with SAH. Others with cervical-medullary AVMs present with venous drainage into 
spinal veins, and potentially progressive cervical myelopathy.

CTA (CT Angiography) and diagnostic angiogram are both necessary for 
decision- making regarding treatment of such AVMs.

During pre-treatment planning, magnetic resonance imaging (MRI) is always 
performed, as it shows the exact anatomical location of the nidus on the surface of 
the medulla and defines the extension at the cervico-medullary junction. MRI is also 
fundamental in distinguishing a pial from a parenchymal AVM.  Pial AVM is a 
signal- void lesion both in T1 and T2, with exophytic growth in the anterior or lateral 
medullary cistern. Parenchymal AVM presents the same magnetic signal but is sur-
rounded by brainstem tissue.

29.2.1.3  Regional Vascular Anatomy
Vertebral artery (VA) pierces the dura mater less than 1 cm below the CVJ, after 
running inside a groove over C1 lamina (sulcus arteriosus) in lateral to medial and 
caudal to cranial direction. VA gives off several intradural branches in the region of 
the foramen magnum: PICA (already described in this chapter), posterior and ante-
rior spinal arteries. Extradural branches (meningeal arteries) will be discussed later 
in this chapter.

Posterior spinal arteries can arise both intra- or extradurally from the VA and 
they are usually embedded into the same dural ring of the VA (at V3–V4 junction). 
They present an ascending and descending branch, taking blood supply to dorsal 
structures of medulla and spinal cord.

Anterior ventral spinal arteries are the last (most cranial) branches of VA, with an 
intradural origin close to VA–basilar junction. They join together into the anterior 
spinal artery that descends through the foramen magnum along CVJ, supplying 
ventral-lateral aspect of the medulla and spinal cord.

Venous drainage in the region of the foramen magnum is guaranteed by sev-
eral intradural veins connected with dural sinuses by bridging veins. Veins of the 
medulla and upper cervical spinal cord anastomose at the CVJ into longitudinal 
plexiform channels. These veins run into longitudinal sulci of the medulla and 
upper spinal cord, taking the name from them: median anterior and posterior 
spinal and median anterior and posterior medullary veins, lateral anterior and 
posterior spinal and lateral anterior and posterior medullary veins. Transverse 
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venous channels interconnect longitudinal vessels (transverse medullary and 
transverse spinal veins). Vein of the cerebellum-medullary fissure also partici-
pates in draining this region.

29.2.1.4  AVM’s Anatomical Features
Anterior medullary AVM is located below the ponto-medullary sulcus, between the 
anterior-lateral sulcus and hypoglossal nerve rootles. It is usually supplied by radic-
ulomedullary branches of VA (often bilaterally) and anterior spinal artery. Median 
anterior medullary vein drains these AVMs. Lateral medullary AVM is always 
located below the ponto-medullary sulcus, lateral to the anterior-lateral sulcus and 
between rootles of LCNs (IX, X, XI, and XII CNs). Arterial feeders comes from the 
branches of VA unilaterally (lateral spinal artery and radiculomedullary branches) 
and from the ipsilateral PICA. Venous drainage is taken by lateral medullary vein, 
median anterior medullary vein, and transverse pontine vein. AVMs with extension 
below the cervico-medullary junction drained also through the anterior spinal vein.

Brainstem AVMs can present with two different types of nidus. Pial AVMs pres-
ent with exophytic nidus, growing from pial surface of the brainstem toward the 
facing cistern. Parenchymal AVMs are instead embedded inside the brainstem pre-
senting pial involvement. Pial nidus is more frequent for lateral medullary AVMs, 
presenting with growth into the cerebellum-medullary cistern.

29.2.1.5  Preoperative Management
Generally patients with ruptured medullary or cervico-medullary AVMs present a 
lower level of consciousness and orotracheal intubation is useful in order to control 
and stabilize blood pressure and other vital parameters. When it is possible, pre- 
intubation neurological examination is performed to depict potential lower cranial 
nerve deficits or other symptoms. When intraventricular blood or hydrocephalus is 
shown in the CT scan, external ventricular drainage (EVD) is placed in the frontal 
horn of lateral ventricle.

Considering their complexity, multidisciplinary team evaluation is always 
required. Indeed, morphology and location and most importantly the mode of pre-
sentation (ruptured vs. unruptured) of the AVM strongly influence treatment deci-
sion. Surgery, radiosurgery, and endovascular treatment might all have a significant 
role, alone or in combination for treatment of these lesions.

When surgery is indicated and considered for the specific case, we will delay the 
surgery by 10–14 days after hemorrhage to carefully evaluate and perform all pre-
operative necessary tests if possible. Only when the brainstem is compressed by 
intraparenchymal hematoma, the surgery is performed emergently.

29.2.1.6  Surgical Approach
Far-lateral approach is our preferred approach for these specific AVMs, mostly for 
lateral medullary brainstem locations. Anterior medullary brainstem AVMs are rare 
lesions and can still be approached through the same route. Surgical procedures are 
performed in the same way as previously described in this chapter. Transcondylar 
approach and eventually combined with trans-tubercular addition are often 
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necessary in order to increase the working space and the line of sight over the ante-
rior midline, and to control feeders coming off anteriorly. The use of intraoperative 
ICG (indocyanine green) angiography is helpful in better defining the AVM 
characteristics.

29.2.1.7  Exclusion Techniques
In contrast to AVMs located elsewhere in the brain (supratentorial or cerebellar 
AVMs), surgical experience for brainstem AVMs has been limited. As mentioned 
before, surgery presents a high rate of up-front complications due to brainstem 
manipulation and direct surgical insult. Thus, less invasive treatment strategies are 
often preferred. Among them, radiosurgery presents a relatively appealing option 
with an occlusion rate of about 40–60% in different series. Nevertheless, in the 
absence of other less invasive treatment options, microsurgical resection of the 
AVM could be suggested, for more superficial lesions, with reasonable outcome 
especially in the context of a ruptured AVM.

After opening the dura, ICG angiography is performed to better understand the 
anatomy of the AVM.  Extensive arachnoid dissection inside the cerebellum- 
medullary cistern allows to easily identify feeding arteries between lower cranial 
nerves. Thus, feeders are disconnected or clipped, while preserving en-passage 
arteries and venous channels. Red draining vein clearly changes color to dark blue 
and ICG-VA is used to confirm change in blood flow. During dissection, LCNs 
manipulation should be as minimal as possible as already described to reduce post-
operative palsies. After that, the nidus is explored and observed to distinguish 
between parenchymal and pial AVMs.

When the nidus shows an exophytic growth inside the lateral medullary cistern 
(pial AVMs), extensive coagulation and circumferential dissection of the nidus can be 
performed without entering the brainstem. Then the nidus is resected and removed as 
for supratentorial or cerebellar AVMs. Instead, when the nidus is highly embedded 
into the brainstem (parenchymal AVMs), the surgery is much more challenging. If the 
surgical decision is made based on the ruptured status and angioarchitecture of the 
AVM, the AVM will be resected through the closest pial surface with the same tech-
nique. However, if there is a gradual change in neuromonitoring, minimal or partial 
removal of the nidus is preferred to limit postoperative deficit. In these cases, the 
so-called “occlusion in situ” technique is used. Circumferential pial dissection is 
performed without or with minimal resection of the nidus, in order to not violate the 
brainstem. When a brainstem hemorrhage is present, it makes the road to the nidus 
and further resection potentially less risky. Residual nidus left in the brainstem is 
then selected for observation or further additional treatments (RS or embolization). 
We do not have personal experience with this last scenario. Benefits and complica-
tions of multimodalities treatments or observation need to be carefully evaluated.

29.2.1.8  Complications and Outcome
Complication rate is relatively high for surgery of brainstem AVMs (around 25% 
in different series) with a high mortality rate (around 5–6%). Usually, serious 
preoperative symptoms after acute onset strongly affect patient quality of life. 
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Moreover, postoperative hemiparesis, hemorrhage, and cranial nerve palsies fur-
ther worsen patient’s course and quality of life. Lateral medullary (together with 
lateral pontine) AVMs present the best outcomes, probably for the relatively 
easier surgical access.

AVM obliteration rate reaches 60–80% in different reports and depends on the 
possibility to excise the AVM or to completely close all arterial feeders. 
Multimodality treatment (endovascular + surgery treatment followed by radiosur-
gery if residual nidus is identified) is sometimes proposed to increase the probabil-
ity of AVM’s occlusion. The potential cumulative risks of multiple treatments 
should be considered before suggesting a more complex treatment plan.

29.3  Dural Arteriovenous Fistulas

Dural arteriovenous fistulas (DAVFs) can involve both brain and spine. They are 
pathological vascular connections between an extradural artery and an intradural 
vein inside the dura mater, without a nidus between artery and vein. They can be 
related (sinusal DAVF, Borden type I and II) or not (extra-sinusal, Borden type III) 
with venous sinuses.

DAVFs showing a retrograde venous drainage (RVD) into cortical veins neces-
sitate treatment in most cases. Nowadays, endovascular treatment (trans-arterial or 
trans-venous embolization) and if not possible surgery share the primary role in 
DAVFs management, with different rates of occlusion and complications for the 
two procedures reported in different series coming from neurosurgical or interven-
tional radiology groups.

29.3.1  Dural Arteriovenous Fistulas at the Craniovertebral 
Junction

29.3.1.1  Introduction
Dural AV fistulas at the CVJ are rare lesions, and they account for 2% of all DAVFs.

Confounding nomenclature has been used in literature for CVJ dural AV fistulas. 
They have been classified both into cranial and spinal dural AV fistulas. According 
to the site of connection inside the dura between the artery and vein, they can be 
sub-divided in: DAVFs of the foramen magnum, hypoglossal canal fistulas, jugular 
foramen fistulas, and marginal sinus fistulas. These sub-types present some com-
mon features and some differences in management strategies.

29.3.1.2  Clinical Presentation and Neuroradiological Assessment
DAVFs at the CVJ can equally present with acute or chronic myelopathy, or with 
SAH. Rarely they present with brainstem edema and related dysfunction. It is not 
the site of AV connections, but the direction of the retrograde venous drainage 
(RVD) which causes different clinical presentations. DAVFs with an ascending 
RVD into an intracranial vein are usually associated with venous varices and present 
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with SAH. Instead, a descending RVD results in spinal venous hypertension and 
spinal cord dysfunction with myelopathy. Orbital symptoms (chemosis and diplo-
pia) are common presentations of hypoglossal canal DAVFs, due to the connections 
with cavernous sinus and orbital veins. Also continuous tinnitus is common in those 
cases with progressive onset.

CT scan is first performed in those cases presenting with acute onset, to diagnose 
SAH. The absence of aneurysm on CT angiogram suspects the presence of a vascu-
lar malformation. CTA and MRI are helpful in localizing the exact location of the 
DAVF connection if visualized. In those patients presenting with sudden progres-
sive neurological symptoms (like cervical myelopathy), the evidence of cervical 
spinal venous engorgement or spinal cord hyperintensity on MRI suggest the pres-
ence of DAVF and prompting further investigation. In both cases, DSA is manda-
tory to confirm the suspicion of a DAVF.

29.3.1.3  Regional Vascular Anatomy
Before piercing the dura mater, VA–V3 segment gives off anterior and posterior 
meningeal branches taking blood supply to the dura of the clivus and foramen mag-
num region and also to the dura covering the posterior fossa and to the tentorium. 
Also meningeal arteries coming from external carotid artery circulation (ascending 
pharyngeal artery and occipital artery) participate in vascularizing this area, often 
with anastomosis between them and VA meningeal branches. One of two branches 
of the ascending pharyngeal artery passes through the hypoglossal canal (HC), and 
the other one penetrates the jugular foramen (JF). Meningeal branches coming from 
occipital artery are inconstant.

Internal jugular vein (IJV) and its tributaries form an important drainage system of 
the brain at the CVJ. IJV originates at the jugular foramen and descends caudally into 
posterior-lateral cervical region. Vertebral artery venous plexus surrounds the VA and 
communicates through the posterior condylar emissary vein (PCV) with the sigmoid 
sinus (SS). The venous plexus of the hypoglossal canal (HC) connects with the mar-
ginal sinus, which encircles the foramen magnum. Venous plexus of the HC has other 
important communications through the anterior condylar vein (ACV) with: IJV, PCV, 
internal carotid artery venous plexus, marginal sinus, inferior petrosal sinus, and cav-
ernous sinus. Moreover, marginal sinus (MS) presents several connections with other 
important venous structures of the skull base like basilar sinus (anteriorly), occipital 
sinus (posteriorly), vertebral artery venous plexus and deep cervical veins (inferiorly).

29.3.1.4  DAVF’s Anatomical Features
Three major components of DAVFs are: dural artery, fistulous point inside dura 
mater, and vein of drainage.

In most cases, meningeal branches coming from vertebral artery, ascending pha-
ryngeal artery or occipital artery participate in DAVFs at the CVJ.

The point of fistula can be located on the posterior or lateral (or anterolateral) 
aspect of the dura mater covering the cervical-medullary junction, at the level of the 
foramen magnum (involving or not the marginal sinus), or lower closer to C1 
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vertebra or at the level of specific anatomic structures like hypoglossal canal or 
jugular foramen.

DAVFs with ascending venous drainage usually use longitudinal venous chan-
nels of the medulla oblongata ending into a major dural sinus like marginal sinus, 
superior and inferior petrous sinus, cavernous sinus, or transverse-sigmoid sinus. In 
most cases, a venous varix is present along the course of the draining vein. The 
combination of DAVF and pill AVF of the CV junction should be considered among 
possible angiographic configurations (Illustrative Case 2).

Instead, longitudinal venous channels of the cervical spine are involved in 
DAVFs with descending venous drainage, causing venous hypertension into the 
spinal cord.

HC–DAVFs are usually fed by neuro-meningeal division of the ascending pha-
ryngeal artery or trans-mastoid branches of occipital artery. The fistulous point is 
located at the level of ACV. Considering the wide venous connections in this area, 
RVD can show different patterns toward cavernous sinus and orbital veins or toward 
the IJV.

JF–DAVFs present an arterial supply by the other division of the ascending pha-
ryngeal artery, a fistulous point inside the dura close to the JF, and a venous drainage 
through lateral medullary vein both ascending (toward inferior petrous sinus and 
cavernous sinus) or descending (toward deep cervical veins) (Illustrative Case 3).

29.3.1.5  Preoperative Management
Patients presenting with SAH receive the same preoperative investigations already 
described for ruptured VA–PICA aneurysms and CVJ AVMs.

Depending on the rupture status or presence or absence of myelopathy, a treat-
ment between endovascular occlusion and surgical obliteration of fistula is decided.

Our preferred approach is an endovascular obliteration of the fistula through 
trans-arterial embolization, and rarely transvenous (the latter has not been our group 
experience).

However, often the access to the fistula is difficult or embolization cannot achieve 
complete obliteration of the fistula, with remaining flow through the RVD, and 
therefore a surgical disconnection of the fistula is indicated.

29.3.1.6  Surgical Approach
Dural AV fistulas at the CVJ are usually approached through a posterolateral or far- 
lateral approach as they are located at the lateral or posterolateral edge of the dura. 
Details of the procedure have already been described in this chapter. For foramen 
magnum DAVFs, C1 hemilaminectomy is always necessary to expose a wide area 
of the dura covering the cervical-medullary junction. Hypoglossal canal dura AV 
fistulas always require a transcondylar approach. If more than one-third of occipital 
condyle needs to be drilled to expose the fistulous point, occipital-cervical fusion 
might become necessary to avoid future cranial-cervical instability. A supracondy-
lar approach through the jugular tubercle is necessary for dural AV fistulas located 
close to the jugular foramen.
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29.3.1.7  Exclusion Techniques
The main advantage of microsurgical treatment for DAVFs at the CVJ is the high 
obliteration rate. The reported obliteration rate with surgery is about 98% versus 
about 60% with embolization alone. Furthermore, the presence of multiple arterial 
feeders coming from VA, occipital artery, and ascending pharyngeal artery makes 
endovascular treatment more challenging and less effective. Even with a good initial 
embolization, there is a high chance for new feeders recruitment at follow-up. For 
single channel AV fistulas fed by ascending pharyngeal artery, there is a high risk of 
lower cranial nerves (LCNs) palsy with trans-arterial embolization, due to vasa 
vasorum involvement. Conversely, DAVFs involving the marginal sinus are well 
suitable for trans-venous embolization, presenting various routes for access due to 
wide venous connections of the MS. HC–DAVFs, usually approached with surgery, 
have been recently treated also with trans-venous embolization with similar results 
in terms of obliteration of the fistulous channel. Transient or permanent hypoglossal 
nerve palsy due to compression of the nerve inside its canal is one of the possible 
complications after trans-venous embolization.

As for other location of DAVFs, microsurgical obliteration of the fistula at the 
CVJ is based on the ligation or coagulation of the draining vein at the fistulous 
point. The disconnection between the artery and the vein at the fistulous point rep-
resents the most efficient way to treat the dural AV fistulas.

A hypertrophic meningeal artery coming from VA or occipital artery is usually vis-
ible over the dura mater. Branches coming from ascending pharyngeal artery are sel-
dom visible because of their deeper origin hidden by bony structures. After opening 
the dura and wide arachnoid dissection, one or more large tortuous veins come into 
view, in strict relation with the VA dural entry point (foramen magnum DAVFs) or 
more lateral (HC or JF dural AV fistulas). Color of the vein is usually turned to red. 
Then, ICG-VA is performed showing an arterial flow pattern inside the vein and con-
firming the exact position of the dural fistulous point. Now, the draining vein is coagu-
lated or clipped at its point of origin from the dura and transected. Red vein rapidly 
changes color into blue. At the end, we use again the ICG-VA to make sure of com-
plete exclusion of the anomalous shunt. ICG-VA during temporary clipping of the 
feeding artery or of the draining vein could also be helpful before definitive coagula-
tion of the point of fistula, in those cases presenting with complex vascular shunts 
(with multiple arterial feeders or draining veins).

29.3.1.8  Complications and Outcome
As previously described, surgery around this region could be affected by different 
complications, e.g., LCNs palsies, CVJ instability, motor/sensory deficits, and 
hydrocephalus. With regard to DAVFs treatment, the outcome is usually better than 
for ruptured aneurysms and AVMs in this location. In fact, in a symptomatic or 
ruptured situation, both preoperative condition of the patient and postoperative 
complications are generally less severe. Good recovery is achieved in more than 
75% of patients presenting with SAH or intraparenchymal hematoma (it is typically 
mild in DAVFs of CVJ). Interestingly, patients presenting with advanced progres-
sive myelopathy present poorer outcome after treatment, with a moderate disability 
in more than 50%. Indeed, long-term venous hypertension could result in perma-
nent damage to the spinal cord. For HC–DAVFs, cranial-cervical instability could 
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be a concerning issue if more than one-third of the occipital condyle is resected to 
unhidden the fistulous point. This will require subsequent occipital-cervical fusion.

29.4  Case Illustrations

Case 1: Ruptured PICA Aneurysm
Fifty-five-year-old female presenting with a ruptured large (1.1  cm) right PICA 
aneurysm underwent initial balloon assisted coiling of the aneurysm due to incorpo-
ration of the PICA at the base of the aneurysm (Fig. 29.1a, b). The procedure was 
aborted after subtotal coiling of the aneurysm (Fig. 29.1c) and emboli in the PICA 

Fig. 29.1 (a) Computed tomography (CT) scan showing subarachnoid hemorrhage (SAH) with a 
clot in the right cerebellopontine angle (CPA). (b) Digital subtracted angiogram (DSA) showing a 
large (1.1 cm) right VA-PICA aneurysm. (c) DSA demonstrating an incomplete obliteration of the 
dome of the aneurysm after initial balloon coiling. (d) Post-procedure CT revealing a moderate 
PICA territory stroke scan due to emboli during the endovascular procedure. (e, f) Intraoperative 
pictures showing the exposure of the aneurysm through a far-lateral craniotomy. (g) Clipping of 
the aneurysm with a fenestrated clip incorporating the PICA inside the fenestration. (h) Postoperative 
DSA confirming complete exclusion of the aneurysm and patency of PICA

a b

c d
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during the procedure. Patient recovered from the initial treatment despite a moder-
ate PICA territory stroke (Fig. 29.1d) and underwent surgical clipping of the aneu-
rysm after the vasospasm period. Intraoperative picture shows the exposure of the 
aneurysm through a far-lateral craniotomy (Fig. 29.1e, f). Clipping of the aneurysm 
with a fenestrated clip incorporating the PICA inside the fenestration (Fig. 29.1g), 
and postoperative angiogram confirming complete exclusion of the aneurysm and 
patency of the PICA (although diminished in caliber) (Fig.  29.1h). The patient 
needed a temporary tracheostomy but recovered to mRS score of 1 at 3 months 
follow-up.

Case 2: Concurrent DAVF and Pial Arteriovenous Fistula of the CV Junction
Thirty-seven-year-old female presented with sudden onset headache and the CT 
shows a hemorrhage inside the fourth ventricle (Fig. 29.2a). CTA and angiogram 
reveal a DAVF at the CV junction fed by meningeal branches of vertebral artery 
draining into a perimedullary arterialized vein (Fig. 29.2b). There was also the asso-
ciation with a pial arteriovenous fistula harboring an aneurysm at the fistulous point 
(Fig. 29.2c). Due to patient young age and lack of adequate endovascular access to 
the fistulous point, a left far lateral transcondylar trans-tubercular approach was 
selected, aneurysm and fistula exposed (Fig.  29.2d, e), and the aneurysm was 
resected which led to interruption of the pial arteriovenous fistula (Fig. 29.2f) and 
the DAVF (identified with ICG, Fig.  29.2g) clipped (Fig.  29.2h). Intraoperative 
angiogram confirms complete obliteration of the fistula (Fig. 29.2i).
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Fig. 29.1 (continued)
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Case 3: Ruptured Jugular Foramen DAVF
Seventy-two-year-old male presented with right medullary hemorrhage (Fig. 29.3a). 
A DAVF of the right jugular foramen was identified. The fistula was fed by branches 
of external carotid artery (right occipital, ascending pharyngeal, and middle menin-
geal) (Fig. 29.3b) and meningeal branches of the vertebral artery (C1 and C3 odon-
toid arch) (Fig. 29.3c). Two sessions of embolization was performed through different 
afferent feeders but there was a remaining faint shunt which recruited new feeders 
including contralateral falx cerebelli (Fig. 29.3d, e) at 9 months follow-up. Patient 

Fig. 29.2 (a) CT scan and CT angio showing intraventricular hemorrhage in the fourth ventricle. 
(b) DSA revealed a DAVF at the CVJ fed by meningeal branch of VA and draining into a perimed-
ullary arterialized vein. (c) Red arrow indicates the concomitant presence of a pial AV fistula har-
boring an aneurysm at the fistulous point. (d, e) Intraoperative pictures of left far lateral 
transcondylar trans-tubercular approach. (f) Exposure and resection of the aneurysm with interrup-
tion of the pial AV fistula. (g) Intraoperative indocyanine green (ICG) video fluoroangiography 
helped to identify the DAVF. (h) Clipping of the fistulous point of the DAVF at the CVJ. (i) 
Intraoperative DSA confirms complete obliteration of the fistula

a
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was operated through a far-lateral transcondylar approach (Fig.  29.3f, g) and the 
fistula was identified below the jugular foramen, confirmed by ICG videoangiogra-
phy and disconnected (Fig. 29.3h, i). Postoperative angiogram confirmed absence of 
any remaining shunt or abnormal pial cortical venous drainage (Fig. 29.3j).
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Fig. 29.2 (continued)
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Fig. 29.3 (a) CT scan showing a right medullary hemorrhage. (b, c) DSA identified a DAVF of 
the right jugular foramen, fed by branches of external carotid artery (right occipital, ascending 
pharyngeal, and middle meningeal) and meningeal branches of the vertebral artery (C1 and C3 
odontoid arch). (d, e) CT scan at 9 months follow-up after endovascular procedure, demonstrating 
persistent fistula which recruited new feeders. (f, g) Intraoperative captures of the fistula, exposed 
below the level of the jugular foramen through a far-lateral transcondylar approach. (h, i) 
Intraoperative view and ICG videoangiography confirmation after disconnection of the fistula. (j) 
Postoperative DSA confirmed absence of further shunts or abnormal pial venous drainage
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30.1  Bypass Techniques

PICA-PICA Bypass (Side to side, end to end, re-implantation).

30.1.1  Background

Whenever a PICA sacrifice is considered especially in the first three segments 
(antero-medullary, latero-medullary, and tonsillomedullary), the revascularization 
of PICA is recommended. Although there are alternatives for PICA-PICA end to 
end or side to side bypass, e.g., occipital artery-PICA bypass or radial artery jump 
graft from vertebral artery to PICA, the end to end or side to side PICA-PICA 
bypass are the most elegant and rational alternatives, as long as there is enough 
redundancy for an end to end bypass, or in case of a side to side bypass, if the donor 
PICA has sufficient size and the distance between the two PICA caudal loops after 
release of all arachnoid adhesions is not more than 5–6 mm.

30.1.2  Posterior Inferior Cerebellar Artery in Situ Bypass Options

The PICA is divided into five segments: (1) the anterior medullary segment, which 
extends posteriorly from the origin of the PICA at the vertebral artery to the inferior 
olivary prominence and passes near the hypoglossal nerve, (2) the lateral medullary 
segment, from the inferior olive to the origins of lower cranial nerves, (3) the 
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tonsillomedullary segments, from the lower cranial nerves to the caudal loop, (4) 
the telovelotonsillar segment, from the caudal loop to the cranial loop, and (5) the 
cortical segment which extends to the cerebellar vermis and hemisphere. Because 
the first three segments, and occasionally the proximal part of the fourth segments, 
might have critical perforators to the brainstem, their sacrifice might cause debilitat-
ing stroke, and therefore, a strategy for revascularization should be considered if 
lesions to be treated are proximal to the telovelotonsillar segment and that the treat-
ment involves sacrifice of the segment, e.g., in dissecting vertebral artery-PICA 
aneurysms. Although other alternatives including occipital artery to PICA bypass 
and vertebral artery to PICA bypass using radial artery graft exist, the side to side 
PICA-PICA is more attractive due to a lower risk of bypass occlusion and the avoid-
ance of tedious harvesting of the occipital artery or other type of graft.

There might be tiny brainstem perforators at the junction of the tonsillomedul-
lary and telovelotonsillary segments of PICAs on the side wall of the arteriotomy. 
Those perforators should be separately clipped and preserved before arteriotomy 
and their sacrifice should be avoided. Attention to details including the type of tem-
porary clip used, the exact location of the arteriotomy on the vessel, the type of 
suture and needle used, and the length of the suture is crucial to perform.

If the donor PICA size is less than 1 mm, or the distance between the two caudal 
loops of PICAs is more than 5 mm after liberation of arachnoid adhesions, then the 
PICA-PICA side to side bypass might not be an appropriate option. If the flow mea-
sured by the flow probe is significantly lower in the donor PICA, another revascu-
larization alternative should be considered, and, therefore, the option of OA-PICA 
bypass should always exist as the plan B during the procedure and the patency and 
anatomy of the occipital artery should be thoroughly evaluated.

30.1.3  Description of the Technique

Patients are put on aspirin 325 mg the night before the procedure. Under general 
anesthesia, the patient is monitored for motor, sensory, and brainstem evoked poten-
tials and positioned in a prone concord (or alternatively, a park-bench position 
which favors a far lateral approach if needed). The trajectory of the occipital artery 
on the side of affected PICA is identified with a handheld Doppler and marked on 
the skin in case an OA-PICA bypass is decided upon. A midline incision, caudal to 
the nuchal line down to C2 spinous process, is performed. Suboccipital bone and C1 
lamina are exposed in a subperiosteal fashion. An oval suboccipital craniotomy 
(4 × 3 cm, exposing the foramen magnum) and a C1 laminectomy are performed. 
Dura is opened in a Y-shaped fashion and the cerebellomedullary fissure is exposed.

Under microscopic vision, the arachnoid of the tonsillomedullary fissure is incised, 
cerebellar tonsils are gently retracted, and the two PICAs are separated from their adhe-
sions just below the obex. The two tonsillomedullary and telovelotonsillar segments of 
the PICA are freed from arachnoid adhesions and mobilized and approximated for side 
to side bypass. The caudal loop which is the transition between the tonsillomedullary 
segment and the telovelotonsillar segment is the only suitable location for this particu-
lar bypass. The baseline PICA flow can be measured with a flow probe. Two 5 mm 
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mini clips are used for proximal clipping of both PICAs and two 3 mm straight or 
slightly curved clips are used for distal vessels. Approximately 1 cm of both vessels at 
the caudal loop of both PICAs ideally with the least amount of perforators should be 
available between the clips. The part of the caudal loop which is easier to mobilize is 
selected. The patient receives 3000 iu of heparin at this time. It is crucial that the arte-
riotomy be placed at 10 and 2 o’clock on each vessel, respectively, and be exactly the 
same length of approximately 4–6  mm (at least double the diameter of the larger 
PICA). Methylene blue is used to mark the arteriotomy line. Arteriotomy is performed 
using a back-cutting micro knife (APEX Inc.) or a 27 gauge needle and extending with 
microscissors. The choice of suture and needle is fundamental. A 10-0 Ethilon nylon 
monofilament V75-3 needle has the appropriate size and needle curvature for perfor-
mance of this bypass. It has to be cut to 5 cm for each wall of the arteriotomy. The first 
knot is very important. The apices (distal end) of both arteriotomies are approximated 
with the first stitch going outside-inside of one apex and coming out inside-outside of 
the other apex. After making the knot on the backside of the arteriotomy, the needle has 
to be passed underneath the knot to keep it outside the lumen and a running closure of 
the inferior wall is performed with the first passage being outside-inside and then 
inside-outside of the other side, and so on. Once the inferior wall is sewed all the way 
to the proximal ends, the suture is tightened after the last pass of the suture from inside 
to outside, to keep the knot outside the arteriotomy lumen. Then the front wall is closed 
in a running fashion. Suture loops are tightened with the aid of a microhook and the last 
suture is tied on its own just before the initial knot. The lumen is irrigated with heparin-
ized saline and a final interrupted suture is added to close the opening between the 
superior (or front) wall closure and the very first knot.

