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Cerebral artery
aneurysm clipping
anatomy, approach, and technique explored

Jeffrey J Cortese, CST
Although existing literature states that aneurysms are congenital lesions,supporting evi
dence is limited.Aneurysms are most probably degenerative acquired lesions, the
effect of hemodynamic stress.Connective tissue disorders with loss of tensile
strength are aggravating rather than causal factors.
Studies estimate that 1% to 5% of the general population,or
as many as 400,000 people, have a brain aneurysm.Unfortunately,
85% to 90% are not diagnosed until rupture. At highest risk are
people between the ages of 50 and 69. Most diagnosed cases
occur between the ages of 40 and 65. Diagnosis is typically done
through CT scan, MRI, or cerebral angiography.
Surgical clipping with a nonferromagnetic clip is the most effec
tive means of preventing rupture and subarachnoid hemorrhage (Figure 1),thus
effectively shutting off ﬂow to the thin-walled aneurysm while maintaining the
blood ﬂow and integrity of the surrounding vessels.
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natomy of the scalp

The scalp is composed of ﬁve layers (Figure 2):
the skin, the subcutaneous tissue, epicranial
aponeurosis (galea), loose areolar tissue, and
pericranium (periosteum). 1 The skin is thick
and contains hair and sebaceous glands. The
subcutaneous tissue is ﬁbro-fatty, has a network
of ﬁbrous septa, and is richly vascular as branch
es of the external and internal carotid arteries
anastomose in this layer. The epicranial aponeu
rosis is a strong, tendinous sheet with three
attachments: anteriorly to the frontalis muscle,
posteriorly to the occipital muscle, and laterally
to the small temporoparietalis muscles.
The galeal closure is the key for ensuring scalp
ﬂap integrity in the postoperative neurosurgical
patient. Loose areolar tissue connects the galea to
the pericranium of the skull. The areolar layer
contains the valveless emissary veins, which con
nect the scalp veins with the diplopic veins of the
skull and, ultimately, the intracranial venous
sinuses.2 At the skull suture lines, the periosteum
becomes continuous with the endosteum on the
inner surface.

Brain topography
The average adult male brain weighs approxi
mately 1400 g, of which 80% is water.3 Grossly,
the brain is divided into the cerebrum, cerebel
lum, and brain stem. The cerebral surface is
marked by gyri (eminences) and sulci (ﬁssures).
The major lateral sulcus (Sylvian ﬁssure) is pre
sent at the base of the brain and extends posteri
orly and upward.
The Sylvian is the most important ﬁssure in
relation to accessing the base of the aneurysm. It
provides a easy route to clip a variety of aneu
rysms. The major central sulcus, or rolandic
ﬁssure, extends from the hemispheric midline
downward and forward until it nearly meets the
Sylvian ﬁssure. The central sulcus demarcates
the key precentral gyrus, or motor cortex, and
postcentral gyrus, or sensory cortex.

The hemispheres of the brain
The cerebral hemisphere is divided schematical
ly into four lobes: the frontal, parietal, occipital,
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and temporal lobes. The frontal lobe occupies
roughly one third of the hemisphere, beginning
anteriorly and ending at the central sulcus, with
lateral extension to the Sylvian ﬁssure. On the
convexity, it is divided into superior, middle,
inferior, and precentral gyri. The parietal lobe
begins at the central sulcus and extends posteri
orly to the parietooccipital ﬁssure. Its lateral
boundaries are marked by a line tangent to the
Sylvian ﬁssure. It is divided into postcentral,
supramarginal, and angular gyri. The occipital
lobe is situated posterior to the parietooccipital
ﬁssure and extends inferiorly to the preoccipital
notch. The temporal lobe lies inferiorly to the
Sylvian ﬁssure and extends posteriorly to the
parietooccipital ﬁssure. The lateral surface is
divided into three gyri—superior, middle, and
inferior—respectively.

Cerebral arterial system
Although the brain comprises only 2% of total
body weight, it consumes 20% of the total oxygen.4 This requires a blood ﬂow of 750 ml/min
and makes the brain sensitive to even a few sec
onds of reduced vascular ﬂow. Gray matter has a
higher oxygen requirement due to the density of
synapses rather than the number of neurons.
Brain stem circulation
The vertebral arteries supply blood to the rostral
spinal cord and the caudal medulla (Figure 3).
The anterior spinal artery is a branch of the verte
bral arteries, which serve the anterior portion of
the spinal cord as well as the pyramids of the
medulla. The posterior inferior cerebellar arteries
(PICAs) are also branches of the vertebral arteries
and serve the posterior spinal cord and much of
the caudal portion of the medulla. Occlusion of
the PICAs can interfere with function in the
spinal trigeminal nucleus and tract, nucleus
ambiguus, and vestibular nuclei. In addition, the
PICAs also supply blood to the inferior cerebel
lum including the vestibulocerebellum.
At the junction of the medulla and pons, the
right and left vertebral arteries fuse to form the
basilar artery, which runs along the basilar pons
(Figure 4). Just after they fuse, they give rise to

the anterior inferior cerebellar arteries (AICA)
to serve the dorsal medulla/pons area. Along the
midpontine portion of the basilar artery are
numerous small paramedian branches that per
forate the basilar pons.
At the pontine-midbrain junction, the basilar
artery gives rise to the superior cerebellar arteries
which carry blood to the anterior cerebellum,
the dorsal pons and midbrain. Within the inter
peduncular fossa of the midbrain, the basilar
artery splits into the two posterior cerebellar
arteries. These arteries serve the tectum of the
midbrain as well as the posterior-medical cere
bral cortex.
The circle of Willis
The two arteries
that give rise
to the Circle
of Willis are
the vertebral
and the internal
carotid arteries.
The arteries that
comprise the Circle
of Willis are the basi
lar, the posterior cerebral
arteries, the posterior communicat
ing arteries, the middle cerebral arteries,
the anterior cerebral arteries, and the anteri
or communicating artery.
Internal carotid artery
The internal carotid arteries branch as they enter
the cavernous sinus, giving rise to two large
arteries (the middle cerebral artery and the ante
rior cerebral artery) and two relatively small
arteries (the posterior communicating artery
and the anterior choroidal artery). The internal
carotid artery is divided into ﬁve segments: the
cervical, petrous, cavernous, clinoidal, and
supraclinoidal segments. The supraclinoidal seg
ment exits from the dura mater, which forms the
roof of the clinoidal segment, and then enters the
intradural space on the medial side of the anteri
or perforated substance. It bifurcates in the area
below the anterior perforated substance at the

medial end of the sylvian ﬁssure into the anteri
or and middle cerebral arteries.5
Middle cerebral artery
The middle cerebral artery continues laterally
and enters the lateral sulcus, separating the tem
poral lobes from the frontal and parietal lobes,
and then travels along the lateral surface of these
lobes, as well as the superior temporal gyrus and
middle temporal gyrus. In fact, virtually all of
the blood to the lateral portions of the cerebrum
is supplied by the middle cerebral arteries.
As the middle cerebral artery passes through
the lateral sulcus, it gives oﬀ a series of branches
(lenticulostriate arteries) that serve most of the
internal capsule and the neostriatum. The mid
dle cerebral artery arises from the bifur
cation of the internal carotid artery,
below the anterior perforated
substance, and is divided
into four segments: 6
M1, from the carotid
bifurcation to the
limen insulae;
M2, all branch
es related to
the insula from
the limen insulae to
the opercula of the
temporal, frontal, or
parietal lobes; M3, all
branches related to the opercula
of the temporal, frontal, or parietal
lobes; and M4, the cortical branches of the mid
dle cerebral artery after exiting the Sylvian ﬁssure.
Only the M1 segment is related to the mesial
temporal lobe. Because of diﬀerences in topo
graphical anatomy, the M1 segment can be divid
ed into a proximal and a distal half. The proxi
mal half of the M1 segment is related superiorly
to the anterior perforated substance, posteriorly
to the semilunar gyrus and temporal amygdala,
and inferiorly to the entorhinal area of the uncus.

FIGURE 1
A subarachnoid
hemorrhage due to
aneurysm rupture.

Anterior cerebral artery
The anterior cerebral artery continues anterio
medially and enters the superior longitudinal

Subarachnoid hemorrhage
Intracerebral hemorrhage
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ﬁssure separating the right and left cerebral
hemispheres. Soon after entering the superior
longitudinal ﬁssure, the two anterior cerebral
arteries come together to form a very small ante
rior communicating artery. The anterior cere
bral arteries continue anteriorly and follow the
superior surface of the corpus callosum. The
anterior cerebral artery provides, therefore, most
of the blood supply for the medial surfaces of the
frontal and parietal lobes.

FIGURE 2
Anatomy of the
scalp
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Posterior communicating artery
The posterior communicating artery arises
from the posteromedial or posterolateral wall of
the supraclinoidal segment of the internal

carotid artery 5 and runs posteromedially
between the tuber cinereum and the sella turci
ca and the oculomotor nerve. It continues close
to the overlying dura of the posterior clinoid
process before piercing the Liliequist membrane
of the interpeduncular cistern where it joins the
posterior cerebral artery. Along the short length
of the posterior communicating arteries, small
branches supply blood to the overlying hypo
thalamus.
The posterior communicating artery joins the
anterior and posterior circulatory routes. The
sizes of posterior communicating arteries vary,
being quite large in some individuals and quite
small in others.

Anterior choroidal artery
In most cases, the anterior choroidal artery aris
es distal to the posterior communicating artery
from the posterolateral wall of the internal
carotid artery.7 Initially, it runs posteriorly, supe
riorly, and medially behind the internal carotid
artery in the carotid cistern, medial to the
anteromedial surface of the uncus to reach the
optic tract superolateral to the posterior com
municating artery. At this point, it diverges from
the posterior communicating artery and runs
posteriorly, superiorly, and laterally under the
optic tract to enter the crural cistern between the
superior part of the posteromedial surface of
the uncus and the crus cerebri. After passing the
posterior edge of the intralimbic gyrus, it enters
the temporal horn of the lateral ventricle. The
anterior choroidal artery supplies blood to the
central portion of the internal capsule and the
globus pallidus.
Posterior cerebral artery
The posterior cerebral arteries arise as the termi
nal branches of the basilar artery in the interpe
duncular cistern and are divided into four segments.8 P1 extends from the basilar bifurcation
to the posterior communicating artery. P2A
extends from the posterior communicating
artery to the posterior edge of the crus cerebri.
P2P extends from the posterior edge of the crus
cerebri to the posterior margin of the midbrain.
P3 begins at the posterior midbrain, runs within
the quadrigeminal cistern, and ends at the ante
rior limit of the calcarine ﬁssure. P4 is the corti
cal segment of the posterior cerebral artery. The
posterior cerebral arteries serve the medial por
tions of the occipital lobe, some of the lateral
occipital lobe, as well as the inferior portions of
the temporal lobe, including the inferior tem
poral gyrus and parahippocampal gyrus.

Pterional approach for aneurysm clipping
Scalp incision/ﬂap
All aneurysms of the Circle of Willis and the
upper basilar artery can be approached through
a frontotemporal, sphenoidal approach, or the

pterional approach promoted by Yasargil. 9 Its
advantages are: maximal surface exposure,
expendable wide bone removal from the cranial
base, wide arachnoid and basal cistern dissec
tion, and minimal brain retraction. The patient
lies supine, with the head elevated, turned 45°
away, extended 15°, and secured to a 3- or 4-pin
head rest.
The incision is made behind and parallel to
the hairline, extending from midline to the zygo
ma just anterior to the tragus. A #20 blade is used
to avoid the ascending frontotemporal branch of
the facial nerve and the superﬁcial temporal
artery. Raney clips are applied to the scalp edges
to provide hemostasis. Using electrocautery, the
scalp ﬂap is reﬂected forward with the perios
teum, which is separated from the superior tem
poral line, and retracted with scalp hooks or a
self-retaining retractor.
The temporal fascia is separated into an outer
layer, attached to the lateral zygoma surface of
the temporal bone, and a deeper layer, attached
to the medial zygomatic border. The fascia is
opened and split near the frontozygomatic
process. The outer fascial layer is reﬂected for
ward toward the orbit and forms a sleeve to pro
tect the nerve to the frontalis muscle. The inner
fascial layer is reﬂected along with the bulk of the
temporalis muscle inferior-posteriorly toward
the ear and is retracted with scalp hooks. An
alternative approach is to reﬂect the temporalis
muscle forward. This exposes the bony surface of
the lateral orbital ridge and temporal fossa.
After the surgeon is satisﬁed with the mar
gins of the ﬂap, an X-ray detectable sponge is
rolled lengthwise and placed under the ﬂap that
is secured with scalp hooks. This maneuver
ensures that the vessels in the scalp ﬂap are not
occluded, reducing the chance for ischemic
necrosis of the ﬂap.
Bone ﬂap creation
The ﬁrst and most important burr hole is drilled
just behind the zygomatic process of the frontal
bone so the cosmesis is protected by preserving
the orbital and temporal bony ridges. Exposure
of the dura along the ﬂoor of the anterior fossa

is accomplished utilizing a high-speed drill, a
Craniotome, or a Hudson brace ﬁtted with a
McKenzie perforator. If the surgeon chooses to
do so, three to four additional burr holes are
drilled along the circumference of the exposure
frontally and temporally. A free bone ﬂap is
raised using a high-speed drill ﬁtted with a foot
plate on the end of the drill cutter to protect the
underlying dura and brain surfaces.
The ﬂap should be big enough to expose the
anterior and middle fossae separated by the
greater wing of the sphenoid bone as it merges
laterally with the great wing of the pterion. The
bone ﬂap is dissected from the dura mater using
an Adson periosteal elevator, taking care not to

FIGURE 3
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tear the dura from the underside of the ﬂap. Stop
any bone bleeding by applying bone wax to the
cut edges. The lesser wing of the sphenoid bone
is removed with a high-speed drill and rongeurs
after careful epidural dissection, exposing the
dural reﬂection of the superior orbital ﬁssure.
The middle meningeal artery is coagulated with
bipolar cautery and transected.
Bony removal of the lateral sphenoid wing
and orbital plate gives access to the Sylvian
ﬁssure and basal cisterns with minimal retraction of the frontal lobe and temporal lobe. The
dura from the frontal to temporal base is opened
in a semilunar fashion using a #11 blade and
Metzenbaum scissors, exposing the Sylvian

arteries
Anterior inferior
cerebellar arteries
(AICAs)
Posterior inferior
cerebellar arteries
(PICAs)
Vertebral artery
Pontine branches
Basilar artery
Posterior cerebral
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Middle cerebral artery
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region. The dura is then sutured to the exposed
temporalis muscle using 4-0 Neurolon suture.
Once the opening of the dura is complete, the
microscope, which is enclosed in a sterile drape,
is brought into the ﬁeld.
Dissection of the cisterns
Retraction is accomplished with a self-retaining
cable system attached to the head holder. Retrac
tor blades are bent and the cables are adjusted to
lay ﬂat to project a low unencumbered surface
proﬁle. Nonadherent gauze is placed on the
brain’s surface underneath the retractor blades
to disperse their force onto the gauze and reduce
the potential for brain injury.

FIGURE 4
Structures of
the brain
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Dura mater
Arachnoid
Pia mater
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Third ventricle
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Spinal cord
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Pituitary gland
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Hypothalamus
Corpus callosum
Frontal lobe
Skull
Lateral ventricle

The frontal lobe is gently lifted from the
orbital plate until the optic nerve is visualized.
The ipsilateral optic nerve identiﬁes the chias
matic cistern medially and the carotid cistern
laterally. The arachnoid, which surrounds the
cisterns, is opened by sharp dissection using a
#11 blade and microscissors to release cere
brospinal ﬂuid (CSF) and ease retraction. Mal
leable, ﬁne-tip adjustable suction is used to evac
uate CSF and gently disperse ﬁne vessels and
arachnoidal trabeculae. The cistern furthest
from the aneurysm is dissected ﬁrst to gain
exposure and avoid disturbing the aneurysm
prematurely. Sharp dissection with a knife or
scissors is safer and less traumatic than blunt dis

section of the arachnoidal attachments. Lifting
the arachnoid with a micro-hook and cutting it
with a #11 blade works well.
The internal carotid artery (ICA) is isolated at
the dural base just lateral to the optic nerve. The
ICA can be controlled with a temporary clip, if
necessary. Control of the ICA should be the ﬁrst
strategic maneuver. This may require dissecting
the dura of the anterior clinoid process and
gradually drilling the clinoid away to expose the
rostral ﬁbrous ring of the carotid. Sometimes the
ﬁssure must be opened to gain access to the ante
rior superior compartment of the cavernous
sinus (CVS). The membrane of Liliequist
(arachnoid sheath from the mammillary bodies
to the posterior clinoids) is opened sharply to
release CSF and gain access to the interpedun
cular and prepontine cisterns en route to the
basilar artery.
When dissecting the carotid cistern, the small
arterioles supplying the optic nerve and chiasm
should be preserved. The posterior communi
cating artery (PCA) is seen coursing posterolat
erally from the lateral carotid wall close to the
tentorial edge. The oculomotor cranial nerve
(CN III) is seen lateral to the PCA as it enters the
superior lateral wall of the CVS. Multiple arteri
al perforating branches course rostrally from
the PCA. It is not necessary to disturb these
structures unless approaching the basilar artery.
Aneurysms arising at the ICA-PCA junction are
most common (60%).10 They may locally com
promise the third cranial nerve. These
aneurysms usually project posterolaterally.
The neck is dissected circumferentially and
must be separated from the PCA and the anteri
or choroidal artery. When a micro dissecting
instrument can be passed between the aneurys
mal neck and the adjacent branches, the neck
can be clipped without disturbing the fundus or
dome. The anterior choroidal artery (AchA)
arises from the ICA just rostral to the PCA. It is
protected as dissection of the ICA is continued
rostrally. Retractor blades are readjusted to dis
tract the open cisterns and expose the rostral
ICA at its bifurcation. The arachnoidal shelf at
the medial Sylvian ﬁssure is opened sharply,

facilitating a view of the proximal anterior cere
bral (A1) and the proximal middle cerebral
arteries (M1).
Lesion exposure
Sharp, wide dissection in the natural anatomical
planes of the sulci, ﬁssures, and cisterns allows
retraction of overlying brain to expose the
aneurysm. Anatomical landmarks, such as dural
reﬂections, major arachnoidal planes, cranial
nerves, and arterial trunks, provide appropriate
orientation. Limited resection of brain tissue
may produce less injury to normal overlying
brain tissue than retraction for treatment of
aneurysms in selected locations.

Aneurysm clip application
After complete circumferential dissection of the
aneurysm neck with a spatula-type microdissec
tor, a clip is chosen, mounted on a applier, and
inserted for trial on the neck to ensure the best ﬁt.
Once the surgeon is completely satisﬁed that the
clip will occlude the neck, the ﬁeld is prepared for
permanent clip application. The brain is irrigated
to prevent instruments from sticking to the tis
sues. If the surgeon chooses, a temporary clip is
placed on the parent artery. This stops the blood
ﬂow inside the aneurysm, allowing manipulation
of the neck while decreasing the risk of rupture.
The permanent clip is then inserted onto the
neck of the aneurysm (Figure 5).

