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To my son Paolo,
who lived his entire life in childhood



All too often, we get so lost in our work on Earth
that we forget life is a transition between sea and sky.
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““Better is a dinner with herbs where love is, than a
stalled ox and hatred therewith.”

SOLOMON
Kings— The Holy Bible



Preface

Lest the preface become an essay, lest it stand alone and independent
of the text, I shall limit it to presenting the What, the Why, and the
How of this work.

The What is the subject of the Introduction. There, the reader will
find a narrative integrating selected fundamentals of this book’s contents
into specific perspectives of what Pediatric Neurosurgery is as a theoretic
and a technical discipline.

The Why results from the development of our field as a specialty
and, as such, is beyond communicating its many messages only through
articles, conferences, chapters, and sections of “Handbooks.”” Pediatric
Neurosurgical centers have been established, providing much clinical
experience and varying amounts of experimental opportunities to inte-
grated groups of workers, carrying on their activities, more or less,
in a collegial manner. Though not recognized as an independent spe-
cialty by international, regional, or national adult neurosurgical organi-
zations, Pediatric Neurosurgery is de facto recognized by pediatricians,
by all other medical and surgical specialities, and by Society. It is taught
at the undergraduate level in medical schools, and at the graduate level
in such specialities as neurosurgery, neuroradiology, neurology, pediat-
rics, and anesthesiology. Its principles are being established, its limits
extended and defined, and its practitioners identified. Texts are needed.

By and large, multiauthored books dealing with an entire field are
disjointed, eclectic works, allocating limited pages to almost unlimited
numbers of subjects, each dealt with by different clinicians. A common
thread is wanting; the woof and the warp often fail to strengthen one
another or to form a pattern. Bibliographic and clinical reviews abound.

I chose to undertake this work alone, attempting always to remember
Donald Matson’s words when I asked his advice concerning what I
should include in my book Pediatric Neuroradiology: * Tony, write only
what you know and express it as you see it.”” Therefore, the reader
will find some subjects and chapters that are strong, some that are
weak, some that satisfy him and some that don’t. He will encounter
throughout the text a direct and consequential relationship between



xx  Preface

diagnosis and surgical indications, between recommending surgery and
knowing what result (quality of life) one may reasonably expect, between
surgical technique and attaining the desired therapeutic goal.

The How of a book such as this (how it is conceived, composed,
constituted, and completed) determines its effectiveness. The author’s
contribution to the subject, in turn, is a mosaic of mentality and motiva-
tion, experience and readings, analysis and synthesis. All of these are
inspired by a composition of oneself, his teachers, his students, and
his patients. By the time a physician enters the third phase of life, his
learnings and the absorbable messages of his teachers have blended
into a single cognition. His emotions and volitions are the stuff that
permit him to make the transition from student to teacher.

Perceptive and constructive students contribute by their very presence:
by learning quickly and well, they first reward and then stimulate the
teacher to move on, to identify new problems and to solve them, to
formulate new clinical perspectives, and to give substance to new surgical
techniques. I have been blessed with many such students who, by virtue
of intelligence, diligence, and total dedication also supplemented one
another’s education ... and training. Their very different national origins
and ultimate goals in life formed the basis for a truly humanistic school
of Pediatric Neurosurgery: we always were foresquare in front of the
reality that sick children are sick children everywhere in the world,
that their parents suffer equally irrespective of the gravity of the illness,
and that their needs for neurosurgical care must transcend the economic
or academic needs of the physician. The bittersweet: from time to time
I am discomfited by the truth of Saadi’s recollections ... ““Never have
I taught a student archery without, in the end, becoming his target™
(Saadi, The Rose Garden, circa 1280 A.D.).

Still, when everything is said and done, how does a book that hopes
to be a humanistic treatment of a scientific discipline, one composed
of theoretic and technical elements, come into existence? 1 have no
answer to this question. I do have a need to express, in a very few
words, the humanistic part of my being, as a Preface to what the reader
will find as he encounters the scientific aspects put forth in words, illus-
trations, and photographs. In holding myself out to treat diseases or
injuries of a developing, and growing, brain, and to teach these perspec-
tives and arts to others, I have never ceased, not for a moment, to
be overwhelmed by this awesome responsibility, this unique privilege—
both having resulted in polarizing my conscious efforts to my life’s
work. These latter came from my love for my own children. My vow
to dedicate myself to Pediatric Neurosurgery was made when I spent
two months with my newborn son Marco on 2-East at Children’s Memo-
rial Hospital. Marco, Laura, and Paolo (my children) remain the most
human, powerful, forces I have ever felt; they have given me the perspec-
tive to see my parents, Vito Orazio and Leona, and the understanding
that a child and his parents are one: neither dominates, neither may
decide for the other without deciding for himself. Pediatric Neurosur-
gery, sociologically, is Family Neurosurgery, and I have found that
it cannot be practiced with equanimity without becoming a member
of the Family.
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“Old men that knowen the grounde well yenoughe
Call it the battell of Otterburn :
At the Otterburn began this spurne
Upon a monnyn day.
Ther was the daugghte Doglas slean :
The Perse never went away.’’

ANONYMOUS

“Thys fraye bygan at the Otterborn
Bytwene the nyghte and the day ;
Ther the Douglas lost his lyfe,
and the Percy was lede away.”

ANONYMOUS

RELICS OF ANCIENT ENGLISH POETRY

Two ballads sung by two different anonymous minstrels, rela-
ting a “historic” single event which occured within the living
memory of the listeners ...

with two very different issues.



Introduction

From working exclusively with patients less than 18 years of age through
performing operations to treat congenital diseases, first the pediatric
surgeon and most recently the neurosurgeon identified the striking dif-
ferences between adults and children, tailoring their care to special dis-
eases and anomalies. Subsequent specialization in pediatric neurosurgery
has brought the student of this discipline to defining the field in which
he works, and to developing concepts and techniques specific to the
problems at hand.

One approach to collecting all current aspects of pediatric neurosurgi-
cal problems into a single text, dealing with them as an holism', is
to identify individual age categories as anatomophysiologic phases dur-
ing which certain pathologic processes (congenital, developmental, neo-
plastic, etc.) occur, and then present these latter as integral clinical enti-
ties before proceeding to suggest detailed surgical indications and tech-
niques. That is done in this text, which expresses the author’s readings,
experiences, perspectives, and spatial (I like to refer to it as the use
of the parietal lobe in formulating motor) concepts, as regards disease
identification and surgical technique.

It is hoped that the reader will study this book—holistically, even
when using it as a reference source to obtain an answer to a single
question. To facilitate the realization of two seemingly incompatible
goals, the presentation of both a comprehensive text and a reference
source, the theory of each entity is presented first, then the indications
for surgery and what one may expect to accomplish by operating are
described. The details of surgical technique embrace these theoretic con-
cepts spatially, initially with general principles and later, after each
pathologic entity is described, with operative details specific to the dis-
ease.

The structure of the book, designed to permit this transfer of perspec-
tive, consists of sections dedicated to the three age groups encompassing

! The tendency in nature to form wholes that are more than the sum of the parts by
creative evolution. (The Concise Oxford Dictionary of Current English, HW. Fowler and
F.G. Fowler, Eds. Oxford University Press, 1964.)
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true Pediatric Neurosurgery: newborn, infant, and toddler. 1 do not
see significant differences between the juvenile/adolescent on one hand
and the adult on the other to justify particularization of these age cate-
gories, either with regard to discrete neurosurgical pathologic entities
or the execution of technical maneuvers. Of course, one may identify
a factor, postulate a consideration, but there are not presently known
generalities of sufficient moment to allow conclusions that apply only
to the juvenile/adolescent. In fact, there are no isolated characteristics
so specific as to defy effective transfer of concept and art from the
realm of adult neurosurgery —other than in areas (cervical fractures
or dislocations, scoliosis, etc.) universally managed by orthopedic sur-
geons, or those (craniofacial anomalies) managed primarily by highly
specialized teams directed by plastic surgeons. The juvenile/adolescent
age category is characterized by linear and volumetric body growth,
and by endocrine changes that preceed and accompany such structural
changes as air sinus development, musculotendinous pull on bony inser-
tions, and refinement of psychomotor skills. The infrastructure of a
specialized surgical discipline-—discrete anatomophysiopathologic char-
acteristics of a specific organ system—does not exist. Therefore, the
presence of juveniles/adolescents on a pediatric or adult neurosurgical
unit is one of convenience: more comfortable and less difficult for juve-
niles to be placed with younger children, adolescents with adults. Hence,
in this work, the diagnosis and management of juvenile/adolescent neu-
rosurgical clinical entities reflects a Janus effect, looking simultaneously
in two directions: at adult pathology and the changing anatomical
framework of a growing child.

Much attention is herein given to positioning children for surgery,
to considering the positioning of the surgical team and its instruments,
and to allowing immediate and complete access of the anesthesiologist
to the child. Two separate chapters emphasize anesthesiologic and neu-
rointensive care considerations, work for which I am extremely grateful
to Drs. Badr A. Ishak and Sehava L. Noah. The state of the art with
regard to medications and specific monitoring techniques may change,
and rapidly, but the basics, those essential to a neurosurgeon to permit
him to work with and depend on the anesthesiologist, at least in light
of what is foreseeable today, should certainly apply as long as anything
else in a book such as this.

Conceptualization of the target area for surgery is the essence of
positioning the child supine for approaches to the anterior fossa, the
parietal and parasagittal areas, and the middle fossa; prone, for occipital
and some areas of suboccipital craniotomies, and for laminectomies;
and lounging, for mid and superior cerebellar triangle lesions approached
through suboccipital craniotomies. The theory and techniques for skin
incisions, suturotomy, craniotomy, and laminotomy are correlated with
dural openings and cerebral retraction, emphasizing utilization of
cisterns and sulci, avoidance of major vessels, exploitation of gravity,
and three-dimensional movement of the operating table and the sur-
geon’s chair. Photographs and transparency drawings represent the me-
dium for conveying these concepts. Similar iconography is used to de-
scribe cerebrotomy and cerebral resection for access to deep parenchy-
mal and intraventricular lesions, for exposure of masses medial to the
limbic lobes, for lobectomy. Scalp, bone, dural, cortical vein, and dural
sinus; capillary and arterial; parenchymal; and tumor bleeding are
treated individually, as are the technical aspects of using bipolar thermo-
cautery instrumentation, topically applied protein derivatives, and syn-
thetic fibers; the preparation and application of instantly hydrated cot-
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ton ““fluffies” to occlude opened vessels or to identify persistent bleeding
sites for mechanical or thermocautery sealing.

I am of the firm opinion that one cannot be a master pediatric neu-
rosurgeon unless he has already mastered adult neurosurgery. Otherwise,
deep parasellar and pineal region tumors, vascular anomalies, craniover-
tebral junction and vertebral column pathology, complex craniocerebral
and vertebrospinal neurotraumatology, all lie within the epidemiologic
and diagnostic purview of the pediatric neurosurgeon—but beyond his
touch.

In the text, the reader will find tumors arranged and dealt with along
lines of specific age categories and anatomical location, with only indica-
tive value or attention being given to histologic appearance. Concerning
prognosis, great attention is given to the anatomical location/age factors
at time of diagnosis. What, it is hoped, stands out is the spatial concept
in localizing and operating the tumors, the means by which as total
a resection as possible may be accomplished, and—with the sole excep-
tion of medulloblastoma—the limited, very limited, value total resection
has in affecting favorably the outcome. The compounding effects that
tumor expansion and complicating hydrocephalus have both on the
child and on the ease of surgical resection are emphasized. Thus, the
prognostic importance of separating mid-line from hemispheral—supra
or infratentorial —tumors stands in relief, as do the decision to insert
a preoperative shunt and the election of either unilateral or bilateral
systems.

The reader will not have misunderstood me if he concludes that,
within limits, total resection of craniopharyngioma is more a matter
of the surgeon’s perspective that a pathoanatomical reality; histologi-
cally favorable pineal region tumors are ideally managed with as com-
plete resection as possible and Rontgen therapy; arteriovenous anoma-
lies of the Galenic system are very different clinical entities in different
age categories and their total obliteration is not essential to a very
favorable outcome in children beyond six months of age.

The range of post-traumatic pathology imparts particular, one might
even say intriguing, interest to this section, since so little is known of
the developmental pathology of the injured brain during different stages
of life. Consequently, there are many commonly used operations, all
very different one from the other, to treat the chronic subdural, normal
pressure hydrocephalus, post-traumatic ependymal or arachnoidal cysts.
The ubiquitous CT scanner has suggested to some clinicians to withhold
surgical treatment of epidural hematoma, albeit in relatively asympto-
matic children, following a wait-and-see course. Increased experience
has resulted in almost all clinicians giving little or no value to routine
skull x-ray films. Certainly, such ill-founded, drastic, aggressive, anti-
physiologic treatment protocols as barbiturate coma and prolonged arti-
ficial ventilation have proven themselves to be of no positive value and,
coupled with the combination of intracranial pressure monitoring/mega-
dose steroids/mannitol, even of negative value. What better example
than this could one want to demonstrate the dangers of transferring
directly adult experimental therapeutic regimens to the routine care of
children? What more complicated and misleading clinical evaluation
protocol could one imagine than applying the Glasgow Coma Score
to children under two years of age?

The incredibly profound, imaginative, technically audacious studies
of Paul Tessier (a plastic surgeon) and Jacques Rougerie (one of the
earliest and best pediatric neurosurgeons) in craniofacial surgery have
resulted in extremely significant, predictable, consistent contributions
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to Pediatric Neurosurgery. We now have, though certainly not without
some limitations, the theoretic basis for comprehending much of the
dynamic pathology of the complex craniofacial dysostoses, and the un-
derstanding upon which to predicate bone reconstruction. The facial
work 1is entirely within the realm of the specialist in plastic surgery;
hence, it is dealt with schematically in this text. The cranial work is
dealt with more extensively, as these dysostoses and premature suture
closures are diagnosed in most of the Western world during the newborn
and infancy periods. Therefore, suturectomy is sufficient for scaphoce-
phaly, and suturectomy and bony reconstruction for plagiocephaly and
trigonocephaly. Of course, if the skull deformity is not brought to the
attention of the surgeon until the juvenile age, extensive procedures—
totally unnecessary in infancy—may be indicated. The more interested
student of this subject will not find satisfaction in this text: craniofacial
dysostoses and complicated craniocerebral disproportions are an area
of specialization that demand special training and total dedication.

Will the future oblige us to say the same about craniofacial encephalo-
meningoceles? Surely, at the present time we continue to approach most
cerebral (ependymal or arachnoidal) cysts, cranial encephalomeningo-
celes, and cranioschisis mechanistically. The CT scanner and Magnetic
Resonance Imaging have made their specific diagnosis straightforward.
We must now determine whether the simple presence of an otherwise
nonpathogenetic lesion can justify surgery, whether the expected results
of operating severe craniofacial or craniocerebral encephalomeningo-
celes are ethical, and whether Society will tolerate the pediatric neurosur-
geon who, in addition to acting as clinician and surgeon, also acts as
moralist, ethicist, and philosopher.

Nowhere in Pediatric Neurosurgery is this more obvious, more pain-
ful, more definitely asserted and bitterly contested than in the manage-
ment of children who are victims of the dysraphic state: between neu-
rosurgeon and the community for spina bifida aperta, and between neu-
rosurgeon and neurosurgeon for dysraphic hamartomas. Herein, an ef-
fort is made to present the different clinical entities in a comprehensive
manner, correlating surgical technique with fundamental anatomopa-
thology, with the hope that the reader will evaluate the clinical problem
in light of what degree of damage is permanent, whether in fact damage
may ever occur, and consider the very real advantages of following
carefully a child with an anomaly that is only potentially pathogenetic.
No amount of words, in whatever form or spirit presented, can become
decisively influential because we are scientists and humanists.

The length of time—more than one hundred years—since first used,
and the variety of shunts available, at present indicate both that the
very best, if not the only, treatment for hydrocephalus is a shunting
procedure, and no system has yet been devised that cures the hydroce-
phalus. In fact, in some children it may be necessary to shunt, revise
the shunt, change the shunt, use another type of shunt or another drain-
age site, and then to begin all ever again. However, where else in our
specialty does one obtain as good overall results, consistently, than in
the management of hydrocephalus with shunting systems? Is a valve
necessary?
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It is not realistic to specify the single most important
aspect of an operative procedure, namely, diagnosis,
anatomic localization, blood control, flap selection, ex-
posure, or head and body position. It is realistic, how-
ever to assert that, if the surgeon positions the child’s
head and body properly—taking into consideration the
location of the lesion, the planned skin incision, and
bone flap—he will, throughout the operation, be ori-
ented anatomically and will always have the lesion at
the center of his operative field.

Positioning for pediatric neurosurgery varies consid-
erably with the age of the child (newborn, infant,
toddler, juvenile), the number of surgeons (one surgeon
alone, surgeon and assistant, etc.), the location of the
anesthesiologist and amount of monitoring equipment
used, and the target area.

These variables are generally not applicable to neu-
rosurgical operative procedures on adolescents and
adults owing to their uniform size, the constant relation-
ship between brain and skull, and the lack of anatomical
considerations such as open fontanels and sutures, rela-
tively larger basal cisterns, continuity of the periosteum
with the outer layer of the dura at the sutures, and
the presence of ossification centers, all of which assume
primary importance. Therefore, this chapter is orga-
nized to present to the reader general and specific con-
siderations concerning age, individual body positions,
relative position of surgeon vis-a-vis patient, and posi-
tioning of the head. Thereafter the recommended posi-
tions for specific operative procedures are discussed be-
fore they are described.

Chapter 1

Positioning

General Discussion

Age

The relative sizes of the surgeon’s hands and the head
of the newborn, infant, toddler, and adolescent put into
relief the remarkable differences in dimension of skull
and brain in the different pediatric age groups. This
range in overall head size is expressive of a proportion-
ate range in individual anatomical structures (lobes of
the brain) or compartments (basal cisterns), since they
vary individually, and disproportionately, from the
newborn to the toddler.

The head of a premature newborn may be so small
as to fit within the palm of the surgeon’s hand
(Fig. 1.1 A), whereas that of a term newborn rests com-
fortably within the fully cupped adult hand (Fig. 1.1 B).
The heads of the infant and toddler (Fig. 1.1C, D) are
proportionately larger. The same hands are used in all
four photographs. This change in volume occurs pari
passu with changes in dermal (skin, connective tissue,
and aponeurosis of the scalp) thickness, inversion of
relative amounts of diploic and lamellar components
of the skull, diminution in volume of cisternal cerebro-
spinal fluid and increase in cerebral volume, and closure
of fontanels and narrowing of the sutures.

Premature Newborn

For all intents and purposes, and with only the rarest
exceptions, neurosurgery on the brain of the premature
newborn is limited to placing an external ventricular
drain or inserting a ventriculoperitoneal shunt. Conse-
quently, the supine position, with the head turned to
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either side, is all that is used in this age category. The
exception is the prone position for posterior fossa hema-
toma secondary to birth injury.

Term Newborn and Infant

The term newborn and the infant can suffer the full
range of neurosurgical diseases, so that it may be neces-
sary to operate on children in these age ranges in either
the supine, the prone, or the sitting positions. Although
the sitting position in the newborn is extremely difticult
to maintain (he keeps slipping away from the drapes),
the infant may be more securely positioned sitting. The
need to arrive at the region of the culmen monticuli
of the cerebellar vermis, fortunately, does not occur
often. One may, consequently, perform most intracrani-
al procedures on the term newborn using either the
supine or prone positions. Indeed, one is advised to
avoid the sitting position if at all possible. The anterior
fossa, orbits, frontal and parietal lobes, and metopic

Figure 1.1. (A) Premature newborn. (B) Term newborn.
(C) Infant. (D) Toddler.

suture may all be exposed with the newborn or infant
supine and his head in the neutral position (Fig. 1.2 A,
B). Rotating the head to the opposite side, and placing
a pillow or sandbag along the back from the shoulder
to the hip, provide immediate access to the entire hemi-
spheral convexity (Fig. 1.3A, B, C). Elevation of the
shoulder by a pillow or sandbag avoids both stretching
and compression of the jugular veins, and intervertebral
foramen impingement/compression/occlusion of the
vertebral arteries.

The prone position (Fig. 1.4A, B, C) is for occipital,
craniovertebral junction, and some posterior fossa le-
sions. It permits optimal exposure of the occipital lobes
and craniovertebral junction, but the anatomical struc-
tures within the posterior fossa exposure are so located
as to permit one to work effectively only in the inferior
cerebellar triangle. The position of the surgeon, vis-a-vis
posterior fossa contents, makes this obvious (Fig. 1.5).
The disadvantages of this position are most notable

B



Figure 1.2. (A) The body is positioned supine, with the arms
taped loosely across the thoracoabdominal junction. This per-
mits ready access to the chest wall and avoids compression
of the abdomen. (B) This is a view of the head’s position
when the child is supine. The head is neutral. One may either

Figure 1.3. (A) The supine newborn may be rotated from his
back to his side and held firmly in position with nothing more
than a single sandbag, thereby bringing him into the lateral
decubitus position. (B) The arms are folded across the
shoulders. Tape suffices to fix the head firmly in the desired
position. Placing the superior leg behind or in front of the
inferior leg thrusts the body more into the supine or prone
positions, respectively. The anesthesiologist may increase his
access to the thorax by taping the superior arm to the side
and extending the inferior arm. This will not shift the body.
(C) This is an en face view of the lateral surface of the neuro-
cranium with the newborn turned partially onto his side from
the supine position. The head has been angled downward so
that the sagittal plane of the skull is at a 7°-10° angle to
the coronal plane of the body. The head is not hanging, the
apparent pendant position is an optical illusion resulting from
the two-dimensional limitation of photography. This projec-
tion allows one to appreciate the surgeon’s view of the lateral
surface of the head.

Positioning 3

flex or extend it for access to the anterior frontal or posterior
parietal areas, respectively. Turning the head slightly to one
side or the other (either from the neutral position, flexed or
extended) facilitates more direct access to the lateral surfaces
of the hemispheres.
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when performing a suboccipital craniectomy for decom-
pressing the foramen magnum in children with the
Chiari [I malformation. One is never able to work effi-
ciently, either in the superior cerebellar triangle for poste-
rior fossa masses or at the foramen magnum in Chiari I1
children, with the patient prone. It is also difficult to
gain a direct line of vision to the superior cerebellar
triangle in the newborn because of the short posteroan-
terior (clivus-squamous occipital) and the long su-
peroinferior (tentorial opening-foramen magnum) dis-
tances. These anatomical characteristics impair signifi-
cantly the surgeon’s ability to visualize the superior as-
pect of the culmen monticuli by lowering and extending
his head.

Toddler

The toddler may be put safely and effectively into either
the sitting or lounging positions because his trunk is
long enough to sit him up, and his skull, generally
speaking, is thick enough to offer purchase to the pins
of standard headholders. It is fortunate indeed that this
is true, since there is a high incidence of posterior fossa
pathology after the second year of life. Such lesions
as medulloblastoma, primitive neuroectodermal tumors

Figure 1.4. (A) Access to the cervical spine, the cranioverte-
bral junction, and the occipital lobes may be had with the
newborn or infant prone. It is necessary to place pillows or
sandbags under the shoulders and to flex the head. The
shoulders should be taped in the caudad direction (arrow),
distracting the neck, and the head should be taped to the
hcadrest. (B) This is a lateral view showing degree of flexion
of head on neck. Note that the frontal eminences, not the
face, nestle into the headrest. (C) This is the surgeons’s view
of the child’s occipital and posterior parietal areas when posi-
tioned prone. Again, the pendant position of the head is ap-
parent, not real, a result of the two-dimensional limitations
of photography. True perspective may be appreciated by look-
ing at the lateral view in either Figure 1.4B or Figure 1.5.

of the superior cerebellar vermis, arteriovenous malfor-
mations of the Galenic system, pineal tumors, arachnoi-
dal cysts of the quadrigeminal and superior cerebellar
cisterns, all occur with increasing frequency in this age
category. Figure 1.6 illustrates relative positions of the
surgeon and patient for midline occipital, some pineal,
and superior cerebellar triangle lesions in the new-
born (Fig. 1.6A), toddler (Fig. 1.6B). and juvenile
(Fig. 1.6C).

Specific Positions

Supine Position

The supine position is for frontal, frontopterional, para-
sellar, and orbital lesions. Placing the head in the neu-
tral position, and extending it slightly, eliminates the
need for lowering the head of the table when working
at the chiasm or optic foramina. Conversely, flexing
the head slightly provides more direct visualization of
the cerebral convexity along the posterior frontal and
anterior parietal regions of the brain. With the head
neutral and slightly flexed, the supine position offers
immediate access to the convexities and parasagittal ar-
eas of the frontoparietal, parietal, and parietooccipital
lobes. Turning the head to either side (bringing the cor-



Figure 1.5. The relative positions of the surgeon and the
child’s head, with the newborn prone, illustrate: (a) an excel-
lent line of vision to the cervical spine; (b) an adequate line
of vision to the foramen magnum (except in Chiari II chil-
dren), and the inferior cerebellar triangle; (¢) an unacceptable
line of vision to the superior cerebellar triangle because of
the ledge of squamous occipital bone and the transverse sinus;
(d) a good line of vision to the occipital lobes.

onal suture parallel to the sagittal plane of the body),
affords access to the convexity of the hemisphere, ex-
posing the frontal, temporal, or occipital poles, and to
the floors of the anterior and middle fossae, the tentor-
ium, and the lateral surface of the opticocarotid region.
It also puts the child into perfect position for a ventricu-
loperitoneal shunt, permitting the surgeon to insert the
ventricular end into the body of the lateral ventricle
through either the occipital horn and trigone or the
frontal horn.

Although extension of the head around and axis run-
ning through the auditory canals does not embarrass
venous drainage, flexion may cause the horizontal rami
of the mandibles to compress the internal jugular veins.
Distraction of the skull prior to flexion minimizes this
risk of jugular compression by the mandibles
(Fig. 1.7A, B, C).

Prone Position

By placing the child prone with the head in the neutral
position, one may expose the lambdoidal sutures (the
parietooccipital region) for immediate access to the oc-
cipital lobes. Flexing the head and distracting it at the
craniovertebral junction provides access to the squa-

Positioning 5

mous occipital, craniovertebral, and cervicothoracic re-
gions. This position is used for occipital, inferior cere-
bellar triangle, foramen magnum, and superior cervical
cord lesions (Fig. 1.8 A, B). When the child is prone,
as when he is supine, particular care must be taken
to distract the skull from the cervical spine prior to
flexing it around the axis that runs through the auditory
canals.

The pressure exerted by the weight of the skull tends
to jam the mandible against the jugular veins, greatly
diminishing cerebral venous drainage. This is worsened
by the horseshoe headrest (which must be used in new-
born and infants), but somewhat facilitated by the
Gardner-Wells* headholder (which may be applied to
toddlers and older children). Whether using the horse-
shoe or Gardner-Wells headholders, adequate clearance
between the symphysis mentes and the body mat must
be provided so that the endotracheal tube is not com-
pressed. If this happens, it may either kink or be forced
into one of the main stem bronchi. The weight of the
drapes, especially as they become soaked during the

* Codman, & Shurtleff, Inc., Johnson & Johnson Company, Ran-
dolph, Massachusetts 02368.
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Figure 1.7. The head is drawn schematically, illustrating that,
in extension, one need take no particular precautions to avoid
compressing the jugular veins by the horizontal rami of the
mandible, but that it is necessary to distract the head to avoid
this in flexion: (A) The head is extended around an axis run-
ning through the external auditory canals; (B) the head is
flexed around the same axis and distracted prior to being

Figure 1.6. Note the relative sizes of the surgeon’s hands and
the child’s head as shown here with (A) the term newborn:
the surgeon’s hands, in the neutral position, must be held
apart to permit visualization of the operative field between
them, since the newborn head is so small that one may not
look over them and into the posterior fossa; (B) the toddler;
(C) the juvenile: the head sizc is such as to permit the surgeon
to look over his hands, giving him a wider range to pronate
and supinate them with wrist or elbow movement. With in-
creasing age and body size, it becomes decreasingly necessary
to look between one’s hands, increasing considerably the oper-
ative field to vision and manipulation. The head size of the
toddler and juvenile are relatively the same, but the neck and
body sizes are so different as to alter considerably the rclative
working space.

secured in position (either onto a headrest or in pins), avoiding
jugular vein compression; (C) the same as B, but the head
has not been distracted, resulting in compression of the vertical
ramus and angle of the mandible against the internal jugular
vein. Diminished venous return and increased intracranial
pressure are the consequences of this compression.
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Figure 1.8. The prone position as herein illustrated demon-
strates the lamboidal (7), occipitomastoid (2), coronal (3),
sagittal (), and zygomaticofrontal (5) sutures; the mastoid

procedure, may be enough to cause a decubitus of the
chin. One must leave enough room for the anesthesiolo-
gist to check and manipulate the endotracheal tubing.

Lounging (Sitting) Position

The “lounging” position is ideal for access to the poste-
rior III ventricle, the superior cerebellar triangle, and
the falx-tentorial junction. Irrespective of the physical
inconvenience to the surgeon (Fig. 1.9 A, B) and the truly
negligible risk of air embolism if appropriate anesthesio-
logic precautions are taken, it is the only safe way to
operative lesions in the superior vermis, brachium con-
Junctivum, superior cerebellar hemispheres, opening of
aqueduct into the IV ventricle, the pineal region, and the
great vein of Galen.

The same problems concerning mandibular compres-
sion of the jugular veins are encountered, to a much
greater extent, when operating on the child in the loung-
ing position as in either the supine or the prone posi-
tions. Here, again, the head must be distracted in order
to avoid compression of the jugular veins. It must then
be flexed around the axis of the auditory canals to pro-
vide the surgeon a direct line of vision to the superior
portion of the cerebellar vermis and the tentorial open-
ing. Fixing it securely holds it suspended against its
own gravitational force. Figure 1.10 A shows this with
the use of a horseshoe headholder in an infant, and
Figure 1.10B with the use of the Gardner-Wells head-
holder, which has been scaled down for children, but
which has not been designed for the thinner calvarium
or relatively more voluminous diploic spaces. The risk
of air emboli through the diploé remains very real.