Preparing for revascularization, a tiny piece of gelfoam is positioned in the back 
wall of the arteriotomy to protect against any potential ooze in an area which is diffi-
cult to visualize. Temporary occlusion time is about 45 min. The distal clips first, and 
the proximal clips on PICA next, are removed to allow recirculation. With the running 
suture technique, the leakage should be minimal. The author uses a flow probe Doppler 
to measure the flow in the PICAs before and after anastomosis. If there is a dramatic 
drop in the flow of either PICA, or obvious occlusion of the bypass, the anastomosis 
is reopened for inspection. An ICG videoangiography is performed to confirm patency 
of the bypass while leaving a clip on the proximal segment of the recipient 
PICA. Attention is paid to retrograde flow into the recipient PICA proximally.

The closure is performed similar to a standard closure of a midline suboccipital 
craniotomy. A postoperative good quality CTA or angiogram is performed to con-
firm patency of the bypass. Patients will receive aspirin 325 mg once daily after 
surgery for at least 1 year.

Alternative to PICA-PICA side to side bypass is an end to end bypass. 
Interestingly, this would be the most favorable bypass option if there is enough 
PICA redundancy to exclude the diseases segment and to reconstruct the PICA with 
end to end anastomoses. The limitations for this bypass are: (1) absence of PICA 
redundancy, (2) presence of critical brainstem perforators at the level of the aneu-
rysmal segment precluding the option of complete aneurysm segment sacrifice, (3) 
significant length of the diseased segment not allowing approximation of the two 
PICA ends, and (4) first segment PICA aneurysms.
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The technical details are those of an end to end bypass. We usually start at the 
lower wall, approximating the two ends together and then the exact opposite at 180° 
is approximated with an interrupted suture. Then, each remaining side is closed with 
interrupted or running fashion. 10-0 or 9-0 BV100-3 sutures are suitable for this 
type of bypass.

One other option is to re-implant the proximal part of the distal PICA on the 
vertebral artery, if there is enough redundancy. In our practice, this has not been a 
common scenario but the surgeon should consider this alternative for some very 
redundant PICA where direct re-implantation on vertebral artery seems reasonable. 
Furthermore, using a jump graft (radial artery, occipital artery, etc.) to be used as 
interposition and connect the proximal and distal PICA together (in a nonredundant 
PICA, where the disease segment can be resected without sacrifice of the perfora-
tors) could be considered as another rare but potential alternative for PICA revascu-
larization (Fig. 30.1).

30.2  Occipital Artery to PICA

30.2.1  Background

In cases where sacrifice of the proximal three segments of the PICA is deemed nec-
essary, we plan a bypass procedure. Our first choice in these cases is the in situ 
option of a PICA-PICA bypass due to its high patency rate and the avoidance of the 
necessity of an extracranial donor vessel. Whenever the PICA-PICA end to end is 
not feasible, or the contralateral donor PICA is unavailable (i.e., when the distance 
between the two PICAs is above 5  mm or there is presence of a hypoplastic or 
absent contralateral PICA), we perform an OA-PICA bypass. We always prep the 
radial artery as a backup plan for the third option (VA-PICA bypass), only if the 
OA-PICA plan fails or if it is not feasible due to poor quality or size of the donor.

A complete cerebral angiogram is performed prior to the bypass procedure. The 
caliber of the OA should be at least 0.8 mm and the PICA should be a similar cali-
ber. Preoperative angiographic assessment includes assessment of the specific 
course of the OA in order to accomplish successful harvesting of the donor artery. 
Aspirin (325 mg) is administered the night before the procedure or even 3–5 days 
prior to surgery, once daily.

The OA has a high (13%) rate of spasm and occlusion, thus a backup plan must 
be in place, consisting of either a PICA-PICA bypass or a vertebral-PICA jump 
graft, using the radial artery or a saphenous vein. Dissection of the OA may be chal-
lenging, especially in its transitional segment. We favor the use of the surgical 
microscope and repetitive microdoppler evaluations in order to avoid damage to the 
vessel. Attempts should be made to handle the vessel adventitia rather than the ves-
sel wall itself, as this will decrease the risk of spasm and intra-luminal thrombosis.

With regard to the PICA itself, ideally, a perforator-free segment in the tonsillo-
medullary segment should be selected for anastomosis. If there are small micro- 
perforating arteries from the backside of the PICA’s arteriotomy site, they must be 
temporarily clipped and completely preserved.
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Fig. 30.1 Artist rendering of different PICA revascularization scenarios and options. (a) Side to 
side bypass and proximal trapping of a dysplastic PICA aneurysm. (b) Side to side bypass and 
proximal coiling of a dysplastic PICA aneurysm. (c) End to end anastomoses and resection of the 
aneurysmal segment considering that no critical perforator is involved in the aneurysm segment. 
(d) VA-PICA bypass using a jump radial artery graft and trapping of the aneurysm considering 
there is no perforator involved in the aneurysmal segment. (e) OA-PICA bypass and proximal clip-
ping of the aneurysm due to perforators involved directly in the aneurysm segment
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30.2.2  Occipital Artery

The OA originates from the posterior aspect of the external carotid artery. It travels 
along the medial surface of the digastric muscle. Under the mastoid groove, the OA 
turns posteromedially. Near the external occipital protuberance, the OA turns 
upwards and terminates in one or two main terminal trunks. The OA, distal to the 
posterior belly of the digastric muscle, may be divided into three segments: intra-
muscular, transitional, and subcutaneous. The intramuscular segment of the OA, 
from the digastric groove to the superior edge of splenius capitis muscle (SPC), runs 
in a single fatty connective tissue layer between the SPC and the semispinalis capitis 
muscle (SSC). The transitional segment of the OA, from the superior edge of the 
SPC to the superior nuchal line (SNL), travels superficially through the tendon of 
the sternocleidomastoid (SCM) muscle and the galea aponeurotica. This segment 
crosses multiple vertically superimposed tissue layers. The subcutaneous segment 
is located above the SNL and superficial to the galea aponeurotica.

30.2.3  Description of the Technique

We place the patient in prone position in a Sugita head frame. Flexion of the head 
without airway compromise is mandatory. The pinning of the calvarium should be 
carefully assessed to allow creation of the hockey stick incision without any limita-
tions. We use the handheld Doppler to mark the course of the OA. A hockey stick 
incision is then utilized.

We use the microscope to perform the donor vessel dissection after initial super-
ficial incision is performed. The subcutaneous segment of the OA is dissected from 
an epigaleal layer, the transitional segment is dissected from multiple muscle layers, 
and the intramuscular segment is further harvested down to the mastoid groove. We 
leave a peri-adventitial cuff along the OA in order to avoid spasm of the vessel. A 
large muscular branch of the OA is often encountered proximally and should be 
coagulated and sectioned. This vessel can be anticipated from the preoperative 
angiogram and must not be confused with the main trunk itself. The OA should be 
dissected proximally until its entrance into the muscular bed at the mastoid groove. 
Although Atez et  al. found a 58  mm mean length of OA to be suitable for an 
OA-PICA bypass on a cadaveric study; we recommend a total length of 10–12 cm 
to be dissected to reach to the site of anastomosis so as to avoid any tension in the 
region of the anastomotic sutures. At this point, we leave the dissected OA in situ 
and perform the craniotomy and preparation of the recipient artery.

An oval suboccipital craniotomy (4 × 3 cm, with exposure of the foramen mag-
num) or a far lateral approach that includes drilling of 20% of the medial occipital 
condyle (in cases where control over the proximal PICA or over the vertebral artery 
is deemed necessary) is performed, proceeded by a C1 laminectomy. Under micro-
scopic vision, the dura is then opened over the foramen magnum in a linear fashion 
and subsequently this opening is curved laterally and superiorly towards the cere-
bellar hemisphere. The PICA’s caudal loop and its more proximal segments (ante-
rior and lateral medullary segment) are then exposed (Fig. 30.2). The arachnoid of 
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Fig. 30.2 PICA side to side bypass: (a) A ruptured dissecting first segment PICA aneurysm not 
amenable to a direct constructive treatment approach. (b) Exposure of bilateral PICA through a 
midline suboccipital craniotomy. Notice the location and similar size and extension of the arteri-
otomy lines. (c–e) Drawings showing the key portion of the side to side bypass. The first knot 
bringing the two distal ends together. The suture is passed behind the vessel to keep the knot out-
side the lumen, and then running sutures on the deep anastomoses layer are performed (out-in, 
in-out as it is shown). At the proximal end of the deep layer bypass, the suture configuration should 
be “in-out” and a knot is made outside the lumen. Then, the superficial layer of the bypass is done 
in a running fashion as described in the technique. (f) Completion of the PICA-PICA side to side 
bypass. (g) Postoperative angiogram confirming patency of the bypass (arrow)

a b

c
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the tonsillomedullary fissure is incised and the cerebellar tonsil is gently retracted to 
expose the anastomosis site.

The suitable site for OA-PICA anastomosis (the middle of the caudal PICA loop) 
is marked with blue ink and a rubber background is placed. The baseline PICA flow 
is measured with a flow probe. We turn back to the OA, and the length from its 
proximal dissected segment to the anastomosis site is measured and compared to its 
maximal dissected length. An oblique cut in the distal OA is performed at the appro-
priate level and the flow is evaluated and compared to the PICA flow. The OA is 
prepared and cleaned of adventitia for the last 2 cm, and the end is then prepared in 
a “fish mouth” fashion. The vessel is flushed with heparinized saline and a tempo-
rary clip is applied to its proximal segment. One 5 mm mini-clip is used for proxi-
mal clipping of the PICA and one 3 mm straight or slightly curved clip is used for 
distal PICA. 3000 iu of heparin is then administered to the patient. We use the back- 
cutting knife (Apex Inc.) for the arteriotomy. The vessel is then irrigated with hepa-
rinized saline. The size of the arteriotomy is about 2.5–3 times the diameter of larger 
vessel (donor or recipient).

A 9-0 Ethilon nylon monofilament needle (V75-3) is suitable for the perfor-
mance of this anastomosis. We first perform the two knots at the two lateral apices 
of the anastomosis in an outside-inside, inside-outside fashion. We then proceed 
to the placement of interrupted stitches at 12 and 6 o’clock. Then, the front side 
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Fig. 30.2 (continued)
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anastomosis, which is technically less challenging, is completed with interrupted 
sutures (generally two interrupted stitches between previously placed knots, start-
ing with the periapical stitch on each side). Once the front wall is sewn, then the 
back wall is closed in the same interrupted fashion on either sides of the 12 o’clock 
stitch. Doing the easier front side first makes the more difficult backside suturing 
easier to perform. The lumen is irrigated with heparinized saline before the final 
stitch is tied. We first remove the temporary clip from the distal PICA, followed 
by the release of the temporary clip from the proximal PICA. The temporary clip 
is then removed from the OA. If any bleeding at the anastomotic site occurs, it will 
generally stop with the application of warm saline irrigation and gelfoam. In cases 
of a high flow opening in the anastomosis, an additional suture is added. In order 
to evaluate the patency and flow through the bypass, we utilize the microdoppler, 
the flow probe, and ICG videoangiography (Figs. 30.3, 30.4, and 30.5).

Fig. 30.3 PICA end to end bypass: (a) Dysplastic fusiform second segment ruptured PICA aneu-
rysm initially treated by endovascular coiling. (b–d) The aneurysm regrew/recurred with rebleed 
after coiling. Surgical exposure at the foramen magnum showing the resection of the aneurysmal 
segment (note the extracranial origin of PICA, and absence of perforators involved in the aneurysm 
segment). The aneurysm segment resected and end to end bypass performed. (e) Patency con-
firmed with intraoperative ICG videoangiography

a
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Fig. 30.3 (continued)

Fig. 30.4 OA-PICA bypass: (a, b) a ruptured fusiform third segment PICA aneurysm identified 
on cerebral angiogram. (c) Surface identification of occipital artery. (d–h) Dissection of occipital 
artery, exposure of the caudal loop (tonsillomedullary segment of the PICA), arteriotomy, and end 
to side bypass from OA to PICA. Finally trapping and resection of the dissecting aneurysm (arrow) 
as there is no involved critical brainstem perforators in the aneurysmal segment
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The closure is performed similar to a standard closure of a suboccipital craniot-
omy and great attention is directed at the OA at its entrance into the dura. Because 
of the inherent non-watertight dural closure that is necessary to keep the bypass 
under zero tension, the muscle and subcutaneous closure should be performed very 
cautiously to decrease the risk of postoperative CSF leak.

A postoperative CTA or angiogram is performed to confirm patency of the 
bypass. Patients receive aspirin 325  mg once daily after surgery for at least 
1 year.

g
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h

Fig. 30.4 (continued)

a b

Fig. 30.5 (a) Exposure of extracranial V3 segment of the vertebral artery for VA-PICA bypass 
(arrow). (b) Transcondylar approach by drilling about 20% of the medial condyle and transposition 
of the vertebral artery
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30.3  Vertebral Artery-PICA

30.3.1  Vertebral Artery Anatomy

The vertebral artery is the first and largest artery off the subclavian artery. The artery 
usually transverse through the transverse processes of the upper six cervical verte-
brae, then it passes posterior and around the lateral mass of the occipital condyle 
and penetrates the dura at the level of the foramen magnum lateral and anterior to 
the medulla. The vertebral artery then joins the contralateral vertebral artery to form 
the basilar artery.

The extracranial part of the vertebral artery is divided into three segments. V1 is 
the first segment from the subclavian up to the level of C6 transverse process. The 
takeoff of the artery is usually from the cranial and posterior segment of the subcla-
vian artery. This segment is situated posterior to the jugular vein and just anterior to 
the transverse process of the C7 vertebra. The second (V2) segment ascends through 
the transverse foramina of the upper six vertebrae. This segments deviates laterally 
at the level of C2 to reach a more lateral location of the C1 transverse foramina.

The third (V3) segment extends from the transverse foramen of C1 up to where 
it passes through the dura matter at the level of the foramen magnum. This segment 
is divided into three portions: vertical portion through the foramina of C1, horizon-
tal segment course in the groove of the superior portion of the posterior arch of C1, 
and an oblique portion that transverse through the dura. This last segment passes 
medially and behind the lateral mass of the C1 and the atlanto-occipital joint.

The intradural segment (V4) begins at the lateral dual foramina, and this thick 
dura creates a funnel of dural sleeve where the artery crosses intradurally. The 
artery then ascends from lower lateral to upper anterior surface of the medulla, and 
it then crosses the pyramids to join the contralateral vertebral artery to form the 
basilar artery.

30.3.2  Description of the Technique

The patient is positioned in park bench with the contralateral side down, head fixed 
in the Sugita holder, 40° towards the floor in slight flexion. The right arm was 
prepped for the harvest of a brachiocephalic vein or radial artery. A retromastoid 
incision is performed two fingerbreadths behind the mastoid process and extended 
medially towards the midline. We usually perform a C1 laminectomy all the way to 
the lateral mass of C1. We identify the vertebral artery and its venous plexus which 
was microsurgically dissected, packed, and separated. The V3 segment is isolated 
for a length of about 2–3 cm and taken out from the C1 groove to have a comfortable 
position for trapping. A retrosigmoid craniotomy is performed inclusive of opening 
of the foramen magnum with identification of the sigmoid sinus and its connection 
to the jugular bulb laterally. We drilled at the level of the condyle, and then bring the 
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microscope in, and further drilled the condyle (about 10–20%) to have a full far 
lateral approach. Mastoid cells are identified and sealed with bone wax at this point.

The dura is opened in a linear fashion from the cisterna magna. Microsurgical 
tack-up sutures are added in the periphery of the dura, and microsurgical dissection 
under high magnification was performed to identify the vertebral artery intracrani-
ally, origin of PICA, and the distal PICA. Identification of small perforators incor-
porated feeding the posterior part of the spinal cord is crucial.

We identify the distal PICA the area for appropriate anastomosis, which is then 
microsurgically separated, and prepared. We then return to the V3 segment of the 
vertebral artery extracranially, which was microsurgically transposed and dissected 
away to be ready for trapping and bypass.

We choose approximately a 5 cm length of graft vessel (radial artery or brachio-
cephalic vein) with the correct orientation, and we perform initially the distal anas-
tomosis by temporarily trapping the distal PICA. An arteriotomy is performed with 
a back-cutting knife under high magnification, and the bypass is performed with 
interrupted sutures, starting the toe and the heel of the anastomosis and then periapi-
cal sutures and other sutures are added as needed. Alternative to periapical sutures 
would be do the 12 and 6 o’clock sutures after the first two anchoring stitches, and 
leave the periapical and paramedian knots for last.

We then performed a back flow to the graft which shows good flow, and a clip is 
positioned just above the distal anastomosis. When good flow to the PICA with no 
oozing from the bypass is demonstrated, we proceed with a proximal anastomosis 
by performing a trapping of the vertebral artery, and an arteriotomy of appropriate 
size. We perform a suture to the vertebral artery with an 8.0 monofilament at the toe 
and the heel of the anastomosis and then continue with either a running suture (pref-
erable due to larger vessel size) or interrupted sutures on either side to finalize the 
bypass on this artery.

Then, we release the clips over the vertebral artery, first distally and then proxi-
mally and then removed the clip from the bypass. Verification of flow is performed 
with microdoppler, video ICG, or intraoperative cerebral angiogram.

30.3.3  Vertebral Artery Sacrifice and Jump Graft

There are rare situations where the vertebral artery is involved by a tumor and the 
resection of the tumor involves sacrifice or embolization of the vertebral artery. If 
the vertebral artery is dominant, or there is evidence based on a test occlusion or 
quantitative flow studies (e.g., NOVA MRA) that sacrifice as such will incur dis-
turbed flow to the posterior circulation, a jump graft replacement of vertebral artery 
is performed. We have performed this procedure in a chordoma patient in whom a 
saphenous vain graft was used to reconstruct a new vertebral artery from C5 (V2 
segment) to V3 segment, before a second stage removal of the tumor and resection 
of the involved vertebral artery.
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30.4  Summary

PICA revascularization remains an important option in the armamentarium of cere-
brovascular surgeons. The versatility of this vessel and the variety of bypass options 
in this limited region of the foramen magnum make the indications, choice of bypass 
options, rescue strategies, and technical details crucial to achieve a good surgical 
result and clinical outcome.
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Abbreviations

CSF Cerebrospinal fluid
DVA Developmental venous anomaly
EEG Electroencephalography
MRI Magnetic resonance imaging
PICA Posterior inferior cerebellar artery
SSEP Somatosensory evoked potential

31.1  Introduction

Cavernous malformations located at the cervicomedullary junction represent a chal-
lenging surgical problem. A cavernous malformation can be conceptualized as a benign 
vascular “tumor” made up of thinly veiled endothelial channels. Repetitive microhem-
orrhages may lead to growth of the cavernous malformation and a slowly worsening 
mass effect. Larger hemorrhages may also occur, leading to rapid expansion of the 
lesion and sudden neurological decline. The symptom complex caused by a particular 
cavernous malformation is dictated primarily by its location within the nervous system. 
Lesions involving the cervicomedullary junction have a tendency to cause dysfunction 
of the lower cranial nerve nuclei or long tracts traversing this region.
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Counseling and treating patients with cavernous malformations of the cervicome-
dullary junction requires the surgeon to understand numerous factors. These include (1) 
the natural history of cavernous malformations and risks of treatments; (2) indications 
for treatment; (3) local neurovascular anatomy, including safe entry points to the brain-
stem; (4) bony anatomy and skull base approaches to the cranio- vertebral junction; and 
(5) microsurgical techniques unique to the resection of cavernous malformations.

A dense bundle of long tracts and nuclei is contained within the medulla and 
upper cervical spinal cord, complicating surgical excision of lesions in this location. 
This region is a transitional zone between the brainstem and spinal cord, and it 
therefore requires a combination of principles and approaches used for both cranial 
and spinal pathologies. A thorough understanding of regional bone, vascular, and 
neural anatomy is mandatory for the microsurgical treatment of any lesion involving 
the cervicomedullary junction. To make an adequate assessment of the risks and 
benefits of treatment versus conservative management and to counsel the patient, 
the neurosurgeon must review and weigh the natural history of cavernous malfor-
mations in the location particular to each case.

31.2  Natural History and Indications

In familial studies, rupture rates of cavernous malformations have been estimated at 
0.6–2% per lesion per year (including asymptomatic hemorrhage). In sporadic 
cases, rupture rates have been estimated to be 0.7–3.1% per year, with re- hemorrhage 
rates as high as 22.9%. Brainstem cavernous malformations may have a re- 
hemorrhage rate as high as 35% per year (4.6% per patient-year preoperatively), but 
this number may be biased by referral center populations that are more likely to see 
progressive lesions with repetitive hemorrhages [1].

The surgical treatment of cavernous malformations of the brainstem and upper 
cervical spinal cord is typically reserved to patients who are symptomatic, who have 
a history of hemorrhage, or who have a lesion that presents to an ependymal surface. 
Asymptomatic lesions and lesions that would require navigation through significant 
neural tissue for resection of the lesion are typically recommended for conservative 
management. Clinical or radiographic evidence of prior hemorrhage is considered 
an indication for treatment if the lesion is thought to be surgically accessible. Some 
neurosurgeons argue that a history of recurrent hemorrhage should be required 
before offering surgical resection of brainstem cavernous malformations. Repetitive 
hemorrhage of brainstem cavernous malformations tends to produce a pattern of 
step-wise neurological decline. In our experience, patients with good functional 
status and minimal deficits tend to tolerate surgical resection better than those with 
more severe deficits. Therefore, we tend to recommend intervention at the first 
symptomatic hemorrhage rather than waiting for a second neurological decline [2, 
3]. Certainly, any decision to offer treatment must consider individual patient fac-
tors that might increase the risk of surgical intervention and factors such as age and 
medical comorbidities. Current medical evidence indicates that microsurgical resec-
tion is the preferred treatment for cavernous malformations because stereotactic 
radiosurgery does not appear to be effective [4, 5].
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31.3  Anatomy

The cranio-vertebral junction presents a conceptual challenge because treatment of 
this region requires an analysis of both cranial and spinal anatomy at their transition 
point. The bony confines of the cranio-vertebral junction are created by the clivus, 
anterior C1 arch, and odontoid process anteriorly. Posterolaterally, the occipital 
condyles, occipital bone, and cervical lamina guard the posterior fossa and spinal 
canal (Fig. 31.1). The paired vertebral arteries course through the C1 vertebral fora-
men and turn posteromedially in the sulcus arteriosus before piercing the dura 
(Fig. 31.2). Intracranially, the vertebral arteries give rise to the posterior inferior 
cerebellar arteries (PICA) and give rise to the anterior spinal artery just proximal to 
the vertebrobasilar junction. The anterior spinal artery runs in the midline of the 
ventral spinal cord. The paired posterior spinal arteries run along the dorsal aspect 
of the cervical cord and receive blood supply primarily from radicular branches 
arising from the vertebral arteries (Figs. 31.3 and 31.4) [6].

Fig. 31.1 Illustration 
demonstrates the bony 
anatomy of the cranio- 
vertebral junction. (Used 
with permission from 
Barrow Neurological 
Institute, Phoenix, Arizona)

Fig. 31.2 The vertebral 
artery courses through the 
vertebral foramina of C1 
and C2, the sulcus 
arteriosus, and finally 
pierces the dura to run 
intracranially. (Used with 
permission from Barrow 
Neurological Institute, 
Phoenix, Arizona)
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Fig. 31.3 Illustration of the ventral brainstem shows the relevant vascular and neural structures, 
including the origin of the anterior spinal artery proximal to the vertebrobasilar junction. (Used 
with permission from Barrow Neurological Institute, Phoenix, Arizona)
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Fig. 31.4 Illustration depicts an axial section through the upper cervical spinal cord, showing the 
vascular arcades originating from the anterior and posterior spinal arteries. (Used with permission 
from Barrow Neurological Institute, Phoenix, Arizona)
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Ideally, the lesion will present to an ependymal surface, which can serve as the 
entry point to the brainstem or spinal cord. If neural tissue must be traversed, safe 
entry zones to the brainstem should be used (Fig. 31.5). Those relevant to the cranio- 
vertebral junction include the peritrigeminal and lateral pontine safe entry zones, 
the anterolateral and posterior median medullary sulci, the olivary safe entry zone, 
and the lateral medullary safe entry zone. The peritrigeminal safe entry zone in the 
anterolateral pons, just anterior to the trigeminal nerve root safe entry zone (lateral 
to the corticospinal tract and anterior to trigeminal nerve nuclei), is an option for 
anterolaterally situated pontine lesions. The lateral pontine safe entry zone, which is 
located at the junction of the pons and middle cerebellar peduncle between cranial 
nerve V (trigeminal nerve) and the cranial nerve VII–VIII (facial and vestibuloco-
chlear nerves) complex entry/exit zones, is the primary safe entry point for lesions 
of the pons and middle cerebellar peduncle. The anterolateral medullary sulcus lies 
lateral to the pyramid between the hypoglossal and C1 rootlets and can be used as 
an entry point for lesions in the ventral caudal medulla. The posterior median sulcus 
can be used below the obex to approach dorsal midline lesions in a fashion similar 
to the midline myelotomy approach used for spinal lesions. The olivary safe entry 
zone can be used for lesions in the anterolateral medulla up to an estimated depth of 
approximately 5 mm. The lateral medullary safe entry zone can be used to access 
the dorsolateral medulla. An incision is made in the inferior cerebellar peduncle via 
the foramen of Luschka just posterior to the origins of cranial nerves IX and X (spi-
nal accessory and vagus nerves) [7].

Fig. 31.5 Safe entry zones to the brainstem. (Used with permission from Barrow Neurological 
Institute, Phoenix, Arizona)
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Fig. 31.6 The two-point 
method drives the choice 
of surgical approach 
between the suboccipital 
approach and the far-lateral 
approach in this example. 
(Used with permission 
from Barrow Neurological 
Institute, Phoenix, Arizona)

Although the safe entry zones to the brainstem can be used when necessary, there 
is no place in the brainstem where neural tissue can be traversed without risk. 
Ideally, lesions will present to an ependymal surface such that disruption of neural 
tissue can be minimized. The two-point method is used to select the optimal surgical 
approach to a particular lesion (Fig. 31.6) [8]. The lesion is identified on MRI in the 
axial, sagittal, and coronal planes. Two points are then placed: the first is marked at 
the center of the lesion, and the second is marked where the lesion is nearest to the 
ependymal surface. A line is then drawn from the center of the lesion through the 
point at the surface of the lesion, which dictates the direction of the surgical 
approach. A skull base approach is then selected that allows for the approach trajec-
tory prescribed by the two-point method [8].

31.4  Surgical Approaches

At our institution, we approach the vast majority of lesions of the cranio-vertebral 
junction through the retrosigmoid, far-lateral suboccipital, and midline suboccipital 
approaches. The high anterior cervical and transclival approaches also are reason-
able options to access this region. A technical description of each approach is 
beyond the scope of this chapter. Instead, we will discuss the view afforded by each 
approach and suitable approaches for each lesion location.
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With the retrosigmoid approach, a craniotomy in the region of the transverse- 
sigmoid junction gives wide access to the cerebellopontine angle cistern, views of 
cranial nerves V–XI (trigeminal, abducens, facial, vestibulocochlear, glossopharyn-
geal, vagus, and spinal accessory nerves), and access to the root entry/exit zones of 
cranial nerves V and VII (trigeminal and facial nerves). The choroid plexus and 
flocculus of the cerebellum mark the location of the foramen of Luschka, which can 
also be accessed via the retrosigmoid approach (Fig. 31.7). We routinely skeletonize 
the sigmoid sinus so that the sinus can be retracted laterally to facilitate maximal 
exposure. Skeletonizing the sigmoid sinus maximizes a flat approach along the 
petrous bone and minimizes brain retraction, which allows the neurosurgeon an 
enhanced lateral view of the brainstem. The use of fixed retractors is rarely neces-
sary for visualization; instead, dynamic retraction using the suction cannula and 
bipolar forceps is almost always sufficient. The retrosigmoid approach is suitable 
for lesions in the lateral or anterior pons and for lesions presenting to the lateral 
surface of the middle cerebellar peduncle. Lesions occurring at the pontomedullary 
junction are also often treated via a retrosigmoid approach. Ventral pontomedullary 
lesions that are centered in the pons are accessed through a retrosigmoid approach, 

Fig. 31.7 Different exposures are afforded by the retrosigmoid approach (blue) and the far-lateral 
(purple) approach. (Used with permission from Barrow Neurological Institute, Phoenix, Arizona)
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whereas pontomedullary lesions that occur mostly in the medulla are approached 
via a far-lateral craniotomy. Lesions with significant extension into the midbrain are 
not suitable for the retrosigmoid approach [9].

The far-lateral approach is performed via a lateral suboccipital craniotomy down 
to the level of the foramen magnum. The posterior portion of the occipital condyle 
is drilled to flatten the approach and to maximize lateral retraction of the dura. A C1 
hemilaminectomy is usually performed to widen the opening of the dura and 
improve the surgical view. Several variations of the far-lateral approach have been 
described, including the transcondylar, supracondylar, and paracondylar extensions, 
which highlight the versatility of this approach for both intra- and extra-axial lesions 
occurring at the level of the foramen magnum. The far-lateral craniotomy provides 
access to the ipsilateral vertebral artery, PICA origin, jugular foramen, cranial 
nerves IX–XII (glossopharyngeal, vagus, spinal accessory, and hypoglossal nerves), 
and the lateral medulla (Fig. 31.7) [6]. The far-lateral approach is useful for ventral 
lesions situated at the pontomedullary junction that are centered in the medulla, 
whereas a retrosigmoid approach is more suitable for those centered in the pons. A 
far-lateral approach is useful for lesions located in the medulla or at the cervicome-
dullary junction that present to the ventral or lateral ependymal surface [2, 7].

The midline suboccipital approach, which is used for lesions presenting to the 
dorsolateral or dorsal surface of the brainstem, consists of a midline suboccipital 
craniotomy, including the foramen magnum, and a C1 laminectomy (Fig. 31.8). The 
cerebellar tonsils, the distal PICA, and the dorsal cervical cord can be visualized 
after the dura has been opened. The cerebellar tonsil can be gently elevated to 
expose the dorsolateral medulla. The arachnoid membrane between the vermis and 

Fig. 31.8 Illustration 
demonstrates the exposure 
afforded by the midline 
suboccipital approach. 
(Used with permission 
from Barrow Neurological 
Institute, Phoenix, Arizona)
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cerebellar hemisphere can be split to gain access to the fourth ventricle. This open-
ing can be carried rostrally through the thin veil of the arachnoid membrane con-
necting the flocculus to the uvula (the telovelar approach) (Figs. 31.6, 31.9, and 
31.10). This corridor provides access to the foramen of Luschka and lateral recess 
of the fourth ventricle, and it is useful for cavernous malformations presenting to the 
medial surface of the middle cerebellar peduncle. Lesions presenting to the floor of 
the fourth ventricle can be approached through the midline suboccipital approach 
(Fig. 31.11) [10].