A wiggle motion while applying the jaws of
the clip, like a dissector upon application, helps
prevent tears of the neck. After closing the clip,
the tips are inspected to ensure that complete
closure and inadvertent clipping of perforating
vessels. If the surgeon is not satisﬁed, the clip
may be removed and adjusted, guaranteeing
optimal placement. In the event of migration or
slippage, a booster clip or double clip may be
applied. If a temporary clip was applied, it is
removed at this time.
To conﬁrm occlusion of the aneurysm, a 30
gauge needle mounted on a tuberculin syringe
is inserted into the dome. If any gross blood is
appreciated, the clip may have to be reposi-

tioned. Gelfoam cut into  x  inch pieces, soaked
in Papaverine, is placed around the clip and par
ent vessels to help decrease the chance of
vasospasm. After the surgeon is completely
satisﬁed with the placement of the clip, the
wound is irrigated with saline containing Baci
tracin antibiotic, the retractors are removed, and
the microscope is taken out of the ﬁeld.

FIGURE 5
Closure
The dural edges are approximated using a run
ning locking suture of 4-0 Neurolon on a TF
needle. Braided suture is preferred because it
swells and plugs the holes caused by the needle in
the dura, reducing the potential for a CSF leak.

Examples of cerebral
aneurysms with various
types of clips.
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A piece of Gelfoam is cut into the shape of the
bone ﬂap and placed on top of the dura. The
bone ﬂap is replaced and secured using titanium
mini-plates and screws. Any large bony defects
may be ﬁlled with a hydroxyapatite cement to
ensure a good cosmetic result.
The Raney clips are removed, and the tempo
ralis muscle is approximated using 0 Vicryl on a
CT-2 needle in an interrupted fashion. Inter
rupted sutures of 3-0 Vicryl on a X-1 needle is
used to approximate the galea and subcutaneous
tissue. The skin is closed by a running stitch of
5-0 plain gut suture, eliminating the need to
remove a nonabsorbable suture or staples post
operatively. Skin adhesive, adhesive strips, and
1x3-inch bandages are applied as a ﬁnal dressing.
The pins are removed from the head, and the
patient is transferred to the gurney. The head is
wrapped turban style with gauze and secured
with tape.

Conclusion
A cerebral aneurysm is a common cerebrovascu
lar disorder caused by a weakness in the wall of a
cerebral artery. The disorder may exist as a result
of congenital defects or from preexisting condi
tions such as hypertensive vascular disease and
atherosclerosis, or from head trauma. Microsur
gical clipping remains the cornerstone of thera
py for intracranial aneurysms. The aim of mod
ern aneurysm surgery is the total elimination of
the aneurysm sac with complete preservation of
the surrounding normal arteries. The aneurysm
neck is clipped with a titanium or other nonferromagnetic clip. By using a combination of
patient positioning, medications administered
by the anesthesia team, and release of the
patient’s own cerebrospinal ﬂuid, the neurosur
gical team is able to safely manipulate and dissect
the structures surrounding the cerebral
aneurysm and clip it successfully.
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lial cells
The term glial evolves from the Greek word mean
ing glue. Glial cells are non-neuronal cells of the
central and peripheral nervous systems. There are
10 glial cells for every neuron, approximately 100
billion total glial cells, providing both structural
and metabolic support for the neurons. In the cen
tral nervous tissue, types of glial cells include
oligodendroglial cells, astrocytes, ependymal cells,
and microglial cells. In the peripheral nervous sys
tem, the satellite cells of the ganglia and the
Schwann cells around peripheral nerve ﬁbers can
be interpreted as the oligodendroglial cells.

Glial cell differentiation

environmental conditions. If the immature
oligodendroglial cell is located in a cellular envi
ronment in which (A1) astrocytes are present, a
mature oligodendroglial cell develops. If (A1)
astrocytes are not present, the immature oligo
dendroglial cell becomes an (A2) astrocyte.

Normal cell cycle
The cell cycle (Figure 3) is too complex to
describe in detail. However, it is important to
understand that, under normal conditions, it is
the precisely sequenced and timed series of
intracellular actions that result in controlled cell
growth and reproduction. In dividing cells, the
end product of a cycle is two daughter cells that

How do glial cells begin? Undiﬀerentiated neural
epithelium serves as progenitor to a number of
diﬀerentiated structures (Figure 2). Precisely how
this task is accomplished remains unknown, but
the basic mechanism has been outlined. A progen
itor cell produced by the stem cell is reduced to a
bipotential cell that produces two cell lineages, neu
rons and glial cells. The process, under DNA con
trol, requires a speciﬁc sequence of gene activation
and deactivation that occurs in sequential phases:
• diﬀerentiation of the neuroectoderm3,9,10,15
• formation and segmental patterning of the
neural tube5,9
• determination of neuronal and glial phenotypes.3,5,7,9,29,30,33,35

FIGURE 1
Brain plate—
National Library
of Medicine.
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This brief description focuses on the glial lineage.
These precursor cells arise from an undiﬀerenti
ated, multipotential glial-cell progenitor. The mul
tipotential glial-cell progenitor can produce some
precursor cells that are only capable of producing
an astrocyte. Under the proper environmental
conditions, this cell will produce an (A1) astrocyte.
Other progenitor cells are capable of producing
both astrocytes and oligodendroglial cells.3, 5,9,10, 15
Another route to astrocyte formation may
also be simple and direct—a multipotential
glial-cell progenitor to a bipotential intermediate cell to an (A1) astrocyte. However, the bipo
tential precursor cell can also produce an imma
ture oligodendroglial cell depending on

are clones of the originating cell. Nondividing
cells are not considered part of the cell cycle.
The phases in the cell cycle are:
•
•
•
•

(G1) Gap one:
(S) S phase
(G2) Gap two
(M) Mitotic phase

G1 represents a period of time when the cell is
growing larger and preparing for DNA replica
tion, and when genes are expressed and protein
synthesis occurs. Extracellular factors, such as
hormones or electrical stimulation, regulate this
phase. While the cell cycle has many checkpoints,

there is a “go/no-go” point near the end of G1. If
G1 is completed successfully, the cell is prepared
to move to the next phase.
During the S phase, DNA is replicated and
chromosomes are duplicated. G2 is the second
phase of protein synthesis and growth. The M
phase represents the four stages of mitosis and is
regulated by multiple growth factors (genes),
such as cytoplasmic cyclins (eg DNA), cyclin
dependent kinases (CDK 2, 4, and 6) and a com
plex that promotes anaphase. The points at
which these substances must activate or deacti
vate other mechanisms in the cycle are the key
points of vulnerability in the processes of onco
genesis (the formation of tumors).

In essence, all cancer results from some type of
malfunction in the cell cycle that makes the cell act
outside the normal rules for growth and repro
duction. More information in a readily available
format can be found at The Biology Project at Ari
zona University (www.biology.arizona.edu) and at the
Cancer Genetics organization Web site (www.cancer
genetics.org). More academically oriented informa
tion is available at PubMed at the National Library
of Medicine Web site. (Click on “Related Organizations” on the AST Web site.)

Glial cell function
Until recently, glial cells were believed to have rel
atively limited functions and were viewed as supPALEOCORTEX
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porting cells, hence the concept as the glue of the
nervous system. However, glial cells have impor
tant metabolic functions, since they are invari
ably interposed between neurons and the blood
vessels supplying the nervous system. They are
responsive to electrical input, produce substances
that may function as neurotransmitters, and pos
sibly play a role in the memory process.

ancestral cell that initiates this aberrant behav
ior. Depending on the location and type of cell,
the proto-oncogene of the primary ancestral cell
mutates and initiates the program of inappro
priate reproduction that is carried forward by
the cells of its familial line.
For a cell to become cancerous, then, a num
ber of events are required:

Glial cell oncogenesis

• multiple genetic mutations in select
genes5,18,36,37
• activation of a proto-oncogene
• inhibition of tumor suppressor genes
• deactivation of the executive cell-cycle clock
• successful defense against apoptosis.

The term cancer can be applied to more than 100
diseases. In the last 25 years, tremendous advan
ces have been made in understanding the mech
anisms of cancer formation and therapeutic
approaches, but much remains unknown. MoreGrowth factors,
oncogenesis, cyclins and
CDKs

GO
G2
G1

S

STOP

Oncogenes and suppressor genes
There are two gene classes that coordinate the
life cycle of the cell and, speciﬁcally, the sequence
of events governing cell growth and reproduc
tion. Under normal conditions, a balance exists
between the proliferation and suppression mes
sages. Proto-oncogenes encourage growth and
reproduction; whereas, tumor suppressor genes
(the second class of genes) inhibit growth and
reproduction. These two gene classes account for
much of the normal growth of cells or, when
mutated, the uncontrolled proliferation of cells.

R
Tumor suppressor genes,
CDK inhibitors

FIGURE 3
Cell cycle.
New daughter cell
Mitosis (cell division)
Begin cycle
Synthesis
(doubling of DNA)
Restriction point
(point of no return)
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over, in many instances, what is known in the
research community is yet to be translated into
clinical application.
There are some 30 trillion cells in the normal
human body, most of which follow a very strict
reproductive code. Reproduction is inhibited or
facilitated by on-going local communication
between cells. Cancer cells violate this rule. These
cells function outside the normal controls and
follow an internal, but altered, genetic agenda.
Cancer cells are, in a human analogy, sociopath
ic. In most of the body, cancer cells are not
restricted to local growth but have the ability to
migrate from their site of origin to invade nearby
tissues. Malignant masses begin from a common

Proto-oncogenes
Proto-oncogenes encode a form of protein that
functions as part of a genetic relay team to move
stimulating signals from the cell’s external envi
ronment to its internal environment. Cancer cell
development requires deregulated cell growth
that results when a proto-oncogene continuous
ly energizes proteins, which function as growth
factors to act on nearby cells. More importantly,
in the case of cancer cells, the new cells also turn
back and drive the proliferation of parent cells. It
is possible that the growth factor involved is man
ufactured in normal amounts, but the proteins
produced are overly active. In either case, the
growth-stimulation pathway is active when it
should be inactive. Some known growth factors
that present in primary brain-tumor formation
are listed in Table 1.

Table 1. Growth factors related to brain tumor formation
FACTOR PRESENT ON AND SECRETED BY

Epidermal growth factor
Fibroblast growth factor
Insulin-like growth factor I

Astrocytoma
Autocrine stimulation of astrocytoma cell growth
Astrocytoma & meningioma
Autocrine stimulation of astrocytoma cell growth, migration and invasion
Normal brain, meninges and choroid plexus Autocrine growth regulation in meningiomas
Meningiomas
Autocrine stimulation of
Autocrine growth regulation in meningiomas
astrocytoma cell growth
Astrocytoma
Autocrine stimulation of astrocytoma cell growth
Astrocytoma
Paracrine endothelial proliferation
Astrocytoma & meningioma
Phenotypic transformation of normal cells
Astrocytoma & meningioma
Inhibition of growth of astrocytoma cells
Astrocytoma
Paracrine stimulation for endothelial proliferation

Insulin-like growth factor II
Platelet- driven growth factor AA
Platelet- driven growth factor BB
Transforming growth factor-a
Transforming growth factor-b
Vascular endothelial growth factor

SUSPECTED FUNCTION

Note: autocrine designates a process of cellular self-stimulation through the production of both a growth factor and a speciﬁc receptor for it,
whereas paracrine refers to a type of hormone function that is restricted to the local environment.

Tumor suppressor genes
Cells have a number of mechanisms to combat
cancer development, including tumor suppres
sor genes (RB and TP53) that function as brakes
on unwarranted growth and reproduction.
However, in the case of cancer, the tumor sup
pressor genes, instead of being activated, are
inhibited or suppressed and are unable to stop
the runaway cellular division.
G1 and point R
Most of the activities of the cell during a trip
through the cell cycle are determined by intracel
lular factors. An exception occurs during the G1
phase prior to passing the point referred to as R
(restriction point, a go/no-go decision). Part of
the decision-making process is governed by
autocrine growth factors. Other factors com
municate with the extracellular environment
and provide feedback to help regulate the cell
cycle. A “go” decision allows the cell to move to
the S phase, while a “no-go” decision stops the
cycle and leads to cell death.
P53 and apoptosis
Under normal conditions, there is another
mechanism that allows cells to regulate themselves—even when a proto-oncogene overstim
ulates production and the tumor suppressor
cells are inhibited. Cells have the natural ability
to commit suicide. The executive decision-

Adapted from Greenberg HS,Chandler WF, Sandler HM (1999).Brain Tumors.
New York, Oxford University Press.Figure 2-1,pg 37.

GROWTH FACTOR

maker in the cell, the cell-cycle clock, regulates
the cycle and, thereby, reproduction. A failure in
this cycle stops the cell’s normal cell life span.
Even then, cells have one last opportunity to
avoid becoming cancerous—apoptosis (cellular
suicide), but there are restrictions. Developing
cancer cells have several defense strategies they
can employ to avoid apoptosis. A nuclear protein
known to act as a tumor suppressor, called p53, is
“the guardian of the genome,” and performs
three critical tasks:
• a major role in the transcription of DNA
• regulation of cell growth
• regulation of cellular proliferation.
In the cell cycle, p53 functions as an emer
gency break and appears to be involved in apop
tosis. Mutation in this protein results in the loss of
its ability to block abnormal cell growth. (Inter
estingly, this mutation switches the protein’s role
from a suppressor to a stimulator of cell division
and a promoter of cancer development.) A p53
mutation occurs in nearly one half of all human
cancers, including the more aggressive cancers of
the breast, cervix, colon, lung, liver, bladder, and
skin. P53 is mutated in most astrocytomas and
almost universally in glioblastomas. This muta
tion is important to treatment success, because
the eﬀectiveness of radiotherapy and some
chemotherapy depend on triggering cell suicide.
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When the p53 protein mutates, tumors are more
diﬃcult to treat, reducing the likelihood of a suc
cessful response to therapy.5,11,16.20,27
There are two basic mechanisms that control
cell death: apoptosis and necrosis. Apoptosis is
characterized by morphological changes in the
nucleus and cytoplasm. The ability to kill a cell
serves as a balance to mitosis and helps regulate
cellular growth.5,11,16.20,27
Essential to life, apoptosis governs which cells
are programmed to die given certain physiolog
ical and developmental stimuli. P53 encodes a
transcription factor that mediates cellular
response to environmental damage, halts cell
division so the cell can repair itself, or triggers
apoptotic death. Several genes turn on the apop
totic process, but researchers are still looking for
the underlying explanations.
Other genes also trigger the essential “oﬀ”
message. For instance, cells in the immune sys
tem identify and kill “non-self ” T-cells. In the
brain, neural cells are connected by a process that
“chips away” unwanted cells to create the desired
synaptic pathway, much like a sculptor creating
form from a piece of marble.

Select astrocytoma cell characteristics
Astrocytoma cells demonstrate several abnormal
characteristics including:
• changes in DNA (chromosomes) and gene
expression
• production of growth factors
• changes in kinase receptors.
This article includes only a brief discussion of
each with select examples that do not represent
the complex genetic and biochemical processes
of the astrocytoma cell.

Chromosomal mutations
The astrocytoma shows a series of sequential
changes that includes both the ampliﬁcation and
loss of genetic material as the tumor develops and
the malignancy evolves. Early in development,
there is a loss of genetic material on chromosomes
6, 13, 17, and 22. P53 is located on chromosome
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17 and, in 75% of the cases of astrocytoma, has
mutated. The eﬀects of this mutation are probably
exerted during early changes in the cell as it
evolves from a normal to an abnormal cancer cell.

Cancer cell activities
Some cancers are capable of forming mass
lesions well beyond the regional site. Malignant
brain tumors do not metastasize to other areas of
the body. However, high-grade gliomas are capa
ble of aggressively invading surrounding tissue,
crossing to the opposite hemisphere, and seeding
the spinal cord with cancer cells.5

Angiogenesis
Although foreign in normal adult cells, angio
genesis is a natural part of embryonic develop
ment and requires two-way intracellular communication.5,9 Tumor cells need to create a new
arterial supply to support their high-nutrient
needs, and growth factors are produced in tumor
cells that are not present in normal glial cells. In
some instances, these growth factors may be cor
related to the malignancy grade (eg a low-grade
glioma may produce small amounts of the
growth factor, while the high-grade glioblastoma
produces large amounts). It is important to see
that the fast-growing cell needs the blood supply,
but the increasing blood supply makes it easier
for the cell to grow and divide, promoting
uncontrolled growth.

Glioma types and staging
The earliest system of histologic classiﬁcation for
gliomas was created by Bailey, a neuropatholo
gist, and Cushing, a neurosurgeon, in 1926. In
the introduction to their book on the subject the
authors state the problem of the day.4, 5, 6
“The impression in both laboratory and clinic
that the microscopical examination of a specimen
removed at operation will not serve to predict, with
any degree of certainty, the future course of devel
opment of a true tumor of the brain substance.
These lesions, which are commonly grouped
together as gliomas, represent about forty per cent
of all intracranial neoplasms. They exhibit a
bewildering variety of microscopical structure, and

Table 2. Select tumors of the neuroepithelium
1
2
3
4
5
6
7
8
9
10
11
12
13

Astrocytoma
Anaplastic astrocytoma
Glioblastoma multiforme
Gliosarcoma
Pilocytic astrocytoma
Anaplastic pilocytic astrocytoma
Oligodendroglioma
Anaplastic oligodendroglioma
Oligo-astrocytoma
Anaplastic oligo-astrocytoma
Ependymoma
Anaplastic ependymoma
Choroid plexus tumors

existing classiﬁcations have served to do little more
than add confusion to a complicated subject.”5
Thus stated, they began the search for a histo
logically based classiﬁcation system. The intent
was to answer three questions:
1. What is the basis of the structural variability
shown by gliomatous tumors?
2. What, if any, is the clinical signiﬁcance of the
various structures?
3. Can the histologic variability account for
longer-than-expected survival periods fol
lowing debulking of the tumor?
While techniques have changed radically, the
basic questions remain. Bailey and Cushing pro
duced a hierarchical system with 13 tumor types
(Table 2) and a prognosis for each. Kernohan and
Sayre oﬀered a diﬀerent system that deﬁned ﬁve
subtypes-astrocytoma, oligodendroglioma,
ependymoma, gangliocytoma, and medulloblastoma.27 More importantly, they added a grading
system. The system used today was initially devel
oped by neuropathologists under the oversight of
the World Health Organization (WHO) and
published by Zulch.37 This eﬀort was intended to
clarify issues of the day and provide a single inter
national grading system. New questions natural
ly arose, so Kleihunes, Burger, Scheitihaeuer pro
duced a revised version for WHO following two
international meetings in the late 1980s.24 The

primary question during the late 1980s was
whether grading systems were helpful. The use
fulness of a grading system for brain tumors
seems to have depended on viewpoint. The scien
tiﬁc community found grading systems generally
unhelpful, while the clinicians found them help
ful. The revision was something of a compro
mise. It allows for a grading system because of its
clinical usefulness, but it did not ﬁnd a grading
system helpful for histological identiﬁcation and
research. If used for these purposes, the grading
system was required to be identiﬁed.