At times one must adapt. It may be necessary to
place the headholder very close to the operative field
in order to assure solid purchase, and then to use a
jugular vein for a central venous pressure line (essential
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B

(6) and the zygomatic arch-(7); the rim of the foramen mag-
num (8); and the squamous temporal (9) and greater wing of
the sphenoid (/0) bones.

Figure 1.9. The sitting position (A) requires the surgeon to
sit or stand in a more tiring and uncomfortable posture than
the prone or supine positions (B).
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A B

Figure 1.10. Fixation of the head in the lounging position
is extremely important. In order to ensure maintenance of
craniocervical junction distraction in the infant, one should

in either the sitting or lounging positions). Some form
of plastic draping may be used to cover the tubing.
Such a situation is illustrated in Figure 1.11, which also
cones down on the distracted head, allowing one to
appreciate how this separates the rim of the foramen
magnum from the arch of C-1. All too often, conse-
quently, because of the very wide range in body and
head size of the pediatric population and the standard
size of operating tables, the surgeon must improvise
in positioning the child, and in securing him firmly in
place. Pillows, sandbags, sheets, and so on, are pressed
into service, even in the best-equipped pediatric operat-
ing rooms. A well-constructed car seat, which can be
purchased almost anywhere, serves this purpose well.

tape the head to the horseshoc headrest and nestle the chin
into the bottom of the headrest (A) or use the Gardner-Wells
headholder on a toddler (B).

Figure 1.11. After distraction, the headholder is locked, main-
taining head and neck position throughout the operation. In
this child, one of the pins had to be set close to the operative
field, something which at times is unavoidable, and the tubing
for the central venous line had to be brought superiorly and
curved around the helix of the car. The torcular Herophili (1),
transverse sinus (2), squamosal suture (3), superior sagittal si-
nus (4), internal jugular vein (5), and horizontal plane of the
squamous occipital bone (6) have been drawn on the scalp
to provide orientation.

It may have to be cut, molded, or padded, but it is
far superior to anything else available or to any combi-
nation of pillows, towels, and sandbags. It is ideal for
moving the child onto the operating table, and from
it to the cart at the end of the procedure or in the
event of an emergency. Most importantly, it facilitates
fixing the infant or tiny toddler in position.

All this must be done relatively quickly because the
anesthetized child, especially the newborn and infant,
loses body heat rapidly.
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Figure 1.12. (A) Table top is level; neutral po-
sition; (B) the head of the table is elevated
slightly: body “pitch”’; (C) the table top is
tilted, bringing one side higher than the other:
body “‘roll”; (D) the table is rotated around
its axis, remaining in its original plane: body

113 LE]

yaw’’.

Positioning of the Child Vis-a-vis
the Surgeon’s Line of Sight

The single most important consideration in positioning
the child for surgery is not to complicate his already
diseased or injured central nervous system. The second
most important consideration is to position the child
securely on the operating table so that the surgeon may
move him at will, bringing him into a variety of posi-
tions throughout the procedure, so as to realize the
primary goal of successful positioning: bringing the tar-
get area for the specific aspect of surgery being performed
at that moment along the surgeon’s line of vision. When
this is accomplished, the operative exposure is optimal.

If the child is positioned properly, and if the surgeon
takes advantage of the full range of motion (body pitch,
roll, yaw, and slight elevation or depression of head
and/or body), he may work comfortably with elbows
relaxed at his sides, and with his line of vision extending
directly to the target area. This diminishes fatigue in
that it allows the surgeon to work with his body in
its natural posture. There should be little need to move
about continuously, to use platforms, and to stretch
or stoop during the operative procedure.

In Figure 1.12A-D, the operating table is moved
from neutral so as to provide body “pitch”, “roll”,
and “yaw”. In Figure 1.13A-C, one appreciates the
mobility of the headholder from neutral to elevation



10  Positioning

Figure 1.13. The head is shown in the neutral position (A),
elevated but not flexed (B), and depressed but not extend-
ed (C).

and depression of the head. All these changes in posi-
tion may be obtained during the procedure, moving
the operative site directly into the surgeon’s line of
vision or bringing a desired intracranial structure more
clearly into view. This is crucial when working in the
parasellar area so as to take advantage of the bifrontop-
terional exposure, in the pineal region, within the tri-

Figure 1.14. (A) The surgeon’s view of the frontal bone, which
is provided by using body “pitch” or hcad lowering with
the child supine. (B) The surgcon may change his target area
(shown in A) without changing his own body position, simply
by altering body * pitch,” lowering, or elevating the head.

gone of the lateral ventricle, or within the region of
the IV ventricle. It is important for spinal cord lesions
but of little value for convexity lesions or shunts. An
example of how one may change his line of vision as
the target area changes during the operative procedure
is illustrated in Figure 1.14 A, B.



Figure 1.15. (A) The Universal Operating Table* has a tele-
metric, hand-held device for elevation, depression, pitch, roll.
(B) The Universal Surgeon’s Chair** may be provided with
a motor unit that permits graduated elevation and depression,
as well as foot pedals to control coagulation, and shutter re-
lease, coarse and fine microscope focus magnification, and
“roll” of the Universal Operating Microscope***. (C) This
is the most convenient (least uncomfortable) position for
transsphenoidal surgery.

Positioning of the Operating Microscope

and the Laser, Multivariant Evoked Potential,
and Echoencephalography Units

for Intraoperative Use

The positioning of the operating microscope for intra-
operative use is very variable, ranging from those neu-
rosurgeons who always position the microscope in the
same place in the operating room, and then accommo-
date themselves and position the child around the mi-
croscope base and arms, to those who utilize highly
mobile floor- or ceiling-mounted microscopes that may
be adapted, albeit with considerable effort, to the child
throughout the operative procedure. Valid points may
be made for either. I prefer the latter because it provides
greater range of motion and superior utilization of the
instrument. Different anatomical locations of surgical
lesions in childhood demand a versatile, highly mobile
operating microscope.

The Universal Operating Microscope***, with its op-
erating table and chair (Fig. 1.15A-C) are so designed
as to complement one another, allowing the surgeon
to adjust automatically the position of either vis-a-vis
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the other, irrespective of the position of the child. The
best-designed surgeon’s chair provides a greater degree
of comfort and a lesser degree of fatigability: the closer
the chair position approximates normal sitting posture
(Fig. 1.16 A) the longer the surgeon will be able to oper-
ate without tiring. When it is necessary to extend the
chair from the physiological sitting posture into one
more closely resembling a high stool with armrests
(Fig. 1.16B), fatigue occurs more quickly. The ceiling-
mounted Universal Microscope may be easily and
quickly adjusted so as to permit operating on a patient
in either horizontal (Fig. 1.17 A) or sitting (Fig. 1.17B)
positions, without encumbering the floor space or read-
justing the positions of the anesthesiologist, the neu-
rophysiologist, and the nurses.

Both the laser and echoencephalography units are

* Universal Operating Table, Moéller-Wedel, Hamburg, Federal Re-
public of Germany.
** Universal Surgeon’s Chair, Méller-Wedel, Hamburg, Federal Re-
public of Germany.
*** Universal Microscope, Moller-Wedel, Hamburg, Federal Re-
public of Germany.
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Figure 1.17. The ceiling-mounted microscope may be moved
about in three dimensions to bring varying portions of the

Figure 1.18. (A) is a photograph of the hand-held device for
direction of the laser beam, (B) of the micromanipulator for
direction of the beam through the microscope lens. Note the
relatively rigid and cumbersome coupling device (system of

operative field into view, with the patient either horizontal (A)

or sitting (B).

mirrors) presently nccessary in order to mount the carbon
dioxide laser to the operating microscope and to the hand-held

device.

Figure 1.16. (A) The surgeon sits comfortably
in the operating chair when its position con-
forms to the normal anatomical sitting pos-
ture. Foot controls permit him complete inde-
pendence for use of thermocautery, photo-
graphic, and microscope regulators. (B) The
limited degree of comfort which one has when
the surgeon’s chair is in maximum elcvation,
approaching that of a high-stool, may be ap-
preciated by studying this photograph.

B

B



Figure 1.19. (A) Visual evoked potential stimulators have
been applied to patient’s closed eyelids and the multivariant
evoked potential monitoring system positioned. (B) Surface
electrodes have been applied over the median nerve. (C) A

large, floor-mounted, awkward, and difficult to manip-
ulate. However, the benefits each provides the surgeon
are well worth the encumbrance, fatigue, and effort.
Each operating room and each procedure are so very
different from one another as to render it meaningless
to attempt to describe detailed guidelines for the use
of these instruments. Very likely, advances in technolo-
gy will simplify considerably the laser, echoencephalo-
gram, and multivariant evoked potential (MEP) record-
ings, allowing the laser to be used with ease through
the operating microscope and resulting in the develop-
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clicking device and needle electrode have been inserted, respec-
tively, into the external auditory canal and lobe of the ear.
(D) A 1-mm ball electrode has been applied to the cortical
surface.

ment of a much smaller “head” for effective use of
the MEP. They are all very expensive, delicate, highly
technical instruments that require training for their use,
and the MEP requires experienced neurophysiologists.
Irrespective of whether one is using a carbon dioxide,
argon, neodymium YAG, or other laser, the beam may
be delivered to the target area by using either a hand-
held device (Fig. 1.18 A) or by mounting a micromanip-
ulator to the operating microscope (Fig. 1.18B).
Intraoperative MEP’s provide supportive data con-
cerning functional integrity of the visual (Fig. 1.19A),
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somatosensory (Fig. 1.19B), or auditory and brainstem
(Fig. 1.19C) conductive pathways. Electrodes may be
applied to the cortical surface (Fig. 1.19D) in order to
identify more precisely the motor or sensory cortices.

Intraoperative echoencephalography entails the ap-
plication of a sonar-type emitter (head) to the dura or
cortex, and computer elaboration of these signals into
a visual image that is recorded on a screen (Fig. 1.20A).
The head (of the echoencephalography unit) is still, un-
fortunately, quite large. However, when feasible and
successful, intraoperative echoencephalography pro-
vides the surgeon with a remarkably precise visual im-
age of the size, physical characteristics, and location
of an intraparenchymal lesion (Fig. 1.20B, C) or ventri-
cle. It must be realized, however, that sonography does
not invariably “see”” tumors or cysts: it, too, has serious
limitations.

Positions of Surgeon, Assistants,
and Nurse Around the Patient

There is no need for two assistants in (pediatric) neu-
rosurgical procedures. In fact, since the operating mi-
croscope has became a standard piece of surgical equip-

Figure 1.20. (A) Note the relatively large size of the handle
and head of the echoencephalography unit and the monitoring
screen. (B) This is an echoencephalographic image of a cere-
bellar astrocytoma that contained a small, centrally located,
cystic cavity. (C) The ultrasound hecad has been applied to
the cortical surface.

ment, one does very well in neurosurgery without an
assistant. When assistants are used, there is little room
for them (Fig. 1.21 A): the second assistant must stand
with his back to the anesthesiologist, separated from
him by a sterile drape passing from the operative field
to an intravenous stand; the first assistant, normally
positioned between the surgeon and the scrub nurse,
makes it difficult for the nurse to pass the instruments
quickly, and makes it impossible for her to see the sur-
gery. Consequently, the scrub nurse should also serve
as the first assistant, passing suction or bipolar cautery
to the surgeon along with other instruments
(Fig. 1.21 B). Self-retaining retractors are now standard
in all neurosurgical procedures, so that it is not neces-
sary to have someone scrubbed into a procedure to
hold them. Similarly, motor-driven (either electrical or
hydraulic) chairs, connected to the Universal Operating
Microscope, permit the surgeon to control optical and
mechanical magnification, zoom, elevation and lower-
ing of the microscope and mechanical chair, 35-mm
camera shutter release, electrosurgical activation, and
angulation (“‘roll”) of the optical field by using foot
controls. Assistants should scrub in for pediatric neu-
rosurgical procedures only to learn operative technique
and surgical instrumentation.



Figure 1.21. (A) With two assistants (I, 2) there is little body
room for the surgeon (3), and the nurse (4) is at an unaccept-
able distance. (B) Without the assistants, the surgeon (/) has
ample room and is immediately adjacent to the nurse (2).
Note the draped operating microscope (3) and heating lamps
(4), and fully draped frontal scalp (5). (C) This photograph,
using a model, illustrates the surgeon, using the operating
microscope, and seated in a surgeon’s chair, without need
of an assistant. Note that the micromanipulator for the laser
has been attached to the operating microscope.

The placement of television monitors within the di-
rect line of vision of the nurse (across the operative
field) and the assistant and anesthesiologist (across the
length of the patient’s body) permits everyone to ob-
serve directly the details of the micro- and macrosurgi-
cal procedures. The coordination of the operating mi-
croscope with the operating table and surgeon’s chair
greatly facilitates access to such diverse neuroanatomi-
cal locations as the parasellar area, trigone, pineal re-
gion, and foramen magnum, without encumbering the
surgeon or cluttering the operative field. The laser may
be attached directly to the lens of the operating micro-
scope, or connected to a micromanipulator, so that
vaporization of tumor tissue may be effected without
bringing another piece of equipment into the operative
area (Fig. 1.21C).

In setting up the operating table and equipment
around it, and then positioning the essential operating-
room personnel, attention should be given to keeping
the floor as clear as possible of such lines as electrical
cords and suction tubing. A central, ceiling-mounted
operating microscope or universal power outlet facili-
tates this, as does placement of the auxiliary electro-
surgical unit and suction bottles at the base of (and
beneath) the operating table, so that the cords may go
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directly from the operative field to these outlets, rather
than passing from the field and across the floor to wall-
mounted outlets.

Accommodating Anesthesia

Although the purpose of positioning the child on the
operating table is to permit the surgeon maximum expo-
sure of, and access to, the operative site, great attention
must be given to providing the anesthesiologist full ac-
cess to the patient throughout surgery.

Setting heat lamps (Fig. 1.22A, B) at a safe, yet
warming, distance from the child during positioning
protects him from potentially dangerous hypothermia,
as does placing the plastic drape around the operative
field before beginning the prep (Fig. 1.23 A). This pre-
vents heat loss and insulates the child from the cooling
effect of spillage of surgical soap and water over the
uncovered skin. it is particularly helpful if extensive
body areas, as in prepping for a ventriculoperitoneal
shunt, are to be included in the operative field, since
a ten-minute scrub would allow large amounts of surgi-
cal soap and water to accumulate along the recumbent
surfaces of the child’s trunk and neck (Fig. 1.23B).
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The drapes should be placed, fashioned, around the
child, extending from the operative field in such a man-
ner as to allow the anesthesiologist full access to the
face, neck, chest, and limbs. This entails the use of an
overhead table, either for the instruments or to which
the drapes may be fixed. Placement of a Mayo stand,
preferably mounted to the operating table, slightly
above the most superior aspect of the head or face,
depending upon whether the child is sitting, supine, or
prone, suffices if an overhead instrument table is not
available. Then, intravenous poles must be placed to
one side or the other of the operating table. This permits
tenting of the drapes from the operative site in such
a fashion as to leave the anesthesiologist full access
to the child for purposes of controlling the position
of the endotracheal tube, functioning of central venous
pressure lines, and the monitoring of intravenous fluids
and thermistor probes.

Irrespective of the body position for the operative
procedure, care must be taken to maintain the head
as close to the level of the right atrium as possible,
so as to avoid cerebral venous stasis, air emboli, and
hypotension. This eliminates the need for lowering the

Figure 1.22. The heat lamps have been positioned at a safe—
to avoid burning—distance, so as to provide warming (A and
B). The child’s eyes are covered and the endotracheal tube
securely taped (B) in place. One may note the wrapped legs
and lounging position.

head of the table when working at the optic chiasm
or optic foramina. Conversely, flexing the head slightly
provides more direct visualization of the convexity of
the posterior frontal and anterior parietal lobes. Avoid
excessive lowering of the head in prone or supine posi-
tions, and excessive elevation in the lounging position.

In Figure 1.24 A-1 one may study the actual positions
of the patients from the perspective of the anesthesiolo-
gist, taking into consideration the positioning of the
anesthesiologist’s instruments and equipment, in each
of the three basic surgical positions: sitting, prone, su-
pine. The provision of a color television monitor per-
mits the anesthesiologist to observe directly the opera-
tive procedure.

General Positions

The three basic operating positions-—prone, supine,
lounging—refer only to the body, not the head. After
the body has been positioned, the anesthesiologist final-
izes arrangement of his tubes to assure himself easy
access to the face. The head is then positoned on the



Figure 1.23. (A) The juvenile is in the supine position and
the Vi-drapes have been placed bordering the operative field.
Preparation of the scalp, after Vi-drape has been applied and
the eyes protected. The face is covered. (B) The infant is su-

body, by the surgeon, to permit access to intracranial
areas and anatomical structures.

In conceptualizing the operative procedure the sur-
geon must ““visualize” the lesion, or desired anatomical
area, within the head for the operation: head extended
on a supine body for performing a bifrontopterional
craniotomy to expose the optic chiasm, head distracted
and flexed at the craniovertebral junction with the body
supine for exposure of the tentorial opening and pineal
region, child’s body in the lounging position with head
distracted on C-1 and slightly flexed, for visualization
of lesions in the superior cerebellar triangle, and so on.
This overview guarantees correct anatomical orienta-
tion. It is used consistently throughout this volume so
as to transmit an holistic concept of positioning, struc-
tural anatomy, and surgical technique.

Supine Position

The head may be manipulated on the supine body for
performance of frontal, bifrontopterional, craniofacial,
parietal, biparietal, and temporal craniotomies as well
as procedures demanding access to the craniocervico-
thoracoabdominal areas (such as for ventriculojugular
or ventriculoperitoneal shunts). The transmandibular,
retropharyngeal approach to the clivus and sphenoid
sinus may be performed when the patient is supine and
should be considered when dealing with lesions of or
about the anterior foramen magnum, the clivus, and
the sphenoid body. The pure pterional approach has
no place in pediatric neurosurgery, since the extraordi-
narily rare aneurysm of the circle of Willis is best ap-
proached through a frontal, a bifrontal, or a frontotem-
poral craniotomy: the small size of the frontal lobes
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pine, for conversion of an external ventricular drain into a
ventriculoperitoneal shunt. Vi-drapes border the operative
field, protecting the child from the cooling effects of pooled
surgical soap and water.

and very large basal cisterns allow for immediate and
secure access to the circle of Willis.

Anterior Fossa and Parasellar Area:

Frontal Craniotomies

The supine position is best used for access to the frontal
lobes, the orbit, the optic foramina, the intraorbital and
intracranial optic nerves, and the optic chiasm. Retro-
chiasmatic extension of such parasellar tumors as
craniopharyngioma may be resected more effectively
through the interopticocarotid space, with the child su-
pine, by resorting to the use of “pitch” and “role”
to gain access to tumor lodged between optic nerves
and chiasm superiorly, the internal carotid and posteri-
or communicating arteries inferiorly, the basilar artery
posteriorly, and the III cranial nerves inferolaterally on
either side. The bifrontopterional craniotomy is ideal
for this lesion.

When the patient’s head and body are placed high
and in the neutral position, the surgeon has a good
line of sight for the skin opening, but visualization of
the parasellar area is blocked by the frontal lobes
(Fig. 1.25A). Consequently, slight extension of the head
on the neck, as illustrated in Figure 1.25B, allows for
gravitational retraction of the frontal lobes, complete
visualization of the roofs of the orbits and the lesser
wings of the sphenoid, and as good an exposure of
the region of the optic chiasm as one may possibly at-
tain (Fig. 1.26 A-C).

Since slight extension of the head makes for some-
what awkward hand positioning (Fig. 1.27 A-C) for the
scalp flap, one may simply elevate the head of the table
for the skin incision and the posterior burr holes. The
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Figure 1.24. The lounging child, with his head fixed, as his
face is protected and endotracheal tube secured, in progressive
stages of draping. The anesthesiologist has full access to the
face, neck, chest, abdomen, and limbs. This is essential.
(A) The head is locked in position, so the anesthesiologist
may now place his monitoring receivers and electrodes. Note
that the head is distracted and flexed on the neck at the cranio-
cervical junction. The Vi-drape is brought over the headholder
to assure free access to the eyes and nose. (B) All lines and
tubes have been positioned. The Vi-drape has seen brought
over the headholder to assure free access to the eye and nose.
(C) This is a view of the child behind the headholder and
monitoring devices, illustrating fully exposed abdomen: anes-
thesiologist’s view of trunk and extremitics. (D) Anesthesio-
logist’s view of face after child has been positioned lounging



and completely draped. The eyes are covered, the esophageal
thermister has been passed through the nose, and the endotra-
cheal tube is secured by elastoplast. (E) Anesthesiologist’s view
of fully draped child in the lounging position. (F) Anesthesiol-
ogist’s view of fully draped child in the supine position. The
same access exists when prone. (G) Placement of anesthesiol-
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ogy equipment and intravenous poles. (H) Anesthesiologist’s
available working area after child has been draped. The warm-
ing lamps (1), jointed mount for headholder (2), and micro-
scope (3), draped and set in “park” position for immediate
use. (I) Placement of TV monitor so anesthesiologist may ob-
serve entire (macro and micro stages) operation.
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Figure 1.25. The falling away of the frontal lobes results from
extending the head around its interauricular axis, not by low-
ering it beneath the level of the right atrium. On occasion,
however, especially if a preoperative shunt has not been in-
serted, it may become necessary to lower the head by manipu-
lating the headholder or to pitch it inferiorly by manipulating
the operating table. (A) The surgeon’s view of the floor of

the anterior fossa with the head in the neutral position. The
stippled area indicates anterior fossa floor covered by frontal
lobes. (B) After the head has been rotated, extending it around
its interauricular axis, the frontal lobes (1) fall posterioinfer-
iorly, and the entire floor of the anterior fossa (2) with the
chiasm (3) come into view.

Figure 1.26. The surgeon’s line of vision of the chiasmatic
region with the head in the neutral position (A), slightly ex-
tended (B), and fully extended (C).



head of the table then is lowered to the desired level
for placing the “keyhole” and glabellar burr holes,
passing the Gigli saw and reflecting the osteoplastic
bone flap, whether unilateral or bifrontopterional
(Fig. 1.28 A—G). The dural opening may be somewhat
facilitated by lowering the head of the table approxi-
mately 50°. After retraction of the frontal lobe(s) and
exposure of the roof(s) of the orbit, anterior clinoid(s),
and optic nerve(s) and chiasm, one may ““roll” the oper-
ating table from right (Fig.1.29A) to neutral
(Fig. 1.29B), to left (Fig. 1.29C) so as to facilitate visu-
alization of the lesion and parasellar anatomical struc-
tures.

Unilateral Frontopterional Craniotomy

The head is extended on the body and rotated slightly
(Fig. 1.30A-D) so as to allow the surgeon to visualize
directly the frontal eminence of the side to be operated.
This represents the neutral position for a unilateral
frontopterional craniotomy, one from which the sur-
geon may work comfortably to obtain access to the
desired frontal and pterional cranial and intracranial
areas simply by manipulating the table position.

Bifrontopterional Craniotomy

The head is extended from the neutral position
(Fig. 1.31 A) so that the surgeon’s direct line of vision
is at the metopic suture (Fig. 1.31B). Rotation of the
head from side to side, by using body “roll” of the
operating table, permits equal access to the posterior
and inferior portions of the frontal bone on either side
and, subsequently, to the sphenoid wings and anterior
clinoids (pterional perspective). Care should be taken
not to confuse extension of the head on the neck with
lowering the head beneath the level of the shoulders!
Extending the head entails movement at the craniocer-
vical junction (Fig. 1.31C) and maintains the cervical
spine in the normal anatomical position; lowering it
entails extending the head and the neck, en bloc, at
the cervicothoracic junction (Fig. 1.31 D).

Craniofacial Procedures

The head is positioned on the body in identically the
same way as for bifrontopterional craniotomies, since
one must expose the entire frontal bone, both orbits,
and the cribriform plate, and there must be ready access
to the lateral rims of the orbits and the zygomatic
arches. More accentuated extension of the head, with
minimal lowering, brings the face into the surgeon’s
view (Fig. 1.32).

Parasagittal and Parietal Areas

The supine position also allows one to work effectively
in the parasagittal and parietal areas for access to the
superior sagittal sinus (SSS) either for head injuries or
lowering the SSS in cases of chronic subdural collec-
tions of fluid. Parietal lobe and corpus callosum lesions,
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Figure 1.27. (A) Head in neutral position, (B) extended, and
(C) extended but elevated using table pitch.

as well as those within the III ventricle or the region
of the great vein of Galen, may be effectively ap-
proached with the child in this position. This is also
a desirable position for placement of temporal, frontal,
and parietal burr holes. However, access to the parietal-
parasagittal areas obliges one to flex somewhat the head
on the neck, at the craniovertebral junction, or to keep
the head and neck in the neutral position and flex the
cervical spine on the thoracic spine at the C-7-T-1 junc-
tion.

Parietal Craniotomies

Positioning of the head for parietal craniotomy differs
remarkably when one performs a unilateral or a bilater-
al procedure. In the former the head is rotated com-
pletely to one side and slightly extended on C-1, whereas
in the latter the head remains in the anatomical plane
but is slightly flexed on the neck. The unilateral parietal
craniotomy position is also good for parietofrontal,
parietotemporal, and parietooccipital lesions.

Unilateral Parietal Craniotomy
The head is rotated 90° so as to bring the operative
side into the midsagittal plane of the body: the sagittal
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suture is positioned parallel to the coronal plane of
the body. Flexing slightly the head on C-1 brings the
parietal bone and superior temporal line into orthogo-
nal planes, giving a direct line of sight to the superior
temporal line (Fig. 1.33).

Biparietal Craniotomy

The head is flexed slightly on the neck and kept in
the neutral position, with the surgeon having direct vi-
sualization of both the frontal and parietal eminences
(Fig. 1.34 A, B). This permits equal access to the sagittal
sinus, both parietal bones and lobes, and intracranially
the falx cerebri on either side down to the inferior longi-
tudinal sinus and pericallosal cistern.

Convexity and Middle Fossa

By positioning the child supine and rotating the head
a full 90° so as to bring the coronal plane of the head
parallel to the sagittal plane of the body, one may ex-
pose completely the convexity of the skull and cere-
brum. Flexion of the head on the cervical spine to ap-
proximately 5°, after it has been turned fully, places
the lateral aspect of the calvarium in a plane perpendic-
ular to the surgeon’s line of vision. This provides him
the possibility of exposing the lateral aspects of the
frontal, parietal, temporal, and occipital lobes, as well
as the transverse sinus and the tentorium as far medially
as the tentorial edge and the ambient cistern. It is useful
for approaching intraparenchymal lesions ; masses with-
in the frontal horn, body, temporal horn, or trigone
of the lateral ventricle, and III ventricular tumors, either
through the foramen of Monro or via the interval be-
tween the body of the fornix and the thalamus. It is
the ideal position for performing either a ventriculo-
Jjugular or a ventriculoperitoneal shunt (Fig. 1.35A-D).

Temporal Craniotomy

The positioning of the head for a temporal craniotomy
1s much the same as that for a unilateral parietal cranio-
tomy (Fig. 1.34), with the exception that orthogonal
planes of vision to the squamous temporal and greater
wing of the sphenoid bones and the underlying tem-
poral lobe necessitate lowering the head slightly
(Fig. 1.36 A). This provides the surgeon a direct line
of vision to the superior and inferior temporal lines,
the zygomatic arch, and the external auditory canal
(Fig. 1.36 B). Elevating and lowering the head facilitates
access, respectively, to the sylvian fissure and the entire-
ty of the tentorial surface and ring.

Craniocervical and Thoracoabdominal Positioning

for Ventriculojugular or Ventriculoperitoneal Shunts
Good access to the head, neck, thorax, and abdomen
entails rotating the head 90° to one side, bringing the
coronal plane of the skull parallel to the sagittal plane
of the body, without flexing or extending the head

Figure 1.28. (A) Minimal body pitch is used to clevate head
of table for skin incision. (B) More accentuated head clevation
brings the most posterior portion of the parictal area into
efficient working range. (C) Head lowered slightly, providing
good hand positioning for anterior parictal and postcrior fron-
tal surface areas. (D) Head slightly clevated providing good



hand positioning for midparietal surface areas. (E) Convenient
body and arm posturing for posterior frontal burr holes is
attained by lowering the head. (F) The head is at the same
level as in E, which is inconvenient for glabellar burr opening,
so (G) the head has been lowered to facilitate arm positioning
for the glabellar opening.

Positioning
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Figure 1.29. (A) Roll to the right permits visualization of the
left sphenoid wing from the pterion to the anterior clinoid,
internal carotid, and middle cerebral arteries after bifronto-
pterional craniotomy has been performed. (B) Neutral posi-
tion is best for planum sphenoidale, optic nerves and chiasm,
carotids, and anterior cerebrals. (C) Roll to left permits expo-
sure of right homonyms to those illustrated in A.

Figure 1.30. Unilateral frontopterional craniotomy. The onal view of skull. (B) Surgeon’s view of A. (C) Lateral view
child’s head is positioned for unilateral craniotomy, showing of A from the left. (D) Latcral vicw of A from the right show-
the frontal eminence, coronal, and sagittal sutures. (A) Cor- ing pterional arca.



Figure 1.31. Bilateral frontopterional craniotomy, showing
surgeon’s view with (A) head neutral and (B) extended.
(C) The shaded area illustrates the head in the neutral posi-
tion, from which it may be extended to expose the anterior
frontal area. (D) Position attained by lowering the head rather
than extending it.

Positioning
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Figure 1.32. Exposure of the orbital and malar areas, which

may be attained by slightly extending the head.
Figure 1.33. The child is supine with the head flexed slightly,

after having been rotated so as to bring the sagittal suture
parallel with the coronal plane of the body, providing the
surgcon a straight line of vision to the temporal lobe but
not to the floor of the middle fossa.

A B

Figure 1.34. (A) Biparietal craniotomy. Slight flexion of the to the frontal and parietal areas bilaterally. (B) A lateral pho-
head on the neck rotates the superior surface of the skull tograph of an infant with his head in this position, illustrating
into excellent position for the S shaped incision, and access exposure of the inion.