The high anterior cervical approach exploits the retropharyngeal space to access 
the C1-3 region for decompression of the ventral spinal canal or access to intradural 
pathology at these levels. This approach is associated with significant dysphagia 
and often requires prolonged postoperative intubation, and it is therefore not favored 
in our practice [11]. An endoscopic transclival approach provides a direct route to 

Fig. 31.9 In the telovelar approach, the tela and inferior medullary velum are divided. (Used with 
permission from Barrow Neurological Institute, Phoenix, Arizona)
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Fig. 31.10 Lesion location has an impact on the choice between a midline suboccipital approach 
and a telovelar approach. (Used with permission from Barrow Neurological Institute, Phoenix, 
Arizona)

Fig. 31.11 Axial 
T1-weighted post-contrast 
magnetic resonance image 
shows a cavernous 
malformation situated in 
the midline of the fourth 
ventricle. (Used with 
permission from Barrow 
Neurological Institute, 
Phoenix, Arizona)
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ventral pathology with excellent visualization. The midline transclival approach 
obviates the need to cross cranial nerves to access ventrally situated lesions [12]. 
Cerebrospinal fluid (CSF) leakage can be a troublesome complication of the tran-
sclival approach, but the rates of CSF leakage have improved for expanded endo-
scopic skull base approaches with the advent and widespread use of vascularized 
flaps [13]. Although the techniques employed using the endoscope are fundamen-
tally microsurgical techniques, we believe that superior surgical fidelity can be 
achieved using the binocular vision of the operating microscope. Therefore, we 
favor a far-lateral suboccipital craniotomy for ventrally situated lesions at the 
cranio- vertebral junction.

31.5  Technique

The resection of cavernous malformations of the brainstem and spinal cord is tech-
nically similar to the resection of cavernous malformations located in non-eloquent 
sites in the brain, but it can be complicated by a sometimes deep and narrow expo-
sure. Advances in microsurgical instrumentation, navigation, and our understanding 
of cavernous malformations have contributed to safer microsurgery for these lesions. 
Some of the considerations for the resection of cavernous malformations are out-
lined in the following sections.

31.5.1  Developmental Venous Anomaly

Cavernous malformations are often associated with a developmental venous anom-
aly (DVA). The DVA represents a confluence of veins that can have a candelabra or 
“caput medusae” appearance on angiography. The DVA provides venous drainage 
to healthy tissue and is therefore important to recognize and preserve. Inadvertent 
ligation of the DVA during resection of a cavernous malformation can potentially 
lead to venous infarction of the tissue drained by the DVA. The consistent relation-
ship between cavernous malformations and DVAs has led some authors to postulate 
that these lesions represent entities along a disease spectrum rather than separate 
distinct processes. A DVA in the absence of an associated cavernous malformation 
does not pose a risk of spontaneous intracerebral hemorrhage [14].

31.5.2  Navigation

The use of frameless stereotactic navigation has become our standard practice in the 
treatment of brainstem cavernous malformations. Navigation allows for increased 
accuracy in planning the craniotomy and minimizing the skin incision length and 
the size of the bony opening. More importantly, the use of navigation that is co- 
registered with the operating microscope allows the surgeon to enter the paren-
chyma precisely where the lesion comes closest to the ependymal surface and to 
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approach the lesion along an ideal trajectory. An entry point to the lesion can be 
preselected on the workstation using the preoperative imaging feature of the micro-
scope. This feature allows the microscope to move into position automatically, 
aligning the surgeon’s line of site along the desired trajectory that was planned 
preoperatively (Stealth Medtronic Sofamor Danek, Zeiss Pentero). The ideal entry 
point can typically be confirmed visually by yellow hemosiderin staining on the 
brainstem surface. Information provided by the image guidance system is comple-
mentary to the surgeon’s firm understanding of regional 3-dimensional anatomy, for 
which there is no substitute.

31.5.3  Neurophysiological Monitoring

Intraoperative neurophysiological monitoring is another tool that can potentially 
increase the safety of surgery. The modalities used for a particular patient are largely 
dictated by the location of the lesion and patient-specific concerns regarding possi-
ble at-risk structures. Somatosensory evoked potentials (SSEPs) and electroenceph-
alography (EEG) are monitored in every patient, regardless of lesion location. 
Changes in SSEPs can alert the operating room staff to peripheral nerve compres-
sion related to positioning (e.g., ulnar nerve compression and brachial plexus 
stretch) and may detect spinal cord compression related to manipulation of the neck 
during positioning. Early detection of SSEP changes allows for re-positioning of the 
patient and theoretical avoidance of a positioning-related neurological deficit. 
Changes in SSEP amplitude may also alert the surgeon to dorsal column dysfunc-
tion related to manipulation of the long tracts. The role of EEG is primarily to esti-
mate the depth of anesthesia in these patients. It is our practice to induce EEG burst 
suppression to promote brain relaxation.

31.5.4  Microsurgical Instruments

The efficiency and safety of microsurgical resection of cavernous malformations 
have been enhanced through the development of specialized microsurgical instru-
ments. Specialized micro bayonet forceps with teeth are invaluable during cavern-
ous malformation resection (Figs. 31.12 and 31.13). These specialized forceps can 
be used to grasp the lesion and apply traction while gentle countertraction is applied 
to the adjacent tissue using the suction cannula in a sweeping motion. Spreading 
and dissecting with the bipolar forceps or micro bayonet forceps can further develop 
the dissection plane.

The deep and sometimes narrow exposure necessary to approach brainstem 
lesions can sometimes limit the illumination afforded by the operating microscope. 
Lighted instruments have been developed to eliminate these situations. Lighted suc-
tion cannulas and bipolar forceps are available that deliver light to the surgical bed, 
enhancing visualization in the deep aspect of the exposure (Figs. 31.14 and 31.15). 
The lighted suction cannula is used routinely because it tends to stay in the surgical 
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field in the neurosurgeon’s non-dominant hand throughout the resection while the 
bipolar forceps tend to be interchanged with other microsurgical instruments (dis-
sectors, scissors, or bayonet forceps) in the dominant hand.

31.6  Conclusions

Treatment of cavernous malformations of the cranio-vertebral junction represents 
an exciting surgical challenge. Implementation of skull base techniques, microsur-
gery, navigation, neuromonitoring, and specialized microsurgical instruments have 
made microsurgical resection of these lesions safer now than in the past. 
Microsurgical resection remains the mainstay of therapy for symptomatic 
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Fig. 31.12 Micro bayonet 
forceps with teeth facilitate 
resection of cavernous 
malformations. (Used with 
permission from Barrow 
Neurological Institute, 
Phoenix, Arizona)
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Fig. 31.13 Close-up photograph shows the teeth on the specialized micro bayonet forceps used 
for resection of cavernous malformations. (Used with permission from Barrow Neurological 
Institute, Phoenix, Arizona)

 ©
 2017 Barrow   

Fig. 31.14 A lighted 
suction cannula aids the 
resection of cavernous 
malformations. (Used with 
permission from Barrow 
Neurological Institute, 
Phoenix, Arizona)

 © 2017 Barrow   

Fig. 31.15 Lighted 
bipolar forceps are 
typically used in resecting 
cavernous malformations. 
(Used with permission 
from Barrow Neurological 
Institute, Phoenix, Arizona)
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cavernous malformations. Despite technological advances, the surgeon’s knowl-
edge of local 3-dimensional anatomy remains the most valuable tool in the surgical 
armamentarium.
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32Management of Chiari Malformation

Giannantonio Spena and Marco Maria Fontanella

Abbreviations

BI Basilar invagination
CMI Chiari malformation type I
CSF Cerebro-spinal fluid
GH Growth hormone
IH Intracranial hypotension
IIH Idiopathic intracranial hypertension
MRI Magnetic resonance imaging
Sym Syringomyelia

32.1  Introduction

For CMI is commonly intended the type I of a class of four different malformative 
diseases which involve the rhombencephalon. The type I, II, and III present differ-
ent degrees of the cerebellum, tonsils, and brainstem downward dislocation as well 
as other intracranial and spinal anomalies (hydrocephalus, corpus callosum agene-
sis, myelomeningocele). Type IV consists in severe agenesis of the cerebellum [1]. 
Further description of these entities is beyond the scope of this chapter. We will 
focus on CM type I, the most frequent type which is estimated to affect approxi-
mately 1 out of 1500 patients.
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32.2  Pathophysiology

The most used definition for CMI is a descent of the cerebellar tonsils into the cervi-
cal canal due to a volumetric disproportion between the posterior fossa and cerebel-
lar volumes. This definition takes into account just one mechanism of cerebellar 
tonsils descent, that of an embryological defect. In clinical routine, CMI is used as 
a synonym of cerebellar tonsils dislocation. However, mechanisms creating a sag-
ging of the tonsils through the foramen magnum are varied and different, which are 
both congenital and acquired. Hence, the first concept to keep in mind is that cere-
bellar tonsils downward displacement is very often a radiological finding which 
does not define a pathophysiologic mechanism. All the efforts must be done to com-
prehend pathophysiology, since this is the basilar condition to give a patient the best 
chance to manage his or her pathology. Besides, when Hans Chiari first observed 
the protrusion of tonsils in cadaveric specimens, he understood that in one case 
tonsils were pushed out of the skull following an increase of intracranial pressure 
due to hydrocephalus; the other specimen presented instead an anomaly of the 
development of the posterior skull which reduced the volume of the posterior fossa 
forcing the tonsils beyond the foramen magnum [2].

Grossly, we can recognize some basilar mechanisms underlying the tonsils pro-
trusion. In some cases, there is a state of increasing intracranial pressure which 
pushes posterior fossa content to slide through the foramen magnum; in other 
patients, a mismatch between content and container can be recognized, forcing the 
tonsils out of the cranium; in other words, a block at the level of the foramen mag-
num impedes the normal CSF flow from cranium to the spinal arachnoid space; 
also, rarely can a tethered cord pull the rhombencephalon from below; still, if a 
pressure gradient between the intracranial and spinal compartment takes place, ton-
sils can migrate because of a lack of sustainability from below. In this light, the 
modern conception of CMI comprehends several different mechanisms correlated 
to the tonsillar descent [3]. To complicate the matter, in some cases these mecha-
nisms can gather, which makes diagnosis and treatment particularly intricate.

In more than one-third of cases, CMI is associated with syringomyelia (Sym), a 
cystic dilation of the spinal cord which can lead to debilitating myelopathy. It has 
been demonstrated that the obstruction of the cerebrospinal fluid flow at the level of 
the foramen magnum caused by the low-lying tonsils generates a pulsatile wave onto 
the spinal cord which favors the penetration of CSF from the subarachnoid space into 
the cord through the perivascular spaces of Virchow [4–6]. The understanding of the 
relationship between CMI and Sym has deeply changed the treatment’s paradigms 
since the surgical resolution of CMI can very often cure Sym too (Fig. 32.1).

32.2.1  Intracranial Hypertension

All the conditions creating an increase in intracranial pressure can provoke tonsillar 
descent. Due to the shape of the posterior fossa which resembles that of a funnel, a 
constant pressure from above pushes the lower part of the rhombencephalon to slide 
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through the foramen magnum. This is typically found in the case of hydrocephalus 
or following the presence of tumor masses in both supra- and infratentorial spaces 
(Fig. 32.2) [7, 8]. Diagnostic and therapeutic implications are very relevant, particu-
larly for hydrocephalus. It must be kept in mind that CMI is frequently associated 
with CSF circulation disturbances and in approximately 10% of patients, a clear 

a b c

Fig. 32.1 (a) Preoperative MRI of a young lady with typical CMI associated with Sym. Note the 
presence of ventricular dilation. The patient did not complaint any symptoms related to intracranial 
hypertension but rather a left sided sensory syndrome and severe imbalance. (b) Coronal cut MRI 
demonstrating the left sided large Sym. (c) Osteo-dural decompression of the posterior fossa per-
mitted to create a new cisternal magna and reduce the Sym volume. The patient returned to a fully 
active life in about 4 months. After 7 years, she still complaints dysesthesia at the left limbs

ba

Fig. 32.2 (a) Preoperative MRI showing voluminous arachnoidal cyst of the posterior fossa pro-
voking compression of the cerebellum and brainstem with subsequent tonsillar ectopia. Note the 
supratentorial hydrocephalus. Patients underwent posterior fossa decompression with cyst’s fenes-
tration and endoscopic third ventriculostomy. (b) 8 months later MRI demonstrated the disappear-
ance of the cyst with re-expansion of the structures of the posterior fossa and resolution of the 
hydrocephalus
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hydrocephalus is also diagnosed. It is hence basilar to ascertain the causative role of 
CMI in generating hydrocephalus or, conversely, in being an effect of hydrocepha-
lus. This distinction strongly influences surgical treatment which, in the latter case, 
should first be directed at correcting hydrocephalus through ventriculoperitoneal 
shunt or an endoscopic third ventriculostomy.

A CSF circulation impairment can be also found in the case of idiopathic intra-
cranial hypertension (IIH) where ventricles are not dilated and tonsils can be some-
times low-lying. If IIH is suspected, it is mandatory to rule it out by excluding the 
presence of typical MRI (perioptic membranes dilation, empty sella, Meckel’s cave 
enlargement) and ophthalmologic findings [9, 10]. The underestimation of CSF cir-
culation problems can complicate the surgical outcome because of higher risk of 
CSF fistulas and pseudomeningocele.

32.2.2  Skull Deformities

Many abnormalities of the skull’s development which can be associated with CMI 
have been described. All these diseases are explained by the mismatch between 
container and content. In other words, the cranial volume is reduced with subse-
quently reduced room for encephalon. The early closure of cranial sutures is at the 
basis of CMI associated with craniosynostosis, both simple and syndromic such as 
Crouzon, Apert, and Pfeiffer syndromes. Still, congenital deficiency in growth hor-
mone (GH) can manifest with an underdevelopment of the posterior fossa volume 
and subsequent tonsillar descent [11].

With the same mechanism but acquired are those skull deformities related to 
thickening of the bone as it is found in Paget disease, rickets, osteopetrosis, ery-
throid hyperplasia, and acromegaly.

32.2.3  Cranio-cervical Junction Deformities

In this class falls a large group of congenital and acquired anomalies which can create 
a reduction of CSF spaces at the level of the foramen magnum region. The typical 
example is the basilar invagination (BI), a condition where the dens of C2 is displaced 
into the cranial space above the foramen magnum (trespassing the basion- opisthion 
line, the McRae’s line). BI can be found in patients with congenital (osteogenesis 
imperfecta, achondroplasia) or acquired pathologies (rheumatoid arthritis, Paget’s 
disease). A more frequent finding in pediatric patients is an odontoid retroflexion 
without BI, which implies a brainstem compression and reduction of CSF spaces. 
However, odontoid retroflexion can occasionally be detected in CMI diagnosis with-
out any causative role. Achondroplasia, the most common cause of short-limbs dwarf-
ism, is usually associated with stenosis of the foramen magnum with obliteration of 
cerebrospinal fluid spaces and the consequent block of the CSF circulation. Other 
cranio-cervical anomalies associated with CMI are platybasia and atlas assimilation.

The detection of these alterations in the context of a CMI is of uppermost impor-
tance as it can deeply modify the surgical strategy. It is mandatory to rule out a 
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cranio- cervical instability as well in order to decide for an cranio-cervical fusion 
surgery as an adjunct to posterior fossa decompression, or to consider a transoral or 
transnasal odontoid process resection [12–21] (Fig. 32.3).

32.2.4  “Typical” CMI

The classical conception of CMI is that of a congenital volumetric mismatch 
between a small posterior fossa and the neural content. At the basis of this alteration 
should be a defect into the embryology of the paraxial mesoderm generating the 

a b

c d

Fig. 32.3 This 64 years old female presented with intense occipital pain and severe myelopathy 
(paraparesis, swallowing, and phonetic difficulties). The preoperative MRI (a and b) showed a 
malformation of the posterior fossa with totally occluded cisterna magna associated with C1 sub-
luxation and upper dislocation of the axis. (c and d) Surgery was addressed to intraoperative reduc-
tion of the luxation, stabilization with C1-C2 screw fixation, and C1 laminectomy. After 1 year, the 
patient is able to drive
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occipital somites with subsequent underdevelopment of occipital bone [1]. This 
pathophysiologic mechanism has been strongly supported following the seminal 
experiments by Marin-Padilla et al. [22] who described a small posterior fossa in 
rodents undergoing a teratogenic regimen of vitamin A in which a tonsillar descent 
was observed [1]. In that light, CMI is frequently classified as part of the spectrum 
of cranio-cervical junction abnormalities (see above). There have been described 
numerous morphological alterations associated with CMI, even though they are not 
always present and none is pathognomonic. The most frequent are short clivus and 
supraocciput; large foramen magnum (although many patients show a narrow fora-
men magnum); shallow posterior fossa; lower torcular Herophili with vertical 
straight sinus; thickened occiput occluding the cisternal magna space; occipital con-
dyles deformities; and reduced volume of the posterior fossa [23–30].

32.2.5  Spinal Cord Tethering

Tethered cord is typically found in the type II CM, as part of a more complex syn-
drome associated with myelomeningocele or another form of spinal dysraphisms. 
However, rarely CMI can be associated with occult tethered cord and it is hypothe-
sized that the traction from below could explain the low position of tonsils. If this is 
the case, the surgical strategy should be first addressed to freeing the filum termi-
nale. This hypothesis justifies the completion of neuroimaging with brain and spine 
MRI not only to rule out syringomyelia but also cord tethering [31–33].

32.2.6  Intracranial Hypotension (IH)

Typical cranial MRI signs of IH are cerebellar tonsils ptosis, slit ventricle, down-
ward displacement of the brainstem, and bright meningeal contrast medium uptake. 
IH can be secondary (following spinal surgery or lumbar punctures) or primary 
when an evident cause is not detected. Sometimes during spinal surgery, a dural 
tearing can happen with subsequent chronic CSF to leak. In those patients harboring 
a spino-peritoneal, over-drainage can sometimes manifest as sagging tonsils.

When CM is associated with some of the MRI signs mentioned above and the 
patient complaint of an orthostatic headache, it is mandatory to hypothesize IH 
and search for the eventual cause and address the treatment to first solve the 
hypotension [34].

32.3  Clinical Diagnosis

Before being an anatomical and radiological issue, CMI is peculiarly a clinical diag-
nosis. It is hard to recognize a paradigmatic CMI patient as symptoms can greatly 
vary and be complicated by the coexistence of other associated pathology (syringo-
myelia and all the above-mentioned diseases) as well as by the overlapping or 
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mistaking of other not related pathologies. Hence it is first fundamental to ascertain 
that complaints concern to CMI.

Careful and detailed record of patient’s history is of uppermost importance; 
symptoms can be grouped in those presenting very frequently and other more rarely 
or exceedingly rarely.

The most important complaint from almost all the CMI patients is a headache. 
This is sited in the occipito-nuchal region and is usually triggered by a cough, strain-
ing, running, and prolonged or extreme neck flexion. It can frequently irradiate to 
shoulders and dorsum. If the headache is the only symptom, it is mandatory to put 
into differential diagnosis also the cough headache. This latter tends to be the sole 
symptom referred and it lasts no longer than few seconds [35]. CMI occipital head-
ache is more often long-lasting (from minutes to entire days) and is very frequently 
associated with other neurological symptoms (see below). The physiopathology of 
CMI headache is not completely understood. The most accredited theory calls the 
CSF block at the level of the foramen magnum which impedes the normal flow 
toward the spinal space during efforts creating a sudden increase of intracranial 
pressure [36].

On a regular basis, CMI patients complain of visual (diplopia, scotomas, ret-
roocular pain, photophobia, visual filed alterations) and otoneurological symptoms 
(vertigo, tinnitus, sensation of pressure into the ears, hearing dysfunction). These 
disturbances are most probably due to the deformation and stretching of both cra-
nial nerves and cerebellar peduncles/brainstem. Similarly, numbness or tingling in 
hands or arms can be frequently referred. Even though a clear pathophysiologic 
mechanism has not yet been described, patients often refer fatigue, concentration, 
and sleeping problems.

In more severe forms of brainstem compression, patients can show swallowing 
difficulties, short breath, nystagmus, the absence of gag reflex, facial hypoesthesia, 
and hemiatrophy of the tongue.

When associated with syringomyelia, clinical findings are mainly related to spi-
nal cord damage and depend upon the extension and position of the Sym. The most 
typical complaint is dysesthesic pain to limbs or trunk; in more severe form, upper 
extremity weakness and atrophy and long-tract signs can be found.

32.4  Indications for Surgery

As stated, CMI patients represent a multifaceted universe of history, symptoms, and 
signs. More, it is worth noting that psychological aspects should be considered in the 
capacity to accept and bear the symptoms (especially pain) is different in every per-
son. If it is quite straightforward to indicate surgery in a subject with cranial nerves 
impairment and 9 mm tonsils’ descent on MRI, problems may arise with patients 
having an only headache, other subtle or vague disturbances, and tonsils few milli-
meters beyond the foramen magnum. Quite, unfortunately, the degree of tonsils’ 
descent is not a sufficient criterion to indicate surgery. It has been acquired that there 
is no direct correlation between the degree of tonsils’ descent and severity of 
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symptoms/signs nor to the risk of developing syringomyelia [37–39] (Figs. 32.4 and 
32.5). Hence the classical 5 mm rule can lead to under- or overtreatment and physi-
cian’s judgement based on physical examination and patient’s history is the key for 
correct decision-making [3, 40]. Similarly, the widespread of MRI availability has 
risen the number of accidentally diagnosed tonsillar ectopia [41–44]. At present, 
there is a lack of evidence that any neuroradiological or neurophysiological exams 
can be conclusive in indicating surgery for patients with mild or suspect symptoms.

In the end, we can recognize some fundamental steps in the decision-making: (1) 
making correct correlation between imaging and clinical history/symptoms/signs; 

a b c

Fig. 32.4 These three examples demonstrate the lack of correlation with the severity of tonsils’ 
descent and clinical presentation. The patients in A and B had evident tonsils ptosis (until C2). 
These patients were asymptomatic; in C, tonsils were just few millimeter beyond the foramen 
magnum and the patient complaint important neurological disturbances associated with cervico- 
thoracic Sym

a b

Fig. 32.5 (a) Preoperative MRI of a young female with intense occipital headache, hemifacial 
hypoesthesia, severe dizziness, and swallowing difficulties. Pay attention to the tonsils which 
slightly protrude through the foramen magnum. Note also how the occipital bone is thick with 
complete disappearance of the cisterna magna. (b) Postoperative MRI showing a satisfying poste-
rior fossa decompression with duroplastic. Patient returned to work after 2 months
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(2) recognizing the overlapping diseases (i.e., migraine or cough headache, Meniere 
syndrome, cervical spondylosis, degenerative neurological diseases, etc.); (3) 
understanding the pathophysiology of the cerebellar descent and the role of other 
associated or causative conditions (see above); (4) comprehension of patient’s 
expectations and conception of his/her CMI.

The association of CMI and Sym triggers in the most part of neurosurgeon the 
attitude for early intervention as the appearance of disturbance related to spinal cord 
injury should be irreversible. It is not clear if asymptomatic patients with CMI and 
Sym should be only followed up until an enlargement of Sym is detected or even 
subtle symptoms appear [45]. Actually, studies about the evolution in such patients 
are lacking [46].

32.5  Surgical Technique

The last two decades have seen a vivid discussion among neurosurgeons on some 
surgical nuances. It is nowadays assumed that the posterior fossa decompression with 
the aim of restoring a cisternal magna and CSF flow through the foramen magnum is 
the goal of surgery for both CMI and CMI plus syringomyelia [38]. Similarly, many 
other techniques such as arachnoid dissection, tonsils’ coagulation, and plugging of 
the obex are now much less used. This has been a natural consequence of the better 
understanding of pathophysiology and the necessity to strongly reduce any kind of 
complication [47, 48]. One of the main surgical issues is the necessity to create a 
duroplasty as further enlargement of the space for the cisternal magna. The literature 
is rich of works dealing with this matter; the most recent meta-analyses and reviews 
give the indication that clinical results between duroplasty or craniotomy alone are not 
statistically different. However, on the long run, patients without duroplasty can show 
higher rates of redo surgery because of the formation of compressive scars. On the 
other hand, patients undergoing duroplasty show higher rates of perioperative CSF 
leaks and pseudomeningocele [49–52]. In our center, we indicate duroplasty in all the 
patients especially young adults. In rarest cases of elderly patients, we prefer not to 
open the dura in trying to eliminate any possible risk of surgery. Similarly, in pediatric 
patients where the peculiar CSF circulation dynamics make the risk of leakage very 
high, we prefer to use the craniectomy with only outer dura layer dissection [53, 54].

32.5.1  Minimally Invasive Technique and Rationale

We routinely adopt the same strategy for both CMI and CMI plus Sym, that is an 
occipital craniectomy, C1 laminectomy, and duroplasty. It is our aim to perform the 
most minimally invasive approach possible in order to decrease complications, 
reducing the damage to nuchal muscles and enhancing the cosmetic results. 
Specifically, rectus capitis posterior major muscle, which connects the inferior 
nuchal line to the arch of C2, has been shown to have a role in the proprioceptive 
system and in controlling the balance of the atlanto-axial and occipito-axial 
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articulations [55–57]. Respecting these muscles may help patients in recovering 
faster especially those with preoperative dizziness and imbalance (Fig. 32.6).

After the administration of intravenous antibiotics prophylaxis and positioning 
of pneumatic stockings, the patient is placed in prone position with the head fixed in 
the three-pin clamp and flexed until the vertex point the floor. The correct flexion of 
the head allows to widen the angle between occiput and cervical spine reducing the 
necessity of large skin incision (Fig. 32.7). Nuchal muscles dissection is started on 

Fig. 32.6 This coronal MRI show the status of the rectus capitis posterior major before and after 
surgery. Note that postoperatively the muscle is in the same position as before. The cisternal magna 
is now visible

a b c d

Fig. 32.7 (a) Surgical positioning: the head is fixed in three-pin clamp and flexed with the vertex 
down. Lexion allows to make the occiput more horizontal. This maneuver widen the occipito- 
cervical space and allows to reduce the necessity of long skin incisions (b) The blue triangle rep-
resents the microscope’s point of view and the red line refers to the length of skin incision. (c) The 
final results after occipital craniectomy, C1 laminectomy, and duroplasty, Yellow star refers to the 
C2 spinous process which is not exposed and dissected
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the midline in the avascular connective tissue until the posterior edge of the foramen 
magnum is under control as well as the posterior arch of C1 and the occipital plate 
onto the superior nuchal line and inion. C2 spinous process is left untouched along 
with muscles and ligaments. The resection of occiput is done by means of perfora-
tors or high-speed drills; the size of craniectomy should reach superiorly the inferior 
nuchal line and extend laterally for no more than 2.5  cm. An exceedingly large 
craniectomy can put the patient at risk of cerebellar sagging, a very rare surgical 
complication [58, 59]. The posterior arch of C1 is removed for a lateral extension of 
no more than 1.5 cm. The typical occipito-cervical band (which is frequently thick 
and adherent) should be removed completely. Under operating microscope vision, 
the dura is opened in a Y shape, trying not to violate the arachnoid. A correct dura 
opening should expose the tonsils, the cisterna magna, and the cervical spinal cord. 
We prefer to resect the dura flap in order to avoid any future scarring due to its 
strong osteogenic capacity. No attempt to dissect arachnoid, coagulate tonsils, and 
explore the obex is performed. Finally, a dural substitute is sutured with running 
stitches. It is mandatory not to cut the dura substitute too small in order to avoid 
excessive traction which could lacerate during head movement or coughing. We 
conclude the closure with collagen sponge and fibrin glue to cover the whole dural 
surface. Specific attention must be given to the muscles and subcutaneous closure 
with at least four different layers (deep muscles, superficial muscles, fascia, subcu-
taneous layers). Skin is closed with monofilament 3-0 running suture. The dressing 
should be compressive. The patient spends the night in the semi-intensive care room 
with the bed at 40° elevation of the thorax. Pain medications are arranged based on 
the need of the patient. After 48 h the patient can leave the bed and start walking 
with the help of the physical therapist. Once the skin is perfectly closed, we use to 
transfer the patient to our rehabilitation clinic to favor physical recovery, no matter 
the severity of preoperative neurological impairment. This period helps the patients 
to come back home with the best performance possible.

32.6  Surgical Complications

The described technique is related to the extremely low rate of complication. We 
have so far reported no cases of surgical site hematoma, cerebellar infarction, or 
neurological deterioration [39].

The only issue in the perioperative period is the CSF leak. Apart the good selec-
tion of patients (excluding CSF circulation anomalies on both MRI and patient 
examination), it is mandatory to dedicate time to dural closure by verifying intraop-
eratively the perfect water tightness of the suture (ask the anesthesiologist to per-
form repeated Valsalva maneuvers). In the postoperative period, the patient must 
avoid excessive mobilization and efforts (alvus must be free). If CSF leak should 
happen, we first try with adding sutures to the skin; if not sufficient, a lumbar drain 
is inserted for 4–5 days. It is extremely rare to take the patient to the operating room 
to restoring the dural patch. Another issue is the late pseudomeningocele which 
present weeks or months after surgery and can be silent in the majority of patients. 
If it represents only an MRI finding, there is no need for correction. However, when 
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it is compressive, painful and provokes the same disturbance as before surgical 
decompression, a new dural patch should be created. In those cases where pseudo-
meningocele do not heal with redo surgery on posterior fossa, it is advisable to 
consider ventriculoperitoneal shunting as most probably a CSF circulation altera-
tion has been underestimated (Fig. 32.8).

Sometimes patients can have fever and headache after 2–3 days from surgery. 
Fever is typically not elevated (no more than 38 °C/100.4 °F). If no other cause of 
fever is found (urosepsis, for example), the most probable cause is aseptic meningi-
tis which can be cured with steroids and analgesics. Of course, if fever is higher and 
accompanied by neurological deterioration, bacterial meningitis should be sus-
pected and a spinal tap with cells count and culture is then performed.