Grades
Once tumors were graded, some new issues
arose. For instance, is a grade IV astrocytoma
equivalent to a GBM, or is there a clinically
identiﬁable distinction between the two (Table
3). Other questions that arise with grading are:
1. Does the grade assigned aﬀect treatment
strategy?
2. Does grade assignment correlate to prognosis?
There are some common features used in grading
neuroepithelial tumors: (1) nuclear atypia, (2)
cellular pleomorphism, (3) mitotic activity (4)
angiogenesis or vascular proliferation, and (5)
development of necrotic areas. The more features
that are present, the more malignant the tumor.

The astrocytoma group
Pilocytic astrocytomas are benign, typically
occur in children and young adults, and are fre
quently located in the thalamus or other impor
tant subcortical locations. The histologic bor
ders are usually deﬁned accurately by MRI
contrast enhancement. Surgical removal is usu
ally total and produces excellent results.
Grade 2 astrocytomas exhibit pleomorphism,
an increase in the number of cells and show no
indications of mitotic activity or necrosis,
demonstrate hypodensity on CT and prolonga
tion of T1 and T2 on MRI. Typically they do not
show any contrast enhancement.5, 8, 20, 31, 38
Frequently referred to as malignant astrocy
tomas, Grade 3 and 4 astrocytomas show contrast
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enhancement on imaging studies. The contrast
enhanced mass may be surrounded by an area of
hypodensity on the CT scan or prolonged T1 and
T2 on the MRI. This area consists of edematous
brain parenchyma that has been inﬁltrated by
isolated tumor cells. Commonly, Grade 3 astro
cytomas are called anaplastic astrocytomas and
Grade 4 astrocytomas, glioblastomas.5, 8, 20, 31, 38

Anaplastic astrocytoma
The cells of Grade 3 or anaplastic, astrocytomas,
are abnormal in appearance. Mitotic evidence
also appears in some cells. Some cells may
inﬁltrate individually into normal brain tissue;
other malignant cells continue to divide, destroy

Table 3. Select glioma types correlated to grades
TUMOR TYPE

Astrocytoma
Anaplastic astrocytoma
Glioblastoma multiforme
Gliosarcoma
Pilocytic astrocytoma
Anaplastic pilocytic astrocytoma
Oligodendroglioma
Anaplastic oligodendroglioma
Ependymoma
Anaplastic ependymoma
Choroid plexus carcinoma

GRADE 1

GRADE 2

GRADE 3

GRADE 4

NA
NA
NA
NA
Yes
NA
NA
NA
Yes
NA
NA

Yes
NA
NA
NA
NA
NA
Yes
NA
Yes
NA
NA

NA
Yes
NA
NA
NA
Yes
NA
Yes
NA
Yes
Yes

NA
NA
Yes
Yes
NA
NA
NA
NA
NA
Yes
Yes

Grade 1=benign; Grade 2=low grade malignancy; Grade 3=malignant; Grade 4=highly malignant.

the brain parenchyma at the site of origin,
become attached, and form a mass lesion.5,17

Glioblastoma multiforme
Grade 4 astrocytomas are commonly called
glioblastoma multiforme, the most malignant
type of brain tumors. Inﬁltrated areas of brain
tissue may also have areas of mass lesion within
them. Mitotic signs are frequently seen. These
tumors grow so fast that they have a lot of angio
genic activity associated with them and readily
enhance on diagnostic scans. Even with this
angiogenic activity, the tumor often outgrows its
blood supply. This results in cell death and areas
of necrosis that show on diagnostic scans. In
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summary, CT and MRI scans show a contrast
enhancing mass with a necrotic center which is
surrounded by a zone of hypodensity on CT and
prolonged T1 and T2 on MRI correlating to the
inﬁltrated brain tissue.5, 8,13

Prognostic indicators
In general, it is clear that several factors correlate
to length of survival. The greater the number of
indicators present in any given tumor, the short
er the life expectancy. 4,5,12,17 However not all
indicators carry equal weight in a given tumor
type and grade. Prognostic indicators for
anaplastic astrocytomas include the presence of
endothelial vascular proliferation and/or mitot
ic activity, both of which reduce survival time
considerably.15 Age is a strong prognostic indica
tor for patients in their early 50s and younger,
living signiﬁcantly longer than those over 60 at
the time of diagnosis.4,5,12,17

Epidemiology of gliomas
Approximately 16,000 people were diagnosed
with a primary brain tumor in 1991. In this
group, 35% to 45% were diagnosed with a form
of malignant astrocytoma. The average inci
dence for glioma in adults ranges between 5 and
5.4 per 100,000 annually. Of all gliomas diag
nosed, 65% are malignant astrocytomas.
Age is a signiﬁcant risk factor with the rate
increasing from 2 per 100,000 at ages 35 to 44
years of age to 17 per 100,000 for ages 75 to 84.
Looking only at the elderly (over 70 years) of
Kumamoto, Japan, Kuratsu and Ushio (1997)
researchers found that primary intracranial
tumors were diagnosed in 271 cases with 155
being conﬁrmed histologically. In Kumamoto,
this produces an incidence rate of 18.1 per
100,000, with females having the greater overall
risk, 20.3, with the average at 15.2 per 100,000.
Interestingly, the 70-74 age group ran a higher
risk than the older groups. Slightly more than
50% were meningiomas with the next highest
type being malignant gliomas (all sub-types
combined). These two were followed in order by
pituitary adenomas, schwannomas, malignant
lymphomas and benign astrocytomas.

In the United States, gender and race are also
risk factors for malignant astrocytoma. Both
anaplastic astrocytoma and glioblastoma multiforme are more common in men than women,
with the ratio varying between 1.06 and 2.1.
However, in a British study, Hopewell, Edwards,
and Wiernik noted that it is not until one reach
es the 45-49 age group that males show a
signiﬁcantly higher risk than females. In the
African-American community only 37% of pri
mary brain tumors are malignant astrocytomas,
while in the Caucasian community astrocytoma
and malignant astrocytoma occur more than
50% of the time.5 Genetics also appear to play a
role in some types of primary brain tumor.

Increasing rate of incidence?
The incidence of primary malignant brain
tumor in the industrialized countries has been
reported to have grown dramatically over the
past 25 years. This increase has been reported to
be as high as 40% in the general population and
100% in those older than 65. The validity of this
data is under current debate, with some
researchers arguing that better diagnostic imag
ing techniques have produced the increase and
not a true rise in per capita primary brain
tumors.
In Rochester, MN, Radhakrishnan, et al
(1995) reviewed the incidence of intracranial
tumors from 1950 to1990. The researchers con
cluded that the increased rate of primary brain
tumors was due to a statistically signiﬁcant
increase in pituitary adenomas and better imag
ing techniques. They did not ﬁnd a signiﬁcant
change in occurrence of other tumors. This
study, too, has been challenged and debate con
tinues. It seems likely two factors aﬀect the over
all increase in primary brain tumors: better
imaging techniques and the increasing number
individuals over 65 years of age.
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llustrative case

This case history will be used to demonstrate the
application of diagnostic and treatment strategy,
as well as modalities. The illustrative case concerns
a Caucasian male in his early 50s, right handed
with no history of neurological deﬁcit, although
he suﬀered two minor concussions during high
school. His presenting complaint was a tingling
sensation in the 4th and 5th ﬁngers of his left hand,
which he attributed to a compression of the ulnar
nerve following a long car trip. Between the time
that the appointment was scheduled and the
patient’s arrival at the doctor’s oﬃce, a tingling
sensation developed in the median nerve distribu
tion. He had no history of headache, nausea, or
vomiting, demonstrated no central neurological
deﬁcits during the exam, and had a positive Tinel’s
sign in the ulnar distribution.
The patient was started on prednisone and
scheduled for an EMG. The EMG was per
formed approximately one week after the initial
visit with normal results.
By that time, the patient began to notice what
he called a “bizarre sensation” on the left half of
his body. While attending a social event, he noted
that someone caught his arm, and he had not
recognized it until he felt oﬀ balance. By the next
morning, he had developed a droop on the left
side of his face and was experiencing diﬃculty
walking without bearing to the left. At that time,
he admitted himself to the emergency room and
a CT scan was performed. The scan demonstrat
ed a large right-frontoparietal mass consistent
with a high-grade astrocytoma. Prior to surgery,
a MRI with enhancement was also performed.
The preoperative diagnosis was glioblastoma,
which was conﬁrmed by histological analysis fol
lowing surgery.

Diagnostics
Intracranial mass
As with all diagnostic investigations, the diag
nosis of an intracranial mass begins with a good
history and physical. Risk factors for glioblas
toma multiforme in the adult include: race
(Caucasian > African American), gender (male
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> female), and age (most common in the 50s and
60s). The most frequent symptom associated
with these tumors is headache. However,
headache is also common for almost any
intracranial mass and a wide range of other dis
eases and conditions.
The most important signs and symptoms
related to glioblastoma multiforme evolve from
the speciﬁc area of the brain that is invaded.
Tumors such as meningiomas do not invade
brain tissue. They act as a well-diﬀerentiated,
slow-growing mass lesion that pushes against
the brain tissue. Symptoms from this type of
tumor are related to pressure and cellular irri
tability. The diﬀuse invasion of the brain
employed by the glioblastoma multiforme may
allow it to go symptomless until it is quite large.
Mild focal symptoms may appear for a period,
but symptoms can rapidly progress. Hemiparesis
is not uncommon in the emergency room.
Differential diagnosis
Headache and/or mild focal neurologic symp
toms could indicate any number of neurologic
problems. In practice today, the patient is sent
immediately for a CT scan or MRI when the
symptoms appear to have a central origin.
EMG
The electromyogram (EMG) is commonly
referred to as a nerve conduction study. The
EMG is based on the principle that electrically
stimulating a nerve should produce a reaction
somewhere along the course of the nerve. Prop
erly placed electrodes measure both the response
and the conduction time. Recording electrodes
are placed on the appropriate muscle belly for
motor nerves. For sensory studies, the electrodes
are placed over the nerve. Superﬁcial nerves may
be stimulated using a skin electrode, but nerves
deep within the skin require the use of an insu
lated needle electrode.
A grounding electrode or, more commonly, a
grounding plate is placed between the stimulat
ing and recording electrodes with the two being
equidistant from the ground. Electrical current
is applied to achieve a maximum response. The

current is then increased again to guarantee a
maximum response.
CT scan
Godfrey Hounsﬁeld conceptualized the tech
nique of the CT scan, and the ﬁrst clinical use
occurred in 1972. This revolutionized the diag
nostic approach to intracranial lesions and
abnormalities. Because the CT scan allows for
direct imaging and diﬀerentiation of soft-tissue
structures, it is an eﬀective means for identify
ing space-occupying lesions, tumors and metas
tases. The scan times with CT imaging vary
between 500 milliseconds to a few seconds. This
short scan time makes it especially attractive in
the emergency room setting.
Developed for purely diagnostic procedures,
the CT scan can be used for interventions such as
guided biopsy and minimally invasive therapy,
may be used to help plan radiation therapy for
cancer and to follow the eﬀects of radiation on the
tumor. Today, the CT scan can be combined with
other computerized-image manipulating tech
niques to produce three-dimensional images.
A CT scanner resembles a large box with a 60
to 70-cm hole, large enough to accommodate a
human being, in the center. The covers of a CT
scanner house a rotating device with an X-ray
tube mounted on one side and a banana-shaped
X-ray detector opposite. As the rotating frame
spins the X-ray tube and detector around the
patient, a fan-shaped beam is created. Each time
the tube completes a 360° rotation, a thin image
is produced, which represents a “slice or cut”
through the brain. Each slice is focused between
1-10 mm. Each two-dimensional slice provides
limited information alone. Since the scan pro
duces both coronal and transverse slices, the
combined ﬁlms provide a solid interpretation of
the three-dimensional aspects of the area being
scanned. As the data from a slice is interpreted,
the computer assigns a number to each level of
density. This number is then converted and
added to a color scale by the computer so an
image can be produced.
The CT scan can be performed without
any type of enhancement of the arteries;

however, it is common for diagnostic scans to
involve a contrast agent when vascular infor
mation is required. There are four basic types
of contrast agents used with the CT scan,
which can be categorized based on the
method of delivery:
•
•
•
•

Intravenous contrast agents
Oral contrast agents
Contrast agents given rectally
Contrast agents given as a gas that is
inhaled (Xenon CT).

The most common approach is via intravenous
infusion. Typically, between 75 and 100 cc of

FIGURE 1
Illustrative case,
CT scan
contrast medium is used. This varies somewhat
on the patient’s age, weight, and the area being
scanned. The contrast agent has an iodine base,
so allergies to iodine and shellﬁsh must be
checked prior to injecting this medium.
The CT scan uses an X-ray beam that is
attenuated as it passes through the body. The
diﬀerent densities of organs create the various
shades of gray that are recorded on an X-ray
ﬁlm. Blood vessels ﬁlled with the contrast
medium are more dense and enhance the
image. Although there is a relatively mild risk
associated with the use of the contrast medium,
the beneﬁts clearly outweigh the risks in almost
every situation (Figure 1).

performed in ER
tumor mass (not
radically different in
appearance from
normal brain tissue)
mass has collapsed
the ventricle
active peripheral
boundary of the
tumor
area ahead of the
tumor is actively
developing a new
blood supply
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Magnetic resonance imaging
Magnetic resonance imaging (MRI) is another
noninvasive diagnostic procedure that uses
magnets and radiowaves to produce a picture.
Like the CT scan, the MRI produces images that
are slices of a speciﬁc part of the body. Print
outs of the series of coronal and transverse
images (Figures 2 and 3) allow the physician to
evaluate the three-dimensional structures
under consideration.
In comparison to the CT scan, the MRI
images are more detailed and provide more
overall information. This is particularly true
when scanning soft tissues such as the brain. Per
haps the primary diﬀerence between the CT scan

are very strong, so precautions must be taken to
ensure that metallic objects do not exist inside
the patient and that these objects are not carried
into the area.
The CT scan is much faster than an MRI;
therefore, the CT scan is preferred for emergency
use. Large medical centers with a high volume of
trauma may have a CT scan unit in their emer
gency room. Because of the potential problems
associated with the strong magnets, the MRI
scanner is usually placed in a highly restricted
area of the radiology department.
Illustrative case—diagnostic notes
With the illustrative case patient, doctors ﬁrst
pursued the most likely diagnosis, a neuropathy
of the ulnar nerve. (Remember, the patient had
no history of headaches or seizures.) By the time
the EMG had ruled out a peripheral neuropa
thy, the patient’s condition had rapidly deterio
rated making it clear that the problem was cen
tralized. This left two likely possibilities,
transient ischemic attack (TIA) or intracranial
mass. TIAs were essentially ruled out by history.
Symptoms had worsened progressively, not
episodically. The CT scan conﬁrmed the mass
lesion.

Astrocytomas

FIGURE 2
Illustrative case,
postoperative and
postradiation MRI
(coronal cut)
postoperative cavity
containing cellular
debris
enhanced area at
remaining tumor border
brain swelling (note
effect on ventricle)
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and the MRI is that the former produces images
by exposing the body to X-rays. The latter creates
a strong magnetic ﬁeld that causes the atoms
within the body to align. A radiowave is then
directed at the body to trigger the atoms to
respond with radiowaves of their own. These
radiowaves create a signal that is detected by the
scanner from thousands of diﬀerent angles
around the body. The radio signals are sent to a
computer that processes the information and
compiles it into a three-dimensional image.
These images may be stored on photographic
ﬁlm or videotape.
The risks with MRI are minimal since ioniz
ing radiation is not used. The magnets, however,

Histological distinctions
CT and MRI scans will demonstrate the presence
of a mass lesion in an overwhelming majority of
the cases, and, as is to be expected, will provide
considerable insight into the tumor type. The
ﬁnal diagnostic classiﬁcation, however, must be
made on the histologic nature of the tumor.
Tumors of the astrocytoma classiﬁcation can
be placed in one of three subcategories based on
the cell of origin:
• Fibrillary astrocytoma—stellate astrocytes are
commonly found in the white matter of the
brain and spinal cord. These cells are charac
terized by the presence of long processes and
bundles of glial ﬁlaments in its cytoplasm.
Most astrocytomas originate from these cells.

• Protoplasmic astrocytoma—protoplasmic
astrocytes are mostly found in gray matter
and contain few ﬁbrils but numerous
branching processes.
• Gemistocytic astrocytoma—gemistocytic
astrocytes are round or oval cells containing
abundant cytoplasm, glial ﬁlaments and an
eccentric nucleus (9-19% of astrocytomas).21 These tumors are often mixed, but
greater than 60% of the cells must be gemis
tocytes to qualify for this designation. More
importantly, an astrocytoma with more than
20% gemistocytes generally has a worse
prognosis—as many as 80% develop into
glioblastomas.21 Gemistocytic astrocytoma
is, in eﬀect, an anaplastic astrocytoma. This
factor is sometimes expressed clinically with
a comment like: “Grade 3 astrocytomas are
always hurrying to become Grade 4 astrocy
tomas.”
Anaplastic astrocytoma
Anaplastic astrocytomas may occur as part of
the anaplastic progression of a glioma or as their
own entity. There is some thought that the
number of these de novo anaplastic astrocy
tomas will decline as our diagnostic imaging
abilities increase. The anaplastic astrocytoma
diﬀers from the low-grade astrocytoma in the
following ways:
•
•
•
•

Cellular diﬀerentiation
Increased cellularity
Increased mitotic activity
Increased cellular atypia.21

Glioblastoma multiforme
Glioblastomas represent about 20% of all pri
mary brain tumors and half of the astrocytoma
type. Most glioblastomas develop in astrocy
tomas and anaplastic astrocytomas. Some
develop as multi-lobar or bilateral tumors, or
even multicentric tumors. Some glioblastomas
appear to develop de novo. These tumors
exhibit precisely the kind of histologic struc
tures one would expect from a tumor so malig
nant:

Related Terms
Blood-brain barrier (BBB)
Certain characteristics of brain capillaries create a
barrier that prevents potentially harmful sub
stances from entering brain, while allowing oxy
gen and nutrients access to the tissues.These cap
illaries can also limit or prevent potentially
beneﬁcial medications from crossing the barrier.

Greenﬁeld® ﬁlter
A multistrutted, spring-style ﬁlter designed to pro
tect against pulmonary embolism.The permanent
ﬁlter is percutaneously implanted in the vena cava.