Figure 1.35. (A) Anterooblique view. Supine child with head
rotated 90° to the left, bringing the coronal plane of skull
parallel to the sagittal plane of the body. In this child, this
position was used to remove a dermoid tumor, but it is ideal
for a ventriculoperitoneal shunt (in which event, however, the
head is lowered somewhat to put slight stretch in the neck).
(B) The same child and position as in A, but viewed posterior-
ly to allow one to appreciate access to the parietal eminence.
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(C) The same child as in A and B. This is viewed from the
vertex of the skull. (D) When a ventriculoperitoneal shunt is
to be performed, a role should be placed under the neck so
as to “‘unfold” it, permitting easy passage of the subcutaneous
guide from the parictal eminence to the supraclavicular area
(arrow). In -this child a shunt revision revealed ventriculitis,
so it was converted to an external ventricular drain.

D
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A

Figure 1.36. (A) The head has been lowered slightly, approxi-
mately 15°-20°, giving the surgeon a direct line of vision to
the squamous temporal area. (B) Surgeon’s view of the opera-
tive area. The bony landmarks are the superior (7) and inferior

(Fig. 1.37A). Placing a roll, or sandbag, under the
shoulder blade on the side from which the head is ro-
tated diminishes the degree of ‘““in-axis’ cervical rota-
tion (Fig. 1.37B). This position permits access to the
parictal eminence as well as visualization of the vertex
and inion posteriorly (Fig. 1.37C) and of the glabella
anteriorly (Fig. 1.37D). These landmarks are important
for orientation purposes when planning to insert a cath-
eter or the proximal portion of the shunting system
into the lateral ventricle. It also permits dissection of
the facial and jugular veins for placement of the distal
end of a ventriculojugular shunt, and access to the ab-
domen for placement of the distal end of either ventricu-
logallbladder or ventriculoperitoneal shunts. One may
also use this position for placement of a ventriculo-
pleural shunt.

Prone Position

As in the supine position, if the head is kept neutral
when the child is prone, the surgeon is obliged to lower
it an inordinate (dangerous) distance in order to visual-
ize directly those craniocerebral regions best exposed
with the child prone: the occipital bone and the medial
surfaces of the occipital lobes, the craniovertebral junc-
tion, inferior cerebellar triangle lesions, and masses
within the inferior portion of the IV ventricle and the

(2) temporal lines, the squamous temporal (3) and greater
wing of the sphenoid (4) bones, the external auditory canal
(3) and zygomatic arch (6), the “keyhole™ arca (7), and the
pterion (8).

upper cervical cord. Cisterna magna lesions are also
exposed to advantage with the child prone.

The surgeon’s best view of the posterior parietal re-
gion is with the head in the neutral position. Exposure
of the occipital lobes, inferior cerebellar triangle, and
of the craniovertebral junction necessitates lowering
considerably the child’s head and, thus, increasing intra-
cranial venous pressure. In addition to this, the horizon-
tal portion of the squamous occipital bone presents a
visual obstacle, a ledge, separating the surgeon’s line
of sight from the craniovertebral junction. It puts the
surgeon in an undesirable position for exposure and
removal of upper cervical cord masses, decompression
of the foramen magnum, and cisterna magna lesions
extending into the region of the vallecula. If the head
is distracted from C-1 and then flexed on it, exposure
of the medial surfaces of the occipital lobes, the region
of the torcular Herophili and transverse sinuses, the
foramen magnum and craniovertebral junction, the
cisterna magna and inferior cerebellar triangle, and the
superior cervical cord, all come into a more direct line
of vision and, subsequently, may be operated on more
effectively.

It is important to consider in detail the anatomy of
posterior fossa lesions when deciding whether to oper-
ate with the child in the prone or lounging positions.



Figure 1.37. Various perspectives of positioning of a child for
performance of a ventriculoperitoneal shunt. (A) The horse-
shoe scalp incision (7) is placed midway between the parietal
eminence (2) and the midsagittal plane (3). The supraclavicular
incision (4) is placed approximately 2.5 cm above the clavi-
cle (5). The head of the humerus is drawn in (6) for orientation
purposes, as is the costochondral arch (7). The abdominal

Factors other than pooling of blood within the posteri-
or fossa warrant consideration if one operates on the
child prone. Since the surgeon has no choice but to
work standing at the head of the patient, it is impossible
for him to position himself so as to have a direct line
of vision to the region of the superior cerebellar triangle,
the supracerebellar and quadrigeminal cisterns, the pineal
gland, and the posterior portion of the III ventricle, when
the child is prone (Fig. 1.38 A-C). Although he may have
an adequate line of vision of the inferior portion of
the IV ventricle and the vermis (from the fastigium in-
feriorly to the pyramis and then anterosuperiorly to
the nodulus); he is in no position to deal effectively
with superior draining veins going to the transverse si-
nuses and tentorium. Flexing the head upon the neck
at the craniovertebral junction, and the neck on the
thorax at the cervicothoracic junction, may increase
somewhat the surgeon’s visualization of the IV ventricle
and posterior surface of the transverse sinuses. It offers
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incision (8) is made at McBurney’s point. (B) The child as
viewed from the posterior aspect of the skull, the perspective
one should have when inserting the proximal end of the shunt
into the ventricular system. Note towel under neck. (C) The
surgeon’s view of the head of the child, illustrating that the
midsagittal plane of the skull is parallel to the coronal plane
of the body. (D) The same child, viewed en face.

only partial visualization of the superior cerebellar tri-
angle and, if pushed to the extreme, increases prohibi-
tively intracerebral venous pressure.

In order to visualize the superior cerebellar veins and
the structures within the superior cerebellar triangle,
one must place himself so that his line of vision centers
along a plane running 45° upward from the horizon
(Fig. 1.38 D). Consequently, the decision to operate on
the posterior fossa with the child supine or lounging
should not be one of preference of the surgeon, but
one predicated entirely upon the location of the lesion
which must be dealt with!

In 1974 Meridy and coworkers' reported complica-
tions during neurosurgery in the prone position in chil-
dren. They noted 8% incidence of cardiac arrhythmias,
3% incidence of respiratory complications (one of
whom died) 2% incidence of cardiac arrests (two of
whom died), and 1.6% incidence of air emboli. They
state that “many anesthetists and neurosurgeons advo-
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Figure 1.38. With the child prone (A), the surgeon cannot
position himsclf to view the superior cerebellar triangle con-
tents, the superior IV ventricle, or the aqueduct because he
is obliged to work from the head of the patient. In order
to obtain a line of vision to the tentorial opening, the surgeon
would have to clevate his head and move it caudad (B), or

bring the child’s head so low as to have him almost in a
“headstand”™ position (C). (D) In order to view completely
the structures within the posterior fossa, the surgeon should
place the child in the lounging position and place himsclf so
that his line of vision is 45° from the horizontal.



Figure 1.39. Prone position for occipital craniotomy: The
head is distracted and then slightly flexed, permitting direct
visualization of the inion and both parietal eminences.

cate the sitting position for posterior fossa exploration.
Such positioning provides an excellent view of the pos-
terior cranial fossa with the operative site situated at
the surgeon’s eye level. In this position gravity effective-
ly drains spinal fluid and blood from the operative
wound. It also facilitates venous return to the heart,
relieving intracranial venous stagnation and so control-
ling venous pressure and ooze, and ultimately brain
swelling.” They also state ‘““many anesthetists and sur-
geons are fully aware of the disadvantages of the sitting
position. Such pitfalls include the risk of venous air
embolism, cardiovascular instability leading to systemic
hypotension and diminished cerebral blood flow, the
possibility of a patient sliding down the table during
operation and difficulty with temperature control.”
Analysis of their results, comparing them to work pub-
lished by others, especially Michenfelder, reveal that
there is no difference in the incidence of air embolism
or hypothermia in the two groups, with the work reported
by Michenfelder et al.? holding over 2000 patients stud-
ied.

The most experienced posterior fossa neurosur-
geons® "8 prefer the lounging position. Bucy® stated,
“For many years I operated in the posterior fossa with
the patient lying prone and with the upper part of the
body raised so that the long axis formed an angle of
approximately 40° with the floor. I am now convinced
that the sitting position is superior to this and less haz-
ardous. Most of the risks of this position, principally
those of air embolism and of arterial hypotension, can
be avoided with care and are more than adequately
compensated for by the advantages.”
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Figure 1.40. The head was not adequately distracted from C-1,
so that the latter has come to rest within the foramen magnum.

Occipital Craniotomy

The head is positioned in the same manner for both
midline and lateral occipital craniotomies, mainly by
flexing it approximately 10° while distracting it. Placing
small rolls under the shoulders (humeral heads) on ei-
ther side takes pressure from the chest and elevates the
thorax enough so that the head may be slightly flexed
without bringing pressure onto the endotracheal tube.
Ideal positioning of the head entails flexing it to the
point where the surgeon has a direct line of vision to
both the vertex and the inion, as well as the parietal
eminences bilaterally (Fig. 1.39).

Suboccipital (Posterior Fossa) Craniotomy

The head is distracted maximally, flexed on the atlas,
and lowered so as to verticalize the horizontal portion
of the squamous occipital bones surrounding the fora-
men magnum, and to separate maximally the foramen
magnum from the atlas so that this latter structure does
not slip into the posterior fossa (Fig. 1.40), to permit
the surgeon as cephalad a line of vision as possible
(Fig. 1.41). Unfortunately, hanging the head maximally
from the trunk does not increase cephalad exposure
of the posterior fossa contents. It does increase unac-
ceptably the intracranial venous pressure.

Laminotomy
The prone position is ideal for cervical, thoracic, and
lumbar laminotomies.

Cervical Laminotomy
Maximum exposure of the cervical spine and spinal
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cord is obtained by positioning the child in identically
the same manner as for suboccipital craniotomy
(Fig. 1.41). This brings the inion into a position such
that it does not obstruct the surgeon’s line of vision
to the atlas, permits him entry into the posterior fossa
if needed, and gives him a very complete and direct
view of the entire cervical cord.

Thoracic Laminotomy

For upper thoracic laminotomies it is best to place the
head in a neutral position, distracting it only slightly,
but not turning it to either side, whereas for mid- and
lower-thoracic laminotomies the head may safely be
turned to either side, depending exclusively upon the
preference of the surgeon and the anesthesiologist.

Figure 1.41. The prone position for suboccipital craniotomy,
and exposure of inferior cerebellar triangle, with head distrac-
tion, separating widely C1 from the foramen mangum, pro-
vides maximum view of inferior cerebellar triangle contents.

Figure 1.42. Pronc position for lumbar lamin-
otomy, thoracic costotransversectomy, or
lumbar posterolateral approach for hourglass
neuromas extending from the spinal canal into
the retropleural or retroperitoneal spaces.

Turning of the head to one side or the other with the
child prone rotates the cervical vertebrae on one an-
other so that one can encounter rotation of C-7 on
T-1. This is the reason for distracting the head and
keeping it in a neutral position for upper thoracic lamin-
otomy.

Lumbar Laminotomy

It is very likely that lumbar laminotomy requires the
simplest positioning of any neurosurgical procedure.
The head may be turned to either side and the child
need only be placed prone with rolls or pillows beneath
the shoulders in children of all ages, and beneath the
shoulders and iliac crests in toddlers, juveniles, and ado-
lescents (Fig. 1.42).



Figure 1.43. (A) The table is at a height such
that the line of vision is 8°~10° downward to
permit viewing the entire skin incision. The
arm, forearm, and hand are all in the neutral
position, permitting maximum strength and
range of movement. (B) This is a cone-down
view of the hand in the neutral position, illus-
trating potential range of motion from prona-
tion to supination, from flexion to extension.

Lounging (Sitting) Position

The head should be distracted and flexed upon the atlas
for both midline and lateral suboccipital craniotomies.
The height of the table is then set so as to allow the
surgeon a direct horizontal line of vision for making
the skin incision (Fig. 1.43 A, B) and dissecting the mus-
cle from the skull (Fig. 1.44) and atlas, but the setting
should allow the table to be elevated when the cranio-
tomy is performed and elevated and tilted forward when
opening the dura and entering the superior cerebellar
triangle. Also, convenient regulation of the surgeon’s
height with the operating table, raising or lowering it,
adds a significant amount of security to control of the
Hudson brace (Fig. 1.45A, B) for either perforator or
burr use.

Unfortunately, one often speaks of the “sitting” po-
sition when, in fact, practically no neurosurgeon uses
the sitting position. Rather, the patient, adult or child,
is, in fact, put in the “lounging” position. This dimin-
ishes greatly the number of complications previously
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observed with the patient in the sitting position. These
include significant diminution of cerebral blood flow,
hypotension, and air emboli. Controlled ventilation has
resulted in further diminution of the incidence of air
emboli and cardiac arrythmias, as have the routine in-
sertion of central venous catheters. In fact, Marshall'?
reported that the incidence of air embolism dropped
from 15% to 0% when positive/negative ventilation was
used. Michenfelder and coworkers? reported only a 2%
incidence of air emboli in 2002 neurosurgical proce-
dures performed on patients who were positioned
“upright”. They also noted a significant difference in
air emboli in those patients positioned ““upright” for
cervical laminectomy and temporal craniectomy (less
than 0.1%) when compared to those in the same posi-
tion for suboccipital craniotomy (approximately 2%).
When Michenfelder and his associates!® used the
doppler, they observed that the percentage of ““air em-
boli diagnosed™ rose to 6%, although the incidence of
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Figure 1.44. This photograph permits the
reader to appreciate the strength and sureness
of instrument control, which proper elevation
of the operating tablc permits.

A B
Figure 1.45. (A) The line of force extends from the shoulder strength and control. (B) The same as A but left-handed brace

through the bracing hand and perforator, with the turning control and cone-down view.
hand moving circumferentially through this axis: maximum

Figure 1.46. (A) The child is positioned sideways, with the the table downward (B) brings the child into the horizontal
vertical axis of his body perpendicular to the long axis of position (C), without obliging the surgeon to stop his operative
the table, so that his arms are resting on the backrest and procedure.

his legs are extended perpendicular to the table. Then, pushing



Figure 1.47. (A) The lounging position. This is a variation
of the sitting position, one which minimizes potential disad-
vantages of the sitting position but does not eliminate them.
Here, the table has been pitched slightly forward. (B) The table
is pitched backward, bringing the knees in the same plane
as the shoulders. (C) Turning the head slightly on the cervical
spine exposes the lateral occipital bone. for cerebellar hemi-
sphere or pontocerebellar angle lesions. (D) The anesthesiolo-
gist’s view.

clinically significant air emboli did not change. It was
Michenfelder’s conclusion, consequently, that the
doppler diagnoses incidences of air embolism that
would never become clinically significant complica-
tions, and that the ““threat of air embolism is not suffi-
cient to contraindicate operating the patient in the sit-
ting position.” In fact, in his entire series he observed
only 53 patients in whom air embolism was diagnosed.
The only death in his series was unrelated to air embo-
lism. Michenfelder’s ““upright” position is a semireclin-
ing (lounging) posture.

An extremely interesting variant of the “sitting” po-
sition is.one reported by Garcia-Bengochea and co-
workers.'? In brief, it consists of positioning the patient
sitting, or, preferably, lounging, but seated sideways on
the operating table (Fig. 1.46). Lowering of the table
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in the event of an air embolus, or other intraoperative
complication necessitating positioning the patient hori-
zontal, may be easily, safely, and immediately carried
out.

The lounging position may minimize, not eliminate,
the theoretical disadvantages of the “sitting™ position.
The child is placed horizontal, flexing the elevated
calves upon the thighs, and the trunk at the hips, as
illustrated in Figure 1.47. This position is used whenev-
er one wants to sit the child up, whether for a midline
or lateral posterior fossa craniotomy. It is easier to place
a child, especially an infant, in the lounging position
than it is to sit him up, since one need only distract
and flex the head on the neck at C-1, place a pillow
or sandbag across the thoracolumbar area, and center
a pillow at the popliteal fossae. Though an upper cervi-



36  Positioning

Figure 1.48. (A) The surgeon is seated, his arms on a rest,
for skin incision, muscle dissection, craniotomy, and inferior
cerebellar triangle work (7). Pitching the operating table for-
ward permits access to the IV ventricle and aqueduct (2) and
superior cerebellar triangle (3), Notice that, as this is done,
the child’s head is progressively clevated. (B) Photographic
and diagrammatic demonstration of relative positions of sur-
geon, child, and posterior fossa contents for opening and ex-
posure of inferior cerebellar contents. (C) As the operating
table is rotated forward, the surgeon’s arms are somewhat
extended to permit work within the IV ventricle. (D) Exposure
of the superior cerebellar triangle structures and the region
of the quadrigeminal cistern necessitate further forward rota-
tion of the child and extension of the surgcon’s arms.

cal laminotomy may be performed with the child in
the lounging position, it really is not advisable, since
it offers no advantages over the prone position. When
the child is in the lounging position and the surgeon
seated in a mechanical chair, rotation of the operating
table around its axis cocks the head forward. This per-
mits better visualization of the superior cerebellar trian-
gle but does put the child into a sitting position
(Fig. 1.48 A-D). As the child is rotated forward, the
surgeon must both elevate his chair and extend his arms.

This position is ideal for occipital and suboccipital
craniotomies (whether midline or lateral), burr holes
(unilateral or bilateral, diagnostic or therapeutic), and
mid- or lower-cervical laminotomy, and for bilateral
ventriculoperitoneal shunts (whether shunting from oc-
cipital or frontal horns). It is not recommended for
upper cervical laminotomy, even if the surgeon suspects
that it may be necessary for him to enter the posterior
fossa: the prone position is simpler and permits ade-
quate visualization of the craniovertebral junction. The
lounging position is considered feasible for mid- and
lower-cervical laminotomy only when one expects to
encounter either an arteriovenous malformation of the
cervical cord or an intramedullary tumor, which may
bleed considerably.
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“No matter how sharp it is, the blade of the knife cannot
harm its handle.”

SOULEYMANE CISSE
Thoughts



Techniques for Scalp Hemostasis
in Various Ages: Newborn, Infant, Toddler

Skin (Figures 2.1 and 2.2)

The scalp is composed of skin, (dense) connective tissue,
aponeurosis (Galea), loose connective tissue, and peri-
osteum. Hence the acronym scalp. In this text, “scalp”
will be used to designate all of these anatomical layers
as a single group, and each will be given its specific
anatomical name (e.g., skin, dense connective tissue,
Galea) when referred to as individual components of
the scalp.

The anatomical differences of the scalp, the suture
lines, and the state (open or closed) of the fontanels
in the newborn, infant, and toddler determine the differ-
ences in technique for skin incisions and closures. In
the newborn the scalp is palpable as two distinctly dif-
ferent functional entities: (1) a very thin and highly mo-
bile entity composed of skin, dense connective tissue,
and relatively avascular Galea; and (2) an equally thin
anatomical continuum of periosteum and skull, which
is eggshell-like in compliance and highly vascularized.
The direct continuity of periosteum and outer layer of
the dura with one another at the suture lines, the very
real mobility of one squamous (occipital, parietal, tem-
poral, etc.) skull bone upon the other, and the presence
of fontanels of varying size offer little or no safe re-
sistance to a blade cutting through the mobile portion
of the scalp (skin, connective tissue, Galea).

In Figure 2.1, showing scalp characteristics, the pres-
ence or absence of a fontanel, and the state of the su-
tures are illustrated in a comparative manner so as to
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Incisions

put into relief the existence of thin scalp, the presence
or absence of fontanel, and opened or closed sutures.
The very thin scalp, open fontanels, and sutures are
illustrated in Figure 2.1 A, thickening of the scalp and
disappearance of the fontanels are illustrated in Fig-
ure 2.1 B, and further thickening of the scalp with clo-
sure of the sutures are illustrated in Figure 2.1C.
Although use of the # 10 blade may be acceptable
in the adolescent, it is heavy, and consequently the cut
may be too deep for use in either the newborn or infant.
Depending upon the size of the toddler, either a # 10
or # 15 blade may suffice, but, by and large, the # 15
blade provides a greater degree of safety and precision.
When using either the # 15 or # 10 blade, apply simul-
taneous compression and retraction, compressing the
scalp with the pulp of the fingertips, and pulling the
scalp away from the line of incision. This allows the
surgeon to cut through the skin, dense connective tissue,
and the Galea to the level of the loose connective tissue
without incising periosteum. It is more important to
do this in the newborn and infant than in the toddler
because of the great vascularity of the periosteum in
the two former age categories. Also, in the newborn
deep cuts may not only penetrate the periosteum but,
at suture lines, may perforate the cranial and dural bar-
riers, cutting through to the cerebrum. Because of the
pathological thinness of the skull and scalp in hydro-
cephalic newborns and infants, particular caution must
be taken when incising the scalp in these children, lest
one cut through periosteum and suture. Suffice it to
remember that the sutures may be open from a few
millimeters to several centimeters, so that the suture
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line—namely, periosteum and the outer layer of the
dura—a purely membranous structure, is the only ana-
tomical barrier between Galea and the surface of the
brain.

Also, when attaining scalp hemostasis (during the
time of skin incision) by compression of the scalp, one
must take care to compress very gently, since the under-
lying skull is thin and fragile, susceptible to compression
fracture. Consequently, the pressure put upon the scalp
should be just enough to allow the surgeon, or his assis-
tant, to feel the underlying skull, so that, in this manner,
the underlying squamous bones will neither be fractured
nor pushed down upon the surface of the brain.

In the toddler, irrespective of the degree of intracrani-

Figure 2.1. The rclative thickness of scalp,
presence of fontanel, and state of the sutures
in the newborn, infant, and toddler. Notc that
in the newborn the skin, connective tissuc, and
aponeurosis (Galea) are quite thin, whereas
the fontanels and sutures are open. With pro-
gressive age, the skull thickens, the sutures
close, the periosteum and the outer layer of
the dura become rcadily scparable from the
skull. (A) Newborn: The skin and conncctive
tissue are very thin, and there is an abundance
of loose connective tissue, cxplaining the mo-
bility of the outer layers of the scalp, the peri-
ostcum, and bone. (B) Infant: The conncctive
tissue thickens and becomes more vascular, the
fontanels disappear, the sutures remain open
though they are firmly adherent to onec an-
other. (C) Toddler: Both skin and conncctive
tissue thicken, as does the aponeurosis (Ga-
lea). The sutures close, and the skull develops
readily indentifiable tables (outer and inner)
and diploé.

al pressure and the presence or absence of split sutures,
fully formed bone (with periosteum on its external sur-
face and outer layer of the dura on its parenchymal
surface) is interposed between the Galea and the brain.
Therefore, one may bring the cutting blade to the bony
surface.

In the toddler, juvenile, and adolescent, scalp com-
pression must be more forceful, so as to wedge smartly
the vessels within the loose connective tissue of the scalp
between the surgeon’s fingers and the skull.

Galea (Figures 2.3 to 2.7)
The application of Kolodny and Dandy clips (to the
Galea) for scalp hemostasis in the newborn and infant



Figure 2.2. (A) The incision line (7) has been drawn with a
marking pen. The full force of the compressing distal phalan-
ge’s pulp is exerted at the top (2): desirable; the pressure
and digital spread at the bottom (3) are not such as to assure
maximal hemostasis: undesirable. (B) Simultaneous compres-
sion and retraction with fingertips. Note that the fingers com-
pressing the scalp at the reader’s left are “‘cutting” into the
skin, with the compression being exerted entirely by the finger-
nail and fingertip. This is not as effective in occluding intrader-
mal vessels as when the pulp of the surgeon’s distal phalanx
is used, as illustrated on the reader’s right. The distance be-
tween fingers (at the right) is undesirable.
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Figure 2.3. (A) The lightweight (aluminum)-toothed Rai-
mondi clip. Note that the curvature of the tip is in the same
plane as the rings of the shank. (B) A cone-down view illustrat-
ing the serrated jaws with a toothed tip, designed to grip the
Galea.
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Figure 2.4. (A) The clips are applied to the Galea as the tooth
forceps is used to reflect the skin, dense connective tissuc,
and Galea in such a manner as to expose the cut Galea edge.
The interval between clips is approximately 4 mm. Note that
the applied clips are gathered into clusters (which are held
together with a rubber band). All of the clips have been ap-
plied to the edges of an S-shaped incision and collected into
clusters. These are then splayed over a sponge which scrves

is of no value whatsoever because of the relative enormi-
ty of these instruments, the thinness of the vessels within
the dense connective tissue between the skin and the
Galea, and the frailty of the Galea. Consequently,
toothed Galea clamps, specially designed for use in the
newborn and infant*, permit one to grasp the cut Galeal
edge without forcing the jaw of the clip into the dense
connective tissue. These clips are also advantageous in
that they are half the size of the Dandy or Kolodny
clamps, and they are made of light aluminum alloy.

* Codman (catalogue # 30-1360), Codman & Shurtleff, Inc., Johnson
& Johnson Company, Randolph, Massachusetts 02368.

to eliminate the risk of kinking the scalp. (B) The delicate,
toothed clips permit locking onto the Galea without damaging
the dense connective tissuc on skin. (C) Technique for apply-
ing the Galea clips, taking care to grasp only the Galca with
the jaws of the clip so as to avoid digging into the dense
connective tissue or penetrating the skin. (D) Same as C, but
a cone-down view.

They neither take up a great amount of space over
the small cranium nor weigh heavily on it.

After the clips have been applied to the Galea, at
approximately 4-mm intervals, and fastened to one an-
other by a rubber band, they may be used to retract
the scalp flap. Caution must be taken not to pull on
them, since the Galea in the newborn and infant is al-
most membranous and, consequently, may easily be
torn, allowing bleeding to continue. The clips are ap-
plied serially, at 4-mm intervals, and then fashioned
into a retractor, as they splay the scalp flap over an
underlying roll of gauze which both facilitates hemosta-
sis and prevents kinking of the scalp flap, something
that could result in devascularization of the flap.

D



Figure 2.5. The continuous overlapping suture is placed about
1 cm from the planned line of the skin incision. Placing it
obliquely provides greater vascular occlusion. (A-C) The pro-
gressive suture placement.
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Figure 2.6. The Rainey clips are placed so that they embrace
the skin and Galea, constricting the vessels within dense con-
nective tissue between their jaws. They have the advantage
of being lighter in weight and less bulky than the Galea clips,
permitting the surgeon to move more rapidly. Unfortunately,
they are so designed as to be of value only in adolescents,
not in younger children.

Figure 2.7. Saline is being injected into the dense connective
tissue between the skin and the Galea. If one chooses to use
this technique to minimize bleeding during the skin incision,
it is essential that the saline be injected into the dense connec-
tive tissue, not into the subGaleal space. The surgeon may
know that he is injecting into the dense connective tissue when
he finds that it is extremely difficult to inject the saline and
that the skin blanches. If he sees that the skin swells up from
the underlying skull, the fluid is being injected into the subGa-
leal space, where it will be of no value with regard to hemosta-
sis.
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Figure 2.9. The monopolar thermocautery unit cuts the peri-
osteum very effectively, minimizing periosteal bleeding. One

Besides the use of Galea clips, scalp bleeding may
also be controlied by inserting a continuous, overlap-
ping suture approximately 5 mm from, and parallel to,
the planned line of the skin incision before cutting the
skin. This is, in my opinion, a less desirable procedure
than application of Galea clamps, since it often results
in occluding proximal segments of the subGalea vessels
(branches of the frontal, superficial temporal, and oc-
cipital arteries). These vessels, if ligated, will not bleed
when they are cut. Therefore, they may not be coagu-
lated during the reflection of the scalp flap, presenting
the risk of subGalea bleeding after the scalp flap has
been closed. Rainey clips may be used in adolescents,
but are of no value in younger children because the
jaw closure is too wide. Some surgeons infiltrate the
dense connective tissue between the skin and the Galea
with saline, so as to compress the vessels and diminish
bleeding. This is of no value. It is also extremely difficult
in newborns and infants.

Loose Connective Tissue and Periosteum

(Figures 2.8 to 2.10)

After the skin incision has been made, the separation
of the Galea from the periosteum 1s quite easy and

Figure 2.8. Thc loose connective tissue () is cut with a # 15
blade, preserving Galea (2) and periosteum (3). The frontal
portion of a bifrontal flap is being scparated.

should use the sharp (A), not the flat (B), surface of the blade.

is very often completed by blunt dissection with a gauze
sponge to fray and tear loose connective tissue bridging
the two. This is rough and damages the tissue. More-
over, it causes bleeding from the Galea and the perios-
teum, tearing vessels within and between the two, tiny
vessels over a large surface area, which would escape
damage if a cutting blade were used. Blunt dissection
also disrupts adjacent tissue. In bifrontal flaps, for ex-
ample, tearing the periosteum and stripping it from the
underlying bone causes added bleeding from the bone
surface, frays intact periosteum which may be needed
at the end of the procedure for dural reconstruction,
and, most important of all, contuses or disrupts the
superior frontal branches of the facial nerves. This oc-
curs because these branches pass into the scalp at the
superior orbital rim, just as they exit the orbit through
the supraorbital foramen or groove. Temporal and pos-
terior frontal branches of the trifacial nerve may be
damaged within the loose fatty tissue just posterior to
the zygomatic process of the frontal bone. This causes
flattening of the scalp over the forehead and results
in an inability to raise the eyebrows.

One may save the frontal artery, nerve, and vein by
using sharp dissection of the loose connective tissue that



Figure 2.10. A periosteal flap, large enough to be sewn over
the frontal air sinus and onto the dura, so as to protect the
epidural space form empyema, is being fashioned. (A) The
periosteum has been incised. (B) A periosteal elevator is used
to separate periosteum from skull without fraying the former.
(C) The periosteal elevator is separating periosteum from the
superior orbital ridge without damaging the superior orbital
artery, nerve, or vein. (D) All of the periosteum has been in-
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cised and stripped from the skull along the planned cranio-
tomy line. (E) This is a view of the periosteal flap, illustrating
the technique for sewing it up to the drapes so that it may
be kept stretched—to avoid shriveling—throughout the opera-
tion. (F) This illustrates the incorrect technique for reflecting
the scalp flap: the periosteum should not be taken with the
Galea, since the free bone flap then is completely denuded
and healing impaired.
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Figure 2.11. (A) Line of incision (/) in temporalis muscle (2),
so as to minimize bleeding and facilitate anchoring bone flap
into position at the time of closure. The fascia of the tempora-
lis muscle has been cut about 3 mm from the superior temporal
line (3) and then reflected to show full thickness of the bipenni-
form temporalis muscle (4) . The cut fascial edges (5) will be
sewn together at the time of closure, avoiding the need to
perforate the bone flap edges. For orientation purposes, the
zygomatic process of the frontal bone (6), frontal process of
the zygoma (7), and zygomatic arch (8) are labcled. (B) The
temporalis muscle (7) has been cut improperly (2), since the
incision line extends from the frontal process of the zygoma (3)
posteriorly across the zygomatic arch (4) to the pterion (5),
and then superiorly to the superior temporal line (6). This
brings the incision through the most vascular portions of the

bridges the potential space between the periosteum and
Galea. Ifl this is done, the preparation of a periosteal
flap may be effected, since it is fully preserved.