32.6.1  What to Expect from Surgery and How to Manage Failures

The most important factors to consider in previewing the effect of surgery are: (1) 
correct diagnosis with imaging to clinical correlation; (2) severity of preoperative 
clinical state; (3) coexistence of associated pathologies. A CMI patient presenting 
with typical occipital headache and other minor symptoms has more than 85% of 
possibility to completely cure his/her problem. In general, headache is the symptom 
that resolves first and more than others. Other forms of a headache could coexist and 
hence persist after surgery. On the other hand, CMI plus Sym patients with 

a b

Fig. 32.8 (a) Postoperative MR showing a large and compressing pseudomeningocele. In this 
case, it was necessary a “redo” surgery and reconstructing dural patch with resolution of compres-
sive effect (b)
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long- lasting signs and symptoms of myelopathy have the lowest rate of resolution. 
Specifically, sensory loss, pain, and dysesthesia are symptoms which typically 
resolve less [60]. Disturbances related to myelopathy can persist even in the case of 
excellent Sym shrink on MRI. In fact, there is no correlation between postoperative 
Sym volume and the evolution of symptoms [39, 60]. Sometimes, a good clinical 
outcome can be coupled to a totally stable Sym on MRI, and vice versa.

The goal of surgery is to create a new cisternal magna, hence follow-up MRI 
should show the reappearance of CSF space around the tonsils and brainstem rather 
than the ascent of the tonsils [37].

In CMI, the persistence of preoperative symptoms especially neck pain or an 
occipital headache should first suggest the execution of MRI in order to ascertain 
the quality of decompression. If this is optimal, consider the possibility of other 
cause of a headache. Otherwise, it should also be taken into consideration the coex-
istence of CSF circulation alteration and a spinal tap with infusion and subtraction 
tests proposed. In the case where MRI show an incomplete decompression, redo 
surgery is the first procedure to adopt.

Concerning Sym, the clinical postoperative evolution can be detached from the 
MRI evolution. However, in the case of clinical worsening and large or evolving 
Sym with satisfying posterior fossa decompression, a direct surgery on Sym should 
be considered. In this rare instance, we prefer to perform syringo-subarachnoid 
shunt through laminotomy, myelotomy (in the thinnest part of the spinal cord cor-
responding to the larger section of the Sym), and insertion of a catheter into the cyst. 
Once again, this surgery can lead to the collapse of the Sym but this does not guar-
antee the resolution of disturbances.

32.7  Conclusions and Future Perspectives

The management of CMI and Sym has evolved through these last decades thanks to 
the better understanding of pathophysiology, the growing interest of researchers, 
and publication of numerous surgical series. Surgery can help a large part of patients 
if a scrupulous selection is made. More, a multidisciplinary team is needed to take 
care of the patient in the immediate postoperative period to enhance the recovery. 
However, there are still many patients which do not obtain the expected relief from 
surgery. Many surgical nuances are still under debate but it seems that the real prob-
lem resides in the understanding of subtle differences among patients. Actually, 
many issues are still obscure. Why patients with similar tonsils’ position on MRI 
present completely different complaints (or none at all)? Why some patient obtains 
complete relief from surgery, whereas others take only partial advantage? Which 
patient is more prone to develop Sym and why?

A response to all these uncertainties will likely come from a more global 
approach to CMI patient not looking only to the base of the skull and posterior 
fossa. It is acquired that CMI concerns intracranial compliance, the ability of the 
body to manage a volume increase in the intrathecal CNS space without causing a 
pressure increase [61]. As mentioned, the different causes of obstruction to CSF 
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flow at the foramen magnum are based on reduced compliance. Actually, evidence 
of obstruction may be present without an obvious [62] tonsils’ descent as described 
in cases of so-called Chiari 0 or in those patients with typical CMI symptoms but 
with only mild cerebellar dislocation. MRI (both anatomical and phase-contrast) are 
usually performed with the patient in a state of relaxation. It should be considered 
the execution of MRI during Valsalva maneuvers in order to better understand the 
fate of the tonsils during intracranial pressure increase. Moreover, the absence of an 
association between the degree of hindbrain herniation and the spinal injury in 
syringomyelia [40] and between the posterior fossa size and the degree of cerebellar 
herniation in CMI [28] indicates that factors other than posterior fossa hypoplasia 
are influencing the degree of neural injury. Much less attention has been paid to the 
venous blood volume, for example, which could play a role in creating or at least 
facilitating the disequilibrium between intracranial and intraspinal pressures; in 
other words, a reduced compliance of the intracranial compartment related to a 
given alteration of CSF circulation at the level the posterior fossa cannot be bal-
anced by an adequate venous volume outflow. Probably, a thorough functional 
exploration of the extracranial venous drainage system could add more hints in 
understanding the dark side of this complex and intriguing disease.
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33.1  Introduction

The natural architectural axiom regards flexibility and stability as mutually exclu-
sive events. The flexibility of the cranio-vertebral junction (CVJ) and the stability of 
rest of the spine are no exception to this axiom. While the complementing facetal 
surfaces of vertebrae provide stability to the spine with limited flexibility, the first 
(C1) and second cervical (C2) vertebral facet joints provide flexibility at the cost of 
stability. Congenital atlanto-axial dislocation (CAAD) is the natural corollary of 
this phenomenon. Before the tenth week of intrauterine life, genetic or developmen-
tal intrauterine insults may be responsible for one or all of the osseous and neural 
anomalies like congenital atlanto-axial dislocation, platybasia, occipitalized atlas, 
Klippel–Feil anomaly, basilar invagination (BI), Arnold Chiari malformation 
(ACM), and associated torticollis as well as various vascular anomalies. This chap-
ter is an attempt to understand the genesis and management of CAAD with the 
overall focus being on its embryological basis, anatomy, clinical features, and 
nuances of surgical management. This complicated cause of high cervical myelopa-
thy has the potential to cause severe myelopathy, respiratory difficulty, and even 
mortality.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18700-2_33&domain=pdf
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33.2  Pathogenesis of AAD, BI, and Coexisting Congenital CVJ 
Anomalies: Embryological, Anatomical, 
and Biomechanical Considerations

The cranio-vertebral complex comprises two sets of joints, the occipito-atlantal and 
atlanto-axial joints. While the occipito-atlantal joints are very stable, the atlanto- 
axial joints are the most mobile of all the joints of the spine. Thus, the atlanto-axial 
joint is most susceptible to instability especially when there is a failure of the sup-
porting ligaments (Fig. 33.1).

Congenital AAD very frequently coexists with assimilation of the atlas, basilar 
invagination, anomalous C2/C3 fusion, and platybasia, along with clival segmenta-
tion anomalies. Assimilation of the atlas may be unilateral, bilateral, focal, or seg-
mental. Various etiologies have been speculated in literature for the genesis of CVJ 
anomalies including mechanical factors, embryological or genetic abnormalities, 
and viral infections [1–3]. One of the schools of thought suggested that bony insta-
bility at the CV junction occurs as a pure “mechanical” failure occurring by the 
slippage of C2 facets over C1 facets due to their congenital obliquity [4]. Others 
have proposed that it is a pure congenital or embryological phenomenon due to 
suboccipital dysplasia [3, 4]. Congenital occipital dysplasia results in coexistence of 
congenital AAD, BI, platybasia, ACM type 1, and rotational deformity due to the 
combined effects of deformed growth of the occipital primordium (causing basioc-
ciput dysgenesis and manifesting as assimilated atlas and platybasia) and 

Embryological malformation – occipital
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Fig. 33.1 Embryological considerations of CVJ anomalies. (original picture)
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exoccipital dysgenesis (resulting in laterally assimilated atlas and condylar asym-
metry) [2, 3]. The summated effect of a congenitally short and flat clivus (causing 
platybasia and assimilated atlas) is that later on, the basion is gradually raised above 
it and moves cranially. This forces the plane of the foramen magnum to tilt upwards 
at a lordotic angle taking with it the planes of the occipital condyle and C0-C articu-
lation [3]. The fusion and chondrification of the basioccipital and exoccipital sclero-
tome also occurs slightly earlier than the C1-C2 re-segmentation [2, 3]. A severely 
lordotic skull-base angle consequently forces the emerging upper cervical scleroto-
mal column to bend upwards and backwards. This could probably be responsible for 
the vertical and asymmetrical facet joints between the assimilated atlas and C2 ver-
tebra. In patients with central dislocation (BI), there is an upward dislocation of the 
axis due to the presence of nearly vertical C1-2 facet joint surfaces as compared to 
the relatively normal horizontal C1-2 facet joint alignment [5]. Thus, BI represents 
the vertical type of AAD. Congenital AAD in the presence of platybasia and occipi-
talized atlas have been often associated with rotational deformity and coronal tilt 
due to the presence of C0-C1 lateral mass asymmetry.

In the presence of exoccipital dysgenesis, where assimilated atlas with fused 
hypoplastic occipital condyle and C1 lateral mass coexist, the transverse and alar 
ligaments may become weaker on one or both the sides. The anomalous vertically 
oriented and often asymmetrical C1-2 facet joints may further facilitate both verti-
cal and translational displacements. The physiological coupling movements may 
also cause rotational as well as lateral displacements of the C1-2 joints [1, 6]. 
Initially, the atlanto-axial instability will be reducible and because of the vertical 
joints, there is gradual upward dislocation of the axis, resulting in “reducible” BI in 
the pediatric population. According to Menezes, as the child grows, grooving occurs 
behind the occipital condyle, and later on, by the age of 14 to 16  years, the BI 
becomes irreducible [6]. Under these circumstances, the clivus tends to become 
horizontal and this also adds to the occurrence of complete irreducibility. The sum-
mated effects of the cranio-cervical kyphosis and raised clival angle lead to reduc-
tion in the posterior fossa volume (that is reduced from the normal by an average of 
13.4 mL3), further promoting tonsillar herniation (Arnold Chiari malformation) [7]. 
Thus, atlanto-axial instability is the prime mechanical basis for the occurrence of all 
types of BI but it occurs due to an anomalous bony development.

33.3  Various Classifications for CVJ Anomalies

CVJ anomalies are a combination of congenital, developmental, or acquired abnor-
malities. Menezes classified the congenital anomalies of CVJ into different malfor-
mations of occiput, atlas, and axis (Table 33.1) [1]. Atlanto-axial instability can be 
classified into the reducible (in the flexed position of the neck) and the irreducible 
varieties (in the extended position of the neck) [8]. Goel classified AAD into three 
types according to the direction of C1-2 facet joint dislocation as type 1 (anterior 
AAD), type 2 (posterior AAD), and type 3 (central dislocation without any atlanto- 
axial instability) [9]. Atlanto-axial dislocation [AAD] is traditionally defined as an 
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abnormal increase in the atlanto-dental interval [ADI] of more than 3 mm in adults 
and more than 4.5 mm in the pediatric age group [10]. The ADI measures the dis-
placement of the atlas relative to the axis in only a single two-dimensional plane, but 
as coupled movements of the occipital and cervical C1 and C2 complex occur in a 
three-dimensional plane based on the standard Cartesian coordinate system, dislo-
cations in this region also usually occur in 3 different planes and are often seen in 
combinations. This also includes rotational dislocation and coronal tilt of the C1 
and C2 vertebrae in different planes. We defined congenital AAD based on their 
three-dimensional dislocation in terms of the planes defined by the three Cartesian 
coordinates (Table 33.2), identified the different multiplanar C1-2 displacements 
occurring due to facet joint dislocations in all dimensions (based on the three- 
dimensional computed tomographic [3D CT] evaluation) and classified the AAD 
based on its various combinations (Table 33.3) (Fig. 33.2) [11]. Goel proposed a 
classification of basilar invagination based on the presence (Group A) or absence 
(Group B) of clinical and radiological instability [12]. Group B is usually associated 
with ACM type 1 (Fig. 33.3).

33.3.1  Vertebral Artery Anomalies

Variability in dimensions and course of the vertebral artery (VA) makes it highly 
vulnerable to injury during surgery for congenital AAD.  An evaluation of 104 
patients (65 with AAD; 39 controls) with a three-dimensional multiplanar 

Table 33.1 Classification of congenital anomalies of CVJ [1]

A Occipital bone anomalies
1. Manifestations of the occipital vertebra
   (a) Clivus segmentations
   (b) Remnants around the foramen magnum
   (c) Atlas variants
   (d) Dens segmentation anomalies
2. Basilar invagination
3. Condylar hypoplasia
4. Assimilation of the atlas

B Atlas anomalies
  1. Assimilation of the atlas
  2. Atlanto-axial fusion
  3. Aplasia of the atlas arches

C Axis anomalies
  1. Irregular atlanto-axial segmentation
  2. Dens dysplasias
   (a) Ossiculum terminale persistens
   (b) Os odontoideum
   (c) Hypoplasia/aplasia
  3. Segmentation failure of C2-C3

Based on: Menezes A, Ahmed R, Dlouhy B. Developmental anomalies of the craniovertebral junc-
tion and surgical management. In: Winn HR. Youman’s neurological surgery. Philadelphia: Editora 
Saunders; 2003; p. 1856–70 [1]
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Table 33.2 Definition of congenital atlanto-axial dislocation based on the Cartesian coordinates

1. Along Z coordinate: Translational dislocation [anteroposterior displacement occurring 
in XZ plane]
Atlanto-dental dislocation >3 mm in adult or >4.5 mm in pediatric population less than 9 years 
of age
2. Along Y coordinate: Central dislocation [vertical displacement occurring in YZ plane]
Presence of basilar invagination based upon McCrae’ line [the height of tip of the odontoid 
intersecting the line joining the basion (anterior margin of foramen magnum) to basion 
(posterior margin of foramen magnum)]
3. Along X coordinate: rotational atlanto-axial dislocation and coronal tilt causing 
cervical torticollis [occurring in coronal XY plane]
  (a) Presence of rotation of axis in relation to atlas (>5°)
  (b) Coronal tilt: Difference of atlanto-axial facet joint angle >10° bilaterally in coronal 

plane
4. Combination of above (1, 2, 3)

(The head is assumed to be in anatomical position with patient standing and the face facing anteri-
orly) [11]
Sardhara J, Behari S, Sindgikar P, Srivastava A, Jaiswal A, Sahu R, et al. Evaluating atlanto-axial 
dislocation based on Cartesian coordinates: Proposing a new definition and its impact on assess-
ment of congenital torticollis. Neurosurgery. 2018;82(4):525–40. https://doi.org/10.1093/neuros/
nyx196 [11]

Table 33.3 Types of congenital atlanto-axial dislocation based on the Cartesian coordinates 
found in our series [11]

No. Type of AAD [According to X, Y, and Z Cartesian’s axes]
Type I Translational dislocation

(Along Z coordinate [anteroposterior dislocation occurring in XZ plane])
Type II Central dislocation [Basilar invagination]

(Along Y coordinate [vertical displacement occurring in YZ plane]
Type 
III

Translational dislocation + central dislocation [along Z + Y coordinates occurring 
in XZ and YZ planes]

Type 
IV

Translational dislocation + rotational dislocation + coronal tilt
[along Z + X coordinates occurring in XZ and XY planes]

Type V Central dislocation (BI) + rotational dislocation + coronal tilt
[along Y + X coordinates occurring in ZY and XY planes]

Type 
VI

Combined type of dislocation
[Translation + central dislocation + rotation + coronal tilt]
[occurring along all three axes and in all three planes]

Sardhara J, Behari S, Sidgikar P, Srivastava A, Jaiswal A, Sahu R, et al. Evaluating atlanto-axial dis-
location based on Cartesian coordinates: Proposing a new definition and its impact on assessment of 
congenital torticollis. Neurosurgery. 2018;82(4):525–40. https://doi.org/10.1093/neuros/nyx196 [11]

computed tomographic (CT) angiography was performed to assess the anatomical 
variations in the VA size, course, and anomalous medial deviation as well as in the 
type of axial isthmus and rotational deformity/tilt at the CVJ [13]. Based on the 
dimensions and course of VA, anomalous variations of the VA were classified into 5 
types (Table 33.4). A risk stratification score that measured the vulnerability of VA 
to injury was developed. The total score ranged from 5 to 9. If the overall score of 
the VA variation was 5 or less, it was labeled as a “low risk” situation, and if the 
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Fig. 33.2 CT CVJ with Type I AAD: (a) Sagittal reconstructed; (b) coronal; and (c) axial image 
showing an anteroposterior translational dislocation (with an os odontoideum and bifid C1 poste-
rior arch) without basilar invagination, rotational deformity, or coronal tilt. Type 2 AAD: (d) 
Sagittal reconstructed CT image; and (e) coronal image showing a Type II C1-2 dislocation that 
consisted of pure vertical dislocation (BI) with a normal atlanto-dental interval, and without rota-
tory dislocation or a coronal tilt. Type 3 AAD: (f) Sagittal reconstructed CT image; (g) coronal 
image; and (h) axial image showing a translational anteroposterior with central (BI) dislocation but 
without rotatory dislocation/coronal tilt. Type 4 AAD: (i) Sagittal reconstructed CT image; (j) 
coronal image; and (k) axial image showing anteroposterior C1-2 dislocation with rotatory dislo-
cation and coronal tilt but without vertical (BI) dislocation. Type 5 AAD: (l) Sagittal reconstructed 
CT image; (m) coronal image; and (n) axial image showing a central (BI) and rotational disloca-
tion with coronal tilt but without anteroposterior dislocation. Type 6 AAD: (o) Sagittal recon-
structed CT image; (p) coronal image; and (q) axial image showing a Type VI combined C1-2 
dislocation, that is, translational anteroposterior, central (BI) and rotational dislocation with coro-
nal tilt. (original picture)

J. C. Sardhara et al.
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a b

Fig. 33.3 Figure showing a patient with two types of basilar invagination. Group A (a): (1) 
Atlanto-dental interval (>3 mm), (2) tip of the odontoid process showing invagination into the fora-
men magnum and above the Chamberlain line (b), McRae line (a), and Wackenheim clival line (c); 
Group B (b): (1) Atlanto-dental interval is normal; (2) tip of the odontoid process is above the 
Chamberlain’s line (b) (>5 mm); (3) tip of the odontoid is below the Wackenheim clival line (c) 
and the McRae’s line (a). (original picture)

Table 33.4 Classification of vertebral artery anomalous variations at CVJ and scoring system for 
risk stratification of vertebral artery injury during surgery at CVJ [13]

Type VA anomaly Scorea Surgical implication
Type-1 Anomaly related to size
1a Bilateral equal in size 1
1b Bilateral asymmetry with 

unilateral dominance without
hypoplasia/aplasia

1

1c Bilateral asymmetry with 
unilateral hypoplasia

1 Risk of vertebrobasilar insufficiency if 
injury occurs to dominant VA in 1c and 1d

1d Bilateral asymmetry with 
unilateral aplasia

1

Type-2 Anomalies associated with 
course of VA

2a Normal course 1
2b Cranial entry site from a 

congenital foramen in the 
occipitalized atlas and the 
occipital bone (representing 
C1 foramen transversarium)

1 Course of VA is often variable making it 
vulnerable to injury (if situated in an 
unanticipated position)
Surgical dissection on the posterior arch of 
atlas is safe up to 2.5 cm laterally on either 
side

2c Persistent first intersegmental 
artery

2 VA located posterior to C1-2 facet joint

2d Fenestrated VA 2
2e Low-lying PICA 2
Type-3 Anomalous medial deviation 

of V3 segment of VA
3a Absent 1

(continued)
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Table 33.4 (continued)

3b Present 2 Lateral dissection and bony decompression 
of the occipital bone and occipitalized atlas 
at the foramen magnum or at the posterior 
arch of C1; or, odontoid and C2 body 
drilling during transoral decompression 
may render VA vulnerable to injury

Type-4 Anomaly related to VA 
groove at C2 vertebra

4a Wide and low 1 Transarticular, transpedicular, and 
translaminar screw placement is safe in 4a
Transarticular or transpedicular screw 
placement is risky as the screws need to be 
placed through narrow isthmus (<4.5 mm) 
in 4b, 4c, and 4d

4b Narrow and high (high riding 
VA)

2 Trans-pedicular or pars screw is risky in the 
presence of high riding VA

4c Narrow and low 2
4d Wide and high 2
Type-5 Anomalies related to 

rotational deformity or tilt at 
the occipito-C1-C2 region

5a Absent 1
5b Present 2 Medially deviated VA loop makes it more 

prone to injury during transoral 
odontoidectomy and lateral
mass/pedicle screw fixation

Sardhara J, Behari S, Mohan BM, Jaiswal AK, Sahu RN, Srivastava A, et al. Risk stratification of 
vertebral artery vulnerability during surgery for congenital atlanto-axial dislocation with or with-
out an occipitalized atlas. Neurol India. 2015;63:382–91 [13]
aA score of 2 was given when the risk of VA injury was anticipated due its anomalous course. All 
the other anatomical variations that did not pose an increased risk to the VA received a score of 1. 
The minimum score achieved was 5 and represented less vulnerability of the vertebral artery to 
injury during anterior or posterior access to the CVJ; a score of 6–9 represented an increased risk 
of VA injury during surgery. The risk of VA injury proportionately increased according to the score 
achieved. C1 atlas; C2 axis; V3 third segment of vertebral artery; VA vertebral artery; PICA poste-
rior inferior cerebellar artery; CVJ cranio-vertebral junction

score was between 6 and 9, it considered as a “high risk” situation with increased 
vulnerability of the VA to injury during either the transoral surgery or posterior 
distraction/stabilization procedures. Interestingly, in our cohort, 68% of the patients 
had a high risk of injury. Of them, 81% had an assimilated atlas.

33.3.1.1  Clinical Presentation
The clinical features of patients with congenital CVJ anomalies are highly variable 
and range from an asymptomatic presentation, to a slowly progressive spastic 
quadriparesis, or even a rapid neurological progression followed by sudden death.

The most common symptom of CVJ abnormalities is mild neck pain originating 
in the suboccipital region with radiation to the cranial vertex, that occurs in 85% of 
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the patients. The most common neurological deficit in children with congenital CVJ 
anomalies is myelopathy. Klippel–Feil syndrome may manifest as a classic triad of 
abnormally low posterior hairline, limitation of neck motion, and short neck, often 
associated with facial asymmetry, neck webbing, and scoliosis [5]. It is not uncom-
mon to see children with a small dysmorphic stature [5]. Sensory abnormalities 
usually manifest as neurological deficits related to posterior column dysfunction. 
The most common cranial nerve dysfunction is hearing loss, occurring in 25% of 
the cases, that is commonly found in patients with Klippel–Feil syndrome [1]. 
Vascular symptoms such as intermittent attacks of altered consciousness, transient 
loss of visual fields, confusion, and vertigo appear in 15% to 25% of patients with 
abnormalities of the CVJ. The phenomenon of basilar migraine, which affects about 
25% of children with basilar invagination and medullary compression, usually 
involves compression of the vertebra-basilar arterial system. The other characteris-
tic stigmata of CVJ anomalies include a short neck with a reduced neck-body ratio, 
a webbed neck, a high arched palate, atrophy of small muscles of the hand, and 
mirror movements.

33.3.1.2  Radiological Diagnosis
Patients presenting with upper cervical myelopathy or radiculopathy should be 
evaluated with an initial magnetic resonance imaging (MRI) of the cervical spine, 
to assess for both bony and soft tissue anomalies, and with dynamic cervical trans- 
table lateral radiographs to assess for C1/C2 instability. An increased atlanto-den-
tal interval (ADI) > 3 mm in adult and ≥4.5 mm in pediatric patients (<9 years of 
age) demands conduction of a dynamic computed tomographic (CT) scan of the 
cranio- vertebral junction (CVJ) with sagittal and coronal reconstruction for a thor-
ough evaluation of the bony anatomy. Patients with complex congenital CVJ 
anomaly have AAD coexisting with occipitalized atlas, basilar invagination (BI), 
rotational dislocation, and coronal tilt in the majority of cases [14–17]. Thus, it is 
imperative to assess for the three-dimensional dislocation of facet joints for plan-
ning for optimal surgical treatment [11, 18]. The simultaneous evaluation of ADI, 
severity of BI, torticollis, bilateral atlanto-axial joint angle and extent of their verti-
cal positions relative to each other, the degree of rotational dislocation as well as 
coronal tilt provide complete information for the preoperative planning and com-
bined correction of all the coexisting facet joint displacements, for correction of 
torticollis, and for surgical fusion in physiological bony alignment [11]. A CT 
angiography for vertebral artery evaluation at the CVJ to assess its course and also 
to determine the existence of one of its anomalous variations is also recommended 
[13]. A classification and scoring system for VA in relation to C1/C2 helps in risk 
stratification and prevention of vascular injury during instrumentation [13]. MRI is 
also useful to assess for the neuraxial anomalies like associated tonsillar herniation 
and syringomyelia.

For the purpose of understanding the basic concepts of the types of BI, its sever-
ity and its management, assessment of the following craniometric parameters are 
essential (Fig. 33.4).
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McRae line: It extends from the basion (anterior margin of foramen magnum) to 
opisthion (posterior margin of the foramen magnum). The tip of the odontoid should 
be below this line. BI is considered as present if the tip of the odontoid extends 
above the line. Narrowing of the foramen magnum in the sagittal plane to less than 
19 mm is associated with the development of neurological deficits [19].

Chamberlain’s line: It extends from the posterior most point of hard palate to 
the opisthion. In normal subjects, the odontoid process should be located below this 
line. BI is considered if the tip of the odontoid is extending >5 mm above this line 
[14, 20].

Wackenheim clivus baseline: This line passes tangential to the clivus extending 
to the upper cervical spinal canal. It should lie tangential to the posterior aspect of 
the tip of odontoid process [21]. If the tip of the odontoid crosses this line, it is 
indicative of BI.

33.3.2  Methods of Measurement of Severity of BI

Coronal inclination: BI is a progressive disease often related to the age of the 
patient. Measuring progressive changes in the joint indices, therefore, help in evalu-
ating the severity of BI (Fig. 33.5). In coronal CT images, the angle between the 
intersection of the lines drawn along the edge of foramen magnum and C1 inferior 
surface measures the C1 coronal angle (Fig.  33.5a). It objectively measures the 
obliquity of the C1/C2 joint or coronal inclination [22]. Chandra et al. also analyzed 
and compared the coronal inclination between normal subjects with patients having 
BI and AAD. In their study, the normal value of coronal inclination was 110.3 ± 4.23°, 
and in patients with BI it was 121.15 ± 14.6°[22].

Cranio-cervical tilt: This angle is measured between the long axis of the odon-
toid process and the clivus. A line is drawn first along the anterior border of the 
odontoid process and extended upward. Next, a line is drawn along the anterior 
border of the clivus. The angle subtended between these two lines is called the 
cranio- cervical tilt (Fig. 33.5b). The value in normal subjects is 60.2 ± 9.2° and in 
patients with basilar invagination (BI) and atlanto-axial dislocation (AAD), it is 

Fig. 33.4 Diagram 
depicting McRae’s line (a), 
Chamberlain’s line (b), and 
Wackenheim clival line (c) 
in normal patients. 
(original picture)
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84.0  ±  15.1° [22]. It provides information regarding the severity of upward and 
posterior invagination of the dens.

Clivus-canal angle: The angle formed by the intersection of the line constructed 
along the posterior surface of the axis body and the Wackenheim clivus baseline is 
called as clivus-canal angle (Fig.  33.5c). It normally ranges from 150 to 180°, 
changing about 30° in flexion and extension positions of the neck [14, 23] Cranio- 
cervical kyphosis is seen when the clivus-canal angle is less than 150°.

Inferior sagittal C1 facet angle: This is defined as the angle between the line 
joining the anterosuperior and posterior points of the hard palate and the line joining 
the anteroinferior and posteroinferior points of the C-1 facet in that sagittal section 
(Fig. 33.5d) [18]. In the normal population, these two lines remain almost parallel 
with an angle of nearly 180°. An inferior sagittal C-1 facet angle of more than 150° 
in the sagittal plane predicts reducibility of the C1-2 joints.

a

c d

b

Fig. 33.5 Measurement of severity of BI: (1) Coronal inclination: In coronal CT image, the angle 
between the intersection of the line drawn along the lower margin of the foramen magnum and the 
inferior surface of the C1 facet joint measures the C1 coronal angle (a). It objectively measured the 
obliquity of the C1/C2 joint or coronal inclination. (2) Cranio-cervical tilt: This angle is subtended 
between the long axis of the odontoid process and the clivus. A line is first drawn along the anterior 
border of the odontoid process and extended upward. Next, a line is drawn along the anterior bor-
der of the clivus. The angle subtended between these two lines is called the cranio-cervical tilt (b). 
(3) Clivus-canal angle: The angle formed by the intersection of the line constructed along the 
posterior surface of the axis body and the Wackenheim clivus baseline is called the clivus-canal 
angle (c). (4) Inferior sagittal C1 facet angle: This is defined as the angle between the line joining 
the anterosuperior and posterior points of the hard palate and the line joining the anteroinferior and 
posteroinferior points of the C-1 facet in that sagittal section (d) (original picture)
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33.3.3  Evaluation of Rotational Dislocation and Coronal Tilt

Rotatory dislocation is considered when there is the presence of rotation of atlas in 
relation to axis of greater than 5° (assessed by measuring the angle subtended 
between a line drawn from the anterior to the posterior tubercles on the arch of atlas, 
and the line tangential to the anterior surface of the axis in the axial plane on a CT 
scan performed at the level of C1-2 level) [11] (Fig. 33.6).

Coronal tilt is considered when the difference of atlanto-axial facet joint angle is 
greater than 10° bilaterally in the coronal plane (the atlanto-axial facet joint angle is 
assessed bilaterally by measuring the angle of intersection of the line passing tan-
gential to the superior articular surface of the C2 facet, and the vertical plumb line 
passing through the midpoint of inferior border of body of C2 and C3 vertebrae 
[along the y axis] in the midline) [11] (Fig. 33.7). The normal value of this angle in 
a control population according to our previous study is 1170 ± 6 [13].