Prednisone (corticosteroid)
Hydrocortisone and cortisone occur naturally as
glucocorticoids and are essential.The synthetic
analogs are used to treat many conditions because
they have strong anti-inﬂammatory effects. Pred
nisone is usually given orally or by injection.(Other
corticosteroids will play an important role in treat
ment once the mass lesion is identiﬁed.)

Peripheral neuropathy
A disease or syndrome characterized by muscle
weakness, paresthesia, impaired reﬂexes, and
autonomic symptoms in the hands and feet.

Tinel’s sign
A sensation of tingling sometimes identiﬁed by
the patient as “pins and needles,” that is felt in the
distal portion of a limb when percussion is made
over the site of an injured ner ve. The tingling
should occur in the normal area innervated by the
nerve in question and should reproduce previous
symptoms. A positive sign may conﬁrm a lesion
during the diagnostic phase or early regeneration
in the nerve later on.

Transient ischemic attack (TIA)
A sudden focal loss of neurological function with
complete recovery usually within 24 hours. TIAs
are caused by a brief period of inadequate blood
ﬂow in a section of the carotid or vertebral basilar
arteries.
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• Demonstrates the extreme of cytologic pleo
morphism
• Demonstrates the extreme of nuclear pleo
morphism
• High cellularity
• Obvious mitosis
• Necrosis
• Marked endothelial proliferation
• Diﬀuse invasion of surrounding tissue.
The last four malignant features help explain
typical features of a glioblastoma as seen on a CT
or MRI scan. Endothelial proliferation is related
to angiogenesis. The tumor is working to create
its needed blood supply. This area of hypercellu

acterized by giant cells that are highly varied in
cytoarchitecture and often multinucleated. The
gliosarcoma is apparently induced by the vascu
lar stroma and may develop into a tumor that
demonstrates more sarcomatous characteristics.

Treatment
Treatment strategy for glioblastoma has varied
with the amount of information known about
the tumor and with the treatment options avail
able. Both pharmacological and technological
advances have expanded the treatment options
and the possibility of prolonged life with some
acceptable quality of life. The basis for all the
treatment schemes is relatively standard:
1.
2.
3.
4.
5.
6.
7.

FIGURE 3
Illustrative case,
postoperative and
postradiation MRI
(transverse cut)
brain swelling

larity causes the leading portions of the tumor to
“light up” with the use of a contrast medium.
While the tumor is working to produce an ade
quate blood supply, it often cannot supply the
cells closer to the malignant cell of origin. These
cells die producing an area of necrotic tissue that
shows up on a scan as a darker area inside the
tumor. Finally, an area around the tumor
appears to be of decreased density and has been
correlated to the area of cellular invasion into
new tissue.

enhanced tumor border
postoperative cavity
containing cellular
debris
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Glioblastoma subtypes
Two subtypes of glioblastoma are the giant cell
glioblastoma and gliosarcoma. The ﬁrst is char

Tumor reduction
Radiation therapy
Chemotherapy
Continued monitoring
Treatment of other concerns
Adjustment of plan as necessary
Physical and occupational therapy

Treatment regimens
A number of therapeutic and chemotherapeutic
regimens are used around the world. At this
time, at least 64 chemotherapy clinical trials are
in progress, not to mention 100 studies focused
on treatment schemes—a considerable amount
of research on the glioblastoma. Obviously, no
singular solution or standard treatment is avail
able and may not be for some time, if ever. Most
of the current trials are focused on the use of var
ious combinations of chemotherapeutic agents.
To date, reports seem to indicate that the use of
several chemotherapeutic agents is more eﬀec
tive than a single-agent approach.
Other treatment issues
Numerous other concerns are related to treat
ment of the glioblastoma. Two of these are obvi
ous: the quality of the surgical resection and the
complex drug interactions that occur secondary
to the variety of medications required during
treatment. Because of the tumor’s frequent posi
tion, hemiparesis is not an unusual event related

to glioblastoma. This requires physical and occu
pational therapy, at least, and may require psy
chological counseling also.
Glioblastomas also have been correlated to a
higher-than-usual incidence of blood clot for
mation and embolism. Anticoagulants are
required and must be carefully monitored. A
Greenﬁeld ﬁlter may be placed if clots form. The
brain is generally edematous and subject to both
pre- and postoperative swelling. Corticosteroids
may be used for a signiﬁcant period to combat
this problem.
Many medications are used during the thera
peutic eﬀort. Constant vigilance is required to
monitor white blood cell count, platelets, and the
international normalized ratio (INR). A change
in one medication may cause a change in the
eﬀectiveness of all the others. These are moni
tored weekly.
Surgical intervention
Tumor reduction, especially in small, low-grade
tumors may be accomplished by radiation ther
apy, but reduction of the typical high-grade
GBM is generally accomplished by a surgical
procedure. Since many of these tumors are
found in the frontoparietal area and may be
large, reduction is accomplished via cranioto
my. Technological advances, such as frameless
stereotactic imaging and electrophysiologic
measurement of action potentials (intraopera
tive mapping), have permitted the surgeon to
remove more of the tumor while providing some
safety to the patient. The primary purpose of
tumor reduction is to dramatically reduce the
number of tumor cells that need to be killed by
radiation or chemotherapy. The amount that the
tumor is reduced correlates strongly to the
length of survival.
Radiation therapy
External beam therapy directs ionizing radiation
from a machine to the tumor cells. The total
dosage required is calculated using type, grade,
and stage information. A fractionated approach
is used for delivery (ie a fraction of the total dose
is given each session). Typically, four to ﬁve radi

ation sessions are given per week. Dose-time
intervals are calculated and the precise angle of
the beam is calculated from MRI data.
The aﬀect of radiation on cells is very com
plex, but the critical factor is the radiation’s abil
ity to damage the nuclear DNA in the tumor cells
while sparing normal cells. This inhibits repro
duction and leads to apoptosis. Either X-rays or
gamma rays may be used.
Initially, the patient goes through a simula
tion procedure where a ﬁrm but mesh-like mask
is created. Alignment markings are placed on the
mask. The mask attaches to the table, guarantee
ing that the patient is properly positioned each
time.

FIGURE 4
Illustrative case,
Radiation therapy may produce a number of
side eﬀects, but these are minimal in most brain
tumor cases and probably related to the relative
ly small area being irradiated.

postoperative,
postradiation, and
post chemotherapy

Select medications and chemotherapy agents
Table 1 provides basic information about a select
number of medications and chemotherapy
agents. The illustrative case will be used to
demonstrate one scheme for the use of these
agents.

(BCNU) MRI
(coronal cut)
decreased brain swelling;
ventricles about the same

Illustrative case—treatment
The patient and family met with the neurologi
cal oncology team prior to surgery. The team

size
postoperative site shows
no tumor regrowth
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included a neurosurgeon, neurooncologist, neu
ropsychologist, director of rehabilitation, and a
social worker. The patient, with full understand
ing of the potential complications, asked the
neurosurgeon and neurooncologist to take an
aggressive approach. The patient decided to par
ticipate in two studies being conducted by the
faculty of the medical school. One study con
cerned the use of the light-activated substance
Photofrin. The other was evaluating the use of
Irinotecan in combination with other agents.
The patient began receiving dexamethasone
following the diagnosis of an intracranial mass.
Prior to surgery, an MRI with enhancement was
performed. Approximately 24 hours prior to

FIGURE 5
Illustrative case,
36 week
postoperative MR
spectography
computerized grid over
area of study
high spikes in 31-32
indicate active tumor cells
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surgery, the patient received an infusion of
Photofrin. A right frontoparietal craniotomy
was performed, and the tumor was debulked.
Because of the relationship between the tumor
and the motor strip, a frameless stereotatic tech
nique and electrophysiologic intraoperative
mapping were used to assist the surgeon.
Following surgery, the patient was hemiparet
ic on the left side. He was admitted to the neuro
intensive care unit, remained for three days
before being transferred to the neuro-ortho unit,
and moved to the acute rehabilitation unit four
days later. Physical and occupational therapy,
plus radiation and chemotherapy were initiated
prior to dismissal. Total hospitalization time was

six weeks. A blood clot formed in the left thigh.
Medications were adjusted and a Greenﬁeld
ﬁlter was placed in the vena cava.

Treatment overview
An overview of treatment is as follows:
• Fractional radiation therapy was started as
soon as the patient’s condition allowed and
continued on an outpatient basis for a total of
34 treatments.
• The ﬁrst of the chemotherapeutic infusions
was done during the last week the patient was
in the rehabilitation unit. Chemotherapy
cycles were scheduled at four-week intervals.

• Chemotherapy followed this pattern:
1. Three cycles of Irinotecan infusion and
oral Temodar
2. Five cycles of Carmustine and Irinotecan
infusion with oral Temodar
3. Five cycles of Irinotecan infusion and oral
Temodar
4. Oral Tamoxifen, taken daily, was added
after the ﬁrst two cycles of Irinotecan.
Tamoxifen is a biologic agent that does not kill
tumor cells directly, but slows cell growth with
the intent of inducing apoptosis. It is not as toxic
as chemotherapy agents and can be taken for a
long period of time.

Total chemotherapy time, not including the
biologic agent Tamoxifen, covered approxi
mately one year from the date of surgery. Fol
lowing the completion of radiation and at
spaced intervals during chemotherapy, followup MRIs were done to monitor the progress of
therapy or identify the recurrence of the tumor
(Figure 4). MRI evaluations were performed at
24 and 36 weeks.
A new test, the magnetic resonance spectog
raphy (Figure 5) uses the MRI machine to estab
lish a grid for a chemical activity survey. Per
formed at 36 weeks, this imaging technique
detects the presence of select chemicals related
to tumor-cell activity in the patient. To date, the
ﬁndings have not been conﬁdently correlated
with the clinical situation. Extremes are mean
ingful. For instance, a lack or signiﬁcant
decrease in these chemicals is clearly good news;
a marked increase or return of activity points in
the other direction. Most results are less clear.
For instance, researchers do not know how long
after cell death the chemicals remain and can be
measured. Nevertheless, this test represents
another step forward and oﬀers a positive area
of development.

Non-biological factors may be equally or more
important.
• These tumors aﬀect a relatively small por
tion of the population.
• Until recently, the treatment scheme of
surgery, radiation, and chemotherapy caused
such severe side eﬀects that patients tended to
surrender early in therapy.
• Until recently physicians and neurosurgeons
typically saw patient after patient deteriorate
and die in spite of their best eﬀorts, leading to
a palliative versus curative approach.
These factors created an environment in which
a truly aggressive approach to GBMs was sel
dom taken. The highly malignant GBM followed
its deadly course, reinforcing the generally per
ceived hopelessness. Treatment outcomes, then,
became a self-fulﬁlling prophecy. Some of the
most signiﬁcant advances in treatment today
have been made in radiation therapy and
chemotherapy. Neither treatment mode tends
to overwhelm the patient. This allows the
patient’s body to respond, and patient and
oncologist to select an aggressive approach to the
GBM.

Treatment schemes and prognosis
With all the advances and success in the treat
ment of cancer, why do outcomes for the
glioblastoma seem to lag behind? My own expe
rience gained while working with a neurosurgi
cal group and patients suﬀering from glioblas
toma, plus a review of scholarly and clinical
literature and personal discussions with two
neurosurgeons, a neurooncologist and a neuro
radiologist lead me to the following conclusions:
Biological factors contribute to the slow
advance.
• GBMs have developed an unusual ability to
resist mechanisms, such as a proptosis, that
would ordinarily cause the cells to die.
• The blood brain barrier remains a signiﬁcant
problem in neurooncology.
• The tumors are usually quite large before
being diagnosed.

Hope for the future
The battle against the glioblastoma multiforme
is not only continuing, but in many ways, it has
just begun. Hope for the future resides with the
following:
• Biological knowledge and deepening under
standing of tumor biology
• Technological advances in the area of diag
nostics and therapy
• Pharmacologic advances
• A better understanding of the psychology
and spirituality of survival.
One illustrative example of hope is the workup
being done by JG Cairncross on the oligoden
droglioma. These researchers have identiﬁed cer
tain biochemicals that allow them to predict the
response of a given tumor to chemotherapy and

The Surgical Technologist

Select chemotherapy agents (used in Illustrative case)

Preparatory agents

Neurologic & other agents

Agent

Admin

Action

Complications

Notes

Phenytoin
(Dilantin)

Oral, IM, IV

An antiepileptic drug

CNS toxicity

IM &IV administration must be slow.
Blood levels checked routinely.

Decadron

Oral or IV

Used to decrease brain swelling secondary to
tumor disruption of the blood brain barrier and
ﬂuid leakage into the surrounding tissue.The
common and sought after response includes:a
reduction in symptoms, a sense of well being,
and improvement in neurologic status.

1-8

Corticosteroids can not be stopped
quickly. A long monitored period of
dose reduction is required.

Lorazepam

Oral, IM, IV

Antianxiety agent used to stop or prevent
seizures.

Large number of side
effects possible.Critical—
bronchospasm.

Beware of drug interactions. Patients
may need extra help walking for a
while.

Warfarin
sodium

Oral

Anticoagulant that interferes with vitamin K
dependent clotting factors II,VII, IX, and X.

Hemorrhage

Gliomas correlate to a higher incidence
of blood clot formation than other brain
tumors. Blood levels monitored.
(Heparin may be used initially.)

Kytril

Oral or IV

Antiemetic and antivertigo medication used to
prevent these complications secondary to
chemotherapy.

4, 17

Kytril administration should be com
pleted prior to initiating chemotherapy.

Atropine
sulfate

IV

Potent parasympatholytic that blocks acetyl
choline action at postganglionic sites. Small
doses inhibit salivary and bronchial secretions.
Used as part of the chemotherapy preinfusion
routine.

1, 2, 17, 21, 22

Inform patient to expect a very dry
mouth.

Carmustine
(BCNU)

IV

Chemotherapeutic agent

1, 2, 3, 14, 17

May be given alone or in combination
with other chemotherapeutic agents.

Irinotecan
(CPT-11)

IV

Antineoplastic agent that interferes with DNA’s
ability to uncoil.

1, 2, 3, 25, 26, 27

May be given alone or in combination
with other chemotherapeutic agents.

Tamoxifen
citrate

Oral

A nonsteroidal antiestrogen developed as an
antineoplastic for breast cancer.Thought to
affect nuclear DNA leading to apoptosis in
brain tumors.

1, 2, 3, 4—Generally mild
but can increase bone
pain and tissue swelling in
rare instances.

Originally developed for breast cancer.

Temozolomide

Oral

Only oral chemotherapeutic agent demon
strated to cross the blood brain barrier. It
affects tumor cell growth directly. Does not
require metabolic activation.

1, 2, 19, 26

Photofrin

IV

Chemotherapeutic agent that is activated dur
ing surgery (Photo Dynamic Therapy).

27, 28

Infused 24 hours prior to surgery.
Should be cleared from most healthy
tissue in 12 hours, but remains in
tumor cells.

Complications: 1 nausea, 2 vomiting, 3 diarrhea, 4 constipation, 5 stomach irritation, 6 neutropenia, 7 anemia, 8 thrombocytopenia,
9 increased appetite, 10 puffy moon shaped face, 11 mood swings, 12 depression, 13 CNS symptoms, 14 pulmonary complications, 15 renal complications,
16 liver complications, 17 headache, 18 lethargy, 19 skin rashes, 20 elevated liver enzymes, 21 tachycardia, 22 bradycardia, 23 dysrhythmias,
24 dizziness, 25 ﬂushed, hot, dry skin, 26 allergic reactions, 27 birth defect in exposed fetus, 28 myelosuppression, 29 hyperglycemia,
30 water retention causing extreme weight gain
The Surgical Technologist

radiation therapy. If this is true for one glioma,
one must suspect that it is true for all. Secondari
ly, advances in the technique and clinical appli
cation should one day allow for the matching of a
chemotherapeutic agent to a given tumor. The
battle against the glioma multiforme is far from
over, but it continues with high expectations.
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PHYSIOLOGY

THE AUTO
NERVOUS

The nervous system is one of the most compli
cated systems in the human body. Along with the
endocrine system, it controls many bodily activ
ities. The nervous system senses changes both in
the internal and external environments, inter
prets these changes, and then coordinates appro
priate responses in order to maintain homeostasis. 1 In response to changing conditions, the
autonomic nervous system (ANS) shunts blood
to more needy areas, speeds or slows heart and
respiratory rates, adjusts blood pressure and
body temperature, and increases or decreases
stomach secretions.2 Most of this ﬁne-tuning
occurs without our conscious awareness or
attention, implying a certain amount of func
tional independence. Hence the term autonomic
(auto=self; nom=govern).
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ONOMIC
S SYSTEM

g
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eneral organization
The nervous system includes the central nervous
system (CNS), consisting of the brain and spinal
cord, and the peripheral nervous system (PNS),
consisting of 12 pairs of cranial nerves (which
emerge from the base of the skull) and 31 pairs of
spinal nerves (which emerge from the spinal
cord). All of these nerves consist of ﬁbers that
may be sensory or motor or a mixture of both.1
Nerves composed of both sensory and motor
ﬁbers are called mixed nerves. For example, the
facial nerve CN VII consists of motor ﬁbers that
control facial expressions (eg frowning and smil
ing) and sensory ﬁbers, which transmit taste sen
sations from the tongue to the brain.