The periosteum should be cut with the sharp, not
the flat, edge of the monopolar thermocautery unit.
Specifically, the periosteum may be incised 4 or 5 mm
distal to the supraorbital ridge and then stripped from
the frontal bone down to the supraorbital ridge, taking
care not to extend the dissection into the supraorbital
groove. In children old enough to have a developed
frontal air sinus, the periosteal flap is extended from

temporalis muscle, and, of still more negative and dangerous
value, cffectively devascularizes the mass of temporalis muscle
adherent to the skull. (C) Suggested technique for use of peri-
osteal elevator (1) to strip the periosteum from the greater
wing of the sphenoid (2) and squamous temporal (3) bones,
s0 as to avoid fraying the periosteum: cutting edge held firmly
and run parallel to muscle insertion. (D) The bipenniform tem-
poralis muscle (7) has becn dissected from the greater wing
of the sphenoid (2) and the squamous temporal (3) bones,
preserving the deep (4), intermediate (5), and superfical (6)
fascial layers. One may now appreciate the ease with which
a suture may be brought through the full thickness of the
temporalis muscle, to anchor it to the lip of periosteal and
muscular tissue 3 mm from the superior temporal line (7) at
the time of closure.

the glabellar region so as to preserve enough periosteum
to sew over the air sinus and onto the dura in the event
the air sinus is opened. This periosteal flap, if not used
to cover an opened air sinus, is then reapproximated
over the supraorbital ridge and sutured to the perios-
teum of the free bone flap at the time of closure, approx-
imating the periosteum to the craniotomy line and
bringing it over the burr holes. This assures complete
union of the free bone flap to the surrounding skull.
As will be described subsequently in the section on
craniotomy, the craniotome is not to be used to cut



Figure 2.12. Technique for retraction of the temporalis muscle
from the pterional region. (A) A suture is sewn through the
full thickness of the temporalis muscle, which is held with
a tooth forceps. (B) The suture is then brought over the surface
of the temporalis and sewn onto the same muscle immediately
over the zygomatic arch. (C) After the suture has been sewn
through the full thickness of the temporalis (1) and over the
zygomatic arch, it is drawn tautly to bring the flap of tempora-

bone because it produces a gutter that impairs healing
and leaves the cranial vault weak. Frontal, bifrontopter-
ional, temporal, and suboccipital flaps all necessitate
incising fascia and separating it, at one point (along
one line) or another from the periosteum with which
it is continuous. This provides an adequate amount of
tissue purchase for anchoring the free flap during the
closure.

Of great importance to healing and protection from
infection is leaving the periosteum on the bone flap,
since stripping it away with the Galea, dense connective
tissue, and skin devitalizes the bone completely by sepa-
rating it from all macro- and microvascular channels.
Preserving the periosteum on the bone flap, and incising
the fascia just before it passes into periosteum, assure
purchase for future closure without resorting to drilling
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lis (2) away from bones bordering the pterional region (3).
(D) Tying down the suture retracts the temporalis flap and
provides hemostasis, as it exposes the posterior surfaces of
the zygomatic process of the frontal bone (7), the frontal pro-
cess of the zygoma (2), the greater wing of the sphenoid (3),
the squamous temporal (4) and the pterion (5). For orientation
purposes, the zygomatic arch (6) is labeled.

holes. It also affords maximum protection against bone
(periosteal) bleeding and postoperative infection.

Temporalis Muscle (Figures 2.11 and 2.12)

When soft tissue preparation for reflection of the bone
flap entails incision of the temporalis muscle, this latter
may be performed in a relatively bloodless manner by
using a unipolar cutting blade to incise the fascia and
muscle immediately posterior to the zygomaticofrontal
suture. This cut should run superiorly for about 5 or
6 mm, and then extend posteriorly. It is run posteriorly
and parallel to the superior temporal line. If the incision
1s made at a distance of approximately 3 mm from the
superior temporal line the bleeding will remain minimal.
This provides the surgeon an adequate amount of fas-
cial tissue on the free frontal bone flap for purchase

D
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Figure 2.13. (A) After the skin incision is made and the Galea
clamps applied, the Bovie knife is used to cut through the
ligamentum nuchae from C-2 (7) to the inion (2). This permits
one to separate bloodlessly the erector capitis muscles from
one another. It is recommended that self-retaining retractors
not be used throughout this stage of the procedure because
they deform the normal anatomy and stretch cut blood vessels.
This latter often results in providing temporary hemostasis,
a distinct disadvantage, since the surgeon does not stop these
potential bleeders until the end of the operative procedure.
Those vessels that may have retracted into muscle may not
be completely clotted. This is a source of postoperative hema-

for the sutures, which will bring the temporalis muscle
back into anatomical position at the time of closure.
The temporalis muscle should not be cut through its
belly nor along its origin from the zygomatic arch. This
devascularizes it.

The periosteal elevator may then be used to sweep
the temporalis from its insertion onto the bones around
the pterion, exposing the frontal, parietal, squamous
temporal, and greater wing of the sphenoid. Retention
sutures may now be used to hold the temporalis muscle
flap away from the pterional area.

Erector Capiti Muscle (Figures 2.13 and 2.14)

Dissection of the erector capiti muscles and the trape-
zius from the lowest and highest nuchal lines results
in stripping the periosteum from the squamous portion

toma. (B) After the dissection has been brought to the perios-
teum and both the erector capitis and erector cervices muscles
(to the level of C-2) separated from one another, drapes are
sewn to the skin edges and the self-rctaining retractors are
applied. (C) Dissection of ercctor capiti and trapezius muscles
from the occipital bone: a monopolar thermocautery unit (/)
is used to cut the musculotendinous tissue (2) just proximal
to its bony attachment at the highest nuchal line (3); this is
done vertically first, and cxtended superiorly in the ligamen-
tum nuchae (4) to the inion (5) before small incisions are made
perpendicular to that cut (6). (D) The periosteal elevator is
being used to frec the left superolateral musculotendinous

of the occipital bone. If these are stripped with chopping
or sawing movements, it becomes impossible to reap-
proximate them at the time of closure, adding to the
deadspace and increasing the risk of fluid collection.
Reapproximation of the two muscle groups to one an-
other at the midline and of both to the skull at the
time of closure is greatly facilitated if the surgeon incises
the fascial insertion parallel to the highest nuchal line
and approximately 1 cm inferior to the inion. He may
then extend this incision lateralward on either side for
a distance of approximately 2 cm from the midline. It
allows one to strip completely the squamous occipital
bone of the erector capitis muscular attachments to the
inion, leaving four flaps of musculotendinous tissue for
closure. The stripping is then extended well lateral and
inferior to the lambdoidal sutures, as far as the digastric



flap (7) as high as the inferior portion of the inion (2). The
left (3) and right (4) inferolateral musculotendinous flaps have
already been freed. (E) The periosteal elevator is being used
to strip erector capiti muscles (7) from squamous occipital
bone (2) as far laterally as the digastric groove (3), exposing
the rim of the foramen magnum (4) and the mastoid pro-
cess (5). (F) Four musculoperiosteal flaps have now been sepa-
rated from the squamous occipital bone, exposing the external
occipital protuberance (f), rim of the foramen magnum (2),
and digastric grooves bilaterally (3).

grooves on either side, preserving musculotendinous in-
tegrity for complete anatomical osteomuscular recon-
struction at the time of closure.

Periosteum-Suture Lines

Within the limits imposed by the desired location and
size of the bone flap in a toddler (and especially in
an infant), it is preferable to dissect the periosteum
across the sutures when the line of carniotomy runs
perpendicular to them, but to leave the suture intact
when the line of craniotomy runs parallel. If the suture
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is left intact, the craniotomy edges of adjacent bones
(frontal-parietal, parietal-temporal, etc.) may simply be
lifted from their attachment to the suture line. Since
the outer layer of the dura is continuous with the perios-
teum at the suture line, it is not possible to separate
adjacent squamous bones as a single unit across a suture
line as one does in an adult.

If the dissection is extended across the suture line,
it should be blunt and performed with the use of a
periosteal elevator. Sharp dissection should only be per-
formed with a sharp-edged periosteal elevator (such as
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Figure 2.14. The closure that may be attained by preparing
four musculotendinous flaps. The line of closure is brought
superiorly along the ligamentum nuchae (/) to the left (2) and
right (3) inferolateral flaps, which are, in turn, closed. These
latter are then anchored to the left () and right (5) superolat-
eral flaps, thereby bringing the erector capiti muscles back
into anatomical position.

an Oldberg) or, at most, with a # 15 blade, using it
in a sweeping manner. Dissection of the periosteum in
this manner minimizes bleeding from the highly vascu-
lar suture line. Electrosurgical units should never be
used to cut across suture lines in newborn or infants:
the cutting effect may extend deeply into the intracrani-
al compartment, possibly damaging vascular or paren-
chymal tissue.

In the newborn, as will be described in Chapter 4,
it is much simpler to use a heavy scissors, such as a
Mayo, to cut suture or bone.

Specific Incisions for Surgical Approaches

The individual skin incision (bifrontal, suboccipital,
temporal, etc.) is planned so as to expose completely

the desired skull area for the craniotomy. Consequently,
the nomenclature for skin flaps is generally, but not
invariably, identical to that used for bone flaps. Excep-
tions to this general rule are the frontal skin flap for
both medial and lateral frontal craniotomy, the para-
sagittal skin incision for biparietal bone flaps or sagittal
suture resection, the occipital skin incision for medial
or latral occipital craniotomy, the hemispheral skin inci-
sion for frontotemporoparietooccipital craniotomy.
The frontal and bifrontal skin incisions, and flaps, are
used for access to the orbit(s).

Bifrontal Incision (Figures 2.15 and 2.16)

The bifrontal skin incision permits complete exposure
of the frontal bone, as well as the squamous portion
of the temporal and the greater wing of the sphenoid
bones, a bifrontopterional bone flap.

Draping. Draping the child for this bifrontal skin inci-
sion should be such as to permit covering the supraorbi-
tal ridges on either side, over the glabella in the midline,
and down the lateral edges of the frontal processes of
the zygomas as far inferiorly as the malar bones. One
then proceeds posteriorly, along the inferior edges of
the malar bones and the zygomatic arches, as far as
the antitragus of each ear. A single drape may then
be brought across the scalp in the coronal plane, extend-
ing from the antitragus on one side, around the attach-
ment of the helix of the ear posteriorly, and then across
from side to side (in the coronal plane) from the base
of one mastoid process to that of the other.

Before planning the skin incision, one should identify

the sagittal plane and the significant bony, suture, and
muscular landmarks.
Incision. This bifrontal skin incision extends behind the
hairline, from one zygomatic arch to the other, begin-
ning approximately 8 mm anterior to the apex of the
antitragus, just enough to avoid cutting into the exter-
nal auditory canal (which courses anteriorly and slightly
inferomedially beneath and deep to the antitragus). Fol-
lowing the hairline from the lateral to the superior sur-
faces of the head gives the skin incision a smooth poste-
rior curvilinear swing, which then turns anteriorly as
the sagittal plane is approached. This incision permits
preservation of the main trunk of the superficial tempo-
ral artery and its anterior branch, as well as the frontal
nerve. It allows the surgeon to reflect the scalp anteroin-
feriorly as far forward as the zygomatic processes and
supraorbital ridges of the frontal bone, exposing com-
pletely the glabella, and as far inferiorly, on either side,
as the zygomatic arches, so as to expose both the squa-
mous temporal and greater wing of the sphenoid bones.
After dissecting the Galea from the periosteum, one
may reflect the scalp posterior to the coronal suture.
Thus, the entire frontal bone may be lifted off, en bloc,
with both pterional areas coming away with the single
bone flap.



Figure 2.15. (A) If the skin incision () is made a few milli-
meters behind the hairline (2), it both hides the scar and,
because of the horseshoe form it takes in approaching the
sagittal plane (3), assures complete exposure of the frontal
bone and the pterional regions bilaterally. Extending the bi-
frontal skin incision from one antitragus (4) to the other per-
mits exposure of the pterional region (5), the zygomatic

Figure 2.16. The surgeon’s view of the bifrontal skin flap
shown from the right. The skin incision (7) is represented
by a broken line. Note the fanning of the temporalis muscle (2)
and its insertion along the superior temporal line (3). The burr
holes and craniotomy line (4) are drawn onto the scalp to
permit the reader to observe that the bifrontal skin incision
is placed so as to permit anterior superior reflection of the
scalp from the frontal bone and its posterior inferior reflection
over the coronal suture. Note that the skin incision is extended
to, but not across (5), the zygomatic arch (6), thus greatly
facilitating anterior superior reflection of the scalp over the
orbital rims.
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arches (6), the supraorbital rims (7) and glabella (8), and the
lateral orbital rims (9). Hence, bifrontopterional exposure.
(B) Bifrontal skin incision viewed obliquely with the child su-
pine. This view permits the reader to appreciate the cxposure
of the posterior frontal (1) and anterior parietal (2) bones, and
the coronal (3), sagittal (4), and squamosal (5) sutures.
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Figure 2.17. The skin incision for a unilateral frontal cranio-
tomy is extended across the midline to the parasagittal plane
running through the center of the opposite orbit (7), just me-
dial to the frontal eminence (2).

Frontal Incision (Figure 2.17)

The frontal skin flap is used for medial and lateral fron-
tal craniotomies, permitting equally desirable access to
the glabella, zygomatic process of the frontal bone, pter-
ton, and coronal suture.

Draping. The draping recommended for a frontal skin
incision is the same as for the bifrontal skin incision,
since it permits the surgeon immediate access to the
opposite side if the need arises and he chooses to pro-
ceed with a bifrontal craniotomy.

Incision. The frontal skin incision is identical to the
bifrontal incision, with the exception that it is extended
only to the parasagittal plane running through the
center of the opposite orbit.

Frontoparietal Skin Incision for

Frontoparietal Burr Holes (Figure 2.18)

If one considers that it is often necessary to reflect a
frontotemporoparietal skin flap so as to perform a fron-
toparietal craniotomy after frontoparietal burr holes
have been placed, the desirability of planning skin inci-
sions for frontoparietal burr holes which may be extended
into a skin flap becomes clear. Therefore, curvilinear
skin incisions for frontoparietal burr holes are prefera-
ble because they may serve as either limb of the fronto-
temporoparietal flap if this becomes necessary.

Figure 2.18. The incisions for thc frontal and parietal burr
holes arc marked with the solid lines. The interrupted lines
indicate cxtension of the skin incision to permit reflection of
a frontotemporoparietal flap if the operative findings suggest
this to the surgeon. The superficial temporal (1) and small
branches of the occipital (2) arteries are included in the flap
to assure healing without necrosis along the flap’s edges.

Draping. The draping for frontoparietal burr holes
should be such as to permit parietal, temporoparietal,
and frontotemporoparietal craniotomies. One drape is
placed with its edge along the sagittal plane, from the
glabella to the inion. The other is placed across the
side of the scalp, from posterior to anterior, extending
from the base of the mastoid bone, around the insertion
of the helix of the ear, over the zygomatic arch to the
malar bone, and then along the zygomatic process of
the frontal bone and over the supraorbital ridge to the
glabella.

Incision. The anterior skin incision is curvilinear, with
convexity facing anteriorly ; the posterior incision is also
curvilinear, but with convexity facing posteriorly. This
curvilinear incision permits placement of the self-retain-
ing retractor so as to expose the underlying skull for
the burr holes. In the event the surgeon finds it desirable
to reflect a parietal flap, the superior aspects of the
anterior and posterior incisions are simply connected.
The skin incision is then extended inferiorly along either
limb to the proper level, depending upon how low one
finds it necessary to proceed. Since the incisions may
readily be brought posterior to the occipital artery and
anterior to the superficial temporal artery, one need
not be concerned about scalp necrosis, even if he
chooses to go as far inferiorly as the zygomatic arch



in order to perform a temporal craniotomy/craniec-
tomy.

Frontoparietal Incision for Posterofrontal

or Anteroparietal Lesions (Figure 2.19)

Lesions within the posterior frontal or anterior parietal
areas are approached through a frontoparietal flap.
Incision. The skin incision extends from approximately
1 cm anterior to the antitragus superiorly and medially
behind the hairline, to just across the midsagittal plane.
It is then run posteriorly to the midcoronal plane of
the head: the plane running through the external audi-
tory canals, not the coronal suture. (The awake patient
may be tested for the location of this plane simply by
using a pinwheel and asking him to tell you when he
feels the pin in front and when he feels it in back.)
It is then curved broadly back to the original side and
extended as far inferiorly as the superior temporal line.

Parietal Incision Figure 2.20)

The parietal skin incision permits access to the entire
parietal bone, from coronal to lambdoid and from
sagittal to parietotemporosphenoidal sutures. Thus one
may reflect a medial (superior) parietal bone flap for
access to the superior sagittal sinus and the falx, or
a lateral (inferior) parietal flap for access to the convex-
ity of the parietal lobe and posterior portion of the
Sylvian fissure.

Draping. The draping should extend in a sagittal plane
from the contralateral zygomatic process of the frontal
bone, first superiorly, then posteriorly, and finally infe-
riorly to the base of the mastoid. It should be brought
across the operative side, extending along the highest
nuchal line to the base of the mastoid. From here it
is run horizontally, over the ear, to the zygomatic pro-
cess of the frontal bone, before proceeding over the
frontal eminence on the operative side to the frontal
eminence and zygomatic process of the frontal bone
on the contralateral side.
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Figure 2.19. For frontoparietal flaps the anterior limb of the
skin incision is identical to that for frontal flaps, but the medial
limb curves posteriorly (contralateral to the midsagittal plane)
to the midcoronal plane of the head, where it is redirected
inferiorly and then back over the original side (7). This incision
is extended posteroinferiorly to the superior temporal line.
A trapezoidal bone flap (2} is marked off and a posterior fron-
tal lesion (3) is drawn in.

Incision. The skin incision preserves both the superficial
temporal and occipital arteries. It extends behind the
hairline from just above the pterion to 1 cm across the
midsagittal plane, where it turns posteriorly, always
running parallel to the midsagittal plane, before being
swung back to the operative side behind the parietal
eminence and then extended inferiorly and posteriorly.
This incision provides a wide pedicle, access to the en-
tire parietal bone, and exposure of the sagittal suture.

Parasagittal Incision (Figure 2.21)

The parasagittal incision offers excellent exposure of
the superior surface of the posterior portion of the fron-
tal bone, and the entirety of the medial aspects of the
two parietal bones. Thus, the sagittal suture and the
medial third of the coronal and lambdoidal sutures may
be exposed.

Draping. Draping for the parasagittal incision should
consist of laying towels across a line drawn from one
frontal eminence to the other anteriorly, from the fron-
tal to the parietal eminences on either side, and from
the base of one mastoid process to the other posteriorly.
Incision. The parasagittal incision is convenient for bi-
parietal craniotomies and sagittal suture resection.
(Lowering of the superior sagittal sinus, however, ne-
cessitates an extension from the convex portion of the
anterior limb of the S-shaped parasagittal incision, as
indicated in Figure 2.23 B by the broken line.) The sur-
geon should take care to assure the gentle curvilinear
course of the parasagittal incision, rather than cutting
sharp angular routes: the former guarantees adequate
blood supply to both aspects of the flap; the latter puts
the extremities of the flap at risk to necrosis. The flap
itself is begun behind the hairline at a point posterior
to the frontal eminence on one side, and then extended
gently toward the contralateral side before being turned
back on itself and extended across the midline. Finally,
it is brought onto the contralateral side.
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Figure 2.20. The parietal skin incision, as viewed from the
lateral (A) and posterior oblique (B) perspectives, shows the
frontal (1), parietal (2), and mastoid (3) eminences, the superi-
or temporal line (4) and zygomatic arch (5), the superficial
temporal (6) and occipital arteries (7), and the coronal (8)
and sagittal (9) sutures. (C) This perspective, from the vertex
of the skull, illustrates extension of the medial limb of the
skin incision (1), which has been extended onto the contralat-
eral side of the sagittal plane (2). (D) For an inferior parieto-
temporal flap, the incision begins about 2 cm above and
1.5 cm anterior to the antitragus. It then remains behind the

D

hairlinc as it is extended superiorly to a level 2 cm above the
superior temporal line and is run posteriorly behind the parie-
tal eminence and then inferiorly to the base of the mastoid.



Figure 2.21. (A) This shows the line of the sinusoidal para-
sagittal skin incision with the child in the supine position,
as he would be during the operative procedure. The broken
line indicates extension of the incision along the squamous
occipital area, from right to left. (B) This drawing illustrates
the importance of bringing the posteroinferior extremity of
the incision beneath the lambdoidal suture (7), a matter of
particular importance when performing a resection of the
sagittal suture in children with sagittal synostosis. It also illus-
trates the extension (2) that must be made if one wishes ade-
quate exposure to lower the superior sagittal sinus. (C) The
placement of towels beneath the child’s shoulders and neck
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(so as to bring the inion into casy working distance), the co-
ronal (I) and lambdoidal (2) sutures, and the open anterior
fontanel (3). The S-shaped incision (4) begins just in front
of the coronal suture on the left, crosscs to the right wherc
it is gently curved, bringing it back to the parietal eminence
on the left, from whence another curve is begun. This latter
brings the incision across the inion and beneath the lambdoi-
dal suture on the right. (D) This perspecctive permits one to
identify the coronal suture and the anterior fontanel, so as
to appreciate the course of the anterior limb of the skin inci-
sion and the swinging of the posterior limb beneath the inion
and lambdoidal suture. The labeling is the same as in C.
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Temporal Incision (Figure 2.22)

Temporal incisions are used to expose the temporal
lobe, either in its entirety or, separately, its anterior,
medial, or posterior portions. The temporal skin flap
may be placed anteriorly if one wishes to expose only
the anterior portion of the temporal lobe, or posteriorly
for its posterior portion. A greater space between the
anterior and posterior limbs of the incision permits full
exposure of the temporal lobe. The important consider-
ation is that the temporal skin incision must bring the
surgeon over the full fan of the temporalis muscle, per-

B

Figure 2.22. Relative location of cxtra- and intracranial P

branches of the external carotid vessels. (A) The posterior ob-
lique view illustrates relative locations of the temporalis mus-
cle (1), antitragus (2), superficial temporal (3) and occipital
(4) arteries, zygomatic arch (5), and occipitotemporoparictal
sutures (6). Note the insertion of the fan of the temporalis
muscle along the superior temporal line (7). (B) This straight
lateral view, with temporalis muscle removed, shows the rela-
tive location of superficial temporal (1), middle meningeal (2),
and occipital (3) arteries. (C) Incision line for exposure of the
anterior temporal lobe. (D) This illustrates a wider, more pos-
terior sweep of the incision, extending it downward bchind
small branches of the occipital artery, for exposure of the
middle portion of the temporal lobe. This incision preserves
both the superficial temporal and occipital arteries within the
flap pedicle. (E) This incision linc descends more posteriorly
behind small branches of the occipital artery for exposurc
of the middle and posterior portions of the temporal lobe.
(F) This flap permits one to perform an enlarged temporal
craniotomy.

mitting him to reflect on osteoplastic instead of a free
temporal bone flap. It is injudicious to reflect a free
flap when given the option of reflecting an osteoplastic
flap, since the latter affords greater protection against
physical and bacterial noxae. Exposure of the greater
wing of the sphenoid, the squamous portion of the tem-
poral bone, the inferior portion of both the frontal and
parietal bones, is possible through temporal skin inci-
sions.

Draping. Draping for a temporal flap should include
placement of a towel in the sagittal plane, from the



frontal to the parietal eminences. The inferior drape
extends from the frontal process of the zygoma, along
the zygomatic arch to the antitragus. Then it runs
around the insertion of the helix of the ear onto the
scalp, down to the mastoid process and across the base
of the skull to the superiorly placed drape.

Integrity of flap vascularization is assured by respect-
ing the superficial temporal and anterior branch of the
occipital arteries. The illustration shows the incision
line, reflected flap, temporalis muscle, superficial tem-
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poral and occipital arteries, permitting one to visualize
the difference between free and osteoplastic bone flaps:
portions of the frontal, parietal, squamous temporal,
and greater wing of the sphenoid bones may be seen
beneath the temporalis muscle as they would be re-
flected with an intact muscular insertion.

Incision. The incision runs from the zygomatic arch,
8 mm anterior to the posterior spur of the antitragus,
behind the hairline superiorly and anteriorly with a gen-
tle posterosuperior curvature, along the superior tempo-
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ral line, to just beneath the parietal eminence, where
the incision turns inferiorly once more, extending to
the base of the mastoid bone. In this manner, both
the superficial temporal and occipital arteries may be
spared. Small and large temporal skin incisions may
be made with the former by cutting anteroinferiorly
to the occipital artery, and with the latter by cutting
posteroinferiorly behind the occipital artery.

Occipital Incision (Figure 2.23)

The occipital skin incision is placed for exposure of
the posterior portion of the parietal bone and the most
superior portion of the squamous occipital bone, as well
as the inion, the posterioinferior portion of the sagittal
suture, and the entirety of the homolateral lambdoidal
suture. There are medial and lateral incisions, depend-
ing upon whether one wishes access to the falx and
pineal region, or to the convexity of the occipitotem-
poral lobes.

Draping. Draping for either incision should parallel the
incision line and extend across the base of the skin flap,
allowing approximately 3 cm on all sides of the skin
flap.

Incision. The medial incision extends from the inion:
first, superiorly across the contralateral side of the sagit-
tal suture, and then, horseshoe fashion, to the parietal
eminence, before proceeding inferiorly to the base of
the mastoid bone. This assures integrity of the occipital
artery. One lateral incision extends from just lateral to
the torcular Herophili superiorly, and parallel to the
superior sagittal sinus to over the parietal eminence.
It is then extended inferiorly and anteriorly to just
above the helix.

Suboccipital Incision (Figures 2.24 and 2.25)
Suboccipital skin flaps may be either medial (midline)
or lateral, depending upon whether one must reflect
the squamous portion of the occipital bone for a vermis
tumor (medial), a cerebellar hemisphere or pontocere-
bellar angle tumor (lateral). The medial incision permits
exposure of either the inferior cerebellar triangle (be-
neath the great horizontal fissure of the cerebellum)
or the superior cerebellar triangle (above the great hori-
zontal fissure of the cerebellum). The lateral incision
permits a craniotomy, exposing the most lateral portion
of the cerebellar hemisphere and the pontocerebellar
angle.

Draping. Draping for both the midline and lateral inci-
sions should allow for exposure of the skin to approxi-
mately 3 cm to either side of the incision.

Incision. The midline skin incision extends from ap-
proximately 1 cm above the inion to C-6. The lateral
suboccipital incision extends from just above the lamb-
doidal suture down to the level of C-5, in a parasagittal
plane, midway between the midline and the mastoid
process.

Combined Supra- and Infratentorial Incision

(Figures 2.26 and 2.27)

Draping. The draping is for a lateral suboccipital inci-
sion beneath the horizontal line of the base of the mas-
toid, and for an occipital incision above this line.

For such tumors as meningioma, acoustic neuroma,
and glomus jugulare, which may grow within the supra-
and infratentorial spaces as independent tumors, dumb-
bell tumors growing on either side of the tentorium,
or particularly large extraparenchymal tumors extend-
ing into the supratentorial compartment from the pon-
tocerebellar angle or into the posterior fossa from the
rim of the tentorium, one of two combined supra- and
infratentorial incisions may be used:

1. For lesions involving the tentorium, a question-mark
incision can be used, whose vertical limb extends su-
periorly from approximately the level of C-4 to the
inion, and whose curvilinear limb extends anterior
to the parietal eminence and then inferiorly to over
the temporalis muscle. It is not necessary for the verti-
cal imb to be located in the midline. In fact, since
tumors that extend into both the supra- and infraten-
torial compartments either grow from the tentorium
or from the pontocerebellar angle, much is in favor
of the vertical limb being located midway between
the midsagittal plane and the apex of the mastoid
bone.

2. Access to glomus jugulare tumors also requires consid-
eration of a supra- and infratentorial flap. However,
since the glomus jugulare tumor begins within the
temporal bone, it is cssential to place the skin incision
so as to have access to the mastoid, petrous, squamo-
sal, and styloid portions of the temporal bone. A
“sine-wave’’ incision is used.

Hemispheral Incision (Figure 2.28)

The hemispheral skin incision permits the surgeon to
expose half of the frontal and occipital bones and the
entirety of the parietal bone, as well as portions of the
greater wing of the sphenoid and the squamous tempo-
ral bones. This incision is used for hemispherectomies
or hemicranial decompression.

Draping. The draping runs in a sagittal plane from the
center of the contralateral supraorbital rim posteriorly
to the highest nuchal line, then along this line to the
base of the mastoid process on the operative side. From
here, it is run around the insertion of the helix of the
ear to the zygomatic arch, then along the lateral and
superior rims of the orbit, medially, over to the opposite
side.

Incision. The incision extends from the zygomatic arch
approximately 8 mm anterior to the posterior spur of
the antitragus, behind the hairline, and across the mid-



Figure 2.23. (A) The medial occipital skin incision, viewed
posteriorly. The inion (1), torcular Herophili (2), transverse
sinus (3), and occipital artery (4) are shown beneath the skin
incision. (B) A child in whom the incision depicted in A was
made. The electrodes for MEP’s have been placed (7). The
superior sagittal sinus (2), torcular Herophili (3), and trans-
verse sinus (4) are drawn in as are the lambdoidal (5) and
most inferior portion of the sagittal (6) sutures. The incision
line is marked off (7). (C) The lateral occipital skin incision,
viewed obliquely to appreciate extension of the lateral limb
of incision anterior to the sigmoid sinus (/) at the pneumatized
portion of the mastoid process (2), has a base across the trans-
verse sinus (3) and crosses over the parietal eminence (4).