33.4  Management of Congenital CVJ Anomalies

33.4.1  Basic Principles of Treatment

The normal shape of the CV junction is “funnel” shaped, but in AAD and BI, it 
becomes “hourglass” shaped. The principle is either correction of the disloca-
tion by cranio-cervical realignment or by removal of bone for generous three-
dimensional decompression, i.e., anterior-posterior (z axis), transverse (x axis), 
and vertical (y axis), to make the CV junction funnel shaped and provide an 
optimal space for the cervicomedullary structures. The following steps are 
required:

 1. Reduction of all types of dislocation focusing on the facet joints of C1/C2 verte-
brae by the closed method (preoperative traction) or the open method (distraction 
between C1/C2 vertebrae or the occipitalized C1/C2 vertebrae by the anterior or 
posterior approach) can usually correct the associated AAD and/or BI.

 2. An internal arthrodesis between C1 and C2 to make the correction permanent.
 3. If optimal decompression is not feasible from a posterior approach, a ventral 

(transoral) decompression is required to decompress the neuraxis.
 4. An associated ACM may also warrant a posterior fossa decompression by fora-

men magnum ± C1 posterior arch excision. If it is associated with AAD, then an 
additional posterior C1-2 stabilization is mandatory.

33.4.2  Preoperative Traction (Closed Reduction)

Traction provides some degree of alignment and stability for the spine during 
the shifting, intubation, and positioning of the patient and also helps in distrac-
tion of the C1-2 vertebrae (bringing the axis inferiorly in the case of BI, and 
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a b

c d

Fig. 33.6 A to D: Rotatory dislocation is considered when there is presence of rotation of atlas in 
relation to axis of greater than 5° (assessed by measuring the angle subtended between a line drawn 
from the anterior to the posterior tubercles on the arch of atlas, and the line tangential to the ante-
rior surface of the axis in the axial plane on CT scan performed at the level of cervical 1–2 level). 
(original picture)
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realigning the curvature of the posteriorly directed odontoid to a more anterior 
one to relieve the thecal compression). Up to 80% of children with AAD or BI 
below the age of 14 can have a significant realignment and reduction of their 
dislocation by a preoperative traction [12, 24]. The weight of cervical traction 
applied is dependent upon the age and weight of the patient. It should generally 
be initiated with 7–8% of the body weight and can be gradually increased to a 
maximum of 7  kg. Interval lateral cervical plain radiographs should be per-
formed to assess for the degree of C1-2 reduction, and the requirement for addi-
tional weight supplementation until an optimal reduction is obtained (or until 
the subaxial distraction precludes the addition of further weights). Goel et al. 
have reported that out of 82 patients of BI without associated ACM, 82% patients 
improved instantaneously after application of the traction in comparison to only 
1 patient (out of 20) of BI with ACM [12, 24].

a b

c d

Fig. 33.7 (a–d) Atlanto-axial facet joint angle is formed by meeting of the line passing tangential 
to the superior surface of the C2 facet and vertical plumb line passing through the midpoint of 
inferior border of body of C2 vertebra and C3 vertebra (y axis) in the midline. In each case, the 
larger angle is considered. Coronal tilt is considered when the difference of atlanto-axial facet joint 
angle is greater than 10° bilaterally in the coronal plane. (original picture)
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33.4.3  Factor Influencing the Reducibility of Irreducible Atlanto- 
axial Dislocation with or Without Basilar Invagination

Clinical studies have demonstrated that the contraction of anterior muscles, liga-
ments, and capsules of the atlanto-axial joint, especially the osteophytes and scar 
tissue inside the atlanto-dens interspace prevent the complete reduction in IAAD 
and BI [25, 26]. Some of the factors which prevent the complete reduction and opti-
mal decompression at the level of the C1-2 vertebrae are a high coronal inclination, 
a highly retroverted odontoid (severe cranio-cervical kyphosis) as well as, rotation 
and tilt of the axis in relation to atlas due to congenitally anomalous and asymmetri-
cal facet joint orientation. An inferior sagittal C1 facet angle of more than 150° in 
the sagittal plane also predicted reducibility [18]. A preoperative assessment of the 
aforementioned radiological factors definitely helps in optimizing the surgical 
approach and in planning for management of BI.

33.4.4  Types of Approaches

 1. Combined approach
Since the last three decades, treatment of choice for irreducible AAD with or 

without BI was considered as transoral decompression followed by a posterior 
cervical C1/C2 or occipito-C2 fixation [25–33] (Fig.  33.8). In the recent era, 
although anterior approach for ventral decompression is rarely used for the rou-
tine irreducible AAD, it is still being used in the cases of a very high BI, or in the 
cases of irreducible AAD with BI with ventral compression associated with 
severe cranio-cervical kyphosis. In these cases, often the posterior-only distrac-
tion procedures are unable to achieve a significant reduction of the AAD and 
BI. Recently endoscopic transnasal, transoral, and even transcervical approaches 
have also been performed, followed by a posterior fusion in some centers [34–
36]. The endoscopic transnasal odontoidectomy is a feasible approach for ante-
rior decompression of the odontoid at the cervicomedullary junction, especially 
in selected cases presenting with some anomalous anatomical conditions related 
to the oral cavity like micrognathia, macroglossia as well as in the presence of a 
high retroverted position of the odontoid that is in a very high position in the case 
of BI [35, 36]. The advantages of the endoscopic approaches over the standard 
transoral odontoidectomy include elimination of the risk of tongue swelling and 
damage to the teeth due to the application of an oral traction, improvement of 
visualization of the posterior pharyngeal wall, alleviation of the need for a pro-
longed intubation, reduction of the need for enteral tube feeding, and less risk of 
compromised phonation [34, 36]. The minimally invasive access and faster 
recovery associated with this technique makes it a valid alternative to routinely 
practiced conventional transoral decompression of the odontoid.

 2. Posterior approach: The spectrum of techniques described in literature for pos-
terior cervical fixation range from utilization of a silk wire (1910) to C1-C2 
translaminar screw methods described by Wright in 2004 [4]. The others are 

33 Congenital Anomalies of Cranio-vertebral Junction



516

Gallie’s posterior arch-C2 spinous wiring, Brook’s C1-2 sublaminar wiring, 
Sonntag’s wiring, and Magerl’s C1/2 transarticular screw technique. A novel 
technique described by Goel as well as Harms in 2004 is the one most accepted 
and is now being considered as the standard treatment of choice for posterior 
fusion [24, 37]. This involves a C1 lateral mass with C2 pars interarticularis or 
pedicle screw fixation with rod (or plate) and screw technique. Recently, to alle-
viate the need for a two-stage transoral decompression and posterior fusion for 
irreducible AAD and/or basilar invagination, a single stage C1-2 facet distraction 
C1-2 facet joints is in vogue. It helps to reduce the irreducible AAD as well as 
basilar invagination by decreasing the degree of odontoid migration and re- 
establishes the cranio-cervical alignment with only the posterior approach 
 [38–40]. A study shows an adequate cranio-cervical realignment and reversal of 
longstanding musculoskeletal changes like short neck, torticollis, cervical spon-
dylotic myelopathy, and compressive myelopathy with the utilization of this 
technique [41]. Jian et al., in 2010, published a series of 27 patients successfully 
treated with direct intraoperative posterior occipito-C2 reduction using distrac-
tion over the occipito-C2 rods after occipital and C2 pedicle screw fixation in 
patients with BI [42]. Although this technique is equally effective in achieving a 

a b

c d

Fig. 33.8 Diagram showing the surgical approaches for CVJ anomalies: (1) Combined approach, 
that is, transoral decompression followed by posterior fusion by occipito-C2/C3 or C1/C2 lateral 
mass screw and rod (a and b). (2) Posterior approach: C1/C2 distraction followed by C1/2 fusion 
by screw and rod (c). (3) Anterior approach: C1/C2 distraction and fusion by transoral atlanto-axial 
reduction plate (TARP) and cage with C1/C2 lateral mass screw fixation (d). (original picture)
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CVJ realignment, its disadvantage is that it can lead to cranio-cervical fixation in 
flexion; the additional incorporation of the occipital bone in the fusion process in 
patients without atlantal assimilation leads to further loss of movements at the 
CVJ.  Facet joint drilling to make it bilateral symmetrical for the purpose of 
reduction or manual distraction, compression, and reduction of facet joints has 
also shown good correction in literature [42–45]. Among the various techniques 
mentioned above, C1-2 transarticular screws, combined with a Sonntag type 
interlaminar wiring construct, have been shown to be superior to all other con-
structs in achieving a rigid fixation of the axis to atlas, based upon the biome-
chanical studies [46–48].

 3. Anterior only approach (anterior distraction techniques for BI)
The transoral atlanto-axial reduction plate (TARP) fixation has been intro-

duced recently to achieve reduction, decompression, fixation, and fusion of C1–
C2 through an anterior-only approach [49–51]. The approach could also be 
carried out using the retropharyngeal approach which has the advantage of 
bypassing the potentially infected oral cavity [52]. This device may increase 
stability and fusion rates, maintain or improve atlanto-axial fusion angle, as 
well as prevent bone graft collapse, excursion, re-sorption, and micro-motion. It 
not only provides stabilization and fusion, but also restores C1-C2 fusion angle. 
However, it may also be associated with potential disadvantages, including dys-
phagia and load shielding (disuse osteoporosis effect on the underlying bone 
graft as a result of the rigidity of the reconstruction plate) of the bone graft. To 
prevent the potential disadvantages related to TARP fixation, another novel 
transoral atlanto-axial fusion cage with integrated plate (cage and plate) device 
for stabilization of the C1-C2 segment has been designed. In one biomechanical 
study by Zhang et al. [53], the authors compare the biomechanical differences 
between cage and plate device and cage and TARP device for the treatment of 
BI with IRAAD. The results indicated that the novel cage and plate device may 
provide a lower biomechanical stability than the cage and TARP device in flex-
ion, extension, and axial rotation; however, it may reduce stress shielding of the 
bone graft for successful fusion and also minimize the risk of postoperative 
dysphagia.

33.5  Surgical Management of BI with ACM and Syrinx 
Without AAD

It is an indisputable fact that in patients with Chiari malformation with AAD with 
or without basilar invagination, the anterior dislocation should be addressed first 
[54]. This could be in the form of posterior reduction with distraction of the AAD/
BI or a direct transoral approach followed by a posterior fusion. However, the treat-
ment for BI with Chiari malformation without atlanto-axial dislocation is still 
being debated. Some authors advocate posterior fossa decompression only [55–
59]. Decompression procedures vary from subpial resection of tonsils, adhesinoly-
sis, or only dural opening. Several studies have reported patients of BI operated 
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utilizing posterior fossa decompression with a good outcome. Goel et  al. have, 
however, recommended only posterior atlanto-axial fixation and fusion without 
bony decompression for group patients with BI associated with ACM after a study 
of 65 patients in which 57 patients clinically improved significantly [60]. Worsening 
of the cranio- cervical kyphosis can exacerbate cervicomedullary compression over 
the odontoid.

In patients with a kyphotic clivus-canal angle (less than 1300), the brainstem 
can suffer severe deformative stress, resulting in clinical deterioration. These 
patients may have clinical benefit with a cranio-cervical fusion in mild extension, 
improving clivus-canal angle up to 300 to decrease the brainstem deformity and 
stress [61].

Table 33.5 Summary of major studies using combined approach (transoral decompression + pos-
terior fusion by C1/C2 screw and rods) for treatment of CVJ anomalies

Studies No. of patients (total 
no = 751)

Follow-up 
(months)

Postoperative neurological 
outcome

1. Goel et al. 
(1998) [24]

102 6–120 months 102 (100%) improved

2. Jain et al. 
(1999) [17]

74 47 
(3–24 months)

Improved 26 (55%); same: 
14(29.8%); deteriorated: 
7(14.9%); deaths: 6 (poor 
respiratory reserve)

3. Behari 
et al. (2007) 
[16]

39 AAD, 19 BI with 
ACM (TOD + PF)

39 
(3–85 months)

27 (70%) improved, 1 died 
(poor 
respiratory drive), 11—same

4. Menezes 
et al. (2008) 
[29]

220 6–96 months 220—improved; 5—
velopalatine incompetence; 
1—retropharyngeal infection

5. Perrini 
et al. (2009) 
[32]

34 28 
(0.5–84 months)

Improved: 86%; same: 14%; 
deaths: 6%; morbidity 18%

6. Mouchaty 
et al. (2009) 
[31]

52 (BI-32) (TOD +PF) 33 
(4–96 months)

Improved—46 (81%); 19.2% 
same or deterioration; 
morbidity—2 patients

7. Yerramneni 
(2011) [7]

100 (BI-87)
TOD (n = 59), OCF (n = 
69), C(1)-C(2) fusion (n 
= 22), occiput-C(2) 
wiring (n = 5), and FMD 
(n = 5)

138 
(1–84 months)

Improved: 86%; same: 10%; 
deteriorated: 4%
deaths: 5

8. Klekamp 
et al. (2015) 
[27]

46 (A: 31 with ventral 
compression (TOD + PF) 
and B:15 without ventral 
compression (only 
FMD))

46 
(1–120 months)

A: 42 improved; 4 same
B: 25% deteriorated in 
long-term follow-up

AAD atlanto-axial dislocation; PF posterior fusion; BI basilar invagination; ACM Arnold Chiari 
malformation; TOD transoral decompression; FMD foramen magnum decompression; C(1)-C(2) 
cervical; OCF occipito-cervical fusion
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Table 33.6 Summary of major studies used only posterior approach [(A) C1/C2 distraction fol-
lowed by fusion and (B) Foramen magnum decompression only] for treatment of CVJ anomalies 
in literature

Method of 
posterior 
fusion Studies

No. of patients 
(total = 782 )

Follow-up 
(months)

Postoperative 
neurological outcome

(A) C1/C2 
distraction 
followed by 
fusion

1.  Goel et al. 
(2004) [38]

22 ( PF with 
spacer and C1/
C2 screw and 
rod)

28 months Improved—22 (100%)

2.  Kim et al. 
(2004) [43]

11 BI and 
ACM (C1-2 
plate and screw 
distraction and 
FMD)

11 (3–92 months) Improved—9 (81%), 1 
same, 1 worse

3.  Goel et al. 
(2009) [41]

170 5–60 months Improved—170 
(100%); in 85% 
patients torticollis and 
neck alignment 
improved

4.  Jian et al. 
(2010) [42]

28 (direct 
posterior 
reduction and 
distraction 
without spacer)

6–50 months 26 (92.9%) improved, 2 
(7.1%) stable >50% 
reduction in 27/28 
patients (96.4%)

5.  Yin et al. 
(2014) [40]

146 143 ( 6–48 months) Improved—135/143 
(94%)

6.  Salunke 
et al. 
(2015) [44]

19 (C1-2 facet 
drilling and 
distraction)

19 19(100%) improvement 
and 89% reduction 
(except in 2 patients 
with vertical joint and 
anomalous vertebral 
artery)

7.  Chandra 
et al. 
(2013) [39]

79 (C1-2 
distraction, 
compression, 
extension, 
reduction)

69 (12–39 months) 100% improvement and 
100% reduction

(B) Foramen 
magnum 
decompression 
only, without 
fusion

1.  Goel et al. 
(1998) [24]

112 (with 
ACM) (PF in 
28 patients)

6–120 months Improved—112 
(100%)

2.  Andrie 
et al. (2004) 
[53]

26 (PF in 10 
patients)

26 (1–25 months) Improved—22 (84%); 
Same— 4(15%); poor 
grade—1

3.  Goncalves 
da Silva 
et al. 
(2011) [57]

104 (51 with 
ACM)

104 Improved 10 (13%); 42 
(100%)—rhinolalia; 14 
(26%) paresthesia

AAD atlanto-axial dislocation; PF posterior fusion: BI basilar invagination; ACM Arnold Chiari 
malformation; TOD transoral decompression; FMD foramen magnum decompression
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33.5.1  Debate: Anterior Vs. Posterior Approach

Unfortunately, the current literature is lacking in defining definitive criteria which 
would help to indicate the need for a pure anterior, a pure posterior, or a combined 
approach. Considering the studies that favored an anterior decompression prior to a 
posterior stabilization, as a general rule, AAD and BI that do not seem reducible 
have been treated with ventral decompression followed by posterior cervical stabi-
lization. Menezes reported a series of 72 patients of BI operated by anterior decom-
pression which included 15 patients of BI with associated ACM who were previously 
treated by only posterior decompression, and deteriorated in the postoperative 
period. Postoperative MRI was suggestive of an increase in the cranio-cervical 
kyphosis and ventral compression which required further anterior decompression 
and posterior fusion [30]. This was further substantiated in 2008 in 733 patients who 
underwent a transoral decompression. In a study of 100 cases of ACM, it was found 
that BI was an associated feature in 92% of cases, and 34% also had atlanto-axial 
instability which required an atlanto-axial fusion along with posterior fossa decom-
pression as described by Menezes [62]. A study of 170 patients surgically treated 
with only posterior approach have also shown optimal results [41]. We have 
attempted to describe the outcome of different approaches and methods used in 
Tables 33.5 and 33.6. In the case of bony anomalies of the CVJ, it is essential to 
focus on the instability of facet joints, which are the prime factors responsible for 
the dislocation, for achieving an optimal outcome [63].

33.6  Conclusions

A detailed evaluation of the facet joint anatomy is essential to understand the etiol-
ogy responsible for the irreducibility of AAD and BI with other bony and soft tissue 
coexisting anomalies. The algorithm for CVJ anomalies management must be indi-
vidualized and should be based on the facet joint anatomy, presence or absence of 
instability, surgeon’s personal experience and choice.
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34.1  Introduction

Spine infections, despite improvement of prognosis in recent years due to ame-
lioration of antibiotic therapy, new diagnostic tools [Computed Tomography 
scan (CT scan), Magnetic Resonance Imaging (MRI)] and progress in surgical 
techniques, are life-threatening diseases with still high morbidity and mortality 
rates.

Early evidence of vertebral osteomyelitis was found in Egyptian mummies. 
While Hippocrates of Cos in his book (On Articulations) described spinal 
deformities similar to those of Pott’s disease [1], Galen was the first physician 
who described the relationship between spinal deformity and infectious pro-
cess [2].

Before the era of antibiotics, little knowledge was added to the Hippocratic/
Galen school until 1779, when sir Percival Pott described the tubercular infection of 
the spine [3]. The first robust description of bacterial osteomyelitis, as we recognize 
today, dates to 1879 and was made by Lannelongue [4].

Despite the cumulative data on this disease and the improvement of knowledge 
on spine infection, cervical spine (C-spine) infections have a high mortality rate and 
account for 15% of all cases when complicated by abscess [5].
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Infections at the C-spine [cranio-vertebral junction (CVJ) and subaxial cervical 
spine as a whole] are quite uncommon, accounting for less than 10% of all form of 
spine infections; nevertheless they are responsible of the majority of neurological 
impairment due to proximity to vital structure; they are the cause of 27% of all neu-
rological deficits.

Infective process of the spine may be classified in various ways, considering the 
histologic response of the host to the specific organism, the primary anatomic loca-
tion, the way of spreading, etc.

Infection can be classified according to:

• response to the host: pyogenic (due to bacterial infection), granulomatous infec-
tion (due to Mycobacteria, fungi, Brucella, and syphilis) or parasitic infection 
(Echinococcosis) [6, 7]

• primary anatomic localization: discitis, spondylitis, spondylodiscitis or vertebral 
osteomyelitis (VO), spinal epidural abscess (SEA) (primary or secondary), pyo-
genic facet arthropathy [6]

• spread: hematogenous, contiguity, direct inoculation
• duration: acute (<6  weeks); subacute (6  weeks–3  months); chronic 

(>3 months)
• age of host: adult or pediatric spine infection

Approximately 95% of pyogenic spinal infections involve the vertebral body, 
and only 5% the posterior elements of the spine. This discrepancy has been attrib-
uted to the blood supply to the vertebral body and its cellular marrow.

The key to understand the pathogenesis and the subsequent morphological aspect 
of spine infection is the lack of direct blood supply in adult intervertebral disk and, 
instead, the dense vascular network in vertebral body metaphyseal region. As bacte-
ria follow vascular pathway, this explains why the vertebral body is usually infected 
within trabecular area by septic embolus and subsequently the infection settles 
down to the disk space.

In surgical procedure, the cause of iatrogenic infection is a direct inoculation of 
bacteria into the disk region and hence the resulting isolated discitis is the primary 
manifestation.

34.2  Cervical Spine Infection

The classification of c-spine infections is similar to that of thoracic and lumbar 
spine, so pyogenic and non-pyogenic forms are the main ones.

It could be also distinguished, as abovementioned, in discitis, spondylitis and 
spondylodiscitis, spinal epidural abscess, and pyogenic facet arthropathy depending 
on whether the causative germ is localized, i.e., to disk alone, vertebral body alone 
or both, epidural space, and facet joint, respectively. The pathogenesis and seeding, 
however, is quite different.
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As a general rule, the most frequent way by which the pathogen can localize in 
spine is hematogenous spread, particularly arterial pathway; in C-spine, however, 
venous and lymphatic route, particularly in CVJ region, play a significant role; in 
this region contiguity and continuity spread are as important as hematogenous way.

The anatomy of CVJ, namely the anatomy of foramen magnum and occipital 
condyle, atlas, axis, and the complex of ligamentous structures makes this region of 
particular interest with regard to infections.

34.3  Anatomy of CVJ and Infections

An in-depth description of the anatomy of cranio-vertebral junction is beyond the 
scope of the present chapter, but is of paramount importance for understanding 
pathogenesis and subsequent clinical manifestation of spinal infections.

The CVJ is a complex of osteo-ligamentous components that joint the cranium to 
column [8].

The atlas, the first vertebra or C1, and axis, the second one or C2, are regarded 
atypical when compared with vertebrae of the subaxial cervical spine.

The two important anatomic features of the atlas are: (1) the anterior tubercle, 
located in the midline of the anterior arch: its importance lies on the close proximity 
to retropharyngeal space (RPS) and the dense venous plexuses inside it (see later); 
(2) the prominent tubercle of bone on each side of mesial lateral masses: it is the 
attachment of the transverse ligament that holds the dens confined to the anterior 
third of the atlantal ring; the ligament provides stability; hence its importance lies 
on onset of instability when destroyed from infection.

The second cervical vertebrae, axis or C2, has a characteristic upward projection, 
dens or odontoid process; it origins from the body and articulates with the posterior 
aspect of the anterior arch of the atlas. Between the lamina, posteriorly, and the 
lateral mass there is a not well-defined area known as pedicle/isthmus (this structure 
is important in posterior screw fixation). The laminae of the axis, the posterior ele-
ments, are thick and the spinous process is large and bifid; laterally, the transverse 
process projects and ends in a single tubercle: it contains a foramen 
transversarium.

The density of the trabecular bone of the axis varies: it is dense near the center of 
the tip of the dens and lateral masses beneath the superior articular surface, and 
hypodense at the center of the dens [9]. The importance of the density resides in the 
resistance to damage after seeding of bacteria.

The occipital condyles are the paired inferiorly and lateral prominences of the 
occipital bone that form the lateral part of foramen magnum together with the basi-
occiput anteriorly and the squamosal segment posteriorly. They are commonly oval 
in shaped; they slope inferiorly from lateral to medial in the coronal plane. They 
have a canal, the hypoglossal or anterior condyloid canal, through which two struc-
tures travel: the hypoglossal nerve (cranial nerve XII) exits the skull, and a menin-
geal branch of the ascending pharyngeal artery enters it. The condyloid fossa, a 
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recess behind the condyles, is frequently perforated by the posterior condylar fora-
men, through which an emissary vein runs from the sigmoid sinus. The dense ana-
tomical structures that lie in these canals and travel from or to skull base and CVJ 
justify the frequent extension of infection upwards or downwards [10].

Two joints compose the CVJ: the atlanto-occipital and atlantoaxial joints.
The atlanto-occipital complex is composed of: (1) two membranes, the anterior 

and posterior atlanto-occipital ones that extended between the superior margin of 
anterior and posterior arch of C1 to foramen magnum; and (2) two synovial atlanto- 
occipital joints formed between the superior articular facet of the atlas and the 
occipital condyle.

The atlantoaxial complex is composed of three joints: the lateral joints are formed 
by the articulation between the superior articular facet of C2 and the inferior surface 
of the atlas; the median joint is formed between the odontoid posteriorly and the ante-
rior complex composed by the anterior arch of the atlas and transverse ligament.

The important ligaments that connect C0 to C1-C2 complex are: the apical liga-
ment (also known as “suspensory ligament”) extends from the tip of odontoid to the 
anterior edge of the foramen magnum; the two paired alar ligaments extend from 
the tip of the dens to the medial aspects of each occipital condyle and on the lateral 
mass of the atlas [11]; the cruciate ligament composed of the transverse ligament of 
C1 and a ligamentous extensions, the superior and inferior ones, that connect it to 
the anterior edges of the foramen magnum and posterior surface of body of C2; the 
tectorial membranes extend from the upper surface of the basilar portion of the 
occipital bone and the anterior margin of the foramen magnum to the posterior body 
of the axis and the posterior longitudinal ligament. These structures are responsible 
for the majority of movement of the cervical spine being the bony structures deter-
minant for mechanical properties of the atlanto-occipital joint, whereas ligamentous 
structures determine the properties of the atlantoaxial joint [12].

34.3.1  Blood Supply and Lymphatics

Blood supply to the CVJ region is provided by vertebral and occipital arteries. Two 
main arteries arise from vertebral arteries, anterior and posterior ascending vessels: 
they anastomose together to form an “apical arcade” around the alar ligament.

The anterior and posterior ascending vessels give off the small perforating 
branches to the body of the axis and the odontoid process; furthermore, in the apical 
arcade, small carotid arteries branches contribute to the vascularization by way of 
the base of the skull and apical ligament [13–15].

The primary lymphatic drainage of the CVJ region is into the retropharyngeal 
lymphatic nodes and then deep into the deeper cervical nodes. The nasopharynx, 
retropharyngeal area, and the paranasal sinuses also drain into the retropharyngeal 
nodes.

In an interesting paper, Parke et  al. [16] described a complex of pharyngo- 
vertebral veins with a dense anastomosis between lymphatic and venous system; 
furthermore, the pharyngo-vertebral veins have a direct communication with the 
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periodontal venous plexus that empty in the sinuses that lie in the suboccipital epi-
dural space. As a primary consequence of this important anatomical relationship is 
that, in a retrograde fashion, an infection in the para- and prevertebral region, i.e., 
retropharyngeal space (RPS), can involve cranio-cervical joints resulting in osteo-
myelitis and subsequent instability with the impending development of neurological 
deficit. Thus, beyond the classical arterial pathway followed in thoracic and lumbar 
spine infection, there is a further route for septic involvement of the CVJ, the RPS 
[16, 17].

A straightforward example of the intimate relationship between RPS and CVJ is 
Grisel’s syndrome. This condition is most common in patient less than 30 years old 
who suffered a recent or active upper respiratory infection or undergone recent ENT 
procedures [18, 19]. In this syndrome, the germ can spread through the pharyngo- 
vertebral venous plexus into the atlantoaxial articulation/facet joint. The odontoid 
inflammatory process leads to bone destruction, thinning of transverse ligament, 
and subsequent instability with the impending symptoms such as occipital and cer-
vical pain, torticollis, and rotatory subluxation.

34.3.2  Retropharyngeal Space (RPS) Relevant Anatomy

RPS is the anatomical space that lies just behind oropharynx. It is bordered anteri-
orly by bucco-pharyngeal fascia and posteriorly by prevertebral fascia. The alar 
fascia, dependent from the deep cervical fascia, divides this space into anterior and 
posterior compartment. The former extends from the skull base to T4 vertebral 
body; the latter extends inferiorly to the diaphragm. RPS can be further classified as 
suprahyoid space or infrahyoid space relative to hyoid bone: the former contains 
retropharyngeal lymph nodes and fat, the latter only fat [20].

The relationship between RPS and CVJ is very close, especially with bony and 
ligamentous structure that forms anterior arch of C1 and odontoid process. As many 
others, Carlos R. Goulart et al. performed cadaveric endoscopic endonasal dissec-
tion that permitted to highlight the nearness among the oropharyngeal thin mucosa, 
anterior longus capitis and longus colli muscles, anterior longitudinal ligament, 
arteries (particularly vertebral arteries branches) and veins (the highest Batson 
plexus veins) and bony elements, particularly anterior tubercle and anterior arch of 
C1, odontoid process; apical and alar ligaments, tectorial membrane.

The oropharynx is colonized by normal flora and by potential virulent bacteria 
that in case of minor traumatic laceration of mucosa, can invade the RPS and give 
rise to infection [21].

For example a high-energy CVJ injury, in which anterior arch of C1 is the main 
cause of laceration of oropharynx epithelium, can lead to hematoma formation 
within deep muscles; oropharynx laceration is the cause of bacterial invasion of 
RPS and subsequent abscess formation due to the excellent pabulum represented by 
hematoma itself. Due to the dense anastomosis between vessel veins and lymphatic 
inside RPS, germ can multiply and spread with subsequent involvement of CVJ 
bones and epidural space [22, 23].
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Also degenerative disease might be responsible of small tear of mucosal coating 
of oropharynx in minor hyperextension cervical injury [24].

In adult, another possible cause of apparently spontaneous retropharyngeal 
abscess formation is lacking of some kind of lymph node degeneration that involve 
this structure during adolescence: bacterial infection that originates from middle 
ear, sinuses or tonsils can therefore spread through nodes to RPS and give rise to 
abscess that can rarely complicate with vertebral osteomyelitis.

34.4  Pyogenic Spine Infection and C-Spine Involvement

The incidence of pyogenic vertebral osteomyelitis (V0) appears to have increased in 
recent years and is approximately 2.2/100,000 per year [25, 26] most likely due to 
improved diagnosis, the numbers of patients with immunosuppression and frequent 
use of intravascular catheters for therapies, the enlargement of people affected by 
chronic pathologies, such as diabetes, the rise of aging  [27, 28], and a large amount 
of young people that abuse of intravenous drugs.

About the age, the incidence of infection increases with age; vertebral osteomy-
elitis is uncommon under the age of 20 years (0.3/100.000 persons), but over the age 
of 70 years, the incidence is 20-fold higher (6.5 per 100,000 persons).

Pyogenic cervical involvement by hematogenous source represents 6% of all 
cases of vertebral osteomyelitis [6, 29], whereas granulomatous infections are rare, 
and predominantly due to TB infection.

The importance of diagnosis of C-spine infection, particularly CVJ region, is due 
to the potential development of neurological deficits, reported between 24% and 
64% of cases, due to extensively bony and ligament destruction and subsequent 
instability of C0-C1-C2 joints.