Functionally, the PNS is subdivided into two
specialized systems: the somatic nervous system
(SNS) and the autonomic nervous system
(ANS).1 The SNS primarily innervates skeletal
muscle, producing consciously controlled, vol
untary movement (ie walking and talking). The
ANS primarily innervates glands, smooth muscle
and cardiac muscle. It’s responsible for control
ling visceral functions and involuntary muscles in
the respiratory, circulatory, digestive and urogen
ital systems, and in the skin6 that are essential for
the body to maintain homeostasis. The ANS oper
ates without conscious control. The autonomic
nervous system is activated mainly by centers
located in the spinal cord, brain stem, and hypo-

Review of basic parts of the neuron

Dendrites
Cell body
Nucleus
Axon
Myelin sheath

Nerve impulse
Axon
Vesicle
Synaptic cleft

Direction of impulse

Neurotransmitters
Receptor molecules

Dendrite of receiving neuron
Axon terminals

thalamus.3 Often the autonomic nervous system
operates by means of autonomic reﬂexes. Senso
ry signals from peripheral nerve receptors relay
signals into the centers of the cord, brain stem, or
hypothalamus, and these in turn transmit appro
priate reﬂex responses back to the peripheral
organs or tissues to control their activities.4

Divisions of the autonomic nervous system
The autonomic nervous system (ANS) is further
divided into two major subdivisions: the
parasympathetic nervous system (PaNS) and
sympathetic nervous system (SyNS). The two
divisions are physiological antagonists and are in
equilibrium with each other. Both divisions often
innervate the same organ (eg iris of the eye and
the heart). Structurally, each division diﬀers in the
location of their preganglionic neuron cell bodies
within the CNS, the location of their autonomic
ganglion, the relative lengths of their preganglion
ic and postganglionic axons, and the ratio of pre
ganglionic and postganglionic neurons. They
both integrate and operate continuously with the
rest of the nervous system by responding in vary
ing degrees to information provided by the senso
ry component of the nervous system.
The SyNS dominates during stressful or
physically strenuous situations. It sends impuls
es that increase blood pressure, speed up rate and
force of the heartbeat, dilate bronchioles,
increase blood sugar concentration and reroute
blood ﬂow to skeletal muscle (ﬁght or ﬂight).
Conversely, the PaNS dominates during times of
emotional calm and/or physical rest. It sends
impulses that decrease blood pressure, decrease
heart rate and stimulate gastrointestinal motility
(digestion and rest).

autonomic (terminal) ganglia that lie near or
within the walls of the organs innervated (Figure
1). Since the terminal ganglia are close to the
innervated organs/structures, the axons of the
postganglionic ﬁbers are short. PaNS pregan
glionic neurons synapse with only a relatively few
postganglionic neurons. For this reason they are
much more precise and localized in their eﬀects.
Some eﬀects of PaNS stimulation include:

FIGURE 1
The parasympa
thetic nervous
system.3

• constriction of pupils
• contraction of smooth muscle of alimentary
canal
• constriction of bronchioles
• slowing of heart rate

III

IX
X

VII
V

Ciliary ganglion
Ciliary muscles of the eye
Pupillary sphincter
Sphenopalatine ganglion
Lacrimal glands
Nasal glands
Submaxillary ganglion
Submaxillary gland
Otic ganglion
Parotid gland
Heart
Stomach
Pylorus
Colon
Small intestine

Parasympathetic nervous system

Sacral

2
3
4

Anal sphincter
Bladder
Detrusor
Trigone
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Ileocecal valve
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The PaNS is the craniosacral division of the ANS.
Preganglionic ﬁbers originate from nuclei in the
midbrain, medulla and sacral portion of the
spinal cord. Neurons of the PaNS emerge from
the brainstem and pass through as part of the III,
VII, IX, and X cranial nerves, and 2nd, 3rd, and
4th sacral nerves from the sacral region.4 They
synapse with postganglionic neurons located in

receptor sites in the eﬀector gland, organ or
muscle causing the desired eﬀect (eg release of
hormones, muscular contraction, etc). (Table 1)
The action of acetylcholine is relatively brief
and usually lasts for only a fraction of a second. It
is rapidly broken down by the enzyme
cholinesterase, which is present both in the ter
minal nerve ending and on the surface of the
receptor organ. Acetylcholine (cholinergic)
receptor sites are classiﬁed as either nicotinic or
muscarinic. Nicotinic receptor sites for ACh
occur at the junction between the preganglionic
ﬁbers and postganglionic ﬁbers in both the SyNS
and the PaNS divisions of the ANS. Muscarinic
receptor sites for ACh occur at the junction
between the postganglionic ﬁbers and eﬀector
sites in the PaNS division of the ANS.

Eye

Pilo-erector muscle B
Heart

T-1
Sweat gland

I2

Bronchi

Blood vessel
Celiac ganglion
Pylorus
L-1

Sympathetic nervous system

Adrenal
medulla

5

Kidney
Ureter

Ileocecal valve

Hypogastric plexus
Trigone

FIGURE 2
The sympathetic
nervous system.3
Dashed lines represent postganglionic ﬁbers in the gray
rami leading into the spinal
nerves for distribution to
blood vessels, sweat glands,
and pilo-erector muscles.

Anal sphincter
Detrusor

Transmission of an impulse between pregan
glionic and postganglionic ﬁbers takes place at
an electrochemical junction called a synapse.
Both pre- and postganglionic neurons of the
PaNS are cholinergic and utilize the neurotransmitter acetylcholine (ACh). 4 When a nerve
impulse reaches the terminus of a preganglionic
ﬁber, it causes the release of ACh, which migrates
across the synapse. The ACh combines with
receptors on the synaptic membrane of the post
ganglionic ﬁber, causing depolarization and
continuing the impulse down the postganglion
ic ﬁber. Once the impulse reaches the postgan
glionic terminus and depolarizes it, ACh
migrates across the synapse and binds to speciﬁc
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Intestine
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The SyNS is the thoracolumbar division of the
ANS (Figure 2). Preganglionic ﬁbers originate
from cell bodies in the lateral gray horn of all
thoracic and the ﬁrst two or three lumbar seg
ments of the spinal cord and leave the cord by
way of the of the anterior (ventral) spinal nerve
roots (Figure 3). They pass through the inter
vertebral foramina, enter a white rami commu
nicans and connect with the ganglia of the par
avertebral sympathetic chain, which are situated
anterolaterally to the spinal cord. Each of these
paired chains is a series of 22 ganglia spanning
the length of the vertebral column.4 All pregan
glionic neurons in the SyNS are myelinated,
which gives them a white appearance. Most pre
ganglionic neurons end within the paraverte
bral sympathetic ganglia and synapse with post
ganglionic eﬀerent neurons. Some of the
postganglionic neurons re-enter the spinal
nerves via the grey rami communicans. They
appear grey because postganglionic neurons are
nonmyelinated. These neurons extend with
other neurons in the spinal nerves, eventually
branch oﬀ and form visceral nerves that inner
vate smooth muscle and sweat glands. Other
preganglionic neurons pass through the paraver
tebral sympathetic ganglia to a second set of gan
glia called collateral ganglia located mainly in the

Table 1 ANS parasympathetic
preganglionic
ﬁbers

postganglionic
ﬁbers

effector organs,
glands or muscles

preganglionic
ﬁbers

postganglionic
ﬁbers

sweat glands,
blood vessels (some),
external genitalia

preganglionic
ﬁbers

postganglionic
ﬁbers

heart,
blood vessels (most),
smooth muscle in GI tract

preganglionic
ﬁbers

adrenal
medulla

blood
stream

Table 2 ANS sympathetic

Table 3 Cholinergic and adrenergic receptors2
Neurotransmitter

Receptor Type Major locations

Acetylcholine

Cholinergic
Nicotinic

Muscarinic

Norepinephrine (and
epinephrine released
by adrenal medulla)

Adrenergic
β1
β2

α1

α2

Effect of binding

All postganglionic neurons; adrenal
Excitation
medullary cells (also neuromuscular junc
tions of skeletal muscle)
All parasympathetic target organs
Excitation in most cases; inhibition of car
diac muscle
Selected sympathetic targets:
• Sweat glands
Activation
• Blood vessels in skeletal muscles
Inhibition (causes vasodilation)

Heart, adipose tissue

Increases heart rate and strength; stimu
lates lipolysis
Kidneys, lungs, and most other sympathetic Stimulates secretion of renin; other effects
target organs; abundant on blood vessels mostly inhibitory; dilation of blood vessels
serving skeletal muscles and the heart
and bronchioles; relaxes smooth muscle
walls of digestive and urinary visceral organs
Most important blood vessels serving the Activation: constricts blood vessels and vis
skin, mucosae, abdominal viscera, kidneys, ceral organ sphincters
and salivary glands; but virtually all sympa
thetic target organs except heart
Membrane of adrenergic axon terminals; Mediates inhibition of NE release from adren
blood platelets
ergic terminals; promotes blood clotting

Paravertebral (sympathetic chain) ganglion
Dorsal root and dorsal root ganglion

Dorsal ramus of spinal nerve

{

To effector

Ventral root

Lateral horn of gray matter (visceral motor zone)
Sympathetic trunk
Ventral ramus of spinal nerve
Gray ramus communicans
White ramus communicans

Blood vessels

Skin (arrector pili muscles and sweat glands)

Prevertebral (collateral) ganglion such as the celiac
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Target organ (in abdomen)
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Splanchnic nerve

FIGURE 3
Sympathetic
pathways.2
synapse in a paraver
tebral (chain) gan
glion at the same level
synapse in a paraver
tebral ganglion at a
different level
synapse in a preverte
bral (collateral) gan
glion anterior to the
vertebral column

abdomen close to the aorta and its major branch
es (eg celiac, superior mesenteric and inferior
mesenteric arteries). These bundles of collateral
ganglia are often called plexus. 4 The pregan
glionic neurons synapse with nonmyelinated
neurons in the collateral ganglion. The postgan
glionic neurons branch oﬀ and innervate the
smooth muscles of the abdominal and pelvic vis
cera and the endocrine glands in that area. The
eﬀects of the SyNS are extremely widespread
rather than speciﬁc to one organ or muscle.
Preganglionic neurons of the SyNS are
cholinergic and utilize the neurotransmitter
acetylcholine (ACh). A few of the postganglionic
neurons of the SyNS are cholinergic and secrete

acetylcholine (ACh). They innervate the sweat
glands of the skin, some blood vessels within the
skeletal muscles and the external genitalia. But
by far, the majority of the sympathetic postgan
glionic nerves are adrenergic and utilize the neu
rotransmitter norepinephrine (NE).3 The aﬀect
of NE released at the eﬀector site produces diﬀerent results (excitation or inhibition) depend
ing on the receptor(s) to which it binds. (Table 2)
There are two major classes of adrenergic
(NE-binding) receptors: alpha (α) and beta (β).
Organs that respond to NE (or epinephrine,
EPI) display one or both types of receptors. In
general, NE or epinephrine binding to alpha
receptors is stimulatory, while their binding to

beta receptors is inhibitory. However, there are
notable exceptions. For example, binding of NE
to the beta receptors of cardiac muscle prods the
heart into more vigorous activity. These diﬀer
ences reﬂect that both alpha and beta receptors
have two receptor subclasses (alpha 1 and alpha
2, beta 1 and beta 2). Each receptor type tends to
predominate in certain target organs (Table 3).

Adrenal medulla
Some preganglionic sympathetic (thoracic
splanchnic) nerve ﬁbers pass through the celiac
ganglion without synapsing and terminate by
synapsing with hormone-producing medullary
cells (chromaﬃn cells) of the adrenal gland.
When stimulated by the preganglionic ﬁbers, the
chromaﬃn cells release large quantities of epi
nephrine and norepinephrine directly into the
blood stream. These hormones are then carried
to tissues throughout the body where they rein
force the eﬀects of the SyNS.4
The epinephrine and norepinephrine released
by the combined eﬀorts of the SyNS and the
adrenal glands is eventually dissipated either by
being taken back into the synaptic nerve endings
or by action of the enzyme monoamine oxidase.4

Surgical removal of the parasympathetic supply
to the gut by cutting the vagi can cause serious
and prolonged gastric and intestinal atony, thus
illustrating that in normal function the parasym
pathetic tone to the gut is strong. This tone can be
decreased by the brain, thereby inhibiting gas
trointestinal motility, or it can be increased,
thereby promoting increased gastrointestinal
activity.5 The presence of dual innervation and
the possibility of either increasing or decreasing
the tone permit a wide range of control.5

Conclusion
The art and science of medicine has changed very
rapidly over the last 10 years. The high cost of
hospital care has created an impetus for surgical
technologists to master the knowledge and
advanced procedural skills necessary to meet the
growing demands of an ever more complex sur
gical environment. It is my hope this article has
provided a useful framework upon which surgi
cal technologists can advance their knowledge
and understanding of human physiology as it
relates to patient care, thus being better prepared
to move into the realm of advanced practice.
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cheduling in the operating room should include
information about the side and site of the
pathology and the position of the patient so that
the instruments and equipment can be posi
tioned properly before the arrival of the patient
(Figure 1A-D). Any unusual equipment needs
should be listed at the time of scheduling. There
are deﬁnite advantages to operating rooms dedi
cated to neurosurgery and to having the same
surgical technologists for neurosurgical cases
who know the equipment and procedures.
Before induction, there should be an under
standing regarding the need for steroids, hyperosmotic agents, anticonvulsants, antibiotics,
barbiturates, intraoperative evoked potential,
electroencephalogram or other specialized mon
itoring, and lumbar or ventriculostomy
drainage. Elastic or pneumatic stockings are
placed on the patient’s lower extremities to pre
vent venous stagnation and postoperative
phlebitis and emboli. A urinary catheter is
inserted if the operation is expected to last more
than two hours. If the patient is positioned so
that the operative site is signiﬁcantly higher than
the right atrium, a Doppler monitor is attached
to the chest or inserted in the esophagus, and a
venous catheter is passed into the right atrium so
that venous air emboli may be detected and
treated. At least two intravenous lines are estab
lished if signiﬁcant bleeding is likely to occur.
Most intracranial procedures are done with
the patient in either the supine or three-quarter
prone (lateral oblique or park bench) position,
with the surgeon sitting at the head of the table.
The supine position, with appropriate turning of
the patient’s head and neck and possibly elevat
ing one shoulder to rotate the upper torso, is
selected for procedures in the frontal, temporal,
and anterior parietal areas and for many skull
base approaches. The three-quarter prone posi
tion with the table tilted to elevate the head is
used for exposure of the posterior parietal,
occipital and suboccipital areas (Figure 2). Some
surgeons still prefer to have the patient in the
semi-sitting position for operations in the poste
rior fossa and cervical region, because the
improved venous drainage may reduce bleeding
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and because cerebrospinal ﬂuid and blood do
not collect in the depth of the exposure. Tilting
the table to elevate the head in the lateral oblique
position also reduces venous engorgement at the
operative site. Extremes of turning of the head
and neck which may lead to obstruction of
venous drainage from the head, should be avoid
ed. Points of pressure or traction on the patient’s
body should be examined and protected.
Careful attention in the selection of the posi
tion of operating room personnel and equip
ment ensures greater eﬃciency and eﬀectiveness.
The anesthesiologist is positioned near the head
and chest on the side toward which the head is
turned to provide easy access to the endotracheal
tube and the intravenous and intra-arterial lines,
rather than at the foot of the patient, where access
to support systems is limited. If the patient is
operated on in the supine or three-quarter prone
position, the anesthesiologist is positioned on the
side toward which the face is turned, and the sur
gical technologist is positioned at the other side,
with the surgeon seated at the head of the patient
(ie for a left frontal or frontotemporal approach,
the anesthesiologist is positioned on the patient’s
right side, and the surgical technologist is on the
left side).
Greater ease of positioning the operating
team around the patient is obtained when
instruments are placed on Mayo stands that can
be moved around the patient. In the past, large,
heavy overhead stands with many instruments
were positioned above the body of the patient.
The use of Mayo stands, which are lighter and
more easily moved, allows the surgical technol
ogist and the instruments to be positioned and
repositioned at the optimal site to assist the sur
geon. It also allows the ﬂexibility required by the
more frequent use of intraoperative ﬂuoroscopy,
angiography, and image guidance. The control
console for drills, suction, and coagulation is
usually positioned at the foot of the operating
table, and the tubes and lines are led upward to
the operative site.
In the past, it was common to shave the whole
head for most intracranial operations, but hair
removal now commonly extends only 1.5-2 cm
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Right frontotemporal craniotomy:The anesthesiologist is positioned on

Positioning for a right suboccipital craniotomy directed to the upper part

the left side of the patient,giving the physician easy access to the airway,mon-

of the posterior fossa,such as a decompression operation for trigeminal neural-

itors on the chest, and the intravenous and intra-arterial lines.The micro

gia.The anesthesiologist and ST shift sides for an operation on the left side.

scope stand is positioned above the anesthesiologist.The Surgical Technolo

Positioning for a left suboccipital craniotomy for removal of an acoustic

gist (ST), positioned on the right side of the patient, passes instruments to

neuroma. For removal of a left acoustic tumor, the ST and Mayo stand may

the surgeon’s right hand.The position is reversed for a right frontotemporal

move up to shaded area, where instruments can be passed to the surgeon’s

craniotomy,placing the anesthesiologist and microscope on the patient’s right

right hand. For right suboccipital operations or for a midline exposure, the

side and the ST on the left side. Mayo stands have replaced the large, heavy

position is reversed, with the ST and Mayo stand positioned above the body

instrument tables that were positioned above the patient’s trunk and restrict

of the patient. In each case, the anesthesiologist is positioned on the side

ed access to the patient.The suction, compressed air for the drill, and electro

toward which the patient faces.

surgery units are situated at the foot of the patient, and the lines from these

Positioning for transsphenoidal surgery.The patient’s head is rotated

units are led up near the Mayo stand so that the ST can pass them to the sur

slightly to the right to provide the surgeon with a view directly up the patient’s

geon as needed.A television monitor is positioned so that the technologist can

nose.The microscope stand is located just outside the C-arm on the ﬂuoroscopy

anticipate the instrument needs of the surgeon.

unit.The ST and Mayo stand are positioned near the patient’s head above one
arm of the ﬂuoroscopy unit.

FIGURE 1
Positioning of
staff and equip
ment in the
operating room.

beyond the margin of the incision and in some
cases, the hair may be parted without shaving to
provide a site for the incision. Care is taken to
drape a wide enough area to allow extension of
the incision if a larger operative ﬁeld is needed
and allow drains to be led out through stab
wounds.

Head ﬁxation devices
A precisely maintained position of the ﬁrmly
ﬁxed cranium is required. Fixation is best
achieved by a pinion head holder in which the
essential element is a clamp made to accommo
date three relatively sharp pins (Figure 3). When
the pins are placed, care should be taken to avoid

FIGURE 2
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trigeminal nerve
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for a decompres
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sion operation.
three-quarter prone

VIII

position (upper left)

VII

vertical paramedian
suboccipital incision

V

superior cerebellar
artery, trochlear (IV),
facial (VII), and
vestibulocochlear
nerves (VIII) exposed

a spinal ﬂuid shunt, thin bones such as those that
overlie the frontal and mastoid sinuses, and the
thick temporalis muscle, where the pins, howev
er tightly the clamp is applied, tends to remain
unstable. The pins should be applied well away
from the eye or where they would be a hindrance
to making the incision. Special shorter pediatric
pins are available for thin skulls. The pins should
not be placed over the thin skulls of some
patients with a history of hydrocephalus.
After the clamp is secured on the head, the
ﬁnal positioning is done, and the head holder is
ﬁxed to the operating table. The clamp avoids the
skin damage that may occur if the face rests
against a padded head support for several hours.
The skull clamps do not obscure the face during
the operation as do padded headrests, facilitat
ing intraoperative electromyographic monitor
ing of the facial muscles and monitoring of audi
tory or somatosensory evoked potentials. Until
recently, all the head clamps were constructed of
radiopaque metals, but the increasing use of
intraoperative ﬂuoroscopy and angiography has
prompted the development of head holders con
structed of radiolucent materials. The pinion
head clamp commonly serves as the site of
attachment of the brain retractor system.