Incisions
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Figure 2.24. (A) The significant landmarks for a suboccipital
craniotomy have been drawn in. They are the torcular Hero-
phili (7), the transverse sinus (2), the superior sagittal sinus (3),
the lambdoidal suture (4), the rim of the foramen magnum (5),
and the projection of the occipital condyles (6). Visual concep-
tualization of these landmarks permits onc to plan appropri-
ately for exposure of foramen magnum and inferior and supe-
rior cerebellar triangle lesions. (B) The skin incision (broken
line) has been drawn in. It extends from the inion to the level
of C-7. (C) The skin incision (black line) is shown in this trans-
parency drawing of the skull and cervical vertebral column,
as seen from the surgeon’s point of view. The incision’s center
is at the rim of the foramen magnum (7), its upper extremity
at the inion (2), its lower extremity at about C-7 (3). One may
envision that retracting it (4), and the underlying crector capi-

tis and cervicis muscles, as far laterally as the digastric
grooves (5), exposes the entire squamous occipital bone (6),
the atlantooccipital membrane (7), the arch of C-1 (8), and
the bifid spinous proccss of C-2 (9). The retracted skin and
erector capitis muscles are indicated (—e—), as is the retracted
skin (---) inferior to the level of the foramen magnum. It
is not necessary to dissect the erector cervicis muscles from
C-2, C-3, C-4, etc. (D) This oblique transparency drawing per-
mits onc to envision the curvilinear course of the skin incision
from over the squamous occipital bone, onto the cranioverte-
bral junction, and then along the spinous processes of the
upper cervical vertebrae. The retracted tissue is indicated as
in Figure 2.27C. The vertebral artery, and thc entrance of
Batson’s plexus into the dural sinuses is at the most lateral
exposurc of the field (arrows).

B
>
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Figure 2.25. The lateral suboccipital skin incision is illustrated
diagrammatically, here from an oblique view, in a transpar-
ency drawing. The incision extends from above the transverse
sinus (7), across the junction of horizontal and vertical seg-
ments of the squamous occipital bone (2), and down to the
level of the base of the neck (3). The incision is placed midway
between the posterior rim of the foramen magnum (4) and
the mastoid process (5).
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Figure 2.26. (A) The question-mark skin incision for com-
bined supra- and infratentorial approach to the tentorial ring
at the anterior clinoid and the pontocerebellar angle is herein
illustrated, photographed from the anterior lateral perspective.
Note that the vertical limb of the skin incision (/) runs midway
between mastoid eminence (2) and the posterior rim of the
foramen magnum (3). It crosses the transverse sinus (4), and

then curves anterior to the parietal eminence (5), to end at
the pterion (6). (B) The temporoparietooccipital portions of
the scalp flap have been reflected inferiorly, and retracted from
the ficld with the usc of rctention sutures (7). A self-retaining
retractor (2) has been placed between the cut segments of
the erector cervicis and erector capitis muscles. The coronal
suture (3) and parietal eminence (4) are already exposed.



Figure 2.27. The ‘“‘sine-wave” incision has been marked off.
Note that it extends from the angle of the mandible, posterior-
ly to the mastoid apex, and then superiorly to the base of
the mastoid, before turning anteriorly across the occipital and
parietal bones to curve over the superior temporal line. This
allows one to retract scalp, cervical skin, and ear anteriorly;
and scalp posteriorly, thus exposing the mastoid bone and
permitting entrance into the petrous bone. Once these bones
are removed, one has visualization of the sigmoid sinus, trans-
verse sinus, the supratentorial and infratentorial compart-
ments.

Figure 2.28. Placement of the skin incision for an hemispheral
craniotomy.
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line to the contralateral side. It is then brought back
to the homolateral side and run approximately 1 mm
lateral to the sagittal suture, across the inion and down
to the external occipital protuberance. This assures ade-
quate exposure and preservation of the integrity of the
superficial temporal and occipital arteries.

Laminotomy (Figure 2.29)

Multiple-level laminectomies are an acceptable surgical
approach to spinal cord lesions in adults, not young
children. In most adult patients the procedure is not
followed by instability of the spine. In children, how-
ever, multiple-level laminectomies may cause kyphosis,
scoliosis, anterior subluxation, and instability of the cer-
vical, thoracic, or lumbar spines. The development and
physiological anatomy of laminectomy and laminotomy
are discussed later, under those headings.

Draping. The draping is simple, paramedian, exposing
the sagittal plane, and 2 cm laterally on either side.
Incision. The skin incision is midline, extending the full
length of the planned laminotomy plus 4 cm cephalad
and 4 cm caudad. If one is operating on a neuroma
that extends into both the spinal canal and either the
retropleural or retroperitoneal spaces, a ““hockey stick”
incision is ideal. Its short limb is placed over the spinous
processes, the long limb extended, with a curvilinear
arch, over the rib cage or abdominal wall.

Several structures provide for the stability of the spi-
nal column: intervertebral joints, laminae, ligamentum
flavae, spinous processes, interspinous and suprasinous
ligaments, and paraspinal muscles. In the adult, stability
depends mostly on the intervertebral joints, while the
role of the other structures is relatively less important.
The vertebrae of the child are developing structures for
which balanced mechanical stimulations are necessary
to ensure normal growth. Spinal deformity and/or in-
stability result from conditions in which bone and liga-
mentous deficiencies or neuromuscular imbalances oc-
cur. Such conditions may be caused by multiple lamin-
ectomies that destroy growing bony structures (laminae
and spinous processes), that separate interlaminar and
interspinous ligaments from adjoining vertebral arches,
and substitute scar tissue for insertion of paraspinal mus-
cle masses onto the laminae and spinous processes.

After the skin incision has been made and clips ap-
plied to the subcutaneous connective tissue, the very
thin paraspinous muscles are cut from their insertion
along the midline of the vertebral arch and the stripped
free.

Muscle and ligamentous attachments are separated
from the spinal arches, leaving the periosteum and in-
terspinous ligaments intact. The dissection is carried
laterally to just beyond the articular facets, with care
being taken not to open into the joint or strip the capsu-
lar ligaments. The closure is facilitated if one leaves
a ruffle of muscle and ligament on the spinal apophyses.
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Figure 2.29. (A) The skin incision has been madc and clips
applied to the subcutancous tissue. The very thin paraspinous
muscle mass (/) is incised at its point of attachment to the
midline of the posterior vertebral arch (from which the spinous
processes will develop), taking carce to incisc along the full
width of the spinous processes (2). (B) The periosteal elevator
has been used to strip the paraspinous muscles from the spi-
nous arch of an infant (note the very small spinous processes).
There is almost no resistance to the use of the periosteal cleva-
tor, since the paraspinous muscles attach along the median
plane, not to the laminac. (C) The thoracic (/) and lumbar
(2) *"hockey stick ™ incisions permit access to the costotrans-
verse and transverse processes, respectively, as well as the spi-
nal canal, retropleural, or retroperitoneal spaces. Single stage
resection of dumbbell neurofibromas is possible with these
hockey-stick incisions.

B



Figure 2.30. (A) At the time of closure, the frontal (bifrontal)
flap is put back into position, and the temporalis muscle reten-
tion sutures are removed. The muscular (7) and bony (2) edges
of the cut temporalis insertion along the superior temporal
line will be used to anchor the frontal bone flap back into
place. (B) The muscular (7) and bony (2) edges of the tempora-
lis muscle are being sewn to one another at the posterior rim
of the zygomatic process of the frontal bone (3), over the
“keyhole” burr opening. (C) The last suture is being placed
through full thickness (all three layers) of the temporalis mus-
cle (1) and the periostcum adherent to the superior temporal
line (2).

In newborns and infants, there is no or very little spi-
nous process, and the laminae are both narrow and
thin. The paraspinous muscle masses are minuscule.
Hence one should use a small periosteal elevator to
separate the paravertebral muscles from the vertebral
arches, which are encountered immediately the incision
is made.

Closure

Cranial Closure

Fascia and Muscle Closure (Figures 2.30 and 2.31)
Temporalis Muscle

The temporalis muscle is a bipenniform structure, con-
sisting of two muscular bundles and three fascial planes.
Specifically, there are (1) an outer musculofascial layer,
(2) an intermediate fascial layer, and (3) an inner mus-
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culofascial layer. Bleeding from muscular tissue and
transected vessels located within either the inner or out-
er muscular layers is a common occurrence. One may
assure adequate hemostasis only by being certain to
include all three fascial layers of the temporalis muscle
in the suture.

Erector Capitis Muscles

After the suboccipital bone flap has been secured in
position, one should extend slightly the head of the
child prior to closing the muscular layers in the suboc-
cipital area. This facilitates reapproximation of the erec-
tor capitis fascial and muscular tissues that had been
preserved at the time of opening (Fig. 2.13, 2.14). Since
it is not necessary to remove the erector cervicis muscles
from the spinous processes of C-2, C-3, and so on in
order to attain excellent exposure of the posterior fossa,
one has only to reapproximate the two cut edges of



68  Incisions

Figure 2.31. The erector capitis muscle masses have been reap-
proximated and sewn together in the area extending from over
the squamous occipital bone (7) and C-2 (2). Also, the fascia
from these masses (3) has been sewn to the periosteum, which
was left intact, and attached to the squamous occipital bone
at the external occipital protuberance (4). The tissuc forceps
holds the fascia of the right erector capitis muscle, which is
being brought over the replaced osteoplastic bone flap (5)
to be sewn to the fascia on the left.

the ligamentum nuchae, starting inferiorly and working
superiorly, bringing the trapezius and erector capitis
muscles from both sides together at the midline, and
continuing this closure superiorly. The horizontally
transected musculofascial tissue, about 1 cm beneath
the external occipital protuberance, may be closed at
this time.

Skin Closure (Figure 2.32)

The skin closure should proceed one section at a time,
taking care not to remove all the Galeal clips at one
time because this results in excessive bleeding, which, for
the younger child, may cause an unacceptably large vol-
ume of blood loss in a brief period. A section of approxi-
mately 4 cm at a time is quite safe. After the Galeal
clips have been removed, a search should be made for
noncoagulated vessels lying along the undersurface of
the Galea. When these have been individually coagu-
lated, the skin may be closed. Avoid coagulating bleed-
ing vessels within the dense connective tissue, since this
may result in necrosis of the skin edges.

Burying of sutures by using an independent Galeal
closure results in their extrusion, especially in the new-
born and infant. Consequently, Galeal closure may be
assured by the use of the Cloward stitch, which allows
the surgeon to close the Galea and skin in a single,
removable stitch. In order to place the Cloward stitch,
run the suture through the full thickness of the skin,
through the Galea, on the free edge of the flap, and
then proceed to sew only the Galea on the opposite
side. Return now to the previous side to pick up only
the Galea, and then bring the needle through the full
thickness of the skin on the opposite side. The skin
edges are now brought together by drawing the two
ends of the stitch tightly. This completes the Cloward
stitch.

Though this stitch effectively closes the Galea and
skin, it does not assure approximation of the two edges
of the epidermis. Consequently, the author recommends
completing the Cloward stitch and then continuing,
bringing the needle through epidermis from the an-
chored to the free side before tying the knot.

The skin flap closure, as the dural closure, is per-
formed by tying sutures on either side of the flap alter-
nately, and by inserting the sutures at approximately
4-mm intervals on the free side and 5-mm intervals on
the anchored side. This technique provides proper ap-
proximation of skin edges when the flap is curvilinear.
For closure of straight incisions, one should maintain
the same interval on either side.

Laminotomy (Figures 2.33 and 2.34)

Muscles and Fascia Closure

The paraspinous muscles are allowed to fall into place
by removing the self-retaining retractor. Then the mus-
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Figure 2.32. Technique for the Cloward suture, which closes the Galca and the
skin without necessitating burial of suture material. (A) The needle is brought
through the full thickness of skin (), dense connective tissue (2), and Galea (3).
(B) The needle is brought only through the Galea (1) of the opposite side, pene-
trating the dense connective tissue (2), but not the skin (3). (C) The needle is
brought back to the original side and inserted through the dense connective
tissue (/) and full thickness of the Galea (2). (D) It is then returned to the oppo-
site side to perforate the Galea, dense connective tissue, and skin. (E) One then
has suture entering skin on the left, drawn through dense connective tissue
and the Galea on both sides and the exiting skin on the right. (F) Passage
of the suture through the epidermis of the two sides, thus completing the single
suture technique for closure of the Galea, dense connective tissue, and skin,
an addition to the Cloward suture I recommend for children.
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Figure 2.33. Postoperative kyphoscoliosis in a child who has
had a laminectomy.

cles are sewn down to the interspinous ligaments of
the anchored laminar flap as well as to those above
and below the laminotomy. This reapproximates the
paraspinous muscles, interspinous ligaments, spinous
processes, and laminae, restoring anatomical continuity
between them. Very likely, this reapproximation is re-
sponsible for avoiding the postoperative scoliosis so
commonly observed in children with laminectomy for

Figure 2.34. Lateral cervical spine film of a child on whom
an extensive (see Fig. 2.7) cervical laminotomy had been per-
formed. No malalignment is present.

spinal cord surgery, since it assurcs uniform muscular
pull on the spinal column after healing has been com-
pleted. Postoperative scoliosis is uncommon following
laminotomy.

Skin Closure
The skin over the spinal column is closed with mattress
sutures.



“Who makes the Past, a patterne for next yeare,
Turnes no new leafe, but still the same things reads,
Seene things, he sees againe, heard things doth heare,
And makes his life, but like a paire of beads.”

JoHN DONNE
Verse Letters: to Sir Henry Goodyere



Chapter 3

Burr Holes and Flaps

Unfortunately, the terminology of anterior fossa, mid-
dle fossa, posterior fossa craniotomy is too vague for
descriptive purposes in a text on operative technique.
For example, an anterior fossa craniotomy includes bi-
frontopterional, medial and lateral frontal, frontotem-
poral craniotomies; the middle fossa includes anterior
and posterior temporal craniotomies, temporoparietal
craniotomy; the posterior fossa craniotomy includes ac-
cess to the superior and inferior cerebellar triangles for
medial lesions, and the pontocerebellar and clival ap-
proaches for lateral lesions. The parietal, occipital, and
parasagittal nomenclature for craniotomies finds no
place in the anterior, middle, and posterior fossa classi-
fication.

In planning the bone flap, one must correlate the
“target area” with the skin incision, so as to attain
ideal placement. For example, a bifrontopterional cra-
niotomy for access to a retrochiasmatic craniopharyn-
gioma entails exposure of the clinoid processes, optic
nerves, and internal carotid arteries, bilaterally; of the
optic chiasm and lamina terminalis in the midline; and
of both internal carotid artery bifurcations and posteri-
or communicating arteries. Therefore, a bifrontal skin
incision permits reflection of a single bone flap, one
which allows placement of the operating microscope
for visualization along the floor of either middle fossa,
down either sphenoid wing, and along the midsagittal
(ethmoidal) plane to the parasellar area.

Another example is the attack on a pineal tumor ex-
panding over the roof of the III ventricle and beneath
the splenium of the corpus callosum. This surgery is most
assured of success and carries a minimum risk of dam-

aging the internal cerebral veins, if it is carried out
through a medial parietal craniotomy. This entails a
medial parietal skin incision with a horseshoe flap ex-
tending slightly to the contralateral side, a quadri- or
pentalateral free bone flap, and medial reflection of the
dura over the superior sagittal sinus (SSS). Dissection
along the SSS and falx cerebri may then be accom-
plished with case.

Such correlation of skin incision with bone flap and
target area is presented throughout this text. Overlap-
ping drawings (transparent cells), to indicate the various
steps in the operative procedure as the surgeon proceeds
from skin incision to craniotomy to target area, are
used in this text to illustrate this manner of conceptu-
alizing the lesion and approaching it.

Burr holes and either craniotome or Gigli saw are
not necessary in the newborn or very young infant, since
the fontanels and sutures are open and the skull thick-
ness seldom exceeds 3 mm. The individual bones of the
cranial vault are thin and not anchored securely to one
another, thereby rendering it easy to cut them with a
scissors and dangerous to use heavy instruments that
require force for penetration or sawing. Consequently,
in very young children suturotomy and cutting of the
bone are effected with heavy scissors (see Chapter 4).
This, of course, does not apply when an infant has cra-
niosynostosis. The techniques for these specific proce-
dures are described subsequently.

The use of power instruments for making burr holes
and craniotomy is also to be avoided in toddlers, juve-
niles, and adolescents, since the size of the clutch-con-
trolled perforator is for an adult! The tool is not sensi-
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Figure 3.1. (A) This computerized transmission tomography
(CTT) scan shows the unacceptable degree of flap depression
that occurs when the power craniotome is used. The Gigli
saw permits adequate beveling, so that the flap nestles into
place irrespective of placement of sutures through the skull
or a functioning shunt system. (B) Using the Gigli saw permits
one to bevel the cut, so that the free flap may be solidly
seated at the time of closure, assuring perfect flap replacement

tive enough to guarantee release of the clutch in children
with thin skulls. Because it is possible to refill the burr
hole with bone dust from the drilling shavings and to
fashion a plug from the inner table of the skull, as
described later in this chapter in the section on Bone
Closure (Figs. 3.49 and 3.50), the surface area of the
perforating instrument is only relatively important as
a negative factor. The rapid regrowth of bone in the
infant makes this size factor even more relative. How-
ever, the risk of plunging and of failure of the clutch
release mechanism in younger children (as well as the
very real compression of the underlying brain, which
results from pressure applied to the surface of the skull
in order to disengage the clutch) are very significant
contraindications. It is unfortunate that adequate in-
strumentation, in regard to size and sensitivity for cut-
ting bone, is not available for pediatric work.

All power craniotomes cut a large (2-4 mm) gutter

and bone edge continuity. (C) However, when a power cranio-
tome is used, the gutter is so wide that the flap sinks below
the skull surface. (D) Wire sutures placed through drill holes
may suspend the free flap, but still bony growth across the
gutter only rarely occurs. The defect is permancent, and thereby
susceptible to dislocation, impacting the underlying cerebrum
from injury.

in the skull (Fig. 3.1), rendering it impossible to reflect
bone flaps which have a beveled surface. Flaps cut with
power instruments may not be nestled snugly back into
place. They rest on the surface of the dura, floating
higher or lower, back and forth from one edge of the
skull to another. This is a particularly grave problem
in hydrocephalic children, whose underlying brain sur-
face may vary with the functional status of the shunt.
Fixing the bone flap into place through perforations
in the bone is to no avail, the gutter is too wide to
permit bony bridging and the movement is such as to
stimulate only the formation of scar tissue (except in
the newborn and very young infant). Complete healing
of the flap, on the other hand, ensues when the Gigli
saw is used. One must make every effort to reconstruct
the skull of children so that it will heal completely,
providing the underlying brain protection throughout
life, whether the craniotomy is supra- or infratentorial.



Burr Holes: Frontoparietal
(So-Called ““Diagnostic”’) (Figure 3.2)

The theoretical considerations for placing the skin inci-
sion for frontoparietal burr holes have already been
described and illustrated. These skin incisions provide
ready, safe, and ample conversion into a full temporo-
parietal flap in the event the surgeon encounters an
epidural or subdural hematoma that should be removed
through a craniotomy, or the burr hole openings reveal
no visible epidural or subdural hematoma because the
clot may be located between the burr holes. Also, inferi-
or extension of both the anterior and posterior limbs
of the skin incision permit reflection of a temporal flap
for exploration and/or removal of an intracranial clot,
subtemporal decompression, or partial or total tempo-
ral lobectomy.

Flaps

The placement of burr holes and outlining of the Gigli
saw osteotomy lines are discussed in the following sec-
tions.

Bifrontal Flap (Figures 3.3 and 3.4)

The bifrontal (bifrontopterional) bone flap permits ac-
cess to the entire anterior fossa (ethmoid and orbital),
the parasellar area, both orbits, the circle of Willis (with
the exception of the basilar fundus and mesencephalic
portion of the posterior cerebral artery), and both mid-
dle cerebral arteries from their origin to their ramifica-
tion over the insula. Consequently, it is an ideal flap
for surgery for parasellar tumors, access to both orbits,
and anterior circle aneurysms. The 7 burr holes of the
bifrontal flap are located at the glabella, immediately
lateral to the superior sagittal sinus (SSS) on either side,
just posterior to the pterion on either side, and immedi-
ately posterior to the zygomatic processes of the frontal
bone (the “keyhole) bilaterally.

For early childhood, the frontal air sinuses are not
developed. The burr hole at the glabella runs no risk
of penetrating one of them. The two parasagittal burr
holes should be placed so that their medial aspects
border upon the lateral aspects of the SSS. Orientation
concerning the width of the SSS may be obtained by
studying the cerebral angiogram, which also permits
one to study the number, caliber, and points of entry
of the bridging cortical veins into the SSS. This is of
great assistance.

The two pterional burr holes need no comment, but
we will discuss the two “keyhole” perforations (those
located immediately behind the zygomatic processes of
the frontal bone). Because of the anatomical fact that
the anterior fossa, the orbit, and the middle fossa are
in immediate contact with one another at this point,
it is essential to make the keyhole opening by directing
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Figure 3.2. This drawing illustratcs how frontotecmporoparie-
tal burr holes (7, 2, 3) may be placed around an cpidural
clot (4), so that the surgeon may not sec the clot at the time
of surgery if he limits his procedure to burr holes. If the clot
is not seen when the burr holes are placed, one is obliged
to proceed to reflect a flap so as to inspect completely the
epidural, and/or subdural, space.

first the perforator and then the burr in a superior,
a slightly posterior, and a medial plane so as to assure
entering the anterior fossa and to avoid entering either
the orbit (specifically, the region of the lacrimal gland)
or the middle fossa. In children with craniosynostosis
of the coronal suture (plagiocephaly), the middle fossa
is displaced so far anteriorly that one almost cannot
avoid entering it if the burr hole is placed immediately
behind the zygomatic process of the frontal bone. In
these children, consequently, one must place the key-
hole opening slightly superior to the zygomatic process
of the frontal bone in order to enter the anterior fossa.
However, since the lesser wing of the sphenoid is re-
sected as far medially as the superior orbital fissure,
there is no problem if one enters the middle fossa, other
than that it renders reflecting the frontal flap difficult.
After the Gigli saw guide has been passed from burr
hole to burr hole and the Gigli saw is brought into
position between the inner table of the skull and the
guide, the saw itself should be set snugly at the extreme
periphery of each hole so as to connect their outer arcs
and thus assure maximum size of the bone flap. The
exception to this technique is the osteotomy line be-
tween the two parasagittal burr holes, which is placed
at the most central arc. The reason for this is to allow
the presence of a spur of bone over the SSS, a spur
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Figure 3.3. (A) Burr holes and osteotomy lines for bifrontal
bone flap with child in the anatomical position. The seven
burr holes are located at the ““keyhole™ (1), the pterion (2),
the parasagittal arca (3), bilaterally, and at the glabella (4)
in the midline. (B) llustration of burr holes and osteotomy
lines for bifrontal flap with child in the supine position, and
projected obliquely to put the *‘keyhole” (f) and pterional
(2) holes into relicf. (C) The skin incision (broken line) for
the bifrontal flap follows the hairline. The glabella (1) and
parasagittal (2) burr holes arc placed, respectively, over the
most anterior inferior portion of the superior sagittal sinus
(3) and to either side of this structurc approximately at the
coronal suturc. Note the craniotomy lines (4). They connect
the burr holes along the most peripheral arc of the burr holes,
with the cxception of the two parasagittal oncs (5), where
they connect the most medial arcs.

Figure 3.4. The Gigli saw guide has becen passed from the
parasagittal (1) to the pterional (2) burr holes and the saw
subsequently brought into place. At the right the saw is posi-
tioned properly, at the peripheral arc of the burr hole (3),
whereas at the left it is positioned improperly, at the central
arc of the burr hole (4).



Figure 3.5. Medial frontal flap, illustrating placement of in-
feromedial burr hole at glabella. Note that the craniotomy
lines extending from one burr hole to the other pass from
the most distal arc of the burr hole’s circumference. This gives

that may be removed in order to gain access to the
proximal portion of the sinus in the event its distal
portion is damaged during reflection of the free bone
flap. If this does happen, the surgeon need only use
a rongeur (to bite away the bony spur) to gain immedi-
ate access to the SSS. This precaution is best taken
because of the proximity of the coronal suture to these
parasagittal burr holes. Since the periosteum, coronal
suture, and dura may all be adherent to one another
at the suture, rongeuring bone from over the SSS at
the point of the coronal suture may be both tedious
and dangerous.

Frontal Flap (Figures 3.5 and 3.6)
Unilateral frontal flaps may be placed medially or later-
ally, depending upon whether the surgeon wishes to
approach the parasellar area along the falx from only
one side (in which case the medial frontal flap is prefera-
ble), or whether he wishes access to the frontal lobe
(in which case the lateral frontal flap is preferable).
One notes immediately that the medial frontal flap
is almost exactly half of the bifrontal flap. The sole
exception is that the medial osteotomy incision extends
to the parasagittal burr hole on the homolateral side
of the flap, so that the SSS is exposed only at its most
anteroinferior point (where it originates within the falx
cerebri, extending from the crista galli of the ethmoid).
The lateral frontal flap differs from the bifrontal cranio-
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maximum surface area exposure. Compare A, the recom-
mended opening, to B, undesirable placement of craniotomy
lines, to appreciate how much difference in exposure is ob-
tained if the Gigli saw is properly placed.

tomy in that the anteromedial burr hole is not located
over the glabella, but over the medial aspect of the
supraorbital ridge. In this instance, no portion of the
SSS is exposed.

Approaches to the Orbit

As general information, without any intention to pres-
ent specific surgical technique for the performance of
approaches to the orbit other than the transcranial, [
will describe the transethmoidal, superior lateral, lateral
orbitotomy (of Kronlein), extended lateral orbitotomy
of Jones, and the supraorbital approach of Jane.

The indications for the transfrontal approach are giv-
en in the section dedicated to the description of that
operative technique. It is generally assumed that tumors
at the orbital apex and in the superior orbit are best
approached through a transfrontal craniotomy. Oph-
thalmic, plastic, and otorhinolaryngologic surgeons,
however, all have occasion to operate on tumors either
primarily within or extending into other orbital borders.
Consequently, it has been suggested that tumors located
along the inner wall of the orbit are best approached
through the transethmoidal route, those of the lacrimal
region through the superior lateral route, and tumors
of the posterior lateral and inferior portions of the orbit
through either the lateral orbitotomy of Kronlein or
the extended lateral orbitotomy of Jones.
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Transethmoidal Approach

The skin incision extends from just distal to the inner
canthus, along the side of the nose and over the frontal
process of the maxilla, inferiorly to the superior surface
of the alar cartilage. The lacrimal sac is displaced later-
ally after the periorbita has been opened, before resect-
ing the internal walls of the ethmoids. Tumors, primar-
ily osteomas, located within this region are immediately
visualized.

Superior Lateral Approach

The incision is made along the lateral two thirds of
the brow, curving around the zygomatic process of the
frontal bone down to the lateral canthus, and the per-
iosteum separated superiorly and inferiorly along the
entire line of the incision, taking care to incise the peri-
osteum well superior to the exit of the frontal nerve
from the supraorbital groove (or foramen). Two burr
holes are placed, one at the “keyhole” and the other
above the supraorbital rim at the most medial skin inci-
sion opening, with attention being given to avoid the
frontal sinus. They are connected to one another with
the use of a Gigli saw, before the use of a high-speed
drill to perform an osteotomy along the orbital roof
so as to free a single orbital rim flap. One takes the
same precautions to protect the periorbita as described
later under the transfrontal approach.

Lateral Orbitotomy (Kronlein Approach)

For the Kronlein approach,! a horizontal skin incision
is made from the external canthus posterolaterally for
a distance of approximately S cm, prior to performing

Figure 3.6. (A) Lateral frontal flap, illustrating placement of
inferomedial burr hole over medial aspect of supraorbital
ridge (7), lateral to the glabella (2). (B) The exposure of the
frontal (/) and temporal (2) lobes as well as the pterion (3)
and lesser wing of the sphenoid (4), which are attained when
one rcflects a lateral frontal flap (as illustrated in A).

a canthotomy to expose the lateral wall of the orbit.
The temporalis muscle and fascia are stripped from the
lateral wall of the orbit and then incised in a plane
parallel to, and immediately beneath, the skin incision,
exposing the bony structures of the lateral wall, which,
in turn, is opened with a high-speed drill in order to
gain access to the periorbita. After the periorbita is
opened, the region of the lacrimal gland and the antero-
lateral portion of the orbit are exposed. Further expo-
sure may be gained by use of a rongeur to nibble away
the necessary amounts of the lateral orbital wall. The
use of the Stryker drill is discouraged because it may
damage underlying periorbita, whereas a high-speed
burr (though more time-consuming) permits a relatively
precise opening with minimal risk of damaging underly-
ing soft tissue.

Extended Lateral Orbitotomy of Jones

For Jones’s extended lateral orbitotomy,* a skin inci-
sion is made from the center of the supraorbital rim
(in the brow) along the zygomatic process of the frontal
bone and the frontal process of the zygoma, to the ma-
lar bone. Then another incision is made, perpendicular
to this, extending from the outer canthus to a point
approximately 1.5 cm anterior to the base of the antitra-
gus, along the zygomatic arch. The underlying perios-
teum is dissected free, as are the temporalis fascia and
muscle, exposing the entire lateral surface of the orbit.
The bony opening is the same as for the lateral orbito-
tomy of Kronlein, except that it is extended across the
malar bone. The inferior cut may come from the orbit
lateral to the inferior orbital nerve. Once the periorbita

B



has been dissected free, the bony opening is extended
with a cut that bisects the zygomatic arch. This permits
reflection of an osteoplastic flap attached to the tempo-
ralis muscle. Further opening of the floor and the lateral
wall of the orbit may be obtained with the use of a
Leksell rongeur.