Pyogenic spine infection is believed to represent a spectrum of manifestation, but 
in 95% of cases in subaxial C-spine it manifests such as a spondylodiscitis and in 
CVJ localization such as spondylitis, epidural abscess, and pyogenic facet joint 
infection.

Any clinical condition that causes bacteremia may lead to hematogenous verte-
bral osteomyelitis and the major risk factors is a current active infection at any site 
of the body [30]; the most frequent one is recurrent urinary tract infection (28%), 
followed by soft tissue and respiratory tract infections [6]; older studies stated a 
frequency of infections in 1.5% of IV drug abusers, with increasing frequency [31, 
32], but the percentage may be underestimated.

The most common isolated bacteria is Staphylococcus species (50% to 80% of 
cases), particularly Staphylococcus aureus methicillin-sensitive (MSSA), greater 
than 36% of species isolated in infected patients; methicillin-resistant Staphylococcus 
aureus (MRSA) is responsible of 6.8% of cases of infection. Streptococcus species 
were isolated in 19% of cases, whereas gram-negative bacteria in 14% of cases, 
with Pseudomonas (3.9%) and E. Coli (2.9%) the most commonly found. The cul-
tures maybe negative in 24–40% of cases.
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34.4.1  Pathogenesis

Spondylodiscitis, in adults, begins with seeding of bacteria into metaphyseal region 
of vertebra through hematogenous spread because of the lack of direct vascular sup-
ply of the disk. In children instead, due to the plentiful vascular supply of the disk 
that allow pathogen to directly seed into the nucleus pulposus, discitis alone is more 
frequently diagnosed than adult, with lumbar localization more commonly than cer-
vical [33].

The acute phase of infection is characterized by vessels dilatation in vertebral 
body vascular network near the septic focus and subsequent edema formation (exu-
date) between the trabecula; this leads to an increased local pressure, reduction in 
blood flow, and the beginning of ischemic process. The exudate is mainly composed 
by neutrophil leukocytes that destroys the bone with lysosomal enzymes rapidly and 
necrosis develops within 48 hours; this process is responsible of infection’s exten-
sion to the disk. In early regenerative phases, the neutrophil leukocytes are partially 
replaced by mononuclear cells (macrophages and lymphocytes) that enter in granu-
lation tissue, composed by fine capillary vessels and a matrix of fibroblastic cells 
that proliferate: disk swelling is the main consequence. In late regenerative phase, 
the disk became sclerotic and fibrotic [34].

34.4.2  Clinical Presentation

The most important problem dealing with spinal infection, C-spine in particular, is 
the delayed diagnosis due to early vague symptoms.

In a literature review [35], the authors stated that 50% of patient suffered symp-
toms for >3  months prior to diagnosis and only 20% of individuals manifested 
symptom less than 3 weeks or between 3 weeks to 3 months. The clinical presenta-
tion is strictly related to the virulence of the organism, the immunocompetence of 
the host, and duration of the infection.

In general, neck and occipital pain are the most common presenting symp-
toms (92%) in patients with cervical and CVJ infection; fever is seen in only 50% 
of the patients: when it is the presenting symptom, the acute form should be 
suspected.

Signs of C-spine or CVJ infection, such as radiculopathy or myelopathy, are 
manifested in late phase of pathological complicated course and when present, an 
associated epidural abscess or spinal cord compression must be suspected. As a 
whole, the percentage of neurological deficit is about 17% in patients with spine 
infection and it is much more higher in C-spine infection [36]. A triad of neck pain, 
fever, and progressive radiculopathy should rise the suspicion of infection and 
should be used for early diagnosis [37]: unfortunately the triad is rarely seen. 
Cervical spine lymphadenopathy, spasm of neck musculature, and progressive 
 torticollis have been described as early signs and symptoms [38], but are 
uncommon.

34 Infections at the Cranio-vertebral Junction



532

Atypical symptoms are present in about 15% of cases and they predominantly 
are meningeal irritation, headache, chest pain, or respiratory problems; less com-
mon findings may be muscle spasm, tenderness, weight loss, pain exacerbation with 
movement, limited motion, vague symptomatology such as, malaise, and decreased 
appetite.

Several more factors should contribute to the difficulty in diagnosis in this chal-
lenging region; the anatomy is the first one because it is quite different to that of 
other segments of spinal column. As described in the anatomical paragraph, the 
C0-C1-C2 joints consist only of synovial joint without disk between C1 and C2, and 
the infection often begins as a septic arthritis. The radiographic shrinkage of the 
disk space is evident in early subaxial cervical spine infection (spondylodiscitis and 
discitis); the widening of retropharyngeal soft tissue is easily missed until late.

34.4.3  Laboratory

Laboratory evaluation consists of blood count with erythrocyte sedimentation rate 
(ESR) and C-reactive protein (CRP); urine and blood cultures should be obtained.

The most sensitive and more specific inflammatory marker is CRP: the increase 
of its levels begins 6 h after onset of inflammatory process and reaches the peak 
3–5 days after the infection; CRP drops rapidly with a half-life of 24 to 48 h after 
the resolution of the pathological process and normal values are reached in 10 days; 
conversely, ESR peaks at 5–7 days and for more than 3–4 weeks it remains at high 
values. Interestingly, Thelander and Larsson found that ESR and CRP values remain 
high for at least 10–14 days after routine spine procedures and thereafter an increase 
of their blood concentrations should rise the suspect of post-surgical infection [39].

34.4.4  Imaging

Radiographic changes are difficult to identify until advanced bone destruction is 
present; therefore the introduction and subsequent development of CT scan and MR 
images was of paramount importance and they have undoubtedly simplified the 
diagnosis [40].

In plain radiograph, early signs are focal osteopenia or osteolysis, paravertebral 
shadow, periosteal thickening. However, there is a delay of 3–4 weeks after onset of 
infection and that radiological signs clearly evident in subaxial spine, such as blurred 
endplates, disk space collapse, reactive bone formation should lack in CVJ spondylitis.

Lateral films are useful to visualize the prevertebral soft tissue swelling that usu-
ally is due to edema or retropharyngeal abscess, but they can be subtle and missed 
by an inexperienced radiologist.

CT scan with or without contrast agent injection is a useful tool that permits to 
clearly identify the degree of lytic vertebral body destruction, the extent of abscesses 
in soft tissue and also the boundary between abscesses and swollen paravertebral 
muscles; it is also more sensitive than MR image in  localization of bone 
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sequestration [41]. Furthermore, CT scan is able to differentiate pyogenic spondyli-
tis from tuberculous or fungal ones; in the latter, the soft tissue extension is more 
prominent [42]; in the lumbar spine CT scan is able to identify the disk hypodensity 
that is specific for infection but is less useful in the thoracic and cervical region. 
Finally it is a useful and safe toll to guide biopsies of the spine for definitive identi-
fication of pathogen.

MRI is the imaging method of choice in spine infection. It, indeed, provides 
more anatomic information than CT scan or radionuclide studies and allows early 
signs of infection with identification of soft tissue swelling and abscess: MRI has 
96% sensitivity, 93% specificity, and 94% accuracy in detecting vertebral osteomy-
elitis in general [43]. In addiction, MRI is particularly useful in atlas or odontoid 
osteomyelitis [44–46]. For example in early phase of dens osteomyelitis, T1- and 
T2-weighted MR images are able to identify findings consistent with uncomplicated 
osteomyelitis; however, the difference between normal and abnormal bone marrow 
is difficult to evaluate. Short tau inversion recovery (STIR) and chemical fat- 
saturated post-contrast sequences are able, indeed, to do that, i.e., to reveal intraos-
seous abnormal signal or enhancement [41, 47].

Spondylodiscitis has MRI characteristic findings: decreased signal intensity on 
T1-weighted images of vertebral endplate or compact bone (i.e., dens or anterior/
posterior C1 arc), increased signal intensity on T2- weighted images and contrast 
enhancement of the disk and/or vertebral endplates; ring-enhancement on post- 
gadolinium T1-weighted images of abscesses.

Of interest, Chang et  al. have conducted a study in whom they compare MR 
imaging features of granulomatous spondylitis, tuberculous mostly, with pyogenic 
spondylitis and identified five findings useful to differentiate these pathological 
entities [48]. The features were: degree of bone destruction, degree of disk preserva-
tion, paravertebral abscess appearance, and post-contrast agent injection abscess 
rim enhancement. Degree of vertebral body and disk destruction are the key find-
ings that permit to distinguish the two entities: in almost all tuberculous patients 
(82%) there is a near complete vertebral body destruction, whereas this involves 
30% of the patients with pyogenic spondylodiscitis.

Radionuclide studies are very useful because they could detect infection early in 
the course of pathology and seldom before plain films become positive. Gallium 
scan shows an increase of the uptake in a butterfly fashion around the area of infec-
tion. It has an 89% of sensitivity, 85% of specificity, and 86% of accuracy; it 
becomes positive before technetium scan [49, 50]. Gallium scanning exams return 
to normal during healing so this study could be used in follow-up to evaluate the 
response to therapy. Technetium scan shows an increase of the uptake in a diffuse 
fashion in the region of the infected vertebrae. It has a 90% of sensitivity, 78% of 
specificity, and 86% of accuracy. This exam remains positive for a long period after 
the end of the therapy, hence it could not be used in follow-up [50].

Both the technique may result negative in cases of occult infection due to low 
virulence of the organisms [51] and false-negative results are possible in case of 
regional ischemia, mainly in elderly people with technetium bone scan [51] or in 
leukopenic patients in gallium bone scan exams [52].
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Single-photon emission computed tomography (SPECT) is used for early detec-
tion of spine infection and has the mainly advantage of contrast resolution and 
three-dimensional localization. In a recent study by Love et  al. [53], gallium 
SPECT was compared to technetium SPECT and MRI with the results that gallium 
SPECT had comparable accuracy to MRI in detecting infection, hence the former 
should be used when MRI is contraindicated or in case where the diagnosis is 
inconclusive.

34.5  Tuberculosis of the Cervical Spine

Tuberculosis (TB) is still a world challenge despite antitubercular therapy with a 
prevalence of 14 million cases and 9.4 million new cases/every year [54].

Of patients with TB, 10–15% have involvement of musculoskeletal system and 
in nearly half of these patients, the spine is involved. Only 10% of all cases of spinal 
TB are localized in C-spine and among patients with tubercular spondylitis, CVJ 
involvement, C1-C2 complex particularly, is seen only 0.3–1% [55, 56]. However, 
in two published series [56, 57], until 5% of cases of spinal TB was at CVJ.

C-spine bone localization is usually secondary to direct extension from retropha-
ryngeal lymph nodes, unlike thoracic or lumbar spine in whom the infection is sec-
ondary to hematogenous spread [58]. Extensive late destruction of bony elements of 
C1 and C2, such as in TB infection, can lead to instability and rotatory deformities 
of the CVJ. The lateral masses of atlas are involved in 72% of cases and the dens in 
62% of the patients [59, 60].

34.5.1  Pathology

The Mycobacterium tuberculosis is responsible of the human infection. The bacte-
rium is an obligate aerobe, i.e., with affinity for tissues rich in high oxygen 
tension.

Three types of tubercular lesions have been described:

 – exudative lesions: these are the result of association of polymorphonuclear leu-
kocytes, monocytes, and lymphocytes with an exudative reaction in the infected 
area (vasodilation and edema formation).

 – proliferative lesion is the typical one, known as “tuberculous granuloma”: it is 
formed by bacilli surrounded by two types of inflammatory cells: mononuclear 
cells that engulf the bacterium and then coalesce to form epithelioid cells; lym-
phocytes cells that encircled the epithelioid ones. The center of granuloma is 
then featured by caseating necrosis.

 – composite lesions: as the inflammatory process progresses, the abscess, which is 
a collection of caseous material, bony sequestra, serum and inflammatory cells 
with scant tubercular bacilli, forms. The abscess may be confined, such as in the 
pre-odontoid space, or it can follow the tissue planes to flow distant to origin, for 
example the anterior or posterior neck triangles or in the axilla.
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From a pathogenetic point of view, the incidence and type of neurologic deficit in 
cervical TB varies between the upper and lower cervical spine because of the close 
proximity of spinal cord; in fact, it occupies one-third of the spinal canal at the level 
of C1 and C2, hence the free space available makes neurologic deficit uncommon 
until extensive destruction and large abscesses form and mechanical compression or 
ischemia of the spinal cord secondary to vascular thrombosis result.

Clinical presentation and outcome are influenced by age of the patient: in chil-
dren less than 10 years old and young people, fulcrum of movement is at C2-C3 
disk, hence increased mechanical stress to this level makes it susceptible to infec-
tion; extensive destruction of growth plates and severe kyphosis in this age group 
are due to ligamentous laxity and horizontally oriented facets.

In patients more than 10 years old and in adult, the shape of articular joint is 
more vertical, and fulcrum of movement is shifted more inferiorly, hence lower 
C-spine is more susceptible to infection.

The understanding of the site of involvement of tuberculosis in the CVJ and the 
pattern of its spread and nature of its pathogenetic effects on the osteo-ligamentous 
assembly is crucial for defining the strategy of the management.

Tuberculosis involves the bone primarily and ligaments are affected only second-
arily. Bones are involved by destruction while the ligaments are involved by dis-
placement and disruption [61, 62].

The pattern of involvement of CVJ by TB can be divided into three stages, as 
described by Lifeso in 12 patients, on the basis of radiological features [63]:

Stage 1: in this stage, the ligaments are intact; there is minimal bony destruction 
and involvement of the cancellous part of the bone: usually unilateral involvement 
of the facet of atlas; less frequently, isolated and/or unilateral involvement of the 
facets of axis or the odontoid process.

There is no deformation and no evidence of C1-C2 dislocation. It may be seen 
inflammatory granulomatous reaction, usually around the involved facet joints, and 
caseous necrosis. The other parts of the atlas or axis bone and the contralateral facet 
are not involved. Clinically neck pain and reduction of neck movements are present-
ing symptoms of this stage.

Stage 2: the disease progresses with extension of the inflammatory reaction to atlan-
toaxial joint and to other parts of the atlas and/or axis bones and ligaments with the 
result of minimal, irreducible or, less frequently, reducible atlanto-axial dislocation 
(AAD), which is probably due to ineffectiveness of the alar and transverse ligaments. 
The contralateral joint is still unaffected and, hence, the dislocation is of “fixed” and 
rotatory variety. Prevertebral or extradural spinal caseous necrosis or pus formation is 
usually encountered. The joint space on the involved side is seen to be reduced or 
absent. Clinically the patient presents with neck pain, neck muscle spasm, and severe 
neck movements restriction. Torticollis is characteristic and appears to be the results to 
defense in an attempt to reduce stress to the affected joint and to protect the cord from 
compression. The patient may or may not have neurological symptoms or deficits.

Stage 3: there is an extensive involvement of the contralateral atlantoaxial joint 
and other bones with complete loss of odontoid and atlas arches; all ligaments of the 
region are destroyed. Instability of the CVJ is usually seen. Thus, the patient pres-
ents neurological deficit.
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34.5.2  Clinical Features

Neurological deficits are delayed and initially less pronounced despite the aggres-
sive destruction and deformation by the disease that is initially unilateral with spare 
of contralateral atlantoaxial joint. Due to the presence of relatively stable CVJ 
region and the effectiveness of the modern antituberculous drugs, symptomatology 
is initially subtle.

Severe pain and reduction of neck movements are presenting symptoms of 
C-spine TB; suboccipital headache is the early symptom in the course of CVJ local-
ization; swelling in the neck, secondary to cold abscess, and torticollis can rarely be 
present at early stages and may reflect sternocleidomastoid spasm or lateral mass 
destruction of atlas with instability.

In subaxial c-spine TB patients, neurologic symptoms are seen in 25% of 
cases, while in only 15% to 20% of cases with CVJ TB localization, although 
reported incidence of spinal cord compression on imaging is quite high, i.e., 45% 
of cases [64].

Symptoms of spinal cord compression include a wide variety of weakness, spas-
ticity, altered gait; paresthesias of extremities with loss of bowel and bladder con-
trol; and spinothalamic tract alterations; paresis of ninth and tenth cranial nerves 
manifests with a vary degree of dysphagia, nasal regurgitation, and hoarseness of 
voice; atlantoaxial instability and cervico-medullary compression may be respon-
sible of sudden death, as reported by Fang et al. [65]. History of systemic signs of 
TB may be present and consist of weight loss, night sweat, and fever.

Vertebral and basilar artery thrombosis due to extensions of the exudative form 
of TB infection are also be described and manifest as brainstem symptomatology.

All the movements of the neck are severely restricted by pain and spasm; rarely, 
kyphotic deformity can be visualized.

Atypical clinical presentation is reported to vary from 0.2 to 10% [66], and it 
consists of: involvement of the posterior elements of the spinal column, skip lesions, 
extradural spinal cord compression without evidence of bony involvement, destruc-
tive lesions of the sacrum or acute hemiplegia or monoplegia due to one-side com-
pression on cervico-medullary junction, or just above it [67].

34.5.3  Imaging

As a general rule, in TB the cancellous part of bone is most susceptible to destruc-
tion than the compact part that is affected late in the pathology with secondarily 
involved joint.

In TB, two types of radiological features are recognized: the granular type char-
acterized by less destructive imaging of the affected bony elements; then the case-
ous exudative type that is characterized by more destructive features and more 
frequently associated to abscess.

Based on the radiologic location of the tuberculous focus, the lesions are classi-
fied as paradiskal, central, anterior, and appendicular.
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Hence, in the early stages of C-spine and CVJ TB, the only first suspicion on lateral 
plain radiograph is an increased prevertebral soft tissue shadow (>7 mm at the lover 
border of the axis) without any extensive bony destruction that became visible first if 
the lesion involves at least 50% of the vertebral body and second if enough time has 
elapsed from beginning of host reaction (generally after 2–6  months) [68]. Other 
radiographic features are: reabsorption of dens margin and end plate of C2 body; 
obliteration or narrowing of C2-C3 disk space (as a general rule, in C-spine infection, 
changes of disk space and blurring of end plates are visible after a delay of 2–3 weeks); 
lytic destruction of anterior portion of the body; erosion of occipital condyles and, 
more importantly, extensive destruction of facet joints, that can quickly lead to an 
unstable spine with AAD and severe instability, are late visible.

Although not as effective as MRI, CT scans better delineate than plain radiographs 
the bony anatomy and show the bony destruction earlier; it can also identify the extent 
of paravertebral abscess and soft tissue shadows. CT scan can provide details of facet 
joints integrity, which are important in deciding the timing and nature of surgical 
intervention. An important additional benefit of CT scan is its use for CT-guided 
biopsy of the lesion to obtain the cultural specimen [69]. Contrast- enhanced CT scans 
better delineate the abscess walls and infected granulation tissue.

MRI is the imaging study of choice because it is able to show the earlier signal 
intensity changes in the bone marrow and spinal cord.

MRI changes include: early decreased signal intensity in T1-weighted images 
and increased signal changes in T2-weighted images as a result of bone marrow 
edema; subligamentous extension of infection to the adjacent vertebrae, mainly 
anteriorly, is commonly observed. MRI can also provide information on the cause 
of the neurologic deficits. It can help identify mechanical compression by the 
abscess, granulation tissue, bony fragments, instability, and basilar impression. 
Intrinsic signal changes within the spinal cord can be clearly visualized.

A multilocular, calcified abscess in the retropharyngeal and paraspinal region 
with a thick, irregular enhancing rim and associated bony fragmentation is charac-
teristic of TB; intraosseous, paravertebral, and epidural abscesses are clearly visual-
ized by fat-suppressed, gadolinium contrast-enhanced MRI, and contrast-enhanced 
MRI can also help in differentiating granulation tissue, which shows homogeneous 
enhancement, from abscess, which has only rim enhancement.

A conclusive diagnosis cannot be achieved from radiologic features alone, hence 
a biopsy is of paramount importance. Lesions located in the anterior aspect of C1 
and C2 can be approached by the transoral route; in the presence of instability or 
neurologic deficit, the definitive procedure can also be performed at the same stage.

34.5.4  Management

The goals of management of C-spine TB include cure of the disease and prevention or 
reversal of any neurologic deficit. In early stages of the infection, effective medical 
therapy has made conservative treatment possible, whereas, in patients at risk for 
instability, deformity, or impending neurologic deficit, surgical intervention is favored.
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Conservative choice remains the standard of care for most patients. Indeed, anti-
biotics and improving imaging modalities have made mortality and morbidity 
dropped from 25% to 56% in past years to <5% in modern era [70–72].

Factors that influence CVJ TB management are response to medical therapy, the 
extent of bone destruction with presence of AAD and invariably neurological patient 
status and degree of cord compression.

34.5.4.1  Surgical Management: Indications
Decision-making regarding surgery must take into account the modality of spread, 
degree of bone destruction, with occipital condyle and articular joints involvement 
being more important, nature and progression of neurological symptoms [62].

Although chemotherapy achieves disease clearance, it cannot arrest instability 
and development and progression of deformity; medical therapy, furthermore, may 
not be successful in some kind of patients with neurologic deficit caused by mechan-
ical conditions such as retropulsed bony fragments and pathologic dislocation.

The present opinion regarding CVJ TB management switches from total conser-
vative [73] to total surgery [74] and once surgical treatment is chosen, posterior vs 
anterior and posterior route or anterior transoral or endoscopic modality is the sec-
ond step.

To date, there are sparse grading systems that help to guide treatment modalities. 
Lifeso’s system, for example, is based only on radiological features (as early men-
tioned) [63] and supports, as Edward et al. sustained [74], a 2-stage surgical proce-
dure with transoral decompression and posteriorly successive fixation. On the other 
hand, Gupta et al. [73] treated all patients with immobilization and external brace, 
regardless of clinical grade.

Recently Behari et  al. [75] described a clinical grading system and grouped 
patients on the basis severity of clinical manifestation into two categories: those 
with minor deficit and those with major deficit. The former include patients with 
neck pain and minor disability that not interfere with daily life; the latter include 
patient with major disability and totally or partly dependent daily activity by other. 
On the basis of this system, both treatments, medical and surgical ones, are advo-
cate: all patients with minor deficit were treated with antitubercular medical ther-
apy alone, whereas all patients with major deficit were treated with surgery and 
medical therapy.

More recently, Teegala et  al. [76] have developed a grading system in which 
radiological and clinical data were assessed and guided initial treatment. They 
grouped their patients (71 patients) into 3 grade: grade 1 (score 3–4); grade 2 (score 
5–6); grade 3 (score 7–8) on the basis of three parameters: restriction of active neck 
movement (score 1–2); motor strength: minimal (Medical Research Council 
power > 4), severe (Medical Research Council power < 4), none (score 1–3); radio-
logical score: retropharyngeal collection and/or evidence of bone destruction on C2 
(score 1–3). The author treated all grade 3 patient [8] surgically (single-stage tran-
soral decompression and posterior fusion) and grade 1 [27] and 2 [36] patients ini-
tially conservatively and only patient with reducible residual AAD [5] underwent 
surgical posterior fixation.
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Therefore, in CVJ TB, surgery is less frequently indicated and may be required 
early in patients with severe disability and presence and progression of neurological 
deficits [77] with AAD or in patients that are responsive to medical therapy and 
residual AAD.

Qureshi et al. [56] recommended that all patients with CVJ TB and symptoms 
and signs of neurological deficits due to instability who fail to respond to 4–6 weeks 
of conservative treatment (medical therapy and external brace) should undergo pos-
terior surgery (C0-C1/C2 fusion), with or without posterior decompression; anterior 
surgery is reserved in those few cases that do not improve neurologically after pos-
terior fusion.

In either treatment, as short-term (6 months) chemotherapy has been associated 
with poor outcome, the authors suggested a prolonged (up to 18 months) medical 
regimen [73, 75, 78].

Hence in general, in CVJ TB, surgical treatment with the goals of debridement 
of the infected tissues, bony fragments, and disk to achieve spinal cord decompres-
sion and restore stability should be reserved in the following instances:

 1. failure of clinical and radiologic improvement after medical therapy for at least 
6–8 weeks.

 2. acute and severe neurologic deficit following destruction of at least 50% of ver-
tebral body with impending spinal cord compression.

 3. instability in the form of AAD and subluxation.
 4. retropharyngeal abscess associated to dyspnea, dysphagia, and dysphonia.
 5. early mobilization in patients at risk for complications.

Surgical options depend on whether the site of TB involvement is atlantoaxial or 
axial-subaxial cervical spine and whether basilar invagination exists.

Posterior surgical procedures, in terms of occipito-axial or occipito-subaxial 
fusion, are performed as adjuncts to anterior surgical ones (either micro- or endo-
scopically). An isolated posterior surgical procedure for an anterior located lesion, 
irrespective of the cause, is contraindicated, as stated by Menezes AH [79] because 
it does not hit the anterior lesion and compromises the stability provided by the 
retained normal posterior structures.

As mentioned earlier, the antero-lateral routes should be the endonasal endo-
scopic or transoral/retropharyngeal technique.

Transoral technique has been the standard surgical corridor to decompress C1-C2 
and is performed through transpharyngeal mucosa and provides exposure rostral 
from inferior tip of clivus to caudally the C2–3 space and laterally for 2 cm to either 
side of the midline.

The disadvantage of transoral approach is a long surgical corridor to traverse, 
limited visualization: laterally, the exposure is limited by the hypoglossal condylar 
canals, the Eustachian tubes, and the vertebral arteries; inferiorly by the degree of 
depression of the tongue, a lack in a sufficient working distance (2.5–3 cm) between 
the upper and lower incisor teeth; upward the exposure may be limited by soft palate 
(some authors advocate division of soft palate to achieve more rostral exposition: 
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transoral-transpalatopharyngeal approach); impairment of mucosal healing, CSF 
leakage; oropharyngeal swelling with necessity of tracheostomy.

Retropharyngeal approach is performed medial to sternocleidomastoid muscle 
through transverse submandibular incision via suprahyoid dissection. The latter has 
the disadvantage of wide anatomical dissection of cervical fasciae and a superior 
oblique trajectory that makes difficult a decompression of wide spread of infection.

Several authors have described the transnasal approach to CVJ [80–83] and have 
a comparison to standard transoral approach [84, 85]. The advantage of endoscopic 
endonasal approach (EEA) to CVJ is full visualization of deep seated structures, 
early nasal mucosal healing, and reduction of post-operative intubations; it appears 
to be superior to standard approach, when lesion extends upstairs over the inferior 
third of the clivus. The disadvantages are the anatomical limit of hard palate that 
prevents the use of endoscopy below C2; a long learning curve with instrumenta-
tion; and a multidisciplinary team.

Therefore, the appropriate choice is based on surgeon’s experience, on extension 
and type of CVJ involvement, and on anatomical consideration as stated by a recent 
cadaveric study [82].
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35.1  Introduction

Rheumatoid arthritis (RA) is a chronic, systemic inflammatory disorder affecting 
primarily the synovial joints of the body [1–3]. Although the peripheral joints of 
the hands and feet bear the brunt of the disease, cervical spine remains the sec-
ond most commonly affected site [4–6]. As a matter of fact, RA is the common-
est inflammatory disorder of the cervical spine. The occipito-atlanto-axial 
complex is most severely affected by the rheumatoid process. Progression of the 
inflammatory process leads to a combination of atlanto-axial subluxation (AAS), 
cranial settling (CS) or basilar invagination (BI) and subaxial subluxation (SAS) 
[1, 2, 6, 7]. The resultant clinical manifestations are the major causes of morbid-
ity and mortality in RA. Although the advent and widespread use of the disease-
modifying antirheumatic drugs (DMARD) and the molecular targeted therapies 
(MTT) have improved the overall outcome in RA, these medications are largely 
unable to prevent the progression of symptomatic cervical rheumatoid disease 
[3, 6, 7].

Surgical fixation of the diseased spinal segment has remained the treatment of 
choice over the years [1, 2, 6–8]. Progressively, these patients are being operated 
earlier in their disease course, unlike in the past. The surgical fixation techniques 
as well as the instrumentations have significantly changed over the last few 
decades, paralleling the changes in the management of congenital cranio-verte-
bral junction (CVJ) anomalies. Segment sparing surgery (atlanto-axial fusion 
rather than occipito- cervical fusion) is rapidly becoming the initial treatment of 
choice unless the disease is rather advanced [8]. A number of recent studies have 
shown promising results of surgery even in the patients with worst preoperative 
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neurological grades (Ranawat IIIb) [9–12]. Despite all these advancements, the 
role and timing of prophylactic surgery in the asymptomatic radiological disease 
still remains unclear [1, 13, 14].

35.2  Disease Burden and Natural History

35.2.1  Burden of Disease

The exact incidence of RA is not known. Approximately 41 new cases of RA over 
the age of 18 every year are diagnosed per 100,000 individuals worldwide [1, 14, 
15]. It is estimated that 1–2% of the world’s population is affected by RA at any 
given point of time [15]. Similarly, the exact figures of the cervical spine involve-
ment in RA are not known, although it is believed to affect more than half of the RA 
patients. The figures vary from studies to studies and the incidence of radiological 
involvement of CVJ is thought to be higher than the symptomatic clinical disease. It 
is also possible that the advent and widespread use of newer drugs in RA have 
affected the incidence and the prevalence in the relatively newer publications. The 
prevalence of radiological cervical spine involvement is reported to be between 17 
and 85% worldwide [1, 3, 6, 7, 14]. However, it is to be noted that only about 
7–34% of these patients will present with neurological deficits secondary to these 
changes [1, 16]. A number of factors like severity of the peripheral joint disease, 
DMARD failure, prolonged corticosteroid usage, and the severity of RA itself (ele-
vated levels of rheumatoid factor (RF) and erythrocyte sedimentation rate (ESR)) 
are known to be associated with the development as well as prognosis of the cervi-
cal spine disease [1, 7, 17, 18].

35.2.2  Natural History

The natural history of the rheumatoid cervical spine is variable although a large 
majority of the patients eventually progress to severe morbidity and death [14, 16, 
19]. Earlier studies probably underestimated the natural history by labeling it rather 
benign. However, nowadays, we know that cervical spine involvement is seen in up 
to 85% of patients that is frequently progressive and potentially devastating [1, 5, 7, 
13, 16–18, 20–23].