Sup. petrosal sinus

SCA
Pons
IV

The surgeon may ﬁnd it helpful to outline sever
al important landmarks on the scalp prior to
applying the drapes. Sites commonly marked
include the coronal, sagittal, and lambdoid
sutures; the rolandic and Sylvian ﬁssures; and
the pterion, inion, asterion, and keyhole (Figure
4). Approximating the site of the Sylvian and
rolandic ﬁssures on the scalp begins with noting
the position of the nasion, inion, and frontozygo
matic point. The nasion is located in the midline
at the junction of the nasal and frontal bones at
the level of the upper rims of the orbit. The inion
is the site of a bony prominence that overlies the
torcular and the attachment of the tentorium to
the inner table of the skull. The frontozygomatic
point is the site of the frontozygomatic suture sit
uated where the frontal bone, which forms the
upper margin of the orbit, joins the zygomatic

bone, which forms the lateral margin of the orbit.
The frontozygomatic point is located just below
the junction of the lateral and superior margins
of the orbital rim. It is situated on the orbital rim
2.5 cm above the level where the upper edge of
the zygomatic arch joins the orbital rim.
The next step is to construct a line along the
sagittal suture and, using a ﬂexible measuring
tape, to determine the distance along the mid
sagittal line from the nasion to inion and to mark
the midpoint and three-quarter point (50 and
75% points) along the line. The Sylvian ﬁssure is
located along a line which extends backward
from the frontozygomatic point across the later
al surface of the head to the three-quarter point
on the nasion to inion-midsagittal line. The pte
rion, the site on the temple, approximating the
lateral end of the sphenoid ridge, is located 3 cm
behind the frontozygomatic point on the Sylvian
ﬁssure line.
The Rolandic ﬁssure, which separates the
motor and sensory areas of the cerebrum, is
located by identifying the upper and lower
rolandic points that correspond to the upper and
lower ends of the rolandic ﬁssure. The upper
Rolandic point is located 2 cm behind the mid
point (50% plus 2 cm point) on the nasion to
inion-midsagittal line. The lower Rolandic point
is located where a line extending from the mid
point of the upper margin of the zygomatic arch
to the upper Rolandic point crosses the line
deﬁning the Sylvian ﬁssure. A line connecting
the upper and lower Rolandic points approxi
mates the Rolandic ﬁssure. The lower Rolandic
point is located approximately 2.5 cm behind the
pterion on the Sylvian ﬁssure line.
Another important point is the keyhole, the
site of a burr hole, which, if properly placed, has
the frontal dura in the depths of its upper half
and the orbit in its lower half. The keyhole is
located immediately above the frontozygomatic
point. It is approximately 3 cm anterior to the
pterion, just above the lateral end of the superior
orbital rim and under the most anterior point of
attachment of the temporalis muscle and fascia
to the temporal line. Familiarity with these points

and lines aids placement of a bone ﬂap over the
appropriate lobe and intracranial compartment.

Scalp ﬂaps
Scalp ﬂaps should have a broad base and ade
quate blood supply (Figure 5A). A pedicle that is
narrower than the width of the ﬂap may result in
the ﬂap edges becoming gangrenous. An eﬀort is
made to make scalp incisions so that they are
behind the hairline and not on the exposed part
of the forehead. A bicoronal incision situated
behind the hairline is preferred to extending an
incision low on the forehead for a unilateral
frontal craniotomy. An attempt is made to avoid
the branch of the facial nerve that passes across

B

FIGURE 3

A
C

Positioning of a
pinion head
E

holder for cran

D

iotomy.
the zygoma to reach the frontalis muscle. Inci
sions reaching the zygoma more than 1.5 cm
anterior to the ear commonly interrupt this nerve
unless the layers of the scalp in which it courses
are protected. The superﬁcial temporal and
occipital arteries should be preserved if there is
the possibility that they will be needed for an
extracranial to intracranial arterial anastomosis.
In elevating a scalp ﬂap, the pressure of the
surgeon’s and assistant’s ﬁngers against the skin
on each side of the incision is usually suﬃcient to
control bleeding until hemostatic clips or clamps
are applied. The skin is usually incised with a
sharp blade, but the deeper fascial and muscle
layers may be incised with cutting electrosurgical

Position for a unilater
al or bilateral frontal
approach
Position for a pterional
or frontotemporal
craniotomy
Position for retrosig
moid approach to the
cerebellopontine
angle
Position for a midline
suboccipital approach
Position for a midline
suboccipital approach
(semi-sitting position)

current. The ground plate on the electrosurgical
unit should have a broad base of contact to pre
vent the skin at the ground plate from being
burned. Bipolar coagulation is routinely used to
control bleeding from the scalp margins, on the
dura, and at intracranial sites. At sites where even
gentle bipolar coagulation could result in neural
damage, such as around the facial or optic
nerves, an attempt is made to control bleeding
with a lightly applied gelatinous sponge. Alter
natives to gelatinous sponge include oxidized
regenerated cellulose, oxidized cellulose, or a
microﬁbrillar collagen hemostat. Venous bleed
ing can often be controlled with the light appli
cation of gelatinous sponge. Metallic clips, often
50%
2 cm
Pterion
Rolandic ﬁssure
Sylvian ﬁssure
75%

Sagittal suture
Lambdoid suture

they extend across an internal bony prominence
such as the pterion or across a major venous
sinus. The risk of tearing the dura or injuring the
brain is reduced by drilling several holes and
making shorter cuts. A hole is placed on each
side of a venous sinus, and the dura is carefully
stripped from the bone, after which the bone cut
is completed rather than cutting the bone above
the sinus as a part of a long cut around the whole
margin of the ﬂap. Bleeding from bone edges is
stopped by the application of bone wax. Bone
wax is also used to close small openings into the
mastoid air cells and other sinuses, but larger
openings in the sinuses are closed with other
materials, such as fat, muscle, or a pericranial
Coronal suture
Temporal line
Keyhole
Frontal dura
Frontonasal suture (nasion)
Periorbita

Frontozygomatic
suture (point)

Inion
Asterion

FIGURE 4
Sites commonly
marked on the
scalp before
applying drapes.

used on the dura and vessels in the past, are now
applied infrequently except on the neck of an
aneurysm, because they interfere with the quali
ty of the CT and MRI scan and, if utilized, should
be made of nonmagnetic materials.
In the past, bone ﬂaps were often elevated
using a series of burr holes, made with a manual
or motor driven trephine, that were connected
with a Gigli saw. Today, high speed drills are used
to place burr holes and cut the margins of a bone
ﬂap (Figure 5B). Commonly, a hole is prepared
using a burr on a high-speed drill and a tool with
a footplate to protect the dura cuts around the
margins of the ﬂap (Figures 5C and D). Extreme
ly long bone cuts should be avoided, especially if

graft, sometimes used in conjunction with a thin
plate of methylmethacrylate or bone substitute.
After elevating the bone ﬂap, it is common
practice to tack the dura up to the bony margin
with a few 3-0 black silk sutures brought through
the dura and then through small drill holes in
the margin of the cranial opening (Figure 5E). If
the bone ﬂap is large, the dura is also “snuggled
up” to the intracranial side of the bone ﬂap with
the use of a suture brought through drill holes
in the central part of the ﬂap. Care is taken to
avoid placing drill holes for tack-up sutures that
might extend into the frontal sinus or mastoid
air cells. Tack-up sutures are more commonly
used for dura over the cerebral hemispheres than

over the cerebellum. If the brain is pressed tight
ly against the dura, the tack-up sutures are
placed after dealing with the intradural patholo
gy when the brain is relaxed and the sutures can
be placed with direct vision of the deep surface
of the dura. Tack-up sutures can also be led
through adjacent muscles or pericranium rather
than a hole in the margin of the brain.
In the past, there was a tendency for bone
ﬂaps to be elevated and replaced over the cerebral hemispheres and for exposures in the sub
occipital region to be done as craniectomies
without replacement of the bone. Laterally
placed suboccipital exposures are now common
ly done as craniotomies with replacement of the
bone ﬂaps. Midline suboccipital operations are
more commonly done as craniectomies, espe
cially if decompression at the foramen magnum
is needed, because this area is protected by a
greater thickness of overlying muscles.
Bone ﬂaps may be held in place with sutures
brought through drill holes in the ﬂap margin,
but nonmagnetic metallic plates are used if
sutures passed through the edge of the ﬂap and
adjacent bony margins might result in cosmetic
deformity due to inward settling of the ﬂap.
Holes in the bone are commonly ﬁlled with
methylmethacrylate or bone substitute, which
are allowed to harden in place before closing the
scalp or covered with small nonmagnetic plates
(Figure 5F).
The dura is closed with 3-0 silk interrupted
or running sutures. Small bits of fat or muscle
may be sutured over small dural openings
caused by shrinkage of the dura. Larger dural
defects are closed with pen cranium or temporalis fascia taken from the operative site or with
sterilized cadaveric dura or fascia lata, or other
approved dural substitutes. The deep muscles
and fascia are commonly closed with 1-0, the
temporalis muscle and fascia with 2-0, and the
galea with 3-0 synthetic absorbable suture. The
scalp is usually closed with metallic staples,
except at sites where some 3-0 or 5-0 nylon re
enforcing sutures may be needed. Skin staples
are associated with less tissue reaction than other
forms of closure.

Temporalis muscle

A
Air drill

B

FIGURE 5
Technique of cran
C

iotomy using a high
D

speed air drill.
A right frontotemporal scalp
ﬂap and free bone ﬂap are
outlined.

Fascial cuff

The scalp ﬂap has been
reﬂected forward and the
temporalis muscle downward.The high-speed drill
prepares holes along the margin of the bone ﬂap (inter-

Sphenoid ridge

rupted line).
A narrow tool with a foot
plate to protect the dura connects the holes.

Dura

Cross-sectional view of the
cutting tool to show how the

E

foot plate strips the dura away

Tack-up sutures

from the bone.
The high-speed drill removes
the lateral part of the sphe
noid ridge.A drill bit makes

F

holes in the bone edge for
tack-up sutures to hold the
dura against the bony margin.
The bone ﬂap is held in place
with either silk sutures or
nonmagnetic plates. Some
methylmethacrylate or bone
substitute is molded into the

Methylmethacrylate

burr holes to give a ﬁrm cosmetic closure.
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FIGURE 6
Microinstruments used
in the cerebellopontine

Retractor
Tumor
Porus

angle.
This illustration was prepared from
16-mm movie frames taken at the

Dura

time of removal of an acoustic neuro
ma in the right cerebellopontine

VIII

angle.This operation resulted in

Curet

preservation of the facial, acoustic,
and vestibular nerves.

C

D

The brain retractor on the left
gently elevates the cerebellum to
expose the tumor. Small, pointed
instruments called needles sepa
rate the tumor from the eighth

Dura

nerve (VIII).The straight needle
retracts the tumor, and the 45
degree needle develops a cleav
age plane between the tumor

Porus

and the nerve.The facial nerve is
hidden in front of the vestibulo
cochlear nerve.
The microcuret with a 1.5-mm

Drill
Fluid-suction

Dissector

cup strips dura mater from the
posterior wall of the meatus.
The 1.0-mm round dissector sep

E

F

arates dura from the bone at the

Meatal lip

pores and within the meatus.
A drill is used to remove the pos
terior wall of the meatus.Suction
irrigation cools and removes
bone dust.
Alternative method of removal
of the posterior wall after it has

Tumor
Dural margin

been thinned by a drill using a
Kerrison microrongeur with a

VIII

1 mm-wide bite.
The microcuret with a 1.5-mm
cup removes the last bit of bone
from the posterior meatal wall.

Rongeur

Curet

Drills

Microcoagulation

Macrocoagulation

High-speed drills are commonly used in neuro
surgery as a replacement for the trephine and
Gigli saw and for removal of thick plates of bone,
traditionally removed with rongeurs that require
great strength if the bone is especially hard and
thick. Drills reduce the thickness of such bone
so that it can be easily removed without the use
of great force. A drill typically is used during
operations in the posterior fossa for removing
the anterior clinoid process, the wall of the inter
nal acoustic canal, part of the mastoid, or pro
trusions of the cranial base (Figure 5D and E).
Cutting burrs are suitable for removal of thick
bone in non-critical areas but diamond coated

{
{

burrs are used for the most delicate drilling in
close proximity to critical structures. After a drill
has reduced the thickness of an area, such as the
posterior lip of the internal acoustic meatus, a
Kerrison microrongeur with a 1 mm lip or a
microcuret may be used to remove the remain
ing thin layer of bone.
The operation should be planned, if possible, so
that the burr rotates away from critical structures
so that if skidding occurs, it will be away from these
areas. The surgeon and the surgical technologist
should be trained in the application of the drill
before using it in a neurosurgical operation.
The drill is held like a pen. Cutting is done
with the side rather than with the end of the

burr. A large burr is used when possible. The
greatest accuracy and control of the drill are
obtained at higher speeds if a light brush action
is used to remove the bone. Dangerous skidding
may ensue at lower speeds because greater pres
sure is needed to cut the bone. Accidental run
ning of the burr across bone is avoided by using
light, intermittent pressure rather than constant
pressure of the burr on one spot.
Overheating near nerves may damage them.
Constant irrigation with physiological saline
reduces heat transmission to nearby neural struc
tures. The ﬁeld may also be irrigated by the use of a
suction-irrigation system. The teeth of the burr are
kept clean of bone dust. A coarse burr that clogs

2.0 mm

Muscle, large vessels

1.5 mm

Scalp, large vessels

1.0 mm

Brain surface, dura, neck of aneurysm

0.7 mm

Neck of aneurysm

0.5 mm
0.3 mm

}

Finest coagulation

less easily is harder to control and runs across bone
more easily, but this is reduced with irrigation.
A burr should not be used to blindly make a
long, deep hole, but rather the hole should be
beveled and as wide open as possible. A small
curet may be used to follow a small track rather
than pursuing it with a drill. Bone dust should be
meticulously removed because of its potent
osteogenic properties.

FIGURE 7

Bipolar coagulation

macrocoagula

The bipolar electrocoagulator has become fun
damental to neurosurgery because it allows
accurate, ﬁne coagulation of small vessels, mini
mizing dangerous spread of current to adjacent

Forceps tips
needed for

tion and microcoagulation.

neural and vascular structures (Figure 7).2,3 It
allows coagulation in areas where unipolar coag
ulation would be hazardous, such as near the
cranial nerves, brain stem, cerebellar arteries,
and fourth ventricle.
When the electrode tips touch each other, the
current is short-circuited, and no coagulation
occurs. There should be enough tension in the
handle of the forceps to allow the surgeon to
control the distance between the tips, because no
coagulation occurs if the tips touch or are too
far apart. Some types of forceps, attractive for
their delicacy, compress with so little pressure
that a surgeon cannot avoid closing them dur
ing coagulation, even with a delicate grasp. The

ﬂuid through a long tube in the shaft of the for
ceps to the tip with each coagulation (Figure 8).
To avoid sticking after coagulation, the points of
the forceps should be cleaned after each applica
tion to the tissue. If charred blood coats the tips,
it should be removed with a damp cloth rather
than by scraping with a scalpel blade, because the
blade may scratch the tips and make them more
adherent to tissue during coagulation. The tips
of the forceps should be polished if they become
pitted and rough after long use.

Conclusion
The surgical technologist plays a pivotal role in
smoothly and successfully completing a neuro
0

8 cm 9.5 cm

Superﬁcial 8 cm

Deep 9.5 cm

Coated

FIGURE 8
Rhoton irrigat
ing bipolar for
ceps. A small
amount of ﬂuid
is dispensed at
the tip of the for
ceps with each
coagulation.

cable connecting the bipolar unit and the coag
ulation forceps should not be excessively long,
because longer cables can cause an irregular sup
ply of current.
Surgeons with experience in conventional
coagulation are conditioned to require maximal
dryness at the surface of application, but with
bipolar coagulation, some moistness is prefer
able. Coagulation occurs even if the tips are
immersed in saline, and keeping the tissue moist
with local cerebrospinal ﬂuid or saline irriga
tion during coagulation reduces heating and
minimizes drying and sticking of tissue to the
forceps. Fine irrigation units and forceps have
been developed that dispense a small amount of

surgical procedure. With careful operative plan
ning and experience, they are often able to antici
pate what the surgeon’s needs are before the sur
geon realizes what is needed. The cooperative
application of the principles outlined in this paper
will increase the sense of well being of the opera
tive team and improved outcome for the patient.
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In addition, glioblastomas, like other forms of
brain tumors, can inﬁltrate normal brain tissue.
This inﬁltration makes complete removal of
glioblastomas virtually impossible, thereby
necessitating other forms of therapy. Despite
aggressive therapy, less than 5% of these patients
are expected to live more than ﬁve years. Tradi
tionally, treatment has consisted of maximal
surgery followed by radiation therapy and
chemotherapy. However, new advances in treat
ment have allowed for improvements in tumor
control and in quality of life.

Causes of the disease

FIGURE 1
Micrograph demonstrating the border of

GBM, the extreme expression of anaplasia among
the glial neoplasms, accounts for 40% of all prima
ry intracranial tumors.5 Although no exact cause
has been discovered for the disease, there are par
ticular studies that have linked a cause with GBM.
The charts of 100 patients with established diag
noses of GBM provided the data for a descriptive
study of the patients’ exposure to herbicides.9 The
study focused on place of residence and occupa
tion prior to GBM diagnosis. Although the sub
jects reported residence in 33 of the 75 counties in
Arkansas, more than one-third of the sample came
from just three counties in which rice, cotton, or
wood products are produced.
These industries were reported as the occupa
tions of almost one-third the sample from which
occupations involved a risk of herbicide expo-

the tumor, which con
sists of a rapid transi
tion (following the
arrows) from a solid,
cellular zone of pleo
morphic inﬁltrate to a
compressed and ede
matous white matter.
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sure. Radiation-induced gliomas are uncom
mon, with only 73 cases on record to date. The
disease that most frequently occasioned radia
tion therapy has been lymphoblastic leukemia. A
case of transmission of a GBM from the donor to
a kidney transplant recipient in the absence of a
previous ventriculosystemic shunt is described.3
The recipient was a 48-year-old woman who
developed a fever with no other associated
symptoms 17 months post transplant. Physical
examination revealed a large nonpulsatile mass
on the upper pole of the donor kidney.
Histopathological examination showed a highly
cellular neoplasm with fusiform and globoid
cells, a high grade of nuclear pleomorphism and
mitosis, necrosis with pseudopalisading and vas
cular proliferation. Therefore, the risk of tumor
transmission from donors with primary central
nervous system tumors to kidney transplant
recipients is real and should be considered when
evaluating a graft mass in such patients.