Supraorbital Approach of Jane*

For Jane’s supraorbital approach, a bifrontal skin inci-
sion is reflected and the underlying periosteum and
frontal bone exposed, carrying the dissection inferiorly
as far as the glabella and the entirety of the superior
half of the orbital rim (medial, superior, lateral) on the
involved (exposed) side. The dissection is continued in-
feriorly as far as the zygomaticofrontal suture and zygo-
matic arch. Burr holes are placed at the glabella and
the “keyhole”, and then a craniotome is used to per-
form an osteotomy extending posteriorly from the gla-
bella, in a parasagittal plane, for approximately 6 cm.
It is then curved laterally coming across the superior
temporal line and then inferiorly to the keyhole open-
ing. The Gigli saw guide is passed from the glabella
to the keyhole opening and then the Gigli saw is used
to connect these to one another, bringing the cut
through the orbit, not the intracranial portion of the
anterior fossa along the superior orbital rim. This frees
a unilateral frontal flap with the supraorbital rim, in
a single piece, exposing the frontal lobe and orbit.

Transfrontal Approach to Orbit(s)
or Cribriform Plate (Figures 3.7 to 3.12)
If a bifrontal bone flap is reflected and then an extra-
dural dissection is performed, one has excellent expo-
sure of the orbital roofs, the planum sphenoidale, and
the cribriform plate. The extradural dissection may ex-
tend directly posteriorly or from lateral to medial, along
the lesser wing of the sphenoid, in order to expose com-
pletely the anterior fossa on one side. This approach,
along the lesser wing of the sphenoid, assures complete
exposure of the roof of the orbit and brings the surgeon
safely to the anterior clinoid and planum sphenoidale.
The bilateral exposure, with coagulation of the rootlets
of the olfactory nerve at their exit from the olfactory
bulb, is used in craniofacial procedures and in repair
of cerebrospinal fluid leaks through the cribriform plate
(resulting from basilar skull fractures). A medial frontal
(unilateral) flap may be reflected if one wishes access
only to the cribriform plate, the intraorbital contents,
or the orbital roof on one side. It is adequate for access
to the planum sphenoidale, ideal for exposure of one
anterior clinoid or optic nerve. Indeed, for intraorbital
surgery a medial frontal craniotomy is recommended.
After the orbital roof has been exposed, one may
choose only to unroof the orbit if he is certain that
the intraorbital tumor is located posteriorly, at the apex
of the cone, or to remove the supraorbital rim if more
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complete access to the globe and medial portion of the
orbital cone is desired. Leaving the supraorbital rim
in place limits considerably the exposure of the intra-
and extraconal contents, does not permit exposure of
either the lacrimal gland or the trochlear region, and
inhibits “rolling” the globe over itself to inspect the
region where the inferior oblique and inferior rectus
muscles insert onto it. When the periorbita is reflected
to either side of the midline, opening it exactly as one
would the dura matter but remembering that it is only
half as thick (since it is the periosteal layer of the dura
mater), fat insinuates itself quickly through the in-
cisional line. Anchoring of the reflected periorbita is
advisable after it is opened, since it allows the surgeon
to work freely within the orbit, without having flaps
of periorbita repeatedly falling back into the field.

One now has a complete view of all of the orbit as
well as the globe and its adnexa. If it is desirable, for
example, when beginning resection of a nerve sheath
tumor, an angioma, and so on, on¢ may expose the
apex of the cone by transecting the levator palpebrae
superioris and the superior rectus muscles, sewing them
out of the way, and proceeding to work within the base
and apex of the cone. At the end of the procedure,
these muscles may be brought back into the field and
the cut trunks of each sewn individually to one another,
restoring anatomical continuity and function. The
orbital roof and supraorbital rim are now replaced and
anchored.

On occasion, when dealing, for example, with optic
nerve tumors that involve the intraorbital and intracra-
nial portions of the optic nerve but spare the optic
chiasm, one may choose to perform a combined extra-
dural approach to the orbit (in order to resect the in-
traorbital portion of the tumor) and an intradural ap-
proach to the parasellar area (so as to follow the tumor
through the optic foramen and resect it at the point
of entrance of the involved optic nerve into the optic
chiasm). Figure 3.11 illustrates the relative anatomical
positions of the globe, intraorbital optic nerve, intracra-
nial optic nerve, and the optic chiasm, after the extra-
ocular muscles have been removed. A view of the un-
roofed orbit, with the osteotomy extending into the su-
perior orbital fissure, and with the anterior clinoid re-
moved and optic canal opened, is illustrated in Fig-
ure 3.12. This allows the reader to understand that un-
roofing the orbit posteromedially, that is, resecting the
lesser wing of the sphenoid, is to remove the superior
border of the superior orbital fissure. This unroofing
completely opens the superior orbital fissure and ex-
poses the inferior orbital fissure.*

The opening of the optic canal is accomplished by
taking the anterior clinoid from the superior surface
of the internal carotid artery and the optic nerve, and
then resecting the lateral optic strut so as to expose
completely the optic nerve.
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Figure 3.7. (A) The surgeon’s view of the ante-
rior fossa if a bifrontal craniotomy is followed
by an extradural dissection of the orbital roof,
with opening of the latter but leaving supraor-
bital rim intact (arrows). (B) The supraorbital
rim has been removed en bloc, after the dura
was separated from the roof of the orbit dur-
ing an approach down the lesser wing of the
sphenoid (from the pterion to the anterior clin-
oid process). The roof of the orbit was then
resected, using rongeurs posteriorly, to include
the anterior clinoid process exposing the intact
periorbita (7) and the optic nerve both within
the optic canal (2) and at its entry into the
optic chiasm (3). One must open the dura at
the optic foramen if he wishes to follow the
optic nerve into the optic chiasm. (C) The peri-
orbita has been removed, bringing into relief
the extraocular muscles, lacrimal gland (7),
medial wall of the orbit. This is the exposure
one has of the globe (2), cone, optic canal, and
the inferior orbital fissure (3) if the supraorbi-
tal rim is removed and the orbital roof is re-
sected to the optic foramen posteromedially
and the superior orbital fissure posterolater-
ally. (D) Both the levator palpebrae superioris
(1) and the superior rectus (2) have been tran-
sected and reflected from the globe and muscu-
lar cone, exposing completely the intraconal
contents, exit of optic nerve from the globe,
and the insertion of the superior oblique mus-
cle (3) onto the globe.
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<4 Figure 3.8. The technique for unroofing the supraorbital rim.

(A) One notes the technique for preserving the frontal nerve.
After the periosteum has been reflected onto the Galea and
sewn down, one identifies the supraorbital groove (sulcus or
foramen) and then isolates the frontal nerve, taking care to
separate it from the bone. Allow it to remain adherent to
the periosteum peripherally. Respect its integrity at the point
where is perforates the periorbita. (B) The periosteum has
been stripped from the supraorbital rim, reflected anteriorly,
and sewn to the Galea of the frontal scalp flap so as to keep
it stretched. The dura has been stripped from the inner surface
of the frontal bone and roof of the orbit, isolating glabella,
supraorbital rim, zygomatic process of frontal bone, orbital
roof. (C) Separation of the periorbita from the orbital surface
of the orbital roof. A Penfield #4, or #2, dissector is quite
adequate for performing this procedure. One should feel the
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bone of the roof of the orbit with the dissector at all times.
This photograph illustrates the technique for osteotomizing
the supraorbital rim. At the left (1), the osteotomy has already
been performed with a high-speed drill. At the right (2), the
high-speed drill is being used to cut the frontal bone. Subse-
quent to this, a Penfield # 1 dissector is placed between perior-
bita and roof of the orbit, along the line of desired osteotomy
in the roof of the orbit. This serves as both a guide and a
protection against tearing the periorbita or orbital contents.
(D) Once the osteotomy has been performed, the Penfield dis-
sector is swept posteriorly, stripping all of the periorbita from
the orbital surface of the roof. At this time, the supraorbital
rim may be lifted away en bloc. (E) One then notes some re-
maining orbital roof posteriorly. (F) This is bitten away with
a Leksell rongeur. At this time, one has excellent visualization
of the intraorbital contents, still covered by the periorbita.

Figure 3.9. The periorbita is opened exactly as onc would the
dura mater, using a 3# 15 blade, with or without a dural hook.
The periorbita is being incised with the assistance of a dural
(scleral) hook.

Figure 3.10. At the end of the procedure, one simply reap-
proximates the orbital roof and supraorbital rim (A) and then
anchors it into place (B).
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Parietal Flap (Figures 3.13 to 3.16)

The parietal bone flap may be penta- or quadrilateral,
depending upon the convexity of the skull, the specific
location of the flap with regard to its extension across
the coronal suture, or its limitation entirely to the pari-
etal bone. The pentalateral flap permits a craniotomy
that extends well anterior to the coronal suture and,
consequently, one with greater curvature. The quadri-
lateral flap is almost completely limited to the parietal
bone so that the curvature is less and the need for the
fifth burr hole does not exist. Parietal flaps allow access
to the convexity of the parietal lobe or to the superior
sagittal sinus (SSS) and falx cerebri. Also, one may con-
tinue the dissection down the falx cerebri to the corpus
callosum for tumors within this structure, or split the

Figure 3.11. Anatomical representation of the
relative size, location, and course of the optic
nerve, diagrammatically exposed by removing
the extraocular muscles and adnexa.

Figure 3.12. Compare resected side (left) to intact side (right).
Anatomical representation of unroofing of the most posterior
portion of the orbit (1), removing the anterior clinoid process
(2) with the lateral strut of the optic canal (3). This opens
completely the superior orbital fissure (4). Note that unroofing
of the orbit brings the surgeon into the superior orbital fissure.
This latter structure and the inferior orbital fissure (5) are
in direct continuity with one another along the lateral surface
of the body of the sphenoid (6) and the medial surface of
the greater wing of the sphenoid (7). The area of the foramen
rotundum (8) is also shown.

corpus callosum for access to tumors (almost invariably
pineal tumors) between it and the roof of the III ventri-
cle. Because of the presence of the internal cerebral
veins in the roof of the I1I ventricle, this approach along
the falx cerebri for entrance into the III ventricle is
not recommended. The parasagittal approach to the
corpus callosum offers relatively immediate access to
the entirety of this commissure from the genu to the
splenium. Although the dissection around the medial
surface of the parietal lobe is tedious, owing to the
presence of bridging cortical veins, it is not as difficult
as it is in adults. Children do not have adherent arach-
noidal granulations binding the arachnoid to the dura,
the bridging cortical veins, and the SSS.

Immediately beneath the body of the corpus callosum
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Figure 3.13. This illustrates a pentalateral parietal flap, with  Figure 3.14. A quadrilateral parietal flap offers exposure of
the most anterior limb extending across the coronal suture, the parietal convexity, parasagittal area, corpus callosum, and
into the frontal bone. IIT ventricle.

Figure 3.15. This is an anatomical representation, depicting Figure 3.16. The III ventricle (1) is projected into its anatomi-

diagrammatically, in three dimensions, the access a quadrilat-  cal position in this three-dimensional drawing to illustrate ac-

eral bone flap affords to the corpus callosum (1), III ventricle cess to it through a parietal flap. Either transventricular or

(2), septum pellucidum, (3) optic chiasm (4), midbrain (9), pi- parasagittal approaches may be used. The splenium (2) and

neal gland (6). genu (3) are shown at the posterior and anterior surfaces of
the III ventricle.
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Figure 3.17. One may gain access to the supramarginal and
angualar gyri as well as the superior temporal convolution
through a superior parietotemporal flap, by placing the inferi-
or burr holes below the superior temporal line (arrows).

one finds the roof of the IIl ventricle, and beneath the
splenium of the corpus callosum one encounters the
suprapineal recess, pineal gland, and collicular plate.
Therefore, the parietal flap may be used for pineal tu-
mors which extend between the roof of the III ventricle
and the undersurface of the corpus callosum, or for
arteriovenous malformations of the galenic system in
which the tributary vessels enter this anomaly along
its superior surface.

Parietotemporal Flap (Figures 3.17 and 3.18)

The parietal flap may easily be extended into a parieto-
temporal flap, if the parietal lesion also invades the
superior or middle temporal convolutions posteriorly
(in correspondence to the supramarginal and angular
gyri). Similarly, one may place the burr holes more lat-
erally on the convexity, exposing only the inferior por-
tion of the parietal lobe -and, with this, the posterior
superior portions of the temporal lobe. This entails
placing the superior burr holes at (1) the parietal emi-
nence, (2) the coronal suture, (3) the pterion, and (4)
just above the base of the mastoid bone.

Biparietal Craniotomy (Figures 3.19 and 3.20)

The biparietal craniotomy is used for resection of the
sagittal suture (really a craniectomy), to gain access to
the superior sagittal sinus (SSS) or both sides of the
falx cerebri, to attain complete exposure of the great

Figure 3.18. Inferior parictotemporal bone flap.

vein of Galen for arteriovenous fistulae, and to lower
SSS for chronic subdural hematoma.

Depending upon whether the target area is located
entirely behind the coronal suture or whether, for exam-
ple, when approaching lacerations of the SSS or wishing
to approach the genu of the corpus callosum, it extends
anterior to the coronal suture and into the frontal bone,
one may reflect either quadrilateral or pentalateral
flaps. Although the skull may be lifted from the SSS
safely, especially in infants with sagittal synostosis, re-
flecting two separate flaps is preferable: it permits more
protection to the SSS both during and after the surgery.
If, however, the biparietal flap is reflected in a single
piece, then great care must be taken to use the Gigli
saw so as to assure solid seating of the bone flap at
the time of closure. Sinking of a biparietal flap may
cause compression or occlusion of the SSS. The intraop-
erative precautions to be taken when reflecting a bipa-
rietal flap in a single piece of bone are (1) to assure
beveled edges by using the Gigli saw, and (2) to suspend
the parasagittal dura anteriorly, and posteriorly imme-
diately after the bone has been removed from over the
SSS, on either side, to minimize the risk of intraopera-
tive kinking of the SSS.

Temporal Flaps
Temporal bone flaps may be placed in three basically
different positions, depending upon whether the sur-



Figure 3.19. Biparietal quadrilateral bone flaps, placed one on
cither side of the sagittal plane, leaving the bone over the
superior sagittal sinus (SSS) intact. In the event access to the
SSS becomes desirable, this strip of bone may be quickly re-
moved.

geon wishes access to the temporal tip, the posterior
portion of the temporal lobe, or the entirety of the tem-
poral lobe and the Sylvian fissure.

Anterior Temporal Flaps (Figures 3.21 and 3.22)

The anteroinferior burr hole is placed at the pterion
so that the surgeon may have immediate access to the
temporal pole. Dissection of the temporalis muscle
should be extensive, exposing the greater wing of the
sphenoid and the squamous portion of the temporal
bone. This allows for craniectomy of these two latter
bones in the event one wishes to gain access to the
floor of the temporal fossa. Since this is a common
site for dural sarcoma, aplasia of the temporal lobe,
arachnoidal cysts of the Sylvian fissure, and dermoid
tumors, it is of importance to take care to assure access
to the inferior portion of the temporal fossa during
preparation of the craniotomy for an anterior temporal
approach.

The superior burr holes are placed immediately be-
neath the superior temporal line, the posteroinferior
burr hole above the base of the mastoid process.

Temporal flaps (anterior, posterior, middle) permit
access to varying portions of the temporal lobe, the
entirety of the Sylvian fissure, the temporal horn and
trigone, the lateral portion of the circle of Willis, the
posterior cerebral and superior cerebellar arteries, the
tentorial edge and ambient cistern, the surface of the
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Figure 3.20. Bilateral frontoparietal (pentalateral) bone flaps
may be extended across the coronal suture, leaving bone over
the superior sagittal sinus.

tentorium along the petrous apex. One may choose to
reflect an osteoplastic (from the temporalis muscle),
rather than a free bone flap for all temporal exposures
(anterior, posterior, mid), since the closure provides
much more solid seating of the bone.

Posterior Temporal Flaps (Figure 3.23)

Posterior temporal flaps do not necessitate anteroinfe-
rior dissection into the bulk of the temporalis muscle
and are, consequently, much easier to reflect. Similarly,
since the posterior temporal lobe is considerably higher
than the temporal pole, it is not necessary to dissect
the temporalis muscle from the squamous temporal and
greater wing of the sphenoid bones. The superior burr
hole is placed at the superior temporal line, directly
above the external auditory canal, and the inferior burr
hole is placed at the base of the mastoid process. The
anterior and posterior burr holes are placed within the
parietal bone, posterosuperior to the pterion and direct-
ly inferior to the parietal eminence, respectively. This
flap does not permit access to the floor of the middle
fossa. Rather, it is for exposure of the temporal lobe
(from the temporal operculum posteriorly) or for access
to the trigone of the lateral ventricle.

Midtempoval Flap (Figure 3.24)
The midtemporal flap incorporates the anterior and
posterior temporal burr holes so as to permit access
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Figure 3.22. (A) Suggested technique for use of periosteal ele-
vator to strip periosteum from the greater wing of the sphe-
noid and squamous temporal bones, so as to avoid fraying
the periosteum: cutting edge to be held firmly and run parallel

to the entire temporal lobe, from the temporal pole
as far posteriorly as the temporooccipital area, and
from the floor of the middle fossa as far superiorly
as the frontal and parietal operculae anteriorly and the
angular gyrus posteriorly. Tumors of the middle fossa,
arteriovenous malformations of the temporal horn, the
lateral portion of the circle of Willis, the tentorial edge
and ambient cistern, and the hippocampus, may all be
safely approached through this flap. Also, one may ap-
proach, in the infant and the toddler, the superior cere-
bellar and posterior cerebral arteries, in their course
around the midbrain, for occlusion of inferior tributar-
ies to an arteriovenous malformation of the Galenic

Figure 3.21. Anterior temporal craniotomy. The anteroinfe-
rior burr hole is placed at the key hole so as to assure exposure
of the temporal pole. Note that the inferior craniotomy line
extends through the squamous temporal (7) and greater wing
of the sphenoid (2). Rongeuring thesc bones gives access to
the floor of the middle fossa.

to muscle insertion. (B) The bipenniform temporalis muscic
has been dissected from bone, preserving its three layers: (/)
deep, (2) intermediate, (3) superficial.

system, brainstem, superior surface of the cerebellum,
or medial surface of the occipitotemporal lobes.

The midtemporal flap is generally pentalateral. The
anteroinferior burr hole is placed at the pterion, the
anterosuperior burr hole directly above it at the superi-
or temporal line. The posterosuperior burr hole is
placed immediately beneath the parietal eminence, and
the posteroinferior burr hole just anterior to the lamb-
doidal suture in a line above the digastric groove. The
inferointermediate burr hole is placed at the floor of
the middle fossa within the squamous portion of the
temporal bone. Stripping the temporalis muscle (as just
described) from the greater wing of the sphenoid and



Figure 3.23. Posterior temporal flap, illustrating placement of
burr holes. Note that no burr hole is placed at the pterion.
Access to the anterior portion of the squamous temporal (1)
and to the greater wing of the sphenoid (2} is not possible.

A

Figure 3.24. (A) Midtemporal flap showing the quadrilateral
form of the bone flap and illustrating the greater wing of
the sphenoid (1) and the squamous temporal bones (2). The
superior burr holes are all just beneath the superior temporal
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line, the anteroinferior burr hole is at the pterion. One may,
with this flap, have exposure permitted by both anterior and
posterior temporal flaps, reflecting a pentalateral craniotomy.
(B) Enlarged temporal bone flap.
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Figure 3.25. (A) Medial occipital bone flap, illustrating loca-
tion of burr holes and osteotomy lines, as viewed by the sur-
geon, in a straight posteroanterior view. Note that the lamb-
doidal suture is within the flap, and that thc medial ostcotomy
follows the sagittal suture. The inferior osteotomy line should

the squamous temporal bones permits the added margin
of safety of being able to craniectomize portions of these
bones for access to the floor of the middle fossa ante-
riorly.

Occipital Flap (Figure 3.25)

Medial Occipital Flap

A medial occipital flap permits access to the convexity,
tentorial, and falx surfaces of the occipital lobe. The
occipital pole presents at the inferomedial aspect of this
flap, at the tentorial junction. The culmen monticuli
of the cerebellar vermis may also be exposed through
this flap (after the tentorium has been incised and its
cut edges reflected medially and laterally), as may the
quadrigeminal cistern, the pineal region, and the torcu-
lar Herophili.

This approach to the pineal region is ideal for tumors
expanding within the quadrigeminal cistern and the
posterior portion of the I1I ventricle (as indicated angio-
graphically by elevation of the posterior portion of the
internal cerebral vein). It allows the surgeon control
of the supraculminate vein and of the great vein of
Galen, as well as the possibility of separating the 111
ventricular portion of the tumor from the inferior sur-
faces of the internal cerebral veins.

be at, or below, the transverse sinus if one wishes to work
along the medial and lateral occipitotemporal gyri or within
the pineal region. (B) Lateral occipital bonc flap as viewed
in a posterooblique line, illustrating the location of the lateral
(superior and inferior) burr holes.

The most important burr hole for free occipital bone
flaps is the inferomedial one, which should be placed
over the lateral portion of the torcular Herophili, at
the junction of the superior sagittal and transverse si-
nuses. It is essential to have access both to the falx
and the tentorium if one wishes to expose the quadri-
geminal cistern and the pineal region. If, however, the
convexity of the occipital lobe is the target area, then
the inferomedial burr hole need not—and probably
should not—be placed in such a critical area. Setting
it slightly superiorly and laterally, a few millimeters
from the superior sagittal and transverse sinuses, respec-
tively, is quite adequate. Similarly, for access to the
falx cerebri, the superomedial burr hole must be placed
over the superior sagittal sinus, with its medial surface
just touching the sagittal suture. The superolateral and
inferolateral burr holes are placed, respectively, just be-
hind the parietal eminence and over the lambdoidal su-
ture (only slightly above the point where the transverse
sinus turns inferiorly to extend into the sigmoid sinus).

Lateral Occipital Flap

The lateral occipital bone flap has the inferomedial burr
hole just superolateral to the torcular Herophili, the
inferolateral hole above the sigmoid sinus. The superior



Figure 3.26. Superior cerebellar triangle.

holes are placed medial and lateral to the parietal emi-
nence.

Suboccipital Flap
Suboccipital bone flaps may be midline or lateral.

Midline Suboccipital Craniotomy

The midline suboccipital craniotomy may be superior
or inferior, depending upon whether the surgeon wishes
to expose the superior or inferior cerebellar triangles
(Figs. 3.26, 3.27).

The superior cerebellar triangle has the horizontal
fissure of the cerebellum as its base, the culmen monti-
culi as its apex, and the (inferolateral coursing) superior
surfaces of the cerebellar hemispheres as its sides. The
apex of the superior cerebellar triangle points upward.

The inferior cerebellar triangle also has the great hori-
zontal fissure as its base, but its apex, the interval be-
tween the tips of the two cerebellar tonsils, points down-
ward. The lateral surfaces of the inferior cerebellar tri-
angle consist of the (superolateral coursing) cerebellar
hemispheres.

Lesions within the superior triangle are tumors of
the culmen monticuli and culmen declive, pineal tu-
mors, those arteriovenous malformations of the Galenic
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Figure 3.27. Inferior cerebellar triangle.

system (whose tributaries enter the great vein of Galen
posteriorly). Inferior triangle lesions include medulio-
blastoma, cerebellar hemisphere astrocytoma, ependy-
moma of the IV ventricle, foramen magnum tumors,
arachnoid cysts of the cisterna magna, and other space-
occupying lesions of the inferior vermis or cerebellar
hemisphere.

Suboccipital Craniotomy versus Craniectomy

The suboccipital craniotomy is preferable to the crani-
ectomy! It permits the repositioning of a solid bone
flap over the closed dura (Fig. 3.28), giving the child
an anatomical reconstruction of the suboccipital area,
not entrusting protection of the contents of the posteri-
or fossa to the very thin muscle layers at the base of
the skull. It eliminates completely the all-too-common
suboccipital bulge observed in children who have had
a posterior fossa craniectomy, a bulge holding herniated
cerebellum (hence stretched cerebellar peduncles) and
cerebrospinal fluid.

The practice of performing a suboccipital craniec-
tomy and of not closing the dura should be avoided!
Failure to close the dura mater results in herniation
of the posterior fossa contents into the dead space be-
neath the erector capitis and trapezius muscles, with
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Figure 3.28. Suboccipital craniotomy at time of closure, illus-
trating replacement of the bone flap (7) and filling of the burr
holes with bone plugs (2) and bone chips (3). Onc notes an
intact arch of C-1 (4) and erector cervicis muscles (3) still
attached to C-2 (6).

Figure 3.29. Periosteal dissection for suboccipital craniotomy.
The periosteal dissection (7) has been brought above the high-
est nuchal line (2). This drawing shows both the intermedi-
ate (3) and lowest (4) nuchal lines. Lambda (5) and the squa-
mosal suture (6) are superior to the torcular Herophili (7) and
the transverse sinus (8) medially, but the squamosal suture
is at the same level as the sigmoid sinus (9) laterally.

resultant adhesions of the cerebellar surface to muscular
tissue and prolonged postoperative morbidity. The per-
formance of craniectomy precludes replacement of the
bone flap, resulting in the formation of dense scar tissue
between muscle and dura, and in an extremely high
incidence of suboccipital bulging. This leaves the child
with a weakened area over one of the most vital por-
tions of the human brain. Craniectomy should be per-
formed only when the craniotomy, for technical rea-
sons, proves impossible to perform.

Lateral Suboccipital Craniotomy

The lateral suboccipital craniotomy is used for access
to the most lateral portion of the cerebellar hemisphere,
the pontocerebellar angle, the clivus, the jugular fora-
men, the posterior inferior cerebellar artery, and the
region of the IX, X, and XI cranial nerves.

As has already been described, dissection of the soft
tissue for exposure of the squamous portion of the oc-
cipital bone entails stripping of the periosteum from
it (Fig. 3.29). However, this stripping is not complete
because it is limited to the highest and lowest nuchal
lines, the insertion of the erector capitis and trapezius
muscles. Above and below the highest and lowest nu-

‘chal lines the periosteum may be preserved. In planning

either a superior or an inferior midline occipital flap,
one must remember that the lambdoidal suture runs
well superior to the transverse sinus medially, but that
it becomes superimposed on the venous sinuses at the
point where the transverse sinus passes into the sigmoid
sinus. This is also the area where the parictooccipital
(lambdoidal), occipitomastoid, and parietomastoid su-
tures meet.

Midline Suboccipital Craniotomies

Inferior Suboccipital Craniotomy (Figures 3.30 and 3.31)
Suboccipital craniotomy for access to the inferior cere-
bellar triangle consists of reflecting a triangular bone
flap whose base is located beneath the transverse sinus,
along the highest nuchal line, and whose (flat) apex
is the rim of the foramen magnum. Care should be
taken to dissect the periosteum from the outer (posteri-
or) rim of the foramen magnum, but not to extend the
dissection around the rim of the foramen magnum, since
use of periosteal elevators in this area may cause damage
to the annular sinus, causing profuse venous bleeding or
air emboli.

The Gigli saw guide should be passed horizontally
from one burr hole to the other, and then the Gigli
saw should be used to connect the burr holes with a
linear osteotomy. Passage of the saw guide horizontally
presents no difficulties, though great care must be taken
at the midline, where there is often a spine of occipital
bone extending into the dural groove at the fissure be-
tween the cerebellar hemispheres. Molding of the tip
of the Gigli saw guide, if obstruction is encountered
at the midline, and dissecting first from the right and
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Figure 3.30. (A) Inferior suboccipital craniotomy as viewed
in a straight posteroanterior line, illustrating the burr holes
and osteotomy lines outlining the free (squamous occipital)

then from the left, always feeling the tip of the guide
against bone and dura, eases the guide across the mid-
line into the contralateral burr hole. If it proves to be
difficult to pass the guide directly horizontally from
one burr hole to the other, the tip should be directed
inferiorly, toward the rim of the foramen magnum
(where the inner occipital spine is least prominent) and
then to sweep it superiorly once the tip has crossed
the midline.

The saw guide should then be used to dissect the
dura from the inner surface of the occipital bone toward
the foramen magnum, by advancing it in that direction,
remembering that the opening of the posterior rim of
the foramen magnum is extraordinarily small (measur-
ing 2.0 cm) and that the lateral surfaces of the foramen
magnum consist of thick bony struts which lead to the
occipital condyles. Therefore, an attempt to pass the
Gigli saw guide directly inferiorly from the burr holes
will result in the guide encountering the bone struts
along the superior surface of the occipital condyles, and
then being deflected medialward.

It is not advisible to attempt to pass the saw guide
from a burr hole downward across the rim of the foramen
magnum, in the epidural space, since this, too, puts the
annular sinus at risk. Rather, the guide should be ad-
vanced inferiorly as far as the rim of the foramen mag-
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bone flap. (B) Inferior suboccipital craniotomy as viewed in
a posteroblique line.

num, removing it from time to time to measure the
length of guide inserted (to be certain that one is at
the foramen magnum). No attempt should be made
to strip the outer layer of the dura matter from the
rim of the foramen magnum: it adheres tenaciously to
the rim, the point at which it is continuous with the
periosteum. In fact, the outer layer of the dura mater
(which is, indeed, the inner periosteum of the skull)
is continuous with the periosteum (pericraniumy) at all
foramina of the skull. This dural duplication forms the
annular sinus.