Most of the information on the natural history of the ailment has been derived 
from the experience of conservative management in rheumatoid cervical spine dis-
ease. In a relatively recent prospective study of 140 patients with definite RA fol-
lowed over a period of 5  years, Yurube et  al., [22] noted a 43.6% incidence of 
cervical instability, with a clinically severe disease prevalent in nearly 12.9%, of the 
patients. Administration of corticosteroids, established mutilating changes at base-
line, and the development into mutilating changes during the follow-up period were 
identified as risk factors for “severe” instability in their study. Other authors have 
reported progression rates as high as 80 to 87% over 6 to 10 years [20, 21]. In the 
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latest update of their patient cohort prospectively followed for more than 10 years, 
Yurube et al. [23] documented a highly significant conversion to spinal instability 
and severe clinical disease with increasing duration of follow-up. They noted an 
additional requirement of surgery for peripheral joint disease as another factor con-
tributing to accelerated disease progression in the cervical spine.

It is believed that the evolution of medical therapy in RA has probably affected 
the natural history of the disease in recent times. Optimal treatment of RA using 
these agents can delay the involvement of the cervical spine. Of particular note, 
these drugs largely fail to prevent the progression of symptomatic cervical rheuma-
toid disease [3, 6, 7]. As far as the timing of cervical spine involvement is con-
cerned, it can be as early as within 2 years of detection of RA or alternatively, it may 
be delayed for many years. This large variation in the lag period is probably related 
to the activity of the primary disease. AAS is the earliest pathological change 
observed in these patients. As the disease progresses, facet joint erosion results in 
progressive cranial settling (CS). Eventually, subaxial subluxations (SASs) begin to 
appear potentially leading to dire consequences including death. In one study, none 
of the patients survived after 7 years of developing clinical disease progression. Of 
particular note, nearly 50% of the mortalities take place within the first year of diag-
nosis of instability. Appearance of the CS is particularly associated with a dismal 
outcome [24].

A number of predictors have been proposed to signify the likelihood of disease 
progression. These include the disease duration, male gender, RF seropositivity, 
severe peripheral disease, prolonged steroid use, and increased C-reactive protein 
level [22–26]. Imagama and colleagues found that the presence of severe large joint 
disease (disease of shoulders, elbows, hips, and knees) called as the “large joint 
index” correlated significantly with AAS, CS, and an increased posterior atlanto- 
dental interval (PADI) [26].

35.3  Pathogenesis and Pathology

35.3.1  Pathogenesis

RA affects the synovial joints throughout the human body. This condition results 
from a complex interplay of genetic, environmental, and immune system related fac-
tors. The initiating factor is probably exposure to certain unknown antigens displayed 
by the synovial tissues of the genetically predisposed patients. Abnormal prolifera-
tion of the plasma cells occurs under the influence of the helper T cells (CD4+) to 
deal with this unknown event. These plasma cells lead to abnormal and excessive 
production of auto-antibodies like rheumatoid factor (RF) and anti-citric citrullinated 
peptides (anti-CCP) that target unknown antigens expressed by the synovial tissues 
of the target joints. Elaboration of cytokines like interleukin I and VI, and tumor 
necrosis factor alpha accentuate the inflammatory onslaught on the synovial mem-
branes [4]. There is formation of an expanding mass of proliferating inflammatory 
cells and fibroblasts, known as the pannus. The inflammatory pannus elaborates 
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certain enzymes/biproducts like tissue metalloproteinase and osteoclast-like factors 
leading to destruction of the joint capsules, the articular cartilage, and the subchon-
dral bone [26]. There is loosening, tear, or even rupture of the surrounding ligaments 
giving rise to the classical joint dislocations and deformities. In addition, the poor 
nutritional status, prolonged immobilization, and long-term steroid/cytotoxic drug 
usage contribute to the osteopenia and fractures associated with this condition.

In the cervical spine, the zygapophyseal and uncovertebral joints are synovial in 
nature. Moreover, there are two synovial joints, one each on the anterior and the 
posterior aspects of the odontoid process of the axis. With such a dense aggregation 
of the synovial joints, it is not surprising that the cervical spine is so commonly and 
so severely affected in RA. The intervertebral disk spaces are not affected primarily 
as these are fibrous joints and are avascular. Therefore, the lack of an intervertebral 
disk, an inherently increased mobility, and the presence of multiple synovial joints 
make the occipito-atlantal-axis complex the most vulnerable segment for rheuma-
toid involvement. The intervertebral disks, however, eventually get affected from 
the extension of the surrounding inflammatory pannus. This explains the delayed 
appearance of subaxial cervical instability.

35.3.2  Pathology

The clinical manifestations and resultant morbidity in rheumatoid cervical myelop-
athy are the direct results of the underlying pathological changes in the bony spine. 
These pathologies lead to a combination of static and dynamic damage to the under-
lying neurovascular structures. The static compression is usually due to the retro- 
odontoid mass and less commonly due to fixed or locked bony dislocations [27, 28]. 
The different dynamic mechanisms of cord damage include the atlanto-axial sub-
luxation (AAS), cranial settling (CS) or basilar invagination (BI) and subaxial sub-
luxation (SAS) [1, 2, 6, 7]. In addition, there may be atraumatic fractures of the 
odontoid process and destruction of the lateral masses.

The vertebral arteries are not affected directly. Compression and kinking of VA 
may, however, add to the neurological decline in the advanced stages [4]. While all 
these local changes are happening in the cervical spine, other systems of the body 
like the pulmonary, cardiovascular, and the musculocutaneous systems develop 
various complications that may affect the final outcome after surgery in these 
patients [29].

35.3.2.1  Retro-Odontoid Soft Tissue (ROST)
The soft tissue mass that typically forms behind the odontoid process in RA has been a 
matter of much debate [27, 28]. It is commonly referred to as the “retro- odontoid 
pseudo tumor.” ROST is generally believed to represent the inflammatory pannus, 
comprising inflammatory cells and necrotic fibrocartilage. Although the exact inci-
dence is not known, it is believed that only some patients with rheumatoid cervical 
spine affliction go on to develop ROST. When present, ROST may cause persistent and 
static ventral compression on the cervico-medullary junction. These masses are thought 
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to be derived from the inflammation of the para-odontoid synovial joints with thicken-
ing of the transverse atlantal ligament (TAL) and the tectorial membrane. Concurrent 
spinal instability is paramount for their maintenance and growth. The size of the ROST, 
and accordingly, their contribution to the patients’ symptomatology may vary from 
patient to patient. Grob [30] proposed a radiological classification scheme for ROSTs 
comprising 4 grades: Grade 1 represents absent or minimal ROST, grade 2 indicates a 
moderate sized ROST, grade 3 indicates a large sized ROST but not causing cord com-
pression, while grade 4 ROST is associated with spinal cord compression. Not all 
ROSTs are of the same character both histologically and on imaging. Yonezawa et al. 
[27] noted three different radiological types of ROST based on their intensity on T1- 
and T2-weighted magnetic resonance imaging (MRI). Type 1 ROST typically resem-
bled the classic inflammatory pannus containing fluid inside the mass (T2 hyperintense); 
Type 2 ROST represented the “pseudo tumor” like pattern with T2-hypo- intensity 
suggesting the presence of fibrosis inside. Type 3 ROST displayed a mixed picture hav-
ing features of both the previous types. ROSTs rarely require direct surgical approach 
and almost always regress or disappear following posterior fusion of the associated 
spinal instability. Yonezawa et al. [27] noted that type 1 ROST resolved the fastest after 
surgery while the type 2 ROST was much slower in regressing.

In a recent study, Dohzono et al. [28] noted that the thickness of ROST reduced 
with increasing severity of the atlanto-axial subluxation (AAS) and the peripheral 
joint disease. They postulated that the apparent decrease in the size of the ROST 
was probably because of the rupture and subsequent contracture of the TAL when 
atlanto-dental interval (ADI) exceeded 3–4 mm.

35.3.2.2  Atlanto-axial Subluxation (AAS)
AAS is the commonest (65%) and probably the earliest pathological change caused 
by rheumatoid involvement of the cervical spine. Rheumatoid AAS may be anterior, 
posterior, lateral, or a combination of these types. Anterior AAS accounts for nearly 
75% of the dislocations seen clinically [1]. It usually results from incompetence of 
the transverse atlantal ligament (TAL). It should be remembered, however, that sub-
luxations beyond 3–4 mm of the upper limit of the physiological range (also known 
as the anterior atlantodental interval [ADI, normal value: <3 mm]) require addi-
tional incompetence of the alar and the apical ligaments to manifest [22]. Asymmetric 
involvement of the C1/2 facet joints may give rise to lateral AAS. It accounts for 
20% of all such cases and presents clinically with torticollis. Interestingly, a lateral 
radiograph may fail to diagnose the presence of lateral subluxation necessitating an 
open mouth odontoid view to appreciate the subtle joint asymmetry and neck tilt 
[16]. Posterior AAS is the rarest of all rheumatoid AASs (occurring in around 7% of 
the patients). It results from destruction/fracture of the odontoid process which 
enables posterior displacement of C1 arch over the C2 [31]. The lateral and the 
posterior types of AAS, although rare, result in significant cord compression and 
add to the difficulties in the surgical management [16, 19]. The AAS in RA is reduc-
ible in the initial stages. As the disease worsens further, the instability may become 
non-reducible. Non-reducibility is more likely when there is associated cranial set-
tling or subaxial subluxation [29].
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35.3.2.3  Cranial Settling (CS) or Basilar Invagination (BI)
Destruction of the C1/2 joint and C1 lateral mass leads to progressive invagination 
of the axis into the foramen magnum (incidence 4–35%) [32–34]. The odontoid 
and at times, the body of C2 vertebra end up compressing the cervico-medullary 
junction or the medulla oblongata itself. Associated local kyphosis may accentu-
ate the compression further. The possibility of vertebral artery compression as 
well as sudden- onset death increases many folds with the development of this 
complication [32]. It is worthwhile to note that ADI spuriously normalizes when 
CS develops, thereby giving a false impression of improvement in the AAS [33, 
34]. The obliquity of the anterior surface of the odontoid is responsible for this 
curious observation. Thus, as BI becomes more pronounced, the broader inferior 
aspect of the odontoid and C2 comes to lie at the level of the C1 arch with an 
apparent decrease in the ADI producing the erroneous impression of improvement 
in the AAS.

35.3.2.4  Subaxial Subluxation (SAS)
SAS is the last and the least commonly (7–29%) seen abnormality in rheumatoid 
involvement of the cervical spine [19, 23]. The destruction of the zygapophyseal/
uncovertebral joints initially and intervertebral disks subsequently leads to sagittal 
displacement of the subaxial cervical spine. In addition, the cervical spines of these 
patients demonstrate disappearance of the normal interspinous bursae [35]. As men-
tioned previously, SAS may develop after the surgical fixation of the symptomatic 
CVJ disease [14, 29, 36, 37]. Chances of SAS are thought to be higher if the CVJ is 
fixed in a manner to leave an occipito-axial angle greater than 30 degrees [38].

35.4  Clinical Features

The manifestations of rheumatoid cervical spine may vary from no symptoms at all 
to the severest form of myelopathy where the patient is completely unable to ambu-
late. Although RA, as a whole, is more common in female patients, advanced cer-
vical spine affection is probably commoner in male patients [14, 19]. Severe 
peripheral joint arthritis with muscle atrophy and contractures often mask the early 
myelopathic symptoms. Neck pain is usually an early manifestation and indicates 
instability at the level of the atlanto-axial complex. There may be associated 
restriction of the neck movements, particularly the rotational movement. Patients 
may additionally complain of clicking sounds with neck movements, a specific and 
often a characteristic symptom [1, 3]. Many patients complain of a feeling of their 
head falling forwards. Relief in neck pain on lying supine and the need to support 
the head while getting up from the bed are commonly reported. In addition, sub-
occipital and occasional ear pain may be reported secondary to the irritation of the 
C2 nerve root.

Spasticity, limb weakness, and paresthesias herald the onset of myelopathy. As 
the disease progresses, the severity of myelopathy increases proportionately, eventu-
ally restricting the patient to the bed if the condition is not treated timely. 
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Of particular note, peripheral joint disease always precedes spinal manifestations. 
Therefore, signs of myelopathy are not as classical as observed in other causes of 
compressive myelopathy. Worsening of existing status of ambulation is unanimously 
agreed to be a harbinger of clinical myelopathy in RA [1, 3]. Pathological reflexes 
and Lhermitte’s phenomenon are often demonstrable in the established cases.

Lower cranial nerve involvement in the form of difficulty in swallowing, nasal 
regurgitation of liquids, and change in voice with features of vertebro-basilar insuf-
ficiency (VBI) indicate CS [39]. VBI manifests as syncope, giddiness, tinnitus, and 
transient cerebellar signs, especially with attempted neck movements. Autonomic 
manifestations like bladder-bowel impairment and facial hypoesthesia appear rather 
late in the course of the disease.

35.5  Clinical Grading of the Functional Status in Rheumatoid 
Cervical Myelopathy

The conventional grading systems of compressive myelopathy like the modified 
Japanese Orthopedic Association Score (m-JOA), Nurick grading system, etc. do 
not apply in these patients due to severe pre-existing/accompanying musculoskele-
tal disability. The ability to walk forms an important parameter of judging the func-
tional status of rheumatoid myelopathy. Therefore, certain specific grading systems 
have been proposed to qualify the functional status in rheumatoid cervical myelopa-
thy. These include Ranawat’s grading system and the American Rheumatologic 
Association (ARA) grading [1, 2, 40]. However, the most commonly utilized and 
widely validated scoring system across the world is the system proposed by Ranawat 
et al. Table 35.1 shows the details of Ranawat’s grading system.

35.6  Role of Neuroimaging

Imaging plays an important role in assessing the extent of disease, establishing a 
baseline status for monitoring the disease progression over time, and most impor-
tantly, guiding the treatment. Plain radiographs, computed tomographic (CT) scan, 
and magnetic resonance imaging (MRI) of the CVJ including the entire cervical 
spine are necessary to properly characterize the disease.

Table 35.1 Ranawat’s classification of cervical myelopathy secondary to rheumatoid arthritis 
[50]

Class of 
myelopathy Description of the disability
Class I Neurologically intact
Class II Subjective weakness with hyperreflexia and dysesthesia
Class IIIa Objective weakness with long tract signs but ambulatory
Class IIIb Objective weakness with long tract signs with disability to walk or feed 

oneself, quadriparesis
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35.6.1  Plain Radiographs

Plain radiographs of the cervical spine and the CVJ have played an important role 
in the evaluation of rheumatoid cervical myelopathy. These investigations remain 
relevant even in the current era of advanced imaging studies like CT scan and 
MRI. Different views utilized are the open mouth odontoid view, antero-posterior 
and trans-table lateral cervical radiographs including the dynamic lateral cervical 
spine flexion-extension views. The plain radiographs may reveal bony erosion and 
help in estimating the atlanto-dental interval (ADI), effective canal diameter (ECD), 
basilar invagination as well as subaxial cervical subluxation [1, 3, 6].

Certain specific points regarding the role of plain radiographs in rheumatoid cer-
vical disease vis-à-vis congenital CVJ anomalies are worth mentioning here. An 
anterior atlanto-dental interval (ADI) more than 3 mm indicates pathological dislo-
cation of the atlas over the axis in sagittal plane. This may not be a good indicator 
in rheumatoid CVJ disease for two reasons. First, the quality of bone and the resul-
tant visualization on plain radiographs are not as good due to associated osteopenia, 
odontoid tip erosion, and pannus. Secondly, the ADI may appear within normal 
limits if there is associated CS, thus underestimating the grade of the disease [33, 
34]. Therefore, the effective canal diameter (ECD), also known as the posterior 
atlanto-dental interval (PADI), is a more reliable indicator of anterior AAS in RA 
[1–3, 6, 24, 29]. The ECD or PADI of less than 14 mm indicates severe canal steno-
sis and correlates well with clinical status of the patient [1, 3, 6, 29]. Figure 35.1 
depicts the typical findings on dynamic lateral radiographs in rheumatoid AAS.

a b c

Fig. 35.1 Lateral cervical spine radiograph in neutral (a), flexion (b), and extension (c) views. 
The distance between anterior arch of atlas and the anterior surface of the odontoid, known as the 
anterior atlanto-dental interval (ADI), is increased in neutral film suggesting AAS. The distance 
between the posterior surface of the odontoid and the posterior arch of the atlas, known as the 
effective canal diameter (ECD) or the posterior atlanto-dental interval (PADI), is reduced. The ADI 
is increased in flexion (b) which becomes normal in extension (c) suggesting reducibility of the 
AAS. Also to be noted is the relative radiolucency of the odontoid compared to the axis body and 
the overlapping mastoid tip that hinder these assessments in the advanced stages of the disease
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Similar to AAS, the conventional lines utilized for diagnosing BI or CS in con-
genital anomalies cannot be utilized in RA patients. Erosion/atraumatic fractures of 
the odontoid, presence of inflammatory pannus and osteopenia from a combination 
of causes affect clear visualization of the odontoid tip in these patients, thereby 
limiting the utility of the conventional lines [41]. Rather, lines that consider the 
odontoid height as a whole or the base of C2 body/pedicle, that are structures rela-
tively well-preserved, are more useful. These lines/measurements include the Clark 
station, and the Redlund-Johnell and Ranawat’s criteria [1, 2, 6, 8, 42, 43]. It has 
been proven that a combination of these 3 lines has better predictive value (nearly 
90%) in diagnosing BI associated with RA than their use in isolation [42, 43]. These 
lines and criteria for diagnosing CS are detailed in Table 35.2.

Subaxial subluxations (SASs) are characterized by a step-like deformity of the 
vertebrae on lateral cervical radiograph. Typically, the posterior margin of the dislo-
cated vertebra lies more than 3 mm ahead of the posterior margin of the inferior 
vertebra in flexion [1, 3, 6, 29, 43]. Similar to AAS, the space available for cord 
(SAC), a distance from the posterior margin of the vertebra to the spino-laminar line 
is a better predictor of the clinical disease. A diameter less than 10–12 mm at the 
level of dislocation indicates severe canal stenosis [1, 3, 6, 29, 43].

Despite their definite usefulness, the poor resolution, inability to assess the soft 
tissues, poor bone quality, and overlapping of structures like the mastoid tip are 
certain major limitations in the interpretation of plain radiographs in RA.

Table 35.2 Different craniometrics indices and their interpretations for making the diagnosis of 
cranial settling (CS) or basilar invagination (BI) in rheumatoid arthritis [42, 43]

Craniometric 
index Description Interpretation
Clark station In the sagittal plane, the odontoid process is divided 

into three equal parts which are labeled as 
“stations.” The stations are numbered I–III from 
odontoid tip to the base. The level at which the 
anterior arch of the atlas falls is determined

Normal: When anterior 
arch of atlas falls at the 
superior third, i.e., 
station I
Mild CS: When anterior 
arch of atlas falls at the 
middle third, i.e., station 
II
Severe CS: When 
anterior arch of atlas 
falls at the inferior third, 
i.e., station III

Redlund- 
Johnell 
criteria

In the sagittal plane, the distance between the 
inferior margin of C2 vertebral body and the 
McGregor line, i.e., the line drawn from the 
posterior end of the hard palate to the caudal 
cortical margin of the occiput is determined along 
the axis of C2

In CS or BI, the distance 
is less than 34 mm 
(males) or 29 mm 
(females)

Ranawat’s 
criteria

In the sagittal plane, the distance between the center 
of the C2 pedicle and the transverse axis of atlas 
(Mc Rae’s line) is measured along the axis of the 
odontoid process

In CS or BI, the value is 
typically less than 
15 mm (males) or 
13 mm (females)
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35.6.2  Computed Tomographic (CT) Scan of the Cervical Spine  
Including CVJ

CT scan provides a better visualization of the bony anatomy compared to the plain 
radiographs. It is being increasingly used to study the pathologic bony anatomy 
before surgery [41, 43]. Moreover, volume rendering allows reconstruction of the 
complex anatomy in this area for proper surgical planning. Bony erosions or sub-
luxation are better seen on CT scans. In the patients in whom an MRI cannot be 
performed, CT myelogram may be utilized to determine the level of spinal cord 
compression. Another advantage of the CT scan is the ability to image the verte-
bral arteries using CT angiography. The latter information is very useful during 
surgical exposure and instrumentation. CT scan allows exact measurement of the 
pedicles, laminae, and lateral masses to facilitate intraoperative decision-making 
pertaining to the choice and technique of instrumentation. Although dynamic 
study is possible in the CT scan as well, it probably underestimates the dynamic 
subluxation when compared to the plain films [41]. As Soderman et al. noted, this 
discrepancy between the plain radiographs and the CT scan is primarily due to 
different positioning employed for both these investigations [41]. They, however, 
found the CT scan to be better than the MRI in demonstrating dynamic changes 
inside the spinal subarachnoid space during spinal flexion. Figure 35.2 demon-
strates the CT findings in a case of rheumatoid AAD. Note the ability to assess the 
lateral joints, their symmetry as well as the visualization of the pedicles on CT 
scan images.

35.6.3  MRI of the Cervical Spine Including the CVJ

MRI provides excellent soft tissue details of this region. The multiplanar images 
help in estimating the extent of the disease. The extent of inflammatory synovitis, 
pannus formation, and cord compression as well as the intramedullary changes 
secondary to the compression are clearly revealed on MR images [1, 7, 27, 28, 44]. 
The ROST, as previously mentioned, may have different signal intensities that may 
have different prognostic significance. In a recent study, Izuka et al. demonstrated 
that the intramedullary T2 hyperintensity correlated well with preoperative symp-
tomatology. They noted disappearance of the T2 hyperintensity in 100% of their 
patients after surgery [44]. By taking into account the periodontoid soft tissue, 
MRI probably gives a better measurement of the effective canal diameter (ECD) 
than radiographs or CT scans. Additionally, cerebrospinal fluid pathway obstruc-
tion and associated hydrocephalus, if present, can be detected. Some authors have 
noted a relationship of the cervico-medullary angle measured on MRI and the 
patients’ neurological status. This angle formed between ventral surface of the 
cervical spinal cord and the brainstem on midsagittal MRI normally measures 
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between 135 and 175°. A value less than 135° usually implies significant CS and 
correlates well with clinical myelopathy [45]. Figure 35.3 demonstrates the MRI 
findings in a case of rheumatoid affection of the CV junction.

35.7  Management

Natural history studies have documented a progressive neurological decline and 
eventual death in the majority of these patients. The landmark study by Casey and 
Crockard highlighted the poor outcome of surgery in the advanced stages of the 
disease (Ranawat IIIb) [46]. Numerous studies have proven that timely surgical 
stabilization of the rheumatoid cervical spine can successfully prevent both radio-
logical and clinical disease progression [8–12, 14, 43]. Therefore, it is unanimously 
agreed now that once a patient is diagnosed with rheumatoid cervical instability 
manifesting either as pain or as myelopathy, surgical fixation should not be delayed. 

a b c

d e

Fig. 35.2 CT scan of the cervical spine in a patient with rheumatoid cervical myelopathy shows 
excellent bony details with increased ADI with reduced ECD in neutral position (b). Note the 
subtle erosions/sclerosis on the posterior border of the odontoid. There is not much change in the 
ADI in flexion (a) and extension (c), a limitation of the CT scan over the plain radiographs. CT 
scan provides clear visualization of the lateral elements of occipito-atlantal-axial complex (d) for 
determining suitability of the newer instrumentation techniques and segment sparing atlanto-axial 
fusion. Reconstructed images help to estimate the sizes of the pars interarticularis/pedicle/lamina 
for choosing the size of the screws to be placed during fusion
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Prophylactic surgery in asymptomatic radiological disease, however, remains con-
troversial at this point in time [13, 14, 43]. Continued radiological surveillance 
under cover of DMARDs/MTTs is probably the best thing to do until definitive 
evidences in favor of prophylactic surgery are published.

35.7.1  The Place of Conservative Treatment

Due to the lack of strong clinical evidence for recommending prophylactic cervical 
spine fusion at present, most rheumatologists prefer non-operative treatment in the 
early asymptomatic stages of the disease. Patients who do not have symptoms of the 
disease but show one or more of the radiological changes may be treated with a 
combination of medical therapy, neck immobilization using halo or cervical collars, 
supervised neck physiotherapy, and proper health education [14].

Medical therapy consists of DMARDS and MTTs as well as medications to treat 
osteopenia (calcium and vitamin D supplements, bisphosphonates) [14]. There are 
reports that active medical management of RA may delay the development of the 
symptomatic disease and may even lead to reduction in AAS. Immobilization of the 
spine is an important component of non-operative management. This can be 
achieved using a halo brace or a collar. Halo brace is very effective in reducing 
motion to enable healing to take place while the best medical treatment of RA is 

a b

Fig. 35.3 T1-weighted MRI of the cervical spine shows destruction of the odontoid and a soft 
tissue mass consisting of the inflammatory pannus behind the anterior arch of the atlas shown with 
a white arrow (a). The compression and flattening of the cervico-medullary junction (shown with 
a yellow arrow) is well visualized (a). A T2 axial section shows the hyperintense pannus (marked 
with a white arrow) with compression and distortion of the spinal cord between the odontoid and 
the posterior arch of atlas. There is hyperintensity inside the cord suggesting myelomalacic 
changes secondary to the chronic compression
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ongoing. Nannapaneni et al. [9] used halo brace preoperatively in their patients to 
relieve neurologic symptoms and to maintain realignment of the spine till the time 
of surgery. Miyomato et al. [29] maintained their patients on a preoperative halo for 
a period of 7 days that allowed them to achieve intraoperative alignment and fixa-
tion without much manipulation. The main problem with a halo is poor compliance 
on the part of the patients. Hard cervical collar, although often advised, hardly limits 
motion at the cervical spine. Supervised physiotherapy to strengthen the neck mus-
cles may help in the initial part of the disease but its role is questionable and rather 
discouraged once neck pain starts.

Some people advocate non-operative treatment in Ranawat’s stages I and II [14]. 
A recent systematic review has supported this understanding by documenting simi-
lar survival between operated and non-operated Ranawat’s grade I and II patients. 
The same study, however, demonstrated higher chances of disease progression from 
Ranawat grade II onwards [14]. As the surgical results and postoperative care have 
improved drastically in recent times, the scope of non-operative treatment is getting 
limited day by day and an overwhelming majority of neurosurgeons over the world 
would advise surgery once symptomatic instability/myelopathy sets in.

35.7.2  Surgical Treatment

The surgical treatment aims to decompress the neural structures and at the same 
time to provide stability to the affected segment of the spine. The type and extent of 
surgery has changed a lot over time [9]. Earlier, ventral cord compression was 
almost always treated using transoral decompression (TOD) [47]. Recently, the 
endoscopic endonasal approach has been utilized for performing TOD [48]. The 
latter is reported to reduce complications of the traditional surgery while giving 
similar surgical outcomes. The technique and complications are similar to those 
seen in congenital CV junction malformations. TOD has, however, gradually dimin-
ished in popularity. This is mainly because of the realization that inflammatory pan-
nus resolves after stabilization of the diseased spine and that the recent joint 
manipulation techniques render the so-called fixed AASs to reducible AASs on 
most occasions [49].

The posterior approach to the rheumatoid cervical spine/CVJ has become very 
popular as a standalone procedure in the recent times. In a recent review of the larg-
est experience of such patients in the world, Bhatia et al. noted a gradual shift from 
the uniform occipito-cervical fusion to C1/2 fusion over the last 30-year period in 
their institute [9]. This could be attributable to the earlier referrals for surgery when 
the pathological changes are not fully developed so that a segment sparing C1/2 
fusion may be all that is required. C1/2 fusion addresses the epicenter of the pathol-
ogy and spares motion at the occipito-atlantal and subaxial joints that may be rela-
tively normal in the initial stages of the disease. Reduction of motion at C1/2 level 
is known to halt the disease progression sufficiently to delay or at times obviate the 
need for an occipito-cervical fusion later [14, 29, 43].
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There has been a change in the techniques of spinal fusion as well. Once popular, 
fusion procedures like Gallie’s and Brooke’s fusion or their modifications are sel-
dom performed now-a-days. Rather, current techniques like Magerl’s transarticular 
fusion and Goel-Harm’s C1-C2 fusions focus on the lateral joints to ensure maximal 
reduction of motion and promote a solid bony fusion. Apart from treating AAS, 
these joint manipulations and joint jamming techniques using spacers/bone grafts 
help in the correction of BI as well as the rotational dislocation [49]. Nevertheless, 
poor bone quality and inflammatory erosion of the articular masses in the advanced 
stages of the disease coupled with inherent risks of VA injury remain major chal-
lenges with these recent techniques. Irrespective of the technique of fusion, ade-
quate decompression of the spinal cord is the key. This may include a laminectomy, 
foramen magnum decompression, and rarely, removal of the inflammatory pannus. 
Intraoperative restoration of the C1/2 dislocation and distraction of the joints can 
also lead to indirect decompression of the cord akin to the ligamentotaxis for 
thoraco- lumbar fractures. Bony fusion is an important aspect of surgery and may be 
augmented by autologous grafts from ribs/iliac crest or bone substitutes.

Occipito-cervical fusion (OCF) in rheumatoid cervical spinal instability is usually 
indicated when the disease is relatively advanced radiologically and the patients have 
more than just a reducible AAS. In addition, posterior AASs are best treated using an 
OCF [29]. The techniques of OCF have also changed from the times of Ransford’s 
loop to the current screw and rod fixation technique. The subaxial spinal disease 
determines the caudal limit of the fusion. Figure 35.4 shows the pre- and postopera-
tive images in a patient with OCF for atlanto-axial instability secondary to RA.

SAS requires cervical fixation from a posterior approach as mentioned above. 
Very rarely, an acute kyphosis necessitates an anterior approach. Posterior approach 

Preoperative Postoperative

Fig. 35.4 Lateral cervical shows AAS with increased ADI preoperatively. The subluxation has 
been completely reduced with occipito-C2/3 fixation with normalization of the ADI 
postoperatively
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usually involves a laminectomy and lateral mass fusion. The currently popular tech-
niques are transarticular screw fixation or lateral mass fusion using screw and rod 
[14, 43]. However, SAS in the setting of RA is almost always preceded by AAS with 
or without CS. Therefore, OCF remains the treatment of choice in SAS [29].

35.7.3  Complications of Surgery

The current fixation techniques are very robust and do not need prolonged external 
immobilization anymore. The general complications of surgery are similar to those 
seen with congenital anomalies. Complication rates after surgery vary across differ-
ent studies. The operative mortality ranges from 4 to 17%. Mortality rates increase 
with increasing duration of the systemic disease, severity of the RA, and preopera-
tive clinico-radiological severity of the cervical myelopathy. As noted by Miyamoto 
et al., the incidence mortality rose from 26.5% in reducible AAS to 37.2% when 
there was additional SAS [29]. The main reasons for the underlying postoperative 
mortality are medical complications like pneumonia, massive gastrointestinal bleed, 
myocardial infarction, heart failure, etc. [29].