Manifestations of the disease
Glioblastoma multiforme, beginning more often
in the white matter, appears to be well demar
cated because the surrounding brain is com
pressed, swollen, and edematous. The neoplasm
is usually ﬁrmer that the adjacent tissue (Figure
1a-c). Its surface has a variegated gray, white, yel
low (necrotic), and reddish brown (hemorra
hagic) appearance. These colors are imported

FIGURE 1
Intraoperative photo
graph showing the
cortical involvement
of glioblastoma.The
tumor produces
irregular thickening
and discoloration of
the gyri. (See arrows.)
Many glioblastomas
are not apparent on
gross external exami
nation.
Anatomic specimen
showing the left mid

B
by multiple areas of recent and remote hemor
rhage and necrosis. The microscopic appearance
of these lesions is characterized by profuse num
bers of pleomorphic and frequently bizarre cells
(Figure 2). Among these are many cells with
enlarged and irregular nuclei (Figure 3). Some
cells can be identiﬁed by their processes as being
of astrocytic origin (Figure 4). Other cells may be
small with oval, hyperchromatic nuclei resem
bling the undiﬀerentiated small cells of a bron
chogenic carcinoma2 (Figure 5). In other areas,
there may be large cells with irregular large,
vesicular nuclei and with an abundant
eosinophillic cytoplasm suggesting an origin
from gemistocytic astrocytes. 2 In many areas

dle temporal gyrus
enlarged by the

C

tumor (at arrow).The
left temporal lobe is
swollen.
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FIGURE 2
Micrograph showing
pleomorphism, increased
cellularity, vascular
hypertrophy and
endothelial proliferation.

within the neoplasm, one may ﬁnd bizarre,
multinucleated cells with abundant cytoplasm
resembling strap cells of rhabdomyosarcomas.
Mitoses, often abnormal, are usually easily
found either in clusters or spread fairly regularly
throughout the neoplasm. In many regions
within the neoplasm are large and small areas of
necrosis, often with a garland of small cell nuclei
at the periphery. Blood vessels are greatly
increased in the number and usually show
endothelial adventitial hypertrophy and hyper
plasia7 (Figure 6a-b). Occasionally, vessels with
these changes are found well beyond the appar
ent microscopic limits of the neoplasm.

Signs and symptoms of the disease

FIGURE 3
Micrograph of
characteristic features of
glioblastoma. Note the
elongated nuclei and bipolar processes shown by
the arrows.

FIGURE 4
Micrograph showing
bipolar cells
characteristic of ﬁbrillary
astrocytes with

The patient who is diagnosed with glioblastoma
multiforme has several signs and symptoms
associated with the neoplasm. 6 In a general
aspect, there is an increased intracranial pressure. The increase in ICP causes nausea, vomit
ing, headache, and papilledema. There are mental and behavioral changes associated with the
disease. There are altered vital signs as follows:
increased systolic pressure, widened pulse pres
sure, and respiratory changes. Speech and senso
ry disturbances are found with the disease. Chil
dren with GBM present with the above
symptoms, plus the added symptoms of irri
tability and projectile vomiting.
On more of a locality aspect, a lesion on the
midline of the brain would produce a headache,
bifrontal or bioccipital, which is worse in the
morning hours and manifests by coughing,
straining, or sudden head movements. A growth
in the temporal lobe would produce psychomo
tor seizures. Focal seizures are present in patients
with a lesion in the central region of the brain. If
the neoplasm is on the optic or oculomotor
nerves, there are visual defects appreciated.
Finally, a GBM lesion of the frontal lobe would
cause abnormal reﬂexes and motor responses.

prominent processes.
Course of the disease
Characteristically, GMB inﬁltrates extensively,
frequently crossing the corpus collosum and
producing a bilateral lesion likened to a butter
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FIGURE 5

ﬂy in its gross conﬁguration (Figure 7a-b).
Although any glioma may “dediﬀerentiated” to
the level of GMB, in practice, the majority of
these lesions manifest some evidence of astro
cytic diﬀerentiation.4
GMB may occur at any age but it is most com
mon in the adult years, with a peak incidence
during the ﬁfth and sixth decades. Glioblastoma
may arise anywhere along the neuraxis, but it is
most common in the cerebral hemispheres. In
contrast, a predilection for the brain stem is
apparent in those arising in childhood.

Micrograph showing the
central zone of densely
cellular small-cell glio
blastoma with hyperchromatic nuclei and
barely visible cytoplasm.

Secondary diagnosis of the disease
Diagnostic procedures for brain tumors include
physical and neurological examinations, visual
ﬁeld and fundoscopic examination, CT scans and
MRI, skull X-rays, technetium brain scans, elec
troencephalography, and cerebral angiography.
Physical examination is used to assess motor
and sensory function. Since the visual pathways
travel through many areas of the cerebral lobes,
detection of visual ﬁeld defects can provide
information about the location of the tumor. A
fundoscopic examination is done to determine
the presence of papilledema.
CT scans have become the screening proce
dure of choice for diagnosing and localizing
brain tumors as well as other intracranial mass
es. MRI scans may be diagnostic when a CT scan
does not detect a clinically suspected tumor (Fig
ure 8). Skull X-rays are used to detect calciﬁed
areas within a neoplasm or erosion of skull
structures due to tumors.
Brain tumors tend to disrupt the blood-brain
barrier; as a result, the uptake of a radioactive iso
tope used in brain scans is increased within a
tumor. About 70% of persons with a brain tumor
have abnormal electroencephalograms; in some
cases, the results of the test can be used to localize
the tumor.4 Cerebral angiography can be used to
locate a tumor and visualize its vascular supply.
Scintigraphy using Indium-111-labeled antiEGRf-425 has become useful in diagnosing
GBM. In a study, 28 patients with intracranial
neoplasms were injected with an average dose of
2.2 mCi of EGRf-425.9 The immunoscintigra-

A

FIGURE 6
Micrograph showing
bipolar cells charac
teristic of ﬁbrillary
astrocytes with
prominent processes.
An unusual histologic
pattern in glioblas

B

toma is this glandlike conﬁguration of
the tumor cells in
which there are large
intercellular spaces.
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FIGURE 7
Gross photograph of a

phy ﬁndings were generally in agreement with
the CT ﬁndings. The deﬁnite diagnosis was
established by biopsy ﬁndings.

typical untreated case

Prognosis, survival rates, and treatments

of glioblastoma.The
classic “butterﬂy” con
ﬁguration, is necrotic
hemorrhagic mass.
Coronal section of a

The prognosis of patients with GBM is very poor.
Although with recent advances in treatment of this
neoplasm, the life expectancy of a patient with
this disease without treatment is approximately 18
weeks. Radical surgery in conjunction with radical
chemo and radiation therapy has increased the
medial survival rate to 62 to 72 weeks.
Surgery is part of the initial management of
virtually all brain tumors. The development of
microsurgical neuroanatomy, the operating

pathology specimen
showing massive
involvement of the
splenium of the cor
pus callosum by a
glioblastoma with
bilateral white mat
ter extension.
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microscope, the fusion of imaging systems with
resection techniques, advanced stereotactic and
ultrasound technology, and intraoperative moni
toring of evoked potentials have all served to
improve the eﬀectiveness of surgical resection.
However, removal may be limited by the localiza
tion of the tumor and its invasiveness. Stereotactic
surgery uses three-dimensional coordinates and
CT and MRI to localize a brain lesion precisely.
Ultrasound technology has been used for local
izing and removing tumors. The ultrasonic aspira
tor, which combines a vibrating head with suction,
permits atraumatic removal of tumors from cra
nial nerves and important cortical structures.
Intraoperative monitoring of evoked potentials is
a prudent adjunct to some types of surgery.
Most malignant brain tumors respond to
external radiation. Radiation can increase
longevity and, at times, can allay symptoms
when tumors recur. The treatment dose depends
on the tumor’s histologic type, radioresponsive
ness and the anatomic site and level of tolerance
of the surrounding tissue. Stereotactic radio
surgery, such as the Gamma Knife®, allows
speciﬁc irradiation of the glioma. Narrow beams
of radiation speciﬁcally target only the glioma.
The normal brain is spared and does not receive
signiﬁcant exposure.
The use of chemotherapy for brain tumors is
somewhat limited by the blood-brain barrier.
Chemotherapeutic agents can be administered
intravenously, intra-arterially, intrathecally, or
intraventricularly. Improved delivery of
chemotherapeutic agents through the use of a
biodegradable anhydrous wafer impregnated
with the drug polifeprosan 20 with carmustine
implanted into the tumor bed at the time of
surgery shows promise. However, new classes of
antitumor drugs targeting cell motility and
angiogenesis (most notably thalidomide) are
either in development or in clinical trials.10
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FIGURE 8
MRI appearance of
glioblastoma as seen in
the coronal, sagittal, and
axial planes.
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OFFEFEGPSUIJTTVSHFSZ 'JHVSFͦ "WBSJFUZ
PGNJDSPTDJTTPST GPSDFQT BOE3IPUPOEJTTFD
UPSTXJMMGBDJMJUBUFUIFEFDPNQSFTTJPOQPSUJPOPG
UIFQSPDFEVSF'JCSJOHMVF 5JTTFBM )FNBTFBM¥ 
TIPVMECFNJYFEBOESFBEZQSJPSUPUIFDMPTVSF
PGUIFJODJTJPO
"ЂFSUIFTVSHJDBMTJUFJTQSFQQFEBOEESBQFE
JOUIFVTVBMTUFSJMFGBTIJPO UIFJODJTJPOTJUFDBO
CFJOGJMUSBUFEXJUIMJEPDBJOFXJUIFQJOFQISJOF
ͥͦͤͤ ͤͤͤUPQSPNPUFIFNPTUBTJT"MB[ZTJODJ
TJPOJTNBEFUXPmOHFSCSFBEUITCFIJOEUIFIBJS
MJOFXJUIUIFDFOUSBMUIJSEPGUIFJODJTJPOEJSFDU
MZCFIJOEUIFNBTUPJEQSPDFTTЅFJODJTJPOJTDBS
SJFEGVSUIFSEPXOUPUIFCPOFXJUIUIFNPOPQP
MBSFMFDUSPTVSHJDBMVOJU"TFMGSFUBJOJOHSFUSBDUPS
JTQMBDFEJOUPUIFXPVOE XIJMFDSFBUJOHBͧDNCZ
ͧDNFYQPTVSFWJBTVCQFSJPTUFBMEJTTFDUJPO

"ͫNNSPVOE BDPSO PSͥͨNNDSBOJPUPNF
JTVTFEUPGBTIJPOBDSBOJFDUPNZJOUPUIFQPTUFSJ
PSGPTTBЅFJOOFSUBCMFPGUIFTLVMMJTSPOHFVSFE
BXBZVTJOHB#FZFS-FNQFSU -FLTFMM PSB,FS
SJTPOSPOHFVSЅFCPSEFSTPGUIFCPOFSFNPWBM
BSFEFUFSNJOFECZUIFJOGFSJPSNBSHJOPGUIFMBU
FSBMTJOVTBOEUIFNFEJBMNBSHJOPGUIFTJHNPJE
TJOVT"OZCMFFEJOHJTDPOUSPMMFECZBQQMJDBUJPO
PGCPOFXBY*GUIFTJOVTFTBSFEBNBHFEEVSJOH
FYQPTVSF BUUFOUJPOUPUIFSFQBJSBOESFDPOTUSVD
UJPOPGUIFTFTJOVTFTNVTUCFVOEFSUBLFOCFGPSF
QSPDFFEJOHXJUINJDSPWBTDVMBSEFDPNQSFTTJPO
0ODFBTVċDJFOUDSBOJFDUPNZIBTCFFOQFS
GPSNFE UIFTVSHJDBMNJDSPTDPQFJTESBQFEBOE
CSPVHIUJOUPQMBDF"OZWFTTFMTPOUIFEVSBM

TVSGBDFBSFDPBHVMBUFEXJUIUIFCJQPMBSVOJU
QSJPSUPUIFPQFOJOHPGUIFEVSB"EVSPUPNZ
JTQFSGPSNFEVTJOHBмͥͥCMBEF5IFEVSPUPNZ
JTFYUFOEFEJOBDSVDJBUFGBTIJPOVTJOH.FU[FO
CBVNPS+POFTTDJTTPSTЅFFEHFTPGUIFEVSBBSF
UBDLFEVQVTJOHͨͤTJMLPSCSBJEFEOZMPOBOE
B5'OFFEMFPSUBHHFEXJUINPTRVJUPDMBNQT 
FYQPTJOHUIFDFSFCFMMBSIFNJTQIFSF
"TFMGSFUBJOJOHCSBJOSFUSBDUPS -FZMB .BZ
GJFME 4VHJUB JTBUUBDIFEUPUIFIFBEIPMEFSPS
PQFSBUJOHUBCMF"WBSJFUZPGSFUSBDUPSCMBEFT
TIPVMECFBWBJMBCMFUPUIFTVSHFPO BMPOHXJUI
WBSJPVTTJ[FTPGOPOBEIFSFOUHBV[F "EBQUJD 
5IFSBUJPOBMFGPSUIFHBV[FJTUIBUJUJTQMBDFE
VOEFSUIFSFUSBDUPSCMBEFTUPEJTQFSTFUIFGPSDF
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1BUJFOU
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PGUIFCMBEFTPOUPUIFHBV[FJOTUFBEPGPOUIF
TVSGBDFPGUIFCSBJOЅFDFSFCFMMVNJTSFUSBDU
FEJOGFSJPSMZBOENFEJBMMZ FYQPTJOHUIFCSJEH
JOHTVQFSJPSQFUSPTBMWFJOЅJTWFJODBOCFTBD
SJGJDFEXJUIUIFCJQPMBSVOJUBOEEJWJEFEXJUI
NJDSPTDJTTPSTXJUIPVUBOZTJEFFGGFDUTUPUIF
QBUJFOU
$FSFCSPTQJOBMG MVJEJTFWBDVBUFEGSPNUIF
TVCBSBDIOPJETQBDFVTJOHHFOUMFTVDUJPO GBDJM
JUBUJOHUIFCSBJOSFUSBDUJPOBOEFYQPTVSF"OZ
BSBDIOPJEmCFSTBSFEJWJEFECZTIBSQEJTTFDUJPO
VTJOHBOBSBDIOPJELOJGFBOENJDSPTDJTTPSTЅF
SFUSBDUPSTBSFGVSUIFSBEWBODFEPOUPQPGUIF
DFSFCFMMVN FYQPTJOHUIFMBUFSBMQPSUJPOTPGUIF
USJHFNJOBMBOEPDDVMPNPUPSOFSWFT 'JHVSFͧ 

'*(63&ɨ
4UBOEBSE
DSBOJPUPNZ
TFUVQ

'VSUIFSSFUSBDUJPOFYQPTFTUIFSPPUFOUSZ[POF 
BMPOHXJUITIBSQBOECMVOUEJTTFDUJPO
'JOBMWFTTFMBOEOFSWFFYQPTVSFBSFBDIJFWFE
VTJOHTIBSQEJTTFDUJPOЅFPĊFOEJOHWFTTFMTBSF
JEFOUJmFEBOEUFBTFEBXBZJOUPBIPSJ[POUBMQPTJ
UJPOЅJTDBOCFBDDPNQMJTIFEVTJOHBWBSJFUZPG
NJDSPEJTTFDUPST NJDSPTDJTTPST BOENJDSPGPS
DFQT&YUSFNFDBSFNVTUCFUBLFOOPUUPNBOJQ
VMBUFUIFWFTTFMTUPPNVDI DBVTJOHWBTPTQBTN
"MUFSOBUJWFMZ (FMGPBN¥TPBLFEJOQBQBWFSJOF
DBOIFMQQSFWFOUUIJTGSPNPDDVSSJOH
0ODFUIFOFS WFIBTCFFOTBUJTGBDUPSJMZ
EFDPNQSFTTFE BTNBMMJOEFOUBUJPODBOPDDB
TJPOBMMZCFTFFOXIFSFUIFWFTTFMIBTCFFOmYFE
UPUIFOFSWF 'JHVSFͨ "TNBMMQJFDFPGXBE
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EFEVQ5FnPO¥QMFEHFUJTQMBDFEXIFSFUIFWFT
TFMPODFSFTJEFE QSPWJEJOHBQIZTJDBMQBEEJOH
CFUXFFOUIFBSUFSZBOEOFSWFЅFQBEEJOHJT
BMTPQMBDFEBUUIFSPPUFOUSZ[POFUPQSFWFOUEJT
MPEHJOHBTJUJTXSBQQFEBSPVOEUIFOFSWF 'JH
VSFͩ 'JCSJOHMVFDBOCFBQQMJFEUPUIFOFSWF
BOEQBEEJOHUPDPBUBOEIFMQLFFQUIFQBEEJOH
JOQMBDF CVUJUJTOPUNBOEBUPSZ"7BMTBMWB
NBOFVWFSJTQFSGPSNFECZBOFTUIFTJBUPFOTVSF
UIBUUIFQBEEJOHJTOPUHPJOHUPNJHSBUFVQPO
JODSFBTFEJOUSBDSBOJBMQSFTTVSF
ЅFCSBJOSFUSBDUPSTBSFDBSFGVMMZSFNPWFE 
BOEUIFXPVOEJTDPQJPVTMZJSSJHBUFEXJUITBMJOF
DPOUBJOJOHBCBDJUSBDJOBOUJCJPUJD5IFSFUFO
UJPOTVUVSFTBSFSFNPWFEGSPNUIFEVSBFEHFT
ЅFEVSBJTBQQSPYJNBUFEJOBXBUFSUJHIUGBTI
JPOVTJOHBSVOOJOHMPDLJOHTVUVSFPGͨͤTJML
PSCSBJEFEOZMPOBOEB5'OFFEMF'JCSJOHMVFJT
UIFOTQSBZFEPOUPUIFEVSBTVSGBDF UIVTEFDSFBT
JOHUIFDIBODFGPSBDFSFCSPTQJOBMG MVJEMFBL
"DSBOJPQMBTUZXJUINFUIZMNFUIBDSZMBUFPS
IZESPYZBQBUJUFNBZCFQFSGPSNFEBUUIJTQPJOU 
CVUJUJTOPUOFDFTTBSZ5IFXPVOESFUSBDUPST
BSFSFNPWFE mOBMIFNPTUBTJTJTBDIJFWFE BOE
UIFXPVOEJTJSSJHBUFEBHBJOXJUIUIFBOUJCJPU
JDTBMJOFЅFGBTDJBJTBQQSPYJNBUFEVTJOHB$5
ͥOFFEMFBOEͤ7JDSZM¥JOBOJOUFSSVQUFEGBTIJPO
ЅFTVCDVUBOFPVTUJTTVFJTBQQSPYJNBUFEVTJOH
BO9ͥOFFEMFBOEͧͤ7JDSZM¥ BOEUIFTLJODBO
FJUIFSCFTUBQMFEPSDMPTFEXJUIBͩͤQMBJOHVU
"TUFSJMFESFTTJOHJTBQQMJFE BOEUIFQBUJFOUJT
USBOTGFSSFEUPUIFTUSFUDIFSBOEFYUVCBUFE

$PNQMJDBUJPOT
.JDSPWBTDVMBSEFDPNQSFTTJPOTVSHFSZDBSSJFT
UIFTBNFDPNQMJDBUJPOTBTBOZPUIFSOFVSPTVS
HJDBMQSPDFEVSFXJUIUIFBEEJUJPOPGCSBJOTUFN
JOGBSDU IZESPDFQIBMVT GBDJBMQBSFTJT IFBSJOH
MPTT BOECBDUFSJBMNFOJOHJUJTŇ$BSFGVMBUUFO
UJPOUPEFUBJMBOEQSFPQFSBUJWFQMBOOJOHDBOIFMQ
FMJNJOBUFUIFTFDPNQMJDBUJPOT