A craniotome is used to connect the lateral surface
of each burr hole to the rim of the foramen magnum,
but it must not be brought all the way through the bone
lest it tear the annular sinus. The triangular, free bone
flap is separated from the dura by usc of a Penfield
4 3 dissector or an Oldberg periosteal elevator, gradu-
ally lowering the base, as the dissection proceeds, until
the dural-periosteal transition point at the rim of the
foramen magnum is visualized. Now, dura-periosteum
may be dissected from the rim of foramen magnum,
within the free flap, under direct visual control, either
with a sharp periosteal elevator or by cutting it from
the bone with a 4 15 blade. This exposes the point
at which the dura mater, atlantooccipital membrane,
and periosteum/pericranium join. This now redundant
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Figure 3.31. (A) Placement of burr hole (/) just at the highest
nuchal line (2). (B) In passing the Gigli saw guide (7) from
one burr hole to another, across the midline, it is advantageous
to direct it inferiorly, towards the rim of the foramen mag-
num (2), first, and then to sweep it superiorly toward the op-
posite burr hole (3). This facilitates separating dura from the
internal occipital crest and frees dura from the inner surface
of the flap area. (C) Completion of passage of Gigli saw guide
across midline. (D) The Gigli saw guide is left in place, and
the Gigli saw is used to make the superior (horizontal) osteo-
tomy, beveling superiorly only after the saw is fully within
bone so as to avoid damaging the torcular Herophili or trans-
verse sinus. Note intact C-1 (1) and undisturbed attachment
of erector cervicis muscles to laminae and spinous process
of C-2(2). (E) After the superior osteotomy has been com-
pleted, the craniotome is used to make the lateral osteotomies,
bringing them to (arrow), not across, the rim of the foramen
magnum. The lateral osteotomy at the right has been com-
pleted, the one at the left has yet to be brought to the rim
of the foramen magnum. Note the wide gutter made by the
craniotome (), and compare it to the beveled cut which the
Gigli saw accomplishes (2). (F) The lateral osteotomies have
both been brought to the rim of the foramen magnum, so
that one now separates squamous occipital bone flap from
the underlying dura, cracking the thin slip of bone left at
each border of the foramen magnum by gently depressing
the base of the bone flap. (G) Holding the squamous occipital
bone flap with a Kocker and gradually lowering it, facilitates
dissection of dura and prevents the flap from falling. As the
flap is depressed, it should be pulled from the annular sinus
so as to avoid jamming the bony posterior rim of the foramen
magnum into the sinus. (H) The final dissection stage consists
of freeing the dura/periosteum from the rim of the foramen
magnum, a point of great danger where caution must be taken
not to open the annular sinus. A Penfield dissector, or # 15
blade, may be used, always working from the bony surface
of the rim. Note the sunken dura, a result of having inserted
a ventriculoperitoneal shunt (in this child with a medulloblas-
toma and severe triventricular hydrocephalus) 10 days before
the midline suboccipital craniotomy.
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Figure 3.32. (A) Superior suboccipital craniotomy as viewed
from the straight posteroanterior line. The upper burr holes
are inserted along the highest nuchal line, the bottom two
along the lowest nuchal line. The middle nuchal line, when
present, runs across the center of the free flap. (B) Superior
suboccipital craniotomy as viewed from a posterooblique line.
(C) The osteotomies have been completed, the free flap is be-
ing lifted away. (D) Photograph of the suboccipital area,
showing dura after superior suboccipital craniotomy, and the
craniovertebral junction. Note that the erector cervicis muscles
remain attached to the vertebrac.



mass of connective tissue, measuring approximately
3 x 5 mm, may be dissected from the inner layer of the
dura mater as it continues inferiorly over the cranio-
cervical junction. If one wishes a bit more lateral expo-
sure at the rim of the foramen magnum, a rongeur may
be used to nibble away 2 or 3 mm of bone, extending
the bites toward the occipital condyles.

Superior Suboccipital Craniotomy (Figure 3.32)

The superior suboccipital craniotomy is performed by
placing four burr holes in a quadrilateral fashion, the
upper two along the highest and the lower two along
the lowest nuchal lines. The same precautions as for
the inferior suboccipital craniotomy are taken in pas-
sage of the Gigli saw guide across the midline. The
Gigli saw is recommended for connecting the burr holes
to one another, since one will not be crossing the fora-
men magnum. Once the Gigli saw guide has been passed
horizontally across the midline, it may be swept in an
arc from the opposite superior to the opposite inferior
burr hole in one direction first, then in the opposite
direction. This frees all of the dura, and permits safe
osteotomies.
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Figure 3.33. (A) Lateral suboccipital craniotomy for removal
of a solid cerebellar hemisphere astrocytoma. Transverse sinus
(1), foramen magnum (2), midline (3), and incision line (4)
have been marked off. Subsequent to this, the area for the
suboccipital craniotomy (5) was drawn on the skin. (B) Lateral
suboccipital craniotomy as viewed along a posterior oblique
line, showing the flap in relationship to the transverse sinus
superiorly, the sigmoid sinus anteriorly, the point at which
the squamous occipital bone passes from a vertical to a hori-
zontal structure inferiorly. Note that the flap does not extend
to the midline. At times, one may find it advantageous to
place two burr holes, as illustrated here.

Lateral Suboccipital Craniotomy (Figure 3.33)

The lateral suboccipital opening is placed entirely with-
in the squamous portion of the occipital bone, at its
most extreme lateral portion (immediately inferior to
the transverse sinus and posteromedial to the jugular
bulb).

Consequently, the occipitomastoid suture and the
diagastric groove are at the anterior edge of the bone
flap, and the lambdoidal suture is considerably superior
to it. The access it offers to the lateral surface of the
cerebellar hemisphere is excellent. It is the only flap
that permits one to work effectively in the pontocerebel-
lar angle, the jugular foramen, or along the lateral sur-
face of the medulla oblongata and pons. A craniectomy
is neither necessary nor advisable.

Because these flaps are very small, measuring approx-
imately 4 x 4 cm in surface area, one should use a single
burr hole. This is placed in the squamous occipital bone,
immediately beneath the point at which the transverse
sinus passes into the sigmoid sinus. The linear osteo-
tomy is then performed with a craniotome, since it is
not possible to use the Gigli saw properly for such a
small flap. Also, the beveling of the squamous occipital
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Figure 3.34. Supra- and infratentorial Craniotomies. The pa-
rietotemporooccipital (7) and lateral suboccipital (2) bone
flaps have been reflected.

bone as it passes from its vertical to its horizontal por-
tions at the base of the skull, thickening remarkably
both medially at the inner surface of the occipital con-
dyles and laterally at the mastoid base, render attempt-
ed passage of the Gigli saw guide dangerous.

Supra- and Infratentorial Craniotomy (Figure 3.34)

A lateral suboccipital' and parietotemporal? cranio-
tomy are preferable for a combined approach, irrespec-
tive of whether the supra- and infratentorial lesion be-
gins at the pontocerebellar angle or the tentorial open-
ing, or grows through the dura (dumbbell fasion). A
wider or narrower strip of bone may be left over the
transverse sinus, or the bone flap may be lifted in a
single piece from over the transverse sinus, occipital
lobe, and cerebellar hemisphere.

Hemispheral Craniotomy (Figure 3.35)

The hemispheral craniotomy is used primarily for hemi-
spherectomy and, when bilateral, for lowering of the
superior sagittal sinus (SSS). In this latter instance, the
craniotomy does not come to the midline. The bone
over the SSS is not removed. Rather, it is advanced
in the sagittal plane so as to accomplish the lowering
of the SSS onto the cerebellar hemispheres and to ad-
vance the SSS, restoring normal anatomical relation-
ships between bridging veins and the SSS. Maintaining
the strip of bone over the SSS prevents kinking-obstruc-
tion of this channel. When the hemispheral craniotomy
is being used for lowering the SSS, the medial burr
holes are brought to the parasagittal plane with their
medial surfaces bordering upon the lateral extremity
of the SSS. This allows for a median strip of bone and
the anterior fontanel to remain in the sagittal plane.
This is subsequently osteotomized at the inion and at
the glabella, so that it may be lowered onto the underly-
ing parasagittal surfaces of the cerebral hemispheres

Figure 3.35. Placement of burr holes and ostcotomy lines for
hemispheral craniotomy arc illustrated in this anatomic illus-
tration. The placement of the burr holes permits access to
all hemispheral vascular structures and to the entirety of the
hemisphere. The superior holcs are placed to the contralateral
side of the sagittal suture so as to expose completely the SSS.

when the vault of the skull is reconstructed and molded
over the atrophic hemispheres.

The placement of the burr holes for the hemispheral
craniotomy is such as to permit access to the frontal,
temporal, and occipital poles; to the internal carotid
and posterior cerebral arteries; to the deep middle cere-
bral and cortical bridging veins; to thc vein of Labbeé
and the SSS. Consequently, one hole is inserted at the
glabella, two along the contralateral side of the sagittal
suture, one just inferior and lateral to the point at which
the sagittal and lambdoidal suturcs meet, one along
the parietosquamosal suture just superior to the exter-
nal auditory canal, and one at the ““keyhole.”

Laminotomy (Figures 3.36 to 3.45)

Laminectomy is a destructive procedure that is indi-
cated when there are intraspinal metastases compressing
the cord or cauda equina. When the intraspinal patholo-
gy is traumatic, benign neoplastic, or congenital malfor-
mation (e.g., diuastematomyelia, diplomyelia, dermoid si-
nus tract), laminectomy may further weaken the spinal
column. Decompressive laminectomy for the drainage
of epidural tuberculous abscess makes subsequent fu-
sion, the treatment of choice, difficult or impossible.



Whenever a limited or extensive laminectomy (two or
more levels) is performed on a child, kyphosis and sco-
liosis may develop and become difficult clinical prob-
lems, necessitating spinal fusion. Kyphosis, anterior
subluxation, and instability of the spine are postopera-
tive complications of multiple-level laminectomies in
children. The surgical procedure of multiple level-lam-
inotomies is the preferable alternative.

Scoliosis and kyphosis were described following mul-
tiple-level laminectomies in children in 1965 by Tachd-
jian and Matson,® and then confirmed in 1967 by Cat-
tell and Clark.® In 1955 Bette and Englehardt” were
the first to point out that anterior intervertebral body
subluxation and kyphosis occurred following lam-
inectomy. Since these changes have not been observed
in adults, one must conclude that there is a fundamental
anatomical, physioanatomical, difference between the
fully developed and completely grown vertebral spine
on the one hand, and the developing, nonossified spine
of younger children (infants, toddlers, juveniles) on the
other. In addition to this, one must take into considera-
tion the completed development of the paraspinal mus-
cle masses in the adult, and both the undeveloped and
nonfunctional erector spinae masses in the infant.

In their 1967 paper, Cattell and Clark ® noted that
Tachdjian and Matson? failed to comment on 24 pa-
tients of theirs with cervical cord lesions, concerning
the development of cervical column instability, whereas
they elaborated upon the onset of scoliosis and kyphosis
at the thoracic and lumbar levels following multiple
laminectomies in 115 children. This concerned Cattell
and Clark, who were particularly interested in the fact
that the cervical spine, the most mobile segment of the
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Figure 3.36. This child’s kyphoscoliosis developed progres-
sively over an 18-month period of time following multiple
level thoracic laminectomy. None was present preoperatively.

Figure 3.37. (A) Laminar osteotomy being performed on the
lumbar spine of a 9-year-old-boy. (B) Two laminae, with their
spinous processes and ligamentous structures, after removal.
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Figure 3.38. (A) Infant: Note that there is almost no spinous
process. The laminotomy is made at the same, paraspinous,
position. (B) Toddler: The spinous process of the toddler is
forming. (C) Juvenile: The four stages of exposure and osteo-
tomy are illustrated in a juvenile to represent reflection of
the skin flap and paraspinous muscles as well as the location
and direction of the laminar osteotomy.

vertebral column, is particularly subject to the destabi-
lizing effects of laminectomy. They illustrated several
cases, accentuating the fact that skeletal, ligamentous,
neuromuscular, and progressive bony growth (with os-
sification of the centra) are all, to a greater or lesser
degree, responsible for vertebral column deformity fol-
lowing laminectomy. One of the most important points
these authors make is that the vertebrae in children
are dynamic, growing, and ossifying structures, which,
most important of all, offer purchase to developing
muscle masses. It is their conclusion that abnormal
growth patterns and greater elasticity of musculoliga-
mentous structures in children are responsible for the
rapid and severe deformities of the vertebral column,
especially the cervical column, which result following
laminectomy.

Following the work by Raimondi and coworkers in
1976,® concluding that deformities (kyphosis, scoliosis,

Figure 3.39. The crector spinae muscle masses of a 10-year-old
child have been stripped from the laminac and spinous pro-
cesses.

accentuated lordosis) of the vertebral column in child-
hood result from laminectomy, and recommending that
laminotomy be substituted for laminectomy, Yasuoka
and colleagues® in 1981, reported that *postlaminec-
tomy spinal deformity can develop in children without
irradiation or facet injury.” It was their conclusion that
the deformity results from a wedging transformation
of the cartilaginous component of the vertebral bodies,
and that the increased viscoelasticity of children’s mus-
culoligamentous structures is a significant contributing
factor. Their attention was directed primarily to the
treatment of postlaminectomy deformities of the verte-
bral column in childhood, not to abandoning the lamin-
ectomy and adapting laminotomy as the procedure of
choice for access to the spinal canal in childhood.

An extremely interesting, and very important, contri-
bution to the literature of this subject was made by
Barbera and colleagues'® in their 1978 paper concern-
ing the “‘laminectomy membrane,” previously described
in 1974 by LaRocca and Macnab.'! Specifically, the
“laminectomy membrane” was found to be patho-
genetic in producing or reproducing signs and symp-
toms of spinal cord compression following a laminec-
tomy procedure. The ‘laminectomy membrane” is
nothing more than scar tissue. Barbera and his asso-
ciates'® recommended using either an acrylic plastic or
kiel bone graft over the dura mater to prevent ““expan-
sion of the scar tissue inside the spinal canal and adhe-
sions between the dura and the cicatricial overlying
muscles.”” They concluded that this type of solid materi-
al, or tissue, is necessary to prevent the formation of
the “laminectomy membrane.”

Laminotomy, as herein described, consequently

1. restores bony protection to the spinal cord;

2. prevents or significantly diminishes postoperative spi-
nal column deformity (kyphosis, accentuated lordo-
sis, scoliosis); and



A

Figure 3.40. (A) The general anatomical characteristics of the
posterior spinous portion of the cervical canal are herein repre-
sented as is the caudocephalad osteotomy. (B) Laminar osteo-
tomy being performed. One notes that the osteotomy is per-
formed in lateromedial and dorsoventral directions along the
line of the pars interarticularis.

3. eliminates the formation of a “laminectomy mem-
brane.”

The criteria for performing a laminotomy include the
extent of the surgical procedure, the age of the patient,
and the nature of the lesion. In children under one year
of age the surgeon should perform a laminotomy even
if only one level is to be exposed; in children between
one and fifteen years for two or more levels, and in
patients older than fifteen years when three or more
levels are to be exposed. Independent of the age of the
patient or the extent of the intraspinal lesion, lamino-
tomy should be performed in all patients with trauma,
syringomyelia, hydromyelia, or tuberculosis. No at-
tempt should be made to perform laminotomy in chil-
dren with extensive epidural metastases.

Several structures provide for the stability of the spi-
nal column: intervertebral joints, laminae, ligamentum
flavum, spinous processes, interspinous and supraspi-
nous ligaments, and paraspinal muscles. In the adult,
stability depends mostly on the intervertebral joints,
while the role of the other structures of the posterior
arch is relatively less important. The vertebrae of the
child are developing structures, for which balanced me-
chanical stimulations are necessary to assure normal
growth. Spinal deformity and/or instability result from
conditions in which bone, ligamentous deficiencies, or
neuromuscular imbalance occur. Such a condition re-
sults from multiple laminectomies, which destroy grow-
ing bony structures (laminae and spinous processes),
separate interlaminar and interspinous ligaments from
adjoining vertebral arches, and substitute scar tissue for
insertion of paraspinal muscle masses onto the laminae
and spinous processes.
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Figure 3.41. (A and B): The fourth cervical vertebra is (dia-
grammatically) shown cut at two levels, in horizontal section.
(C) The line of section, not of recommended osteotomy. This
line of section is used to illustrate the inferior level of the
vertebra at the left, the superior level at the right.
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Figure 3.42. (A) The third thoracic vertebra is shown, dia-
grammatically cut at lower and higher levels to illustrate the
different anatomical characteristics of the laminae and to illus-
trate shingling. (B) The course of the nerves in the lateral view

The reflection of a free laminar flap'* '3 over the

intraspinal pathology allows as complete access to the
spinal canal as the most extensive laminectomy, since
the lateral border of the laminotomy is at the medial
surface of the pedicle. Multiple-level laminotomy flaps
provide access to the entire spinal canal (C-1 through
T-3, T-5 through L-3, L-2 through L-5), thereby allow-
ing surgical removal of the most extensive lesions, with-
out weakening permanently the vertebral column or
destroying the growth center in the posterior portion
of the spinal arch.

The removal of multiple laminae in a single laminar
flap is a tedious procedure, and requires considerably
more time than a laminectomy. It is not a more danger-
ous procedure than laminectomy, since magnification
and high-speed drills permit one to separate the laminae
and yellow ligaments with precision.

is shown. (C) This illustrates the exposcd spinal cord and
arachnoid, the opencd and rcflected dura mater. (D) This de-
picts the lines of section, superior and inferior.

Performance of a laminotomy instead of a laminec-
tomy permits complete reconstruction of the posterior
arch of the spinal canal and significantly diminishes the
complication of postlaminectomy scoliosis. It provides
for complete anatomical reconstruction of the dura, the
posterior arch of the spinal canal, and the muscular-
bony relationships between the erector spinae muscles
on one band, and the spinous processes and interspi-
nous ligaments on the other. There is not as yet definite
information concerning the incidence of postlaminec-
tomy membrane formation as a pathogenetic entity.

Laminotomy Procedure

After the midline skin incision has been made, and ex-
tended the desired length, the skin is reflected laterally.
The dissection is then carried along the midline, using
the electrocautery knife (never the laser in young chil-



dren!), taking care to remain within the ligamentous
structures between one spinous process and another,
until coming upon the tips of the spinous processes.
Figure 3.38 illustrates the normal (juvenile) anatomical
relationship between the skin, the ligamentous struc-
tures which bind the erector spinae muscles to the spi-
nous processes, the laminae, and the transverse pro-
cesses.

The exposure should extend from one full vertebra
above through one full vertebra below the planned ex-
tent of the laminotomy. Thus, if a laminar flap is to
be reflected from C-3 through T-4, one should expose
the laminae from C-2 through T-5. Muscle and ligamen-
tous attachments are separated from the vertebral
arches, leaving the periosteum and interspinous liga-
ments intact. The dissection is carried laterally to just
beyond the articular facets, with care being taken not
to open into the joint or strip the capsular ligaments.
The closure is facilitated if one leaves a ruffle of muscle
and ligament on the spinous apophyses.

The younger the child, the smaller the spinous pro-
cesses and the thinner the laminae. Similarly, the
younger the child the thinner the erector spinae muscle
mass. In fact, in the newborn and infant the spinous
processes are almost nonexistent so that the laminae
form a rather ““domelike”” structure. The infant is inter-
mediate in muscle and bone development between the
newborn and the toddler. Since the relative sizes of the
laminae and yellow ligaments are equal, there is no
shingling effect of the superior laminae overlapping the
inferior laminae. This shingling occurs at approximately
6 to 10 years of age, when the muscle masses begin
to develop. Once the spinous processes and laminae
have been cleaned of adherent muscle and fascia, one
may proceed to perform the laminotomy.

The laser is presently being used more and more in
neurological surgery, and since it is ideal for dissecting
erector spinae muscles from the spinous processes and
the laminae in the adult, it deserves comment at this
time. Use of the laser in spinal cord injury and in children
with spinal cord tumors is to be recommended when the
child is over 10 years of age, but to be avoided completely
when the child is under 5 years of age! The exception
is dissection of paraspinous muscles in spina bifida
aperta children upon whom a kyphectomy is being per-
formed. Its use in the 5- to 10-year range is to be decided
upon only after careful review of the computed trans-
mission tomography (CTT) scans and x-rays of the spi-
nal column reveal that the spinous processes are com-
pletely formed and that the laminae are thick and over-
lap one another. This care must be taken, since the
laser beam may penetrate the yellow ligament and dura
as the surgeon is dissecting the muscles from the lam-
inae, with resultant risk of damaging spinal nerves or
the spinal cord. Since the newborn and infant have yel-
low ligaments which are almost as wide as the laminae,
one readily understands the risk. In the older child thick
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Figure 3.43. The laminar flap is being lifted from its anatomi-
cal position, retracting it superiorly and taking care not to
allow it to buckle (so as to avoid compressing the spinal cord),
as the # 15 blade progressively cuts the yellow ligaments at
each level. This child is approximately 8 years old.

overlapping laminae protect completely the dura and
cord.

The respective inferiormost and superiormost yellow
ligaments are then incised from medial to lateral, bilat-
erally, prior to proceeding with the laminar osteoto-
mies. A Penfield # 3 dissector, or some similar instru-
ment, may then be inserted beneath the incised yellow
ligaments in a cephalad direction beginning at the level
of the lowest laminae to be incorporated in the flap,
so as to dissect the epidural fat from the spinal surfaces
of the yellow ligament and laminae. This dissection is
carried out from below (caudad) upward (cephalad).

Using power instruments, the finest drill blade avail-
able, one incises the laminae in a caudocephalad direc-
tion under the operating microscope, or loops, using
a minimum of 3 x (preferably 10 x ) magnification, with
constant but minimal irrigation and suction. The author
uses a high-speed drill, not a craniotome. The osteo-
tomy should be made in a dorsoventral direction, pro-
ceeding along a lateral medial plane so as to provide
maximum possibility of beveling, not with the expecta-
tion to obtain an osteotomy which is wedge-shaped,
but with the hope of minimizing the size of the gutter
and, thus, facilitate nestling it back into normal position
at the time of closure. If one uses a very thin cutting
blade on the power instrument (<1 mm), bridging of
the interval by bony tissue during the healing phases
is greatly facilitated. (Some neurosurgeons use the cra-
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Figure 3.44. (A) Laminar flap being reflected after the osteo-
tomies have been performed. (B) Sagittal section illustrating
technique for reflecting the free laminar flap. (C) A single spi-
nous process and a portion of the lamina arc diagrammatically
represented as being free from the ventral aspect of the spinal
canal.

niotome footplate as a guide, performing the lamino-
tomy as one would a craniotomy.)

The surgeon will both feel and see the penetration
through the spinal surface of the laminar cortical bone
if the osteotomy is performed by using brushlike strokes
in precisely the same plane. It is well to remember that
the individual laminae are thinner caudally where the
yellow ligament is thickest and on their ventral (spinal
canal) surface, whereas they are thicker caphalad where
the yellow ligament is thinnest and on the dorsal sur-
face. The laminae are osteotomized in a caudocephalad
direction, but the yellow ligaments are not incised until
all laminae have been osteotomized and the laminar
flap is being reflected. After one side of the planned
flap is osteotomized in the caudocephalad direction, one
returns to the contralateral, most inferior, lamina to
be removed and repeats the procedure.

The laminar osteotomy is made using the high-speed
drill along an imaginary line separating the pedicle from
the lamina. Insertion of a curved dissector (Penfield

4 3) beneath the laminae assists the surgeon in identify-
ing the medial surface of the pedicle, and may be used
to protect the epidural vessels when the laminotomy
is begun. One should use the drill in brushlike strokes
along the surface of the lamina in the direction of the
planned line, rather than as a perforator extending
through the full thickness of the lamina each time. This
latter technique is dangerous, the former one is safe.
A fine-tipped sucker (inserted into the laminotomy
groove) and magnification allow the surgeon to see the
full extent of his field. When the laminar incision is
complete, the lamina may be easily moved by wedging
a small dissector (Penfield # 4) into the laminotomy
groove and twisting it. This procedure is continued se-
rially from one laminotomy to another along one side
and then repeated on the other side.

One then incises the interspinous ligaments between
the lowest spinous process to be reflected in the flap
and the highest spinous process remaining, as well as
the one between the highest spinous process to be re-



Figure 3.45. An osteotomizied thoracic spine is diagrammati-
cally represented, illustrating the desired inclination of laminar
cut (7); the epidural fat (2) and venous plexus (3), reflected
dura mater (4), and, deeper, the enclosed arachnoid (5) and
ncural elements (6).

flected and the lowest one remaining. If possible, it is
desirable to make the incisions in the interspinous liga-
ments midway between the two appropriate spinous
processes so as to facilitate closure.

In freeing the laminar flap the yellow ligaments are
cut individually, on each side, at each level, preferably
with a # 15 blade mounted on a long handle, with
the direction of cut being ventrodorsal so as to minimize
risk of damage to the epidural structures and the dura
mater. The epidural fat is stroked away from the ventral
surface of the laminae with either a Penfield # 4 or
4 3 dissector, with care being taken not to compress
the dura and underlying spinal cord and/or lesion.
Bridging vessels are identified, coagulated individually
with bipolar cautery, and then sectioned with micro-
scissors. As each laminar segment is freed, the laminar
flap is drawn dorsally and elevated slightly cephalad
so as to avoid buckling at the fulcrum, thus eliminating
the risk of compressing the underlying dura and cord.

Either feshly soaked fluffy cotton or precut cottonoid
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patties may be placed upon the dura as one reflects
the laminar flap. This affords maximal protection to
the underlying structures and minimizes oozing. Once
the laminar flap is completely removed, a fluffy cotton
may be placed over the dura. The laminar flap is imme-
diately put into normal saline where it is left until the
intraspinal operative procedure is finished. Figure 3.45
illustrates the exposure one attains and visualization
of epidural fat and venous plexus, dura and arachnoid,
and cord or cauda equina.

Bone Closure

Craniotomy Closure (Figures 3.46 to 3.49)

As already discussed, when a craniotome is used to
free the bone flap from the surrounding skull, a large
gutter (varying in width from 2 to 4 mm!) is created,
thereby rendering it impossible to attain bone to bone
approximation when either a free or an osteoplastic
bone flap is reinserted into position. 1t is disadvanta-
geous to use power instruments of any make to cut
the bone between burr holes, since healing—bone to
bone healing—seldom occurs (except in the newborn
and very young infant) across these gutters. In fact,
the flap sinks (Fig. 3.1 A) varying depths beneath the
level of the skull, fibrous tissue bridges across from
skull to flap, and one has a moveable, albeit more or
less limited, free bone flap. Use of the Gigli saw, on
the other hand, permits immediate solid seating of the
flap, like a cork in a bottle, since the cut may be beveled,
and thus creates a wedge-shaped plug (Fig. 3.1 B). Bony
regrowth occurs across the osteotomy lines made by
the Gigli saw. Although the vendors of power cranioto-
mies may demonstrate techniques for obtaining a bev-
eled cut, this is neither generally possible on an older
child nor ever possible on an infant or young toddler
(because of the thin skull).

In the supratentorial compartment reapproximation
of the bone flap is followed by anchoring the flap into
position with the use of periosteal sutures for medial
frontal, parietal, and occipital flaps, and a combination
of periosteal and fascial sutures for lateral frontal, bi-
frontal, and temporal flaps. If the bone flap is kept
moist by wrapping it in a gauze sponge and then keep-
ing it soaked throughout the time of the operative pro-
cedure, both the periosteum and fascial tissue adherent
to it will be soft and compliant enough to give secure
purchase to 4-0 and 3-0 suture material, respectively.
Similarly, throughout the procedure, one must periodi-
cally irrigate the operative site so as to maintain ade-
quate hydration of the periosteum and muscle.

Some surgeons choose to use a high-speed drill to
perforate the borders of the bone flap and surrounding
skull so as to pass suture material through the drill
openings for the anchoring stitches. Wire suture is never
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Figure 3.46. This medial frontal craniotomy is being closed
with 4-0 sutures, through the periosteum which had been left
on the free bone flap and periosteum which had been reflected
over the supraorbital rim.

indicated! Indeed, now that we are in the computerized
transmission tomography (CTT) era and about to enter
the era of nuclear magnetic resonance, it is contraindi-
cated: the metal produces artifact.

For the infratentorial craniotomy, unfortunately, the
reapproximated bone flap must be anchored into posi-
tion by the use of drill holes through the flap and sur-
rounding squamous occipital bone, since it is not possi-
ble to preserve the periosteum, and there is no fascia
adherent to the bone. The underlying, closed dura (the
dura must a/ways be closed, either directly or with the
insertion of a graft) offers a protective layer against:
(1) compression of the cerebellum by the bone flap;
(2) adhesions between the cerebellum, bone flap, perios-
teum, and muscle tissue; and (3) herniation of the poste-
rior fossa contents into the deadspace between posterior
fossa and muscle.

Bone chips taken from the burr holes during the
opening should be placed into the burr hole sites after
the bone flap has been securely anchored in position.
Packing of the chips into the hole offers a base upon
which a bone plug, fashioned from the inner table of
the skull, may rest. This provides for complete bony
refill of the burr holes. The regrowth of bone and its
ossification is provided for by the underlying outer
(periosteal) layer of the dura and the conserved perios-
teum which, at this stage of the procedure, is laying
over the bone plug. In the newborn or infant, fashioning

Figure 3.47. 3-0 sutures are being used to anchor the tempora-
lis muscle flap to the periostcum of the frontal bone along
the superior temporal line.

of similar bone plugs and the use of bone chips are
not necessary, since the skull regrows rapidly and com-
pletely. However, this is less true in the toddler, and
not true in the juvenile or adolescent age groups. The
plugs and chips are especially indicated for frontal or
bifrontal flaps, to cover the burr hole defect at the gla-
bella and behind the zygomatic process of the frontal
bone (“keyhole ™).

Finally, the periosteum is brought over the bone plug
and chips.

Laminar Closure (Figures 3.50 and 3.51)

The laminotomy flap is brought into the operative area,
removing it from the moistened gauze sponge in which
it was stored. If the laminar flap has been stored com-
pletely moistened, the interspinous ligaments will not
have dried and shriveled. If it is stored dry, shrinkage
occurs (rendering reapproximation of the laminar flap
difficult or impossible).

A high-speed drill is used to perforate each of the
laminae at the caudal and cranial ends of the laminar
flap, and the portion of the laminae which remained
in the vertebral body. With the flap brought back into
its anatomical position, the surgeon passes sutures
through the openings made in the most caudal laminae,
and then ties them securely to one another, using 2-0
suture. This is done, from caudad to cephalad, at each
level. These sutures are tied down individually and at



Figure 3.48. Preparation of bone plug. (A) The high-speed
drill is being used to fashion a plug from the inner table of
the bone flap. (B) After the cut has been made through the
inner table and into the diploic layer, a periosteal elevator
is used to pry it free, taking care not to crack it. (C) This

each level, first on one side then the other. The tying
down of the laminar sutures one at a time from caudal
to rostral unfolds the flap as an open accordion, and
brings each of the laminae to rest at its appropiate ana-
tomical level.

Since it is not always possible to perform an osteo-
tomy in a medial lateral, dorsalventral, oblique line
(which would allow the laminae to nestle into place
without falling into the spinal canal), one must tie down
the closing sutures snugly, so that the flap will not im-
pinge upon the spinal canal. After the laminar flap is
thus anchored into position, the interspinous ligament
at the inferior and superior segments is tied to the frag-
ments of the homonymous ligaments below and above.