A higher incidence of surgical site infections, poor wound healing, and pseudo-
arthrosis are specific complications of surgical fixation in RA [29, 37]. Deep surgi-
cal site infections are particularly more common with OCF.  More extensive 
dissection, increased operative times, more tissue handling, more blood loss, and an 
extensive hardware predispose to postoperative infections. Zygmunt et al. noted a 
66% incidence of wound infection in their series of patients undergoing OCF [37]. 
More recently, Miyamato documented a relatively lesser incidence of 12.9% [29].

Progression of the subaxial disease remains another bane in the surgery of rheu-
matoid cervical spine [2, 14, 29, 43]. While the progression of the rheumatoid pro-
cess in itself is the cause of this progression in some of the patients, failure to 
recognize and address any pre-existing SAS at the time of first surgery remains an 
important factor. Moreover, adjacent segment degeneration after a rigid spinal 
fusion may give rise to this not so uncommon complication. It has been reported 
following both C1/2 and OC fusion. The incidence of SAS after C1/2 fusion can be 
as high as 39% to 57% [43]. Krause et al. noted subaxial instability in 36% of their 
cases at a mean duration of 2.6 years after an initial short segment (O-C2) OCF [2]. 
Miyamato et al., while analyzing their experience over three decades with cervical 
spine fusions in RA, noted a 30% incidence of SAS after a short segment OCF 
(C2/3/4) [29]. They noted that patients undergoing a long segment (C0-C7 or T2) 
OCF often did not require revision surgery on account of SAS or pseudoarthrosis.

35.8  Surgical Outcome

The surgical outcome in rheumatoid cervical myelopathy is variable. A number of 
factors are involved in determining the outcome. Table 35.3 shows the different fac-
tors affecting outcome of rheumatoid cervical myelopathy following surgical 
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treatment. A long duration of illness prior to surgery, severity of peripheral joint 
disease as well as the severity of the rheumatoid inflammatory process are important 
clinical determinants of the surgical outcome [1–3, 6, 22–26]. Peripheral joint dis-
ease severity has been reported by many to be predictive of not only the severity of 
the myelopathy but also the surgical outcome [26, 29]. Severe systemic inflamma-
tion, as indicated by high RF and C-reactive protein levels, indicating the presence 
of an uncontrolled systemic disease, is a poor prognostic factor. Poor response to 
DMARDs has also been recognized as a cause of suboptimal surgical outcome [43].

The most important determinant of surgical outcome is probably the preopera-
tive functional grade. Numerous studies have found that the surgical outcome 
worsens with increasing preoperative Ranawat’s grade. The utility of surgery in the 
neurologically “most devastated patients,” i.e., in Ranawat grade IIIb, has been 
long debated. These patients constitute 24–36% of all rheumatoid cervical myelop-
athy patients [14, 43]. A number of recent studies have reported encouraging 
improvements in the functional grade (by at least 1 grade) in these patients after 
surgery [9–12]. van Asselt et al. reported neurological improvement in 73% and 
67% of the myelopathic patients, 3 months and 2 years after surgery, respectively 
[11]. Likewise, Nannapaneni et al. [9] reported a 56% ambulatory rate after sur-
gery in non-ambulatory patients. They also emphasized on the better outcomes 
obtained with long segment fusion of the cervical spine than with short segment 
ones. Tanouchi et  al. [12] analyzed these patients and found that patients who 

Table 35.3 Factors affecting 
outcome after surgery in 
rheumatoid cervical 
myelopathy

Clinical factors
Duration of RA
Severity of peripheral joint disease
Large joint disease
Peripheral joint surgery
Long standing use of steroids and other drugs
DMARD failure
Preoperative Ranawat’s grade
Extent of visceral disease
Radiological factors
Number of pathologies
Posterior/lateral AAS
Presence of CS
Posterior atlanto-dental interval
Space available for cord in the midcervical spine
Laboratory values
RF levels
ESR level
CRP level
Postoperative factors
Progression of RA itself
Pseudoarthrosis
Infections
Progression of subaxial disease
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could at least sit (IIIBa) fared better than those who were bedridden (IIIBb). The 
extent of improvement after surgery is variable and the majority of the patients 
improve to grades IIIa and II. Even a one grade improvement in these patients may 
enable them to ambulate, a point that is strongly propagated by the papers that have 
focused on the surgical outcome in Ranawat IIIb patients. While surgery may only 
provide marginal benefit in the advanced stages of the disease, it can still translate 
in to a substantially better quality of life. On the other hand, non-operative treat-
ment uniformly leads to severe disability and death. Thus, the consensus at present 
is that all patients suffering from advanced rheumatoid cervical myelopathy must 
be considered for surgery.

Preoperative radiological extent of the disease remains an important factor 
affecting the outcome after surgery. A combination of pathologies like AAS, CS, 
and SAS responds poorly to surgery than AAS alone [3, 6, 12, 14, 29, 43]. Miyamoto 
et al. noted that reducible AAS had a significantly higher improvement in functional 
status than the other pathological manifestations and this improvement persisted 
beyond 10 years of surgery [29]. Reduced PADI is also reported to affect postopera-
tive outcome adversely. In one study, PADI less than 10 mm was associated with a 
poor outcome compared to patients with values more than 10  mm [24, 29, 43]. 
Presence of subaxial subluxation, either alone or in combination, is an added reason 
for a poorer surgical outcome. Mid cervical spinal canal diameter less than 14 mm 
indicates a poor postoperative outcome. Unrecognized SAS remains a major cause 
of disease progression and pseudoarthrosis which impair the quality of the life of 
these patients [29, 43].

As noted above, postoperative complications may mar the results of an otherwise 
successful surgery [9, 29, 43]. Progression of RA after surgery has been noted by 
many authors to lead to a worsening of neurological status after an initial improve-
ment following surgery [9, 29]. Nannapaneni et  al. [9] brought attention to this 
particular aspect of the disease. Miyamoto et al. [29] also noted disease progression 
after surgery in their series. Deterioration of RA was seen in 36.8% and 25.6% of 
cases of irreducible AAS and SAS, respectively, in their series.

35.9  Conclusions

Involvement of the cervical spine in RA is relatively more common than previously 
assumed and increases the disease-related morbidity and mortality manifolds. Once 
involved, the inflammatory process leads to progressive joint damage and sublux-
ation causing severe neurological manifestations. A combination of plain radio-
graph, CT scan, and MRI of the cervical spine is needed to comprehensively evaluate 
the extent of the disease and make surgical treatment decisions. Knowledge regard-
ing the specific nuances involved in the interpretation of the radiological investiga-
tions is warranted. There is a large body of evidence today to suggest that surgical 
fusion of the spine not only halts the disease progression but also improves the 
quality of life of these patients. There has been a major change in the philosophy of 
the surgical management of rheumatoid cervical myelopathy over the last few 
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decades. It is very important to address all the existing pathological instabilities dur-
ing the first surgery itself to avoid disease progression. When performed timely, 
surgery can provide gratifying results. The extent of the systemic disease and the 
preoperative Ranawat’s grade are probably the most important factors determining 
the surgical outcome. Currently, the role of prophylactic spinal fusion in asymptom-
atic rheumatoid cervical spine disease is not clear.
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A
Absorbable gelatin sponges, 133
Achondroplasia, 486
Airway assessment, 164
Aneurysmal bone cysts, 337, 424
Aneurysms, PICA aneurysms, see Posterior 

inferior cerebellar artery (PICA) 
aneurysm

Angiolipomas, 338
Angiosarcomas/hemangioendotheliomas, 340
Anterior atlanto-occipital non-segmentation, 

79
Anterior cervical discectomy (ACDF), 112
Anterior condyle emissary vein, 252
Anterior medullary segment, 453
Anterior odontoid screw placement

complication, 265
indication, 262
postoperative care, 264
preoperative planning, 262
surgical technique, 262, 263

Anterior open transoral approach
Codman Crockard transoral retractor, 165
complications, 168, 169
consent for surgery, 164
Crockard technique, 165
indications, 159
pathologies and trends, 161, 163
perioperative management, 167
posterior craniocervical fixation, 166
preoperative assessment, 164

Anterior transarticular screw fixation
complications, 267
indications, 265
postoperative care, 267
preoperative planning, 266
surgical technique, 266, 267

Anterolateral approach (ALA), 416, 422
accessory nerve and fat pad dissection, 247
clinical cases, 255, 258
complication avoidance and management, 

254
differential diagnosis and indications, 239
digastric muscle, 247
dissection, 259
endoscope assistance, 254
extradural and intradural approach, 253
neurophysiological monitoring and 

surgical adjuncts, 245
positioning, 244, 245
preoperative considerations, 243
rectus capitis lateralis muscle (RCLM), 

251
SCM and internal jugular vein, 246
skin incision, 245, 246
suboccipital triangle, identification of, 249
surgical anatomy and technique, 

positioning, 245
surgical indication, 243
transverse process of C1 exposure, 249
VA exposure, 249, 251
variations and extensions, 251, 253
vertical and horizontal segments, 415, 416

Anterolateral corridor, 257
Anterolateral perspective, of CVJ, 27–29, 31

bony structures, 26
extradural structures, 28, 32
muscular relationships, 26

Anteromedial perspective, of CVJ, 32, 35, 36
bony structures, 33, 34
extradural structures, 34, 35, 37
intradural structures, 37
muscular relationships, 34

Apical ligament, 528
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Aplasia, 83
Aplasia-hypoplasia, 80
Arteriotomy, 455, 465
Arteriovenous malformations (AVMs)

anatomical features, 441
clinical presentation and neuroradiological 

assessment, 440
complication and outcomes, 442
exculsion techniques, 442
pre-operative management, 441
regional vascular anatomy, 440
surgical appraoch, 441

Asleep fiberoptic intubation technique, 118
Astrocytomas, 370
Atlantoaxial complex, 528
Atlantoaxial dislocation, 298
Atlantoaxial facet joint angle, 514
Atlantoaxial fixation techniques

C1 lateral mass screw, 202, 203
C1/2 instrumented fusion, 205
C1-C2 transarticular screws, 200, 201
C2 pars screw, 204
C2 pedicle screw, 202
dorsal wiring techniques

Brooks-Jenkins fusion technique, 199
Gallie Fusion, 199
Sonntag posterior C1-C2 technique, 

200
Goel technique, 202
indications, 198
interlaminar clamp technique, 200
transarticular screw, 205

Atlantoaxial motion segments, 89
Atlantoaxial subluxation (AAS), 549
Atlantodental interval (ADI), 76
Atlanto-occipital complex, 528
Atlanto-occipital dislocation (AOD), 308
Atlanto-occipital joint angle, 75, 76
Atlanto-occipital non-segmentation, 78
Atlas-axis distraction, 67
Atlas fractures, 65
Atlas injuries, 92
Atlas transverse foramina, 62
Atypical type I Hangman fracture, 323
Augmented reality, 140, 152
Axis body fractures, 316

B
Balloon transitory occlusion (BTO) technique, 

276
Basal angle, 75
Basilar invagination (BI), 550, 553

Basiocciput hypoplasia, 76
Benign tumors

aneurysmal bone cysts, 337
enchondroma, 337
eosinophilic granuloma, 338
fat cell tumors, 338
fibrous tissue tumors, 337
hemangiomas, 337
osteoblastomas, 336
osteochondroma, 336
osteoid osteoma, 336
solitary plasmocytoma, 338

Bergman’s ossicle, 83
Bicortical screws, 211
Bilateral occipital condyle hypoplasia, 77
Biomechanics, of CVJ

alar ligament failure, 91
atlas injuries, 92
capsular ligament failure, 92
flexibility testing, 87, 88
load-deformation response, 88
pathology, 90, 91
physiological biomechanics, 90
transverse atlantal failure, 91

Bipolar electrocautery, 134
Blood loss management

antifibrinolytic agent, 132
intraoperative direct control, of bleeding

local pro-hemostatic methods, 
 132, 133

mechanical compression and thermal 
coagulation, 132

preoperative anemia, 130
preoperative management

anticoagulants, 130, 131
antiplatelet aggregation, 130
blood recovery systems, 131, 132
fluid administration and fluid challenge, 

131
Bone anomalies, 53

aplasia-hypoplasia, 80
atlas, 79
occipital bone

atlanto-occipital non-segmentation, 78
basiocciput hypoplasia, 76
occipital condyle hypoplasia, 76

rachischisis, 79
Bone grafting, 216
Bony injuries, 293, 294
Bow hunter syndrome, 418, 420
Brainstem astrocytomas, 380
Brooks-Jenkins fusion technique, 199
Bulbomedullar hemangioblastoma, 422
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C
Cadaveric endoscopic endonasal dissection, 

529
Cartesian coordinate system, 88, 505
Cavernous angiomas, 370
Cavernous malformations, 232, 476, 479

anatomy, 469, 471
developmental venous anomaly, 477
far-lateral approach, 474
high anterior cervical approach, 475
history and indication, 468
lighted bipolar forceps, 480
lighted suction cannula, 480
microsurgical resection, 478
midline suboccipital approach, 474, 475
navigation, 477
neurophysiological monitoring, 478
retrosigmoid approach, 473

C2-C3 anterior fusion, 319
C1-C2 fixation technique

incision and exposure, 194
patient positioning, 194
screw length, 195
treatment indication, 194

C2 chordoma, 356, 426
C1-C2 instability, 331
C1-C2 posterior fixation, 320
Central dislocation, 505
Cervical deformity, 362
Cervical fixation, 212
Cervical lateral mass reconstruction, 362
Cervical spondylotic myelopathy (CSM), 404
Cervicomedullary tumors (CMTs)

clinical signs and symptoms, 368, 369
diffusion tensor imaging (DTI), 371
epidemiology, 368
far lateral/postero-lateral approach, 374
median posterior cervical approach, 376
medulla oblongata, 375, 376
preoperative planning, 370
radiological finding, 370
suboccipital median approach, 372, 374
surgical approaches, 371, 372
tumor removal and neurophysiological 

monitoring, 377, 378
C2 fractures

axis body fractures, 316
C2 hangmanfracture, 314
odontoid fractures, 312

Chamberlain’s line, 75, 510
Chiari malformation, 395

clinical diagnosis, 488, 489
cranio-cervical junction deformities, 486

intracranial hypertension, 484, 486
intracranial hypotension (IH), 488
skull deformities, 486
spinal cord tethering, 488
surgical complications, 493, 494
surgical indications, 489
surgical technique, 491
syringomyelia (Sym), 484
typical CMI, 487

Chin brow vertical angle (CBVA), 102
Chondroblastomas, 355
Chondrosarcomas, 163, 355
Chordomas, 163, 341, 342
C1 laminectomy/laminoplasty, 329
Clivus canal angle, 75, 76
Closure technique, 233
Computed tomography (CT) scans, 164
“Concorde” or “landing Concorde” position, 

114
Condylar resection, 253
Congenital cranio-vertebral junction anomalies

anatomical and biomechanical 
considerations, 502

anterior distraction techniques for BI, 517
anterior vs. posterior approach, 520
basilar invagination, 507
BI severity, 511
classifications for, 503, 504
clinical presentation, 508
clivus-canal angle, 511
combined approach, 515, 518
coronal inclination, 510
coronal tilt, 512
cranio-cervical tilt, 510
embryological considerations, 502
inferior sagittal C1 facet angle, 511
irreducible atlantoaxial dislocation, 515
posterior approach, 515, 519
preoperative traction, 512, 514
radiological diagnosis, 509
rotatory dislocation, 512, 513
surgical approaches, 516
treatment, 512
types, 505, 506
vertebral artery, 504

Congenital deficiency, 486
Congenital malformations, 207
Coronal tilt, 512
Cortical segment, 454
Corticosteroids, 546
Coupling mechanism, 98
Cranial settling (CS), 550, 553
Cranio-spinal tumors, 379
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Cranio-vertebral junction (CVJ)
anteromedial perspective (see 

Anteromedial perspective, of CVJ)
atlanto-occipital dislocation  

(AOD), 308
bony anatomy of, 469
C1 fractures, 309, 311
C2 fractures, 311, 312, 316
classification, 335
congenital CVJ anomalies (see Congenital 

cranio-vertebral junction anomalies)
epidemiology and classification

metastases, 354
primary osseous tumor, 355

extradural, benign tumors, 335–338
fracture of C2 vertebral body, 295
fracture of lateral mass of C1, 295
fracture of lateral mass of C2, 295
fracture of occipital condyle, 294
imaging, 355–357
intradural anatomy, 7
intra-operative imaging and navigation, 

147
laboratory studies, 357
MIS techniques (see Minimally invasive 

(MIS) techniques)
neuroanesthetic considerations

asleep fiberoptic intubation technique, 
118

awake intubation, 117
clinical experience, 118
emergency airway management, 119
hemodynamic and respiratory changes, 

121
intrathoracic pressure, 119
neuromonitoring modalities, 122
patent foreman ovale (PFO), 120
patient’s gag and swallow reflexes, 122
post-intubation, 118
precordial Doppler, 121
preoperative inquiry, 117
transesophageal echocardiogram 

(TEE), 120
occipital condyle fractures (OCF), 308
posterolateral perspective (see 

Posterolateral perspective, of CVJ)
posteromedial perspective, 5–13
radiological assessment, 316

of CVJ (see Radiological assessment, 
of CVJ)

rotation
atlantoaxial rotatory subluxation, 301
rupture of C1-C2 capsular ligaments, 

301

sagittal balance concept (see Sagittal 
balance concept)

spinal navigation, 148
subperiosteal dissection, 134
surgical corridors, 238
surgical decision making, 320, 323, 325
3D anatomical model, 4
translation, 299, 300
treatment strategy

metastases, 359
primary tumors, 360, 361, 363
radiation, 357
surgery, 358

tumors, 422
Crockard technique, 165
Cruciate ligaments, 62
C1 transverse process, 250, 256
C2 transverse process, 256
C2 type II odontoid fracture, 320
CVJ, see Cranio-vertebral junction (CVJ)

D
Decompression procedures, 517
Deep vein thrombosis (DVT) and pulmonary 

embolism prophylaxis
chemical prophylaxis, 129
diagnostic methods, 128
mechanical prophylaxis, 128

Delayed C1-C2 ligamentous instability, 320
Dickman’s classification, 300
Diffusion tensor imaging (DTI), 371
Digital subtraction angiography (DSA), 279, 

284
Distraction arthrodesis, 105
Distraction injuries

atlantoaxial dislocation, 298
Hangman’s fracture, 299
Jefferson fracture, 297
occipital-cervical dislocation  

(OCD), 297
type II odontoid fracture, 298

Dorsal paramedian approach, 407
Dural arteriovenous fistulas (DAVFs)

anatomical features, 444
clinical presentation and neuroradiological 

assessment, 443
complication and outcomes, 446
CV junction, 448
exclusion techniques, 446
pre-operative management, 445
regional vascular anatomy, 444
ruptured jugular foramen, 449
surgical appraoch, 445
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E
Elastic zones (EZ), 88
Electromyographic (EMG) monitoring, 245
Emostasis, 226
Enchondroma, 337
Endoscopic endonasal approach (EEA), 176, 

540
for foramen magnum lesions (see Foramen 

magnum tumors)
Endoscopic endonasal exposure, 38, 40
Endoscopic endonasal odontoidectomy

demographic, etiological and clinical data, 
182

hard-palate line (HPL), 178
naso-axial line (NAxL), 178
nasopalatine line, 177
rhinopalatine line, 178

Endoscopic technique, 162
Endoscopic transoral approach

anterior vs. posterior approach, 172
feasibility, 176–179
indications, 175
intraoperative pictures, 175, 176
operative technique, 179–181
postoperative management, 177, 183
preoperative neuroimaging studies, 174
transoral versus transnasal approach,  

173
Eosinophilic granuloma, 338
Ependymomas, 381, 383
Ewing’s sarcoma, 340, 341
Exculsion techniques, 442
Extradural lesions, 238
Extreme lateral infrajugular transcondylar 

exposure (ELITE), 238

F
Fallopian canal, 259
Far lateral/postero-lateral approach, 374, 472, 

474
Far lateral transcondylar approach, 434

bony anatomy, 220
extradural vertebral artery, 224
indications, 219
intradural exposure, 228, 230–232
joint-sparing transcondylar resection, 

226–228
muscle anatomy, 220
muscle dissection and suboccipital triangle, 

223, 225
occipitocervical stabilization, 233
positioning and skin incision, 222, 223
preoperative considerations, 221

suboccipital craniectomy and C1 
laminectomy, 224–226

transtubercular resection, 228
vertebral artery, 221
wound closure, 232

Fibrous tissue tumors, 337
Fine tuning concept, 98
Foramen magnum, 3, 5, 12, 14, 33, 34, 37, 

484, 486, 496
Foramen magnum meningiomas, 232, 420, 

421
Foramen magnum tumors

anterior/anterolateral aspect, 403
calcified process, extent of, 410
classification, 404
closure of, 398
cranio-caudal direction and presurgical 

planning, 409
decompression of brainstem, 411
diagnosis, 397, 404
differential diagnosis, 396
dorsal midline approach, 405, 406
dural attachment and venous sinuses, 408
endoscopic endonasal approach, 400
extensive calcification, 411
medulla oblongata, negative defects, 410
midline skin incision, 409
outcome, 407
posterior midline approaches, 400
postoperative course, 399
postoperative images of, 399
preoperative images of, 396
presurgical considerations, 405
standard midline incision, 408
surgical resection, 397, 398
symptoms, 404
treament, 395
vascularized nasoseptal flap, 401

Foramen transversarium, 281
Freehand surgery, 140
Fusion techniques, 216

G
Giant cell tumor (GCT), 340
Goel-Harms technique, 203
Greater auricular nerve, 248
Grisel’s syndrome, 529
Growth hormone (GH), 486

H
Haemangioblastomas, 378, 381, 383
Halo vest immobilization, 104
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Hangman’s fracture, 299
Hard-palate line (HPL), 178
Harrison method, 100
Hemangioblastomas, 370
Hemangiomas, 337, 355
Hemangiopericytomas, 339
Hematogenous spread, 527, 531
Hematoma, 168
Hemostasis, 211
High-riding vertebral artery (HRVA), 53, 54
High transcervical approach, 363
Hypoglossal canal (HC), 20
Hypoplasia, 49

I
Image-guided surgery

data set acquisition resolution, 141
definition, 140
imaging distortion, 142
registration accuracy, 143, 145
resolution and precision, 141
structures motion and deformations, 145, 

148
Imaging modalities, 300
Imaging-tracked surgery, 140
Inferior petrosal sinus, 259
Inflammatory diseases, 208
Interlaminar clamp technique, 200
Intracranial hypertension, 484, 486
Intracranial hypotension (IH), 488
Intradural exposure, 228
Intradural lesions, 238
Intradural tumors

meningiomas, 344
neuroepithelial tumors, 342
spinal schwannomas, 343

J
Jefferson classification, 311
Jefferson fracture, 297
JF tumors, 423
Judet approach, 323
Jugular foramen (JF), 26, 258

K
Kerrison rongeurs, 181, 213, 226
Korres classification, 314

L
Lateral medullary segment, 453
Lawn chair (contoured) position, 112

Lifeso’s system, 538
Ligamentous injuries

rupture of alar ligament, 293
rupture of joint capsules, 293
rupture of transverse ligament, 292

Ligamentous instability
direct sign, 303
indirect sign, 302

Lipomas, 338
Lower cranial nerves, 4
Low molecular weight heparin (LMWH), 129

M
Magendie foramen, 373
Magerl transarticular fixation, 105
Magnetic resonance imaging (MRI), 164
Malignant astrocytomas, 381
Malignant tumors

angiosarcomas/hemangioendotheliomas, 
340

chondrosarcomas, 339
chordoma, 341, 342
Ewing’s sarcoma, 340, 341
giant cell tumor, 340
hemangiopericytomas, 339
osteosarcoma, 338

Mandibulotomy, 159, 165
Maxillotomy, 165
Mayfield clamp, 113, 208
McGregor’s line, 75
McRae’s line, 510
Mechanical thrombectomy (MT), 286
Mechanism of injury, 294
Median posterior cervical approach, 376
Medulla, 10, 12, 23, 38, 39
Medulla oblongata, 375, 376
Meningioma, 397
Microfibrillar collagen fleece, 133
Microsurgical investigations, 5
Microsurgical tack-up sutures, 465
Midline suboccipital approach, 474, 475
Midline transclival approach, 477
Military tuck position, 114
Minimally invasive (MIS) techniques, 492

anterior occipito-cervical fixation, 271
anterior odontoid screw placement (see 

Anterior odontoid screw placement)
anterior transarticular screw fixation (see 

Anterior transarticular screw 
fixation)

posterior atlantoaxial fixation (see 
Posterior atlantoaxial fixation)

Mixed extra- and intradural lesions, 238
Mobile intra-operative imaging devices, 144
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Myeloma lesions, 354
Myelopathy, 487

N
Nasal phase, 179, 180
Naso-axial line (NAxL), 178
Nasopharynx phase, 180
Neuroepithelial dysembryoplastic tumors, 342, 

380

O
Occipital artery, PICA, 456, 458, 463
Occipital-atlas dissociation, 67
Occipital-atlas joint, 64
Occipital bone

atlanto-occipital non-segmentation, 78
basiocciput hypoplasia, 76
occipital condyle hypoplasia, 76

Occipital condyle fractures (OCF), 64, 73, 
252, 308, 527

Occipital condyle hypoplasia, 76
Occipito-atlantal (OC1) joint alignment, 95
Occipitoatlantal motion segments, 89
Occipito-cervical dislocation, 299
Occipito-cervical fixation techniques

bicortical occipital screw fixation, 211
indications, 207
inflammatory diseases, 208
patient positioning, 208, 209
surgical approach, 210

Occipito-cervical fusion (OCF), 164, 216, 271, 
558

construct, 360
Occipito-cervical instrumentation, 215
Odontoidectomy, 173
Odontoid fractures, 312
Odontoid hypoplasia, 83
Odontoid inflammatory process, 529
Odontoid ligament, 62
Odontoid process, 3, 34, 35, 38, 62
Odontoid screw fixation technique

patient positioning, 191
preoperative CT scan, 190
surgical technique

incision and exposure, 193
odontoid screw insertion, 193
patient positioning, 190
risks and complications, 195

theater set-up, 192
treatment indications, 189, 191

Odontoid screw insertion, 320
Oropharynx epithelium, 529
Osteoblastomas, 336

Osteochondroma, 336, 355
Osteoid osteoma, 336
Osteosarcoma, 338, 355

P
Park Bench position, 115
Patent foreman ovale (PFO), 120
Percutaneous anterior odontoid screw, 263, 

264
Percutaneous anterior transarticular screw 

placement, 267
Persistent ossiculum terminale, 83
Petrous apex, 259
Pharyngo-vertebral veins, 528
PICAA, see Posterior inferior cerebellar artery 

aneurysm (PICAA)
Pipeline embolization device (PED) 

deployment, 276, 279
PLA, surgical indication, 243
POCA, 214
Posterior atlantoaxial fixation

complication, 270
indication, 268
postoperative care, 270
preoperative planning, 268
surgical technique, 268

Posterior atlanto-occipital membrane (PAOM), 
8

Posterior atlanto-occipital nonsegmentation, 
78

Posterior atlas arch aplasia, 82
Posterior atlas arch rachischisis, 80
Posterior inferior cerebellar artery aneurysm 

(PICAA), 231, 277, 278, 459, 462
anatomical features, 433
bypass technique

description of, 454, 455
posterior inferior cerebellar artery, 454

clinical presentation, 432
convergence, 433
CV junction, 448
distal PICA aneurysms, 438
endoscopic extended endonasal approach, 

436, 438
neuroradiological assessment, 432
occipital artery, 456, 458, 463
posterior-lateral approaches, 434
pre-operative neurological examination, 

434
retro-sigmoid approach, 436
revascularization, 457, 466
ruptured PICA aneurysm, 447
surgical approaches, 434
vertebral artery, 464, 465

Index



572

Posterior ischemic stroke (PIS), 285
Posterior occipito-cervical angle (POCA), 

208, 214
Posterolateral approach, 414
Posterolateral intradural perspective, of CVJ, 

23–25
Posterolateral perspective, of CVJ, 8, 17–20, 

22
anterolateral perspective (see Anterolateral 

perspective, of CVJ)
bony structures, 13, 14
extradural structures, 16, 20
intradural structures, 21, 23
muscular relationships, 15

Posteromedial intradural perspective, of CVJ, 
11

Posteromedial perspective, of CVJ, 9, 10
bony structures, 5
extradural structures, 8
intradural anatomy, 10, 12
muscular relationships, 7, 8

Primary osseous spinal tumors, 355
Protraction, 97
Pseudomeningocele, 494
Pulmonary embolism (PE), see Deep vein 

thrombosis and pulmonary 
embolism prophylaxis

Pyogenic spine infection, 530

R
Rachischisis, 79
Radiation, 357
Radical resection, 378
Radiological assessment, of CVJ, 316

atlas-axis distraction, 67
bone anomalies, 74, 76, 83
fractures of atlas (C1), 69
fractures of axis (C2), 70
occipital-atlas dissociation, 67
occipital condyles, fracture of, 68
in trauma, 65, 67
vertebral artery, 70

Ranawat’s classification, 551
Range of motion (ROM), 88
Rectus capitis lateralis muscle (RCLM),  

251
Retraction, 97
Retractors, 112
Retrocondylar fossa, 253
Retro-odontoid pseudotumor

C1-C2 instability, 331
C1 laminectomy/laminoplasty, 329
high cervical lateral approach, 328

posterior decompression, atlantoaxial/
occipito-cervical fixation, 330

posterior extradural/transdural approach 
via laminectomy, 329

spondylotic spinal cord compression, 331
transnasal/transoral-transpharyngeal 

approach, 328
Retro-odontoid soft tissue (ROST), 549
Retropharyngeal approach, 540
Retropharyngeal lymphatic nodes, 528
Retropharyngeal space (RPS), 527, 529
Retrosigmoid approach, 436, 473
Retrosigmoid craniotomy, 464
Rheumatoid cervical myelopathy

burden of disease, 546
clinical features, 550
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