"CMBUJWFQSPDFEVSFT
"MPOHXJUIUIFNJDSPWBTDVMBSEFDPNQSFTTJPO 
PUIFSTVSHJDBMPQUJPOTBSFBWBJMBCMFUPUIF5/
QBUJFOUЅFTFHSPVQTPGQSPDFEVSFTBSFBJNFEBU
EFTUSPZJOHUIFUSJHFNJOBMHBOHMJPOSBUIFSUIBO

EFDPNQSFTTJOHJU"MUIPVHI
UIFTFQSPDFEVSFTDBSSZUIF
EFDSFBTFESJTLTBTTPDJBUFE
XJUIDPOWFOUJPOBMTVSHFSZ 
UIFZBSFUZQJDBMMZPVUQBUJFOU
QSPDFEVSFTBOEUFOEUPIBWF
BMFTTUIBOPQUJNBMSFTVMU
ЅFmSTUPGUIFTFBCMBUJWF
QSPDFEVSFTJTBQFSDVUBOF
PVTSIJ[PUPNZCZJOKFDUJPO
PGHMZDFSPM5IJTQSPDFEVSF 
XIJDIJTQFSGPSNFEVOEFS
MPDBMBOFTUIFTJB JOWPMWFT
BͦͤHBVHFTQJOB MOFFEMF
JOTFSUFEVOEFSG MVPSPTDPQ
JDDPOUSPMJOUPUIFGPSBNFO
PWBMFWJBUIFNPVUI"ЂFSB
TBUJTGBDUPSZQPTJUJPOPGUIF
OFFEMFJTBDIJFWFE HMZDFSPM
JTJOKFDUFEBSPVOEUIF(BTTF
SJPOHBOHMJPO"TTUBUFE UIJT
JTMFTTJOWBTJWFUIBOBEFDPN
QSFTTJPOQSPDFEVSF CVUPOMZ
QSPWJEFTUFNQPSBSZSFMJFGPG
TZNQUPNT
5IFOFYUBCMBUJWFQSPDF
EVSFQFSGPSNFEJOWPMWFTUIF
TBNFBQQSPBDI CVUJUJTQFS
GPSNFEVOEFSHFOFSBMBOFT
UIFTJBXJUIBMBSHFSHBVHF
OFFEMF"CBMMPPOJTJOUSP
EVDFEBOEJOG MBUFEOFYUUP
UIFHBOHMJPO DBVTJOHBDPN
QSFTTJPOJOKVSZUPUIFOFSWF
SPPUЅJTBCMBUJWFQSPDFEVSF
JTMPOHFSMBTUJOHUIBOBHMZD
FSPMJOKFDUJPO CVUJUDBSSJFTB
SJTLPGMPTTPGDPSOFBMTFOTB
UJPOBOEEFDSFBTFEBDUJPOJO
UIFDIFXJOHNVTDMFT
3BEJPGSFRVFODZSIJ[PUP
NJFTIBWFCFDPNFUIFNPTU
DPNNPOBCMBU JWFQSPDF
EVSFTJOUIFUSFBUNFOUPGUSJ
HFNJOBMOFVSBMHJB"OFMFD
USPEFJTJOTFSUFEJOUIF(BT
TFSJPOWJBUIFTBNFSPVUFBT
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UIFUXPQSFWJPVTMZQSPDFEVSFT BOEBMFTJPOJT
CVSOFEJOUPUIFOFSWF DBVTJOHUIFDFTTBUJPOPG
QBJOЅJTQSPDFEVSF XIJDIJTQFSGPSNFEVOEFS
MPDBMBOFTUIFTJBXJUITFEBUJPO QSPWJEFTUIFCFTU
MPOHUFSNSFTVMUTPGUIFBCMBUJWFQSPDFEVSFT CVU
TPNFGBDJBMQBSBTUIFJTBIBTCFFOOPUFE
ЅFMBUFTUOPOJOWBTJWFUSFBUNFOUBWBJMBCMFUP
5/QBUJFOUTJTLOJGFMFTTTVSHFSZ#ZVUJMJ[JOHTQF
DJmDBMMZGPDVTFECFBNTPGSBEJBUJPO UIFOFVSP
TVSHFPOJTBCMFUPDSFBUFBMFTJPOBUUIFSPPUFOUSZ
[POFPGUIFUSJHFNJOBMOFSWF UIVTDFBTJOHUIF
QBJOJNQVMTFT5IFUXPTZTUFNTDPNNFSDJBMMZ
BWBJMBCMFPOUIFNBSLFUGPSUIJTUZQFPGQSPDF
EVSFBSFUIFHBNNBQSPCFBOE$ZCFS,OJGF¥
'JOBMMZ TVSHFPOTIBWFEFWFMPQFEBNJOJNBM
MZJOWBTJWFUSFBUNFOUGPSNJDSPWBTDVMBSEFDPN
QSFTTJPO#ZJOUSPEVDJOHBOFOEPTDPQFUPUIF
DFSFCFMMPQPOUJOFBOHMFWJBBEJNFTJ[FEDSBOJ
PUPNZJOUIFQPTUFSJPSGPTTB UIFTBNFQSPDF
EVSFJTQFSGPSNFEBTDPOWFOUJPOBMNJDSPWBTDV
MBSEFDPNQSFTTJPO CVUXJUIPVUUIFCSBJOSFUSBD
UJPOBOEXJUIUIFFOIBODFEWJTVBMJ[BUJPO MJHIU
JOH BOENBHOJmDBUJPOPGBOFOEPTDPQFЅFTF
QBUJFOUTBSFVTVBMMZEJTDIBSHFEXJUIJOͦͨUPͨͬ
IPVSTPGTVSHFSZŇ

$PODMVTJPO
5SJHFNJOBMOFVSBMHJBJTBOFYUSFNFMZQBJOGVM
DPOEJUJPOUIBUIBTDBVTFETPNFQBUJFOUTUPHP
BTGBSBTUPDPNNJUTVJDJEFUPBMMFWJBUFUIFQBJO
5/QBUJFOUTPGUFOMJWFGPSZFBSTXJUIUIFQBJO
CFGPSFEJBHOPTJT5IFEJTPSEFSJTDPNNPO
MZNJTEJBHOPTFECZEPDUPSTBTPSBMJOFUJPMPHZ
ЅFTFQBUJFOUTBSFUIFOSFGFSSFEUPUIFEFOUJTUPS
PSBMTVSHFPO XIPQSPWJEFTUIFQBUJFOUXJUIMJU
UMFUPOPSFMJFG8JUIUIFBQQSPQSJBUFEJBHOPTJT 
UIFQIZTJDJBOJTBCMFUPmSTUQSPWJEFUIFQBUJFOU
XJUIWBSJPVTNFBOTPGUSFBUNFOU5IFMFBTU
JOWBTJWFPGUIFTFJTPSBMNFEJDBUJPOT8IFO
QBUJFOUTGBJMUPSFTQPOE BNPSFBHHSFTTJWFUSFBU
NFOUNVTUCFFNQMPZFEЅFOFYUPQUJPOGPSUIF
QBUJFOUJTTVSHFSZЅFTVSHJDBMQSPDFEVSFUIBU
QSPWJEFTUIFNPTUMPOHUFSNQBJOSFMJFGXJUIPVU
QIZTJDBMMZEFTUSPZJOHUIFOFSWFJUTFMG JTNJDSP
WBTDVMBSEFDPNQSFTTJPOЅJTTVSHFSZ BMUIPVHI
JUDBSSJFTJODSFBTFESJTLT QSPNJTFTUIFTVSHJDBM
QBUJFOUXJUIBCFUUFSRVBMJUZPGMJGFGSPNUIJT
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QBJOGVMBOENPSCJEDPOEJUJPO.JDSPWBTDVMBS
EFDPNQSFTTJPOPĊFSTUIFCFTUDIBODFPGMPOH
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OVNCOFTT BTJTOFDFTTBSZXJUIUIFEFTUSVDUJWF
BCMBUJWFQSPDFEVSFT
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Overview of cervical spine injuries
Cervical spine injuries comprise approximately 10,000 new spinal cord inju
ries annually. Approximately 80% of the injured individuals are male and less
than 40 years of age. The most common etiology of these injuries is motor
vehicle accidents, and midcervical spine (C4-C6) injuries are most frequently
involved. The occurrence of odontoid process fractures comprise 10% to 20%
of all cervical spine fractures seen in patients.4
In addition to immobilization of the cervical spine through utilization of
halo jackets and cervical collars, there are specific types of odontoid process
fractures that require surgical intervention. This can be achieved either with
fixation of the C1-2 articulation, via a posterior approach, or with the fixation
of the odontoid process, via an anterior approach. The anterior approach will
be discussed in this article.

Special anatomical considerations of C1 and C2
The atlas, C1, and the axis, C2, are two distinct cervical vertebrae. The most dis
tinguishing feature of C1 is the absence of a vertebral body or a spinous process.
However, it does have two lateral masses and two arches. The facets of C1 artic
ulate with the occipital condyles superiorly and the facets of C2 inferiorly.
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Lateral extensions are called transverse liga
ments, which help form a band or sling across
the dorsal aspect of the odontoid. The alar liga
ments are paired bands, which attach each side of
the odontoid process to the medial aspect of the
occipital condyle. The apical ligaments attach the
tip of the odontoid to the basion. These ligaments
help limit rotation and flexion of the head.

Classifications of fractures

FIGURE 1:
Anderson and
D’Alonzo classification
of odontoid process
fractures. From top
to bottom: Types I, II,
and III.
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The most distinguishing feature of C2 is the
large odontoid process, the dens, which surfaces
from the body of C2. The odontoid is prone to
fracture by a traumatic injury and can be com
promised by vascular insufficiency or a “water
shed” zone at the base of C2.
Along with the bony characteristics of the
C1-2 articulation, there are several key ligamen
tous attachments to consider when dealing with
odontoid process fractures. The first is the cru
ciate ligament, which is shaped like a cross and
helps stabilize the odontoid process. This liga
ment extends from the odontoid process rostally
to the basion, caudally to the body of the axis,
and laterally to the lateral masses of the atlas.
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Odontoid fractures were first described by Lam
botte more than a century ago in 1894. 3 Ander
son and D’Alonzo developed a classification sys
tem of the various types of odontoid fractures
that had been observed.1 (Figure 1)
Type I fractures usually involve an avulsion
of the tip of the odontoid process. This rarely
seen condition is prone to significant ligamen
tous injury but can be treated with cervical col
lar immobilization.
Type II fractures involve a fracture at the base
of the odontoid. These injuries are associated
with ischemic necrosis of the process and are
divided into three subtypes.1 Subtype A includes
transverse fractures. Subtype B involves frac
tures through the posterior superior to anterior
inferior aspect of the dens. Finally, Subtype C
involves fractures through the posterior inferior
to anterior superior oblique aspects of the dens.
Of these subtypes, the posterior inferior to ante
rior superior oblique is the most serious.
Type II fractures also involve anterior dis
placement of the dens and are more commonly
seen than posterior displacement. These types
of displacements can originate from flexion and
extension injury, respectively.
The final classification factor of Type II frac
tures involves a nonunion of 20% to 80%.1 This is
frequently seen in injuries in patients older than
50 years of age. It is also seen in injuries that have
more than 4 mm of displacement, including pos
terior displacement.
Type III odontoid fractures involve a fracture
through the body of C2. These can be either nondisplaced, requiring cervical outhouses or halo
application, or displaced, requiring the applica
tion of a halo for three months.1

Radiological examination of
odontoid fractures
Suspect fractures of the odontoid process should be
assessed by evaluating the initial preoperative lat
eral and anterior posterior (AP) plain X-ray films
and/or unenhanced CT scans of the odontoid.4
Fracture type can be determined by the cri
teria delineated previously by Anderson and
D’Alonzo. Fracture orientation should be clas
sified according to the AP direction of the frac
ture line (anterior oblique, posterior oblique,
or horizontal).1 The degree of displacement is
determined by the percentage of displacement of
the fractured odontoid fragment, relative to the
underlying body of C2.

Treatment of Type II odontoid fractures
In Type II odontoid fractures, there are several
treatment options available to the surgeon.2 The
first option involves putting the patient in halo
traction to reduce the fracture to less than 4 mm.
The halo jacket should be worn for a period of 12
weeks, then a cervical collar should be worn for
a period of six weeks to ensure proper healing of
the fracture site.
If there is a delayed or nonunion of the frac
ture, the surgeon should initially consider plac
ing the patient in a halo jacket before surgical
intervention. In addition, the patients who are at
a higher risk of nonunion—those who have more
than 4 mm of displacement or older patients—
should also be placed within a halo jacket.2
Treatment options for odontoid fractures
associated with C1 ring fractures may utilize
a halo application to allow C1 to heal; subse
quently, a posterior C1-2 fusion is performed if
nonunion occurs. In addition, the surgeon may
choose to perform a posterior C1-2 fusion or an
anterior odontoid screw fixation.4

Surgical technique
The patient is positioned supine on a well-padded operating room table and administered gen
eral anesthesia via endotracheal intubation. If
not previously performed, the patient is placed
in traction, either utilizing halo traction or
Gardner-Wells tongs with 15 pounds of traction.

The head should be extended to help facilitate
the trajectory of the screw(s). A small roll may
be placed across the patient’s scapulae to bring
the anterior border of the sternocleidomastoid
muscle into view.
After administering one gram of cefazolin,
in combination with two grams of Solu-Medrol,
the patient is prepped and draped in the proper
sterile method. The surgical approach is iden
tical to that of an anterior cervical discectomy,
with fusion as described by Smith-Robinson.
A transverse skin incision is made at the C4
5 level. The reason for such depth is that the drill
guide must be angled in, so that the guide itself is
in total alignment with the central portion of the
process. After using monopolar electrosurgery
to halt any bleeding in the subcutaneous tissue,
a small Weitlaner retractor may be placed. The
platysma muscle is split, either longitudinally
or transversely with Metzenbaum scissors and
monopolar electrosurgery.
The pretracheal fascia is incised, using coag
ulation immediately anterior to the sterno
cleidomastoid muscle. Either blunt-finger dis
section, or blunt dissection using a pusher, is
employed to create a plane to the vertebral bod
ies. A handheld retractor, such as a Cloward
retractor, is placed to retract the carotid sheath
and the esophagus, trachea, and strap muscles
medially. Care must be taken to avoid damaging
the recurrent laryngeal nerve as it ascends in the
neck between the trachea and esophagus on the
left side. Any bleeding encountered is controlled
by the use of bipolar electrosurgery. The normal
amount of bleeding encountered with this dis
section should be less than a teaspoon. The dis
section is carried superiorly to the base of C2.
The longus colli muscles are stripped away from
the vertebral body, leaving the anterior longitu
dinal ligament exposed.
A self-retaining retractor, such as an Apfel
baum, is employed to help maintain exposure of
the body of C2. A draped fluoroscopic imaging
unit is brought into place. An anterior posterior
view is first obtained to confirm the correct level
of the exposure and medial/lateral alignment.
The C-arm is then positioned to obtain a lateral
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image in preparation of the screw(s) placement.
A biplane f luoroscopic unit is advantageous,
because it is capable of producing several AP and
lateral images in fast succession, in order to confirm the correct trajectory of the screw within
the odontoid process.
The anterior longitudinal ligament is stripped
away from the anterior-inferior portion of the
vertebral body of C2 with monopolar electrosurgery, exposing the cortex. If the ligament is
left intact, it will give a false measurement of the
screw and will result in suboptimal purchase of
the screw within the dens. A drill guide is inserted into the wound at the base of C2. The drill
guide angulation is confirmed with AP and lateral fluoroscopic imaging. A guide wire is drilled
into the vertebral body and the odontoid process. This placement is again confirmed with
fluoroscopic imaging. Although not mandatory,
but advantageous, a second guide wire may be
advanced adjacent to the first for optimal fixation of purchase of the screw within the dens. The
wire(s) should span the gap of the fracture and
stop just before the inner cortex of the process.
The wire(s) should be aimed 2 mm posterior to
the apex of the odontoid process. Once satisfac
tory placement of the guide wire(s) has been con
firmed, a cannulated depth gauge is inserted over
the wire to determine the screw length needed.
Partially threaded screws are preferred over fully
threaded screws to act as a lag screw to compress
the fractured dens into the body of C2. The partially threaded screws, however, can be changed
out for fully threaded screws after optimal reduc
tion is achieved in the two-screw technique.
Although the majority of the cannulated
screws on the market for odontoid fixation are
self-drilling and self-tapping, the surgeon may
opt to drill and tap through the cortex of the
body of C2 (Figure 2). This must be done with
extreme care, and f luoroscopic confirmation
must be used; because when the drill is advanced
over the wire, the wire may also advance supe
riorly into the brainstem, thereby causing cata
strophic results. The screw(s) are then inserted
over the guide wire(s) with the same caution as
mentioned above. The screw(s) are then tight
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ened down by hand until satisfactory fixation
and purchase of the screw is felt (Figure 3).
The guide wire(s) are removed from the
screw(s), and final images are then obtained to
confirm placement and reduction of the odon
toid process (Figure 4). The wound is adequately
irrigated with saline containing bacitracin, polyamixin, and gentamicin. Any bleeding points
are controlled with bipolar electrosurgery. The
retractors are removed, and the platysma muscle is reapproximated with 3-0 Vicryl® (X-1
needle) in a simple, interrupted technique. An
interrupted subcuticular suture of 3-0 Vicryl®
(X-1 needle) is placed in the subcutaneous and
subcuticular layer. Any skin irregularities can
be corrected with 5-0 plain gut (PS-4 needle).
Adhesive solution along with Steri-strips™ are
placed on the wound and dressed according to
aseptic technique. The patient can be placed in a
cervical collar postoperatively.
Postoperat ive C T sc a n ni ng shou ld be
employed to augment plain X-ray film studies, if
needed. The presence of trabeculation across the
fracture site, in combination with the absence
of movement on lateral f lexion and extension
radiographs, along with the anatomical alignment of the fracture fragment, are indicators
that the fusion of the fragment can be consid
ered successful.

Complications
Although neurological- and respiratory-related complications are not commonly associat
ed with odontoid fractures, Przybylski has dis
cussed two articles in which the epidemiology
of spinal cord injury in odontoid fractures was
described.4
The fracture displacement and spinal canal
size are identified as factors associated with risk
of neurological injury. Whereas posteriorly displaced fractures have been more commonly
associated with nonunion after external immo
bilization therapy, the risk of acute respiratory
failure during surgical reduction of these frac
tures has only been described anecdotally. 4 A
frequent incidence of respiratory distress asso
ciated with possible death has been presented by

FIGURE 2:
Lateral radiograph
showing the guide
wire in place,
spanning the
fracture line in the
odontoid process
with a cannulated
tap being advanced
along the wire.

FIGURE 3:
Lateral radiograph
showing the final
tightening of the
cannulated, partially
threaded, cancelleous
screw across the
fracture site.
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