The paraspinous muscle masses are then allowed to
fall into their normal position by removing the self-
retaining retractors. They are sewn to the respective
interspinous ligaments in two layers, deep and superfi-
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is a photograph of the freed plug and bone flap from which
it was taken. (D) The bone plug is being held in the burr
hole defect it will be used to close—in this case the glabellar
hole for a bifrontal flap.

cial, and the fascia over the paraspinous muscles is sewn
to the supraspinous ligaments. This brings muscle mass,
spinous processes, and interspinous ligaments into ana-
tomical juxtaposition, and prevents the laminar flap
from moving or sinking into the spinal canal. The sub-
cutaneous tissue and skin are then closed.

Postoperative Treatment and Follow-Up of Laminotomy
The postoperative treatment for laminotomy consists
of appropriate immobilization of the patient, which is
obtained through a thoracic on lumbosacral corset for
the corresponding spine segments, and a *“fourposter”
cervical collar or “halo” for the cervical spine. Serial
x-ray controls are performed from the first days after
surgery, and biweekly thereafter for 6 weeks. Once there
is x-ray evidence of healing across the osteotomy site,
no further x-rays are taken and the child may resume
normal activity.
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Figure 3.49. Bone chips taken from the burr holes during the
opening should be placed into the burr hole sites after the
bone flap has been securely anchored in position. Packing
of the chips into the hole offers a base upon which the bone
plug may rest. (A) A bifrontal free bone flap has been reposi-
tioned, and the bone plug (1) placed into the burr hole opening
along with the bone dust. The reflected periosteal flap (2) will
be sewn over the plug and dust, onto the periosteum (3) which
had been left on the frontal bone flap. (B) The periosteal flap
is now being brought over plugged burr hole and craniotomy
line, as it is sewn to periosteum which had been left on the
free bone flap. (C) The periosteal flap (7) has been anchored
(2) to the periosteum of the bone flap (3), and the fascial
layers of the temporalis muscle (4) anchored along the superior
temporal line (5). Bone dust and plugs (6) are used to fill
the parasagittal burr hole openings.

Figure 3.50. (A) This is an illustration of the suggested tech-
nique for replacing the free laminar flap by reapproximating
it into its normal position and then anchoring the flap bilater-

ally, procceding in a caudocephalad direction. (B) The anchor-
ing sutures are shown penetrating the laminac through pre-
viously placed perforations.



Figure 3.51. (A) The paraspinous muscle masses have been
allowed to fall into their normal anatomical position, over
the laminae and the spinous processes, and sutures placed
so as to anchor these muscle masses, in two layers, to the
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Chapter 4

Suturotomy for Various Flaps
in the Newborn and Infant

In the newborn and infant reflection of frontal, bifron-
tal, parietal, and other flaps with the use of the perfora-
tor and either Gigli saw or craniotome is unnecessary
and dangerous, since the skull is composed entirely of
membranous bone. The skull thickness measures less
than 3 mm, and each bone rides freely over the brain,
suspended and moored, as it were, from the membra-
nous sutures. Individual bones are separated from one
another by open suture lines, and ossification is at least
a year from being complete. The bones offer no resis-
tance to the pressure of a perforator or burr. (See Fig-
ures 4.1 to0 4.6.)

The individual bones cover almost completely the re-
spective lobes of the brain, so that one may expose
the parietal, or frontal, lobes simply by cutting the ap-
propriate bone from—and at—its junction with the sur-
rounding suture. Reflection of a frontal flap necessitates
use of heavy scissors to cut the squamous portion of
the frontal bone from the supraorbital ridge, a line
along which no suture exists. A suboccipital flap may
not be reflected by sectioning a suture because the squa-
mosal suture is located well above the transverse sinus.

The anterior fontanel and the 3 sutures with which
it is continuous (metopic, coronal, sagittal) offer the
key area for reflecting frontal, bifrontal, parietal, or
biparietal flaps. The metopic suture begins to ossify in-
feriorly at the glabella, a process that extends posterosu-
periorly to the anterior fontanel. Consequently, at the
time of birth one may encounter bony union at the
glabella.

The suturotomy is performed by stripping the perios-
teum from the bone edge at a point no more than 1 mm

from the suture line. The periosteum is reflected from
the bone edge, over a linear distance of approximately
1.5 cm. The highly vascularized bone and the interos-
seus portion of the suture are then exposed before using
a sharp periosteal elevator, such as the Oldberg or a
sharpened Penfield #4 dissector, to separate the suture
line from the inner table of the skull. This permits one
to separate completely the inner table of the skull from
the outer layer of the dura by inserting a blunt Penfield
#2 or #4 dissector and stripping the former from the
latter. It is not possible to run the dissector across the
suture line, so the surgeon separates the outer layer
of the dura from the inner table of the skull on either
side, bringing the separation up to the suture line. This
is done through the small opening already described.

Heavy scissors, either curved or straight Mayo, are
inserted so that one blade serves as a dissector, and
then the bone is cut along the suture line, extending
from superomedial to inferolateral, cutting the coronal
suture. The direction of cut is from superior to inferior,
and then from the anterior fontanel to the glabella if
one wishes to open the metopic suture. To separate
the parietal bone from the sagittal suture, it is best to
proceed from the anterior fontanel to the posterior fon-
tanel, taking care to cut along the junction of bone
and suture, so as to avoid damage to the superior sagit-
tal sinus.

Reflection of the free or osteoplastic flap, after sutur-
otomy, exposes the underlying dura and suture lines.
One may choose to reflect any combination of unilateral
frontal, bifrontal, biparietal, frontoparietal, and tem-
poroparietal flaps for access to the desired area.
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Figure 4.1. Anatomical drawing of the infant’s neurocranium,
illustrating the bones of the calvarium and the suturcs continu-
ous with it. The sagittal (7), coronal (2), and metopic (3) su-
tures are continuous with the anterior fontanel (4). The cor-
onal suture extends anteroinferiorly in the coronal plane, to
the pterional area (5), where the parietal (6), frontal (7), sphe-
noid (&), and squamous temporal (9) bones fuse. The metopic
suture extends anteroinferiorly, in the sagittal plane, past the
glabella (10) to the frontonasal (17) sutures, where it is joined
by the frontal processes of the maxillae (72).

Figure 4.2. Membranous bony plates, sccn in transparency,
overlying the respective lobes (frontal, parietal, tcmporal) of
the brain. Suturotomy around appropriate bone, therefore,
suffices to expose the underlying lobe of the hemisphere.



Suturotomy for Various Flaps in the Newborn and Infant

Figure 4.3. (A) First stage of suturotomy, stripping of the
periosteum across the suture line, and the second stage, sepa-
rating the dura from the inner surface of the skull, are herein
illustrated. Inferiorly, along the coronal suture, one notes that
the periosteum has been separated from the suture line (1)
over a linear distance of approximately 1.5 cm and lateralward
for approximately 2.5 mm. Superior to this, the technique for
inserting a dissector between the inner table of the skull and
the dura, extending distally from the suture line, is illustrated
(2). The dissector is swept over the outer layer of the dura,
within the epidural area, converting this from a potential to
a virtual epidural space. (B) This is a photograph of the perios-
teum stripped from the bone at the suture line. (C) The perios-
teal elevator has been inserted into the epidural space, and
is being used to separate the inner layer of the dura from
the inner table of the skull.
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Figure 4.4. The periosteum (7) has been stripped from the Figure 4.5. The scissors have been inscrted so as to cut along

coronal suture (2), and the outer layer of the dura (3) from the line of junction between the parietal bone and the coronal

the inner table of the skull. suture. The blade between the skull and the dura serves as
a dissector.
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Figure 4.6. (A) The coronal and metopic suturotomies have
been performed, reflecting the right frontal bone (7) inferiorly
along the line extending from the glabella to the zygomatic
process of the frontal bone. The periosteum (2) remains at-
tached to the outer table of the skull. The left parietal bone
(3) has been freed from the coronal (4), sagittal (5), and lamb-
doidal sutures. It may be lifted away after the parietotemporal
(squamosal and mastoid) sutures are cut. (B) The right frontal
and left parictal bones have been removed, exposing the supe-
rior sagittal sinus (7). The osteotomy along the supraorbital
ridge (2) was performed with heavy scissors.



“There is no joy like the conquest of difficulties well
within one’s powers—she shook the dust of the place

off her feet.”

CHARLOTTE BRONTE
Jane Eyre



General Comments (Figure 5.1)

After the craniotomy has been performed, and before
the dura is opened, one should tack the dura to the
periosteum of the skull. Because of the remarkably high
degree of vascularization of the skull and the relatively
loose adherence between outer layer of the dura and
inner table of the skull, it is essential to sew the outer
layer of the dura to the periosteum along the cranio-
tomy line before proceeding to open the dura in order
to minimize risks of epidural hematoma formation (4-0
sutures suffice to perform this). It is not necessary to
perforate the skull to anchor these sutures because the
periosteum is strong enough to offer adequate purchase.
However, one should place the dural needle through
the periosteum along a line parallel to the cut edge
of the periosteum (skull), not perpendicular to it, since
this avoids fraying or tearing of the periosteum at the
time the knot is tied. One need not sew the dura to
the periosteum along the region of the anterior or poste-
rior fontanels, across a cranial suture, or at the superior
sagittal or transverse sinues, since at these points outer
layer of dura, cranial suture, and periosteum are one
continuous structure in the newborn and infant.

A scleral hook is ideal for grasping the outer layer
of the dura and elevating the intact dura from the sur-
face of the underlying brain so that it may be incised
with a 415 blade. Either Adson or Adson-Brown for-
ceps is then used to grasp the dura mater, elevating
this structure from the surface of the brain, before pro-
ceeding to cut it with tenotomy scissors.

For medial dural openings (frontal, parietal, occipi-

Chapter 5

Dural Flaps

tal) care should be taken to look beneath the dura prior
to extending the cut, lest a bridging cortical vein be
opened. Indeed, it is strongly recommended that cuts
along the parasagittal plane be avoided because of these
bridging cortical veins. The dura should be opened in
a horseshoe or trapdoor fashion, approaching the mid-
line or the line of tentorial origin perpendicular to the
sagittal or transverse sinuses, respectively.

Dural Openings

The technique for opening the dura is the same, irre-
spective of where it is done. However, the incision line,
the form of the opening (single trapdoor, double trap-
door, horseshoe, linear, etc.) varies with the location
and underlying pathology.

Frontal Dural openings

Medial Frontal Dural Opening (Figure 5.2)

Dural opening and reflection of the medial dural flap
for a medial frontal craniotomy is somewhat different
from a lateral frontal craniotomy. In essence, reflecting
the dura in a medial frontal craniotomy entails exposing
the bridging cortical veins, something that is not done
in a lateral frontal craniotomy, since the superior sagit-
tal sinus is not exposed in this latter procedure. After
the dura has been incised with a # 15 blade, it is opened
in a single trapdoor fashion, and then the dural flap
1s reflected medially over the osteotomy line and sewn
down to the periosteum. This flap should be sewn out
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of the way, in a line that does not kink or stretch the
bridging cortical veins. The cut anterior, inferior, and
posterior edges of the dura are, in turn, sewn around
the osteotomy line and to the periosteum. This prevents
the frontal dural flaps from falling continuously into
the operative field, and further minimizes the risk of
stripping dura from the inner surface of the skull.

Lateral Frontal Dural Opening
The dural opening for a lateral frontal craniotomy
(Fig. 5.3) is different from that for the medial frontal

Figure 5.1. (A) The dura has been opcned by
using a scleral hook inserted into its outer
layer, elevating it, and then nicking it with a
#15 blade. Once both layers of the dura have
been opencd and the underlying arachnoid
identified, a right-angled groove director is in-
serted between the arachnoid and inner layer
of the dura. A #15 blade is used to start the
dural opening. Here, 4-0 suturcs (arrows) werc
sewn from the outer layer of the dura to the
periostcum prior to opening the dura. (B) Onc
notcs arachnoid bulging through the dural
opening, which is now being completed with
the use of Adson-Brown forceps to elevate the
dura and tenotomy scissors to cut it. Inscrtion
of the scissors should be such as to use the
blade placed between arachnoid and inner
layer of the dura as a dissector, taking care
to angulatc the scissors in such a manner as
to point the tip of the bladc upward against
the dura. This avoids cutting the underlying
arachnoid or cortex.

craniotomy only in regard to exposurc of the bridging
cortical veins.

Bifrontal Dural Opening (Figurc 5.4)

The bifrontal (bifrontopterional) craniotomy exposes
the superior sagittal sinus (SSS) and the intradural por-
tion of the bridging dural veins bilaterally.

The dural opening differs from that used in either
the medial on lateral frontal craniotomy in that trap-
door openings are not used. Rather, a single hockey-
stick incision is made on either side, extending from



A

Figure 5.2. (A) Medial dural opening. The dura is opened
(single trapdoor) along a line running parallel to the cranio-
tomy, at a distance of about 1.0 cm (to facilitate closure),
except along the parasagittal plane. This opening is fast, and
minimizes damage to the bridging cortical veins (arrows). (B)

A

Figure 5.3. (A) The dura is incised in a single trapdoor fash-
ion, and cuts arc made at the posterolateral (7) and anterolat-
eral (2) edges. The craniotomy is well lateral to the superior
sagittal sinus, so the intradural portion of the bridging veins
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B

Medial dural opening. The dural flaps arc sewn (over the cran-
iotomy edge) to the periosteum. Note that the sutures are
placed parallel (arrows) to the cut surfaces of the dura and
periosteum. This avoids the suture tearing through these struc-
tures when the knot is tied.

B

is not visible. (B) The single trapdoor and three peripheral
edges of dura have been sewn to the periosteum, exposing
the brain and securing (and stretching) the dura out of the
field.
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Figure 5.4. (A) The bilateral hockey-stick dural opening is
photographed from the surgeon’s line of vision. The dural
opening is extended to the superior sagittal sinus (SSS), but
not into it. Both right and left anterior dural falps (Z and
2, respectively) have been sewn over the supraorbital ridge
to the periosteum, to prevent them from falling continuously
into the operative field. (B) Clips have been placed across
the SSS on either side. They are angulated in such a manner
as to form a diamond. Their hilts are separated from one
another by at least 2 mm, permitting one to cut across the
dura of the SSS between them. Clips are unreliable in that
they may not be successfully extended across the SSS. Also,
they tend to slip from the sinus during the operative proce-
dure. Surgicel has been placed over the SSS. (C) The bilateral
hockey-stick incisions (1) have been made and the bordering
edge cut at the zygomatic process of the frontal bone (2).
Suture, preferable to clips, is being passed through the falx
(3), to ligate the SSS. The child is in the anatomical position.
(D) With the child supine, one notes the hockey-stick incisions,
and the suture being passed through the falx cerebri. The
head has been positioned obliquely to illustrate the full extent
of the hockey-stick dural incision. (E) Supine position. This
illustration permits one to appreciate how the frontal lobes
(1) and dura (2) fail away, together, from the floor of the
anterior fossa (3) as the head is lowered. Also, one notes that
the edges of dura anchored to the peristeum of the orbital
rim (4) and to that over temporosphenoidal bones (5) are
thereby prevented from falling continuously into the operative
field. (F) Supine position. The SSS has been transected be-
tween the two ligatures, and the falx cerebri has been cut
from the crista galli. The dural flaps have been sewn to the
periosteum, and a telfa placed over the right frontal lobe.
Note that the dura (shown on the left) falls away from the
orbital roof with the left frontal lobe after the falx cerebri
is cut. This is extremely important, since it assures the surgeon
that there will be no stretching or tearing of frontal bridging
veins, minimizing risk of frontal lobe edema or infarction.
The orbital roofs have come into view with the cribriform
plate. (G) Right medial frontal dural opening. One can com-
pare the difference in exposure (with regard both to extent
of exposure and surgery) between a unilateral and bilateral
frontal flap.



medial to lateral, along a plane parallel to the supraor-
bital ridge, with the angulation located at the zygomatic
process of the frontal bone. The incision is then ex-
tended posteriorly to the pterion. The peripheral edge
of the dura is incised to the base of the zygomatic pro-
cess of the frontal bone. Subsequent to this, clips or
sutures are placed across the SSS down to the falx cere-
bri, separated from one another by a distance of ap-
proximately 2 mm. The most anterior portion of the
SSS is ligated before it is transected. The falx cerebri
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is cut from its insertion onto the crista galli, allowing
the dura mater to be retracted with the frontal lobes.
This prevents stretching or kinking of the bridging cor-
tical veins.

Parietal Dural Openings (Figures 5.5 to 5.8)

The parietal dural openings may be superior parietal,
parietotemporal (inferior parietal), biparietal, and pa-
rietofrontal.
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C

Figure 5.5. (A) Superior quadrilateral parietal flap as seen
from straight lateral perspective, in order to visualize the rela-
tionship between the posterior extremity of the flap and the
parietal eminence. The dura has been incised but not reflected.
Note that only the superior portion of the dura (7) may be
reflected over the superior sagittal sinus without opening the
inferior trap door (2), or the inferior trap door may be opened
for greater access to the parictal lobe. (B) Posterooblique view
of the dural opening in a quadrilateral bone flap to illustrate

D

access to the parictal convexity. (C) Posterooblique view, with
the split superior trapdoor cleft and sewn over the superior
sagittal sinus and anchored to the periostcum. (D) The dura
beneath this quadrilateral parietal flap is reflected at all 4
corners and sewn into position after it has been stretched.
The medial (7) and lateral (2) flaps have been cleft at their
center to avoid dural buckling and to provide full visualization
of the sagittal, parictal, and temporoparictal areas.



Figure 5.6. (A) This inferior parietotemporal flap, as seen
from the lateral perspective, permits an opening that extends
into the squamous temporal bone and to the pterion. The
incised double trapdoor has a shorter medial leaf (), and
a longer lateral one (2). (B) Superior parictotemporal flap
has a bivalved medial leaf that is reflected superiorly. (C) All
4 leafs have been reflected over the bony margins of the cranio-
tomy, exposing the underlying parietal and superior temporal
cortices. The anterior and posterior leaves have not been clo-
ven, but could be if one desired more complete access to the
underlying brain.

Superior Parietal Dural Opening

Superior parietal flaps are reflected so as to offer access
to the hemispheral convexity, superior sagittal sinus,
falx, and corpus callosum. Consequently, an asymmetri-
cal, double trapdoor dural opening is fashioned. This
provides adequate exposure of the parietal convexity
and sagittal structures, and allows the option of uncov-
ering the lateral surface of the parietal lobe if needs
must. The anterior and posterior limbs of the dural
opening permit full utilization of the craniotomy.

Parietotemporal Dural Opening
The parietotemporal dural opening is also effected with
a double trapdoor, again to expose only the desired
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area and to permit the option of a more extensive cere-
bral exposure.

Biparietal Dural Opening

The bilateral dural openings may be either parietal or
parietofrontal. They permit access to the convexities
of both parietal (or parietofrontal) lobes, to both sides
of the falx cerebri, and to the splenium of the corpus
callosum. The parietofrontal flap permits access to the
genu, as well as the body and splenium of the corpus
callosum. It also allows the surgeon to perform indepen-
dent cerebrotomies in the frontal and parietotemporal
areas for access to the frontal horn and trigone, respec-
tively, for these choroid plexus papillomas extending



124  Dural Flaps

A

Figure 5.7. Biparietal dural flaps with the dura completely
incised. (A) The durotomies have been made in double trap-
door fashion, so that one may expose the medial, lateral, or
entire parietal lobe on both sides. (B) Opening only the medial
trapdoors gives access to the sagittal area and medial parietal
lobes, while affording dural protection to the lateral parietal
surface. The medial flaps are sewn over the strip of bone
bordering the sagittal suture. (C) This photograph of a biparie-
tal dural opening was taken during the performance of a low-
ering of the superior sagittal sinus (SSS) for chronic subdural
effusion. The right medial dural flap has been scwn over the
SSS to the dura on the left, which will subsequently be sewn
medialward onto the right dural flap. One may appreciate
the extensive exposure of the underlying brain this type of
dural opening provides. The dural opening has not been com-
pleted, so one notes tenting of the superior and lateral flap
segments. (D) The dura has been reflected over the free edges
of the parietal craniotomy and anchored into position. The
medial trapdoors have each been brought over the midline
and anchored to one another, keeping them stretched over
one another when the sagittal strip of bone has not been re-
moved and sewing both to suspend and protect the SSS sinus
when it has.



A

Figure 5.8. (A) Parietofrontal craniotomy. The durotomies
have been made in double trapdoor fashion, permitting expo-
sure of the entirety of underlying cerebral and vascular struc-
tures. (B) Bilateral parietofrontal opening. Only the medial
trapdoors have been reflected over the midsagittal plane, ex-
posing the parietal lobes and the posterior portions of the
frontal lobes. The dural opening extends anteromedially (ar-
row) so as to put into view the anteromedial bridging cortical
veins. (C) The inferior trapdoor has been opened and cut
in two places so as to afford maximum exposure of the fronto-
parietal cortex.

from the glomus to, and through, the foramen of
Monro.

Temporal Dural Openings (Figure 5.9)

Anterior Temporal Dural Opening

Particular attention is given to studying the anterior
opening of the dural flap, as it extends inferiorly across
the posterior branch of the middle meningeal artery
but remaining posterior to the middle meningeal
proper. This opening must be reflected over the lesser
wing of the sphenoid in two or more folds, to avoid
tenting and, consequently, converting the dural opening
into a tube.
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Middle Temporal Dural Opening

The middle opening reflects the dura over the craniecto-
mized squamous temporal and greater wing of the sphe-
noid bones, giving the surgeon a straight line of vision
to the floor of the middle fossa, unimpeded by a ledge
of temporal squama. This minimizes, or eliminates, the
need to elevate significantly the temporal lobe for access
to the tentorial edge and ambient cistern.

Posterior Temporal Dural Opening

The posterior opening is designed for access to the supe-
rior and middle temporal convolutions, the terminal
portion of the Sylvian fissure. The angular and supra-
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Figure 5.9. (A) The anterior temporal dural incision and re-
flections are illustrated. The middle meningeal artery is ligated
by passing a 4-0 suture through both layers of the dura and
then tying them down securely. This prevents bleeding from
the dural edges. The dura is then opened by making a semi-
lunar incision (7), convexity downward, and perpendicular in-
cisions posteriorly (2) and anteriorly (3). This opening mini-
mizes bleeding and maximizes exposure. (B) Midtemporal
dural incision and reflections. In this craniotomy, the middle
meningeal artery (I) is located at the anterior extremity of
the bone flap, dural exposure. It is essential that it be identified

marginal gyri are most conveniently approached
through a parietotemporal flap.

Enlarged Temporal Dural Opening

An enlarged temporal opening is no more than an incor-
poration of anterior and posterior openings: it provides
access to the entire temporal lobe, tentorial surface and
edge, and ambient cistern.

One may choose to cut the dura so as to avoid the
middle meningeal artery, but I discourage this because
it serves no purpose, permits continuous, nagging bleed-
ing from the dural edges, and increases greatly the risk
of an intraoperative epidural hematoma (which may
result from tearing the middle meningeal artery as the
dura falls from the inner table of the skull).

Occipital Dural Openings (Figures 5.10 and 5.11)

The medial and lateral occipital dural openings permit
one, respectively, to work along the junction of the falx
and the tentorium to reach the culmen monticuli and

and securely ligaturcd before proceeding to open the dura.
A ligature should also be put around its anterior branch (2).
The semilunar durotomy is then made (3) and perpendicular
cuts extended anteriorly (4) and posteriorly (5). The terminal
posterior branch(es) may be ligated, or coagulated, since
bleeding is only retrograde: the middle meningeal will alrcady
have been occluded. (C) Posterior dural incision and reflec-
tions. A single ligature around the main trunk of the posterior
branch of the middle meningeal artery (arrow) suffices to pre-
vent all bleeding from the cut dural edges. The dura is then
opened in a double trapdoor fashion. (D) The enlarged tempo-

the pineal area, and to gain full access to the occipital
pole.

Medial Occipital Dural Opening

In the medial occipital craniotomy the dura is opened
in a double trapdoor fashion, bringing the line of inci-
sion parallel to the superior sagittal sinus, at a distance
of approximately 3 cm from it. The incision is extended
inferiorly to approximately 5 mm above the transverse
sinus, then cut inferomedially to approximately 2 mm
lateral to the torcular Herophili. This allows one to
reflect the medial trapdoor over the sagittal plane, and
the inferior dural skirt over the transverse sinus. One
may then approach the pineal region either along the
falx or the tentorium, with the option to retract the
occipital lobe superolaterally beneath the unopened lat-
eral dural trapdoor. This affords it protection, under
a dural covering, and keeps it from bulging through
the craniotomy as retraction in the depths exposes the
lesion.
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ral dural incisions are illustrated in this drawing. The middle
meningeal artery (7) is generally exposed at the junction of
the anterior and posterior two thirds of the dural exposure.
After it is ligated, two additional ties (2) should be placed
around its anterior branch (3). The dura is then opened in
a double trapdoor fashion. (E) The middle meningeal artery
is illustrated exiting from the diploé, inferior to the pterion,
and bridging the epidural space to enter the dura mater. The
surgeon may choose not to transect it electively, but to extend
the durotomy posterior to the middle meningeal proper. This
is not recommended.

Lateral Occipital Dural Opening

The lateral occipital flap is designed exclusively for ac-
cess to the convex surface of the occipital lobe, not
to the tentorium, falx, or either the transverse or superi-
or sagittal sinuses. It is not adequate for medial occipital
pole lesions.

Posterior Fossa: Suboccipital Dural Openings
The opening of the dura in the posterior fossa is both
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tedious and delicate because the cerebellar hemispheres
rest snugly upon it when the child is in the sitting posi-
tion. Also, dural sinuses are in the midline and immedi-
ately benecath the rim of the foramen magnum. They
are variable in size and location. The entire dura cover-
ing the inferior cerebellar hemispheres may be con-
verted into one sinus (especially in Chiari II children).
There are medial and lateral suboccipital dural open-
ings.
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Figure 5.10. (A) The dural opening is marked off, permitting
reflection of a double trapdoor within the medial occipital
craniotomy ostcotomy lines. Note that the superior sagittal
(1) and transverse (2) sinuses are within the craniotomy, as
is the torcular Herophili (3). (B) Dural flaps reflected over
the occipital cortex. This photograph of a medial occipital
craniotomy illustrates the underlying dura, as well as the ex-
posed superior sagittal sinus (1), the torcular Herophili (2),
and the transverse sinus (3). (C) The medial trapdoor of the
dural opening has been made, and cleft into superior (1) and
inferior (2) segments, which in turn are being reflected over
the superior sagittal sinus at its posterior third. One anchoring
suture {3) has been placed. Three more will be placed before
proceeding to retract the occipital lobe laterally under the dura
(4). Inferiorly, the dura has been opened to the transverse
sinus (5) and the torcular Herophili has been cxposed (6).



Medial (Midline) Suboccipital

Dural Opening (Figures 5.12 to 5.14)

Medial suboccipital openings permit exposure of either
the inferior or superior cerebellar triangles, with the
former being used either for inferior vermian/IV ventri-
cle lesions or for lesions within the foramen magnum,
and the latter for superior vermian and pineal region
tumors.

Inferior Cerebellar Triangle Dural Opening

Inferior cerebellar triangle exposure may be used for
lesions within the IV ventricle and inferior cerebellar
vermis, or for those extending across the foramen mag-
num. This distinction (inferior and superior cerebellar
triangles) is of value since 1V ventricle and vermian
lesions, which are generally very large at the time of
surgery, may be removed without opening the dura ac-
ross the annular sinus and without extending the duro-
tomy into the atlantooccipital membrane. Thus, for in-
ferior trangle lesions (within the inferior vermis or IV
ventricle), careful placing of the durotomy incision al-
lows the surgeon to fashion a sling from the inferior
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Figure 5.11. The lateral occipital craniotomy exposes dura but
neither sinus nor, in most instances, major bridging cortical
veins. One must, however, be cautious for there is occasionally
a draining vein that goes from the tentorial surface of the
occipital lobe into either the tentorium or the transverse sinus.

portion of the dura. Such a sling serves to suspend the
inferior cerebellar hemispheres and tonsils, preventing
them from herniating into the operative field, and to
avoid potentially damaging traction on the brainstem.
The dura is cut inferomedially from the point of
opening (which is best made at approximately the junc-
tion of the superior and inferior thirds of the dura ex
posed by the suboccipital craniotomy). A cut across the
midline from right to left, connecting the two inferome-
dially coursing durotomy incisions, is made with teno-
tomy scissors. The cut across the midline may have
to be made with heavier scissors because of the dural
reduplication at the annular and cerebellar sinuses. If
a dural sinus is encountered it may either be coagulated
with the bipolar forceps or clipped. This latter technique
is discouraged, since the clips may come dislodged at
the time of closure. The result may be bleeding into
the posterior fossa, which, unfortunately, may occur
without the surgeon being able to identify it. Also, and
of more immediate danger, opening dural sinuses sub-
jects the child to air embolism. Immediate, or incom-
plete, closure (often the case when clips are used) of
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Figure 5.12. (A) Dural flaps for access to the inferior triangle.
The lines of the two U-shaped dural flaps are indicated. They
permit opening the dura so as to fashion a sling to suspend
the cercbellar tonsils and minimize traction on the ccrebellar
peduncles. The horizontal dural cut (7) is placed well above
the rim of the foramen magnum (2). (B) The dura is reflected
laterally over each side and superiorly over the basc of the
triangular craniotomy. The sling (/) is shown supporting the
tonsils (2) in the posterior fossa. This latter point is illustrated
to much better advantage in C. (C) The sling (/) gives support
to the tonsils (2) and, consequently, to the inferior cercbellar
vermis (3) and medial portions of the cerebellar hemispheres
(4). The ligatures suspending it (5) arc sewn to the crcctor
capiti muscle fascia.
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Figure 5.13. (A) This is the recommended durotomy for le-
sions within, or extending into, the foramen magnum. There
is a vertical durotomy (7) across the level of the foramen
magnum (2). (B) The dura is reflected superiorly over the

these dural sinuses may present continued risk of air
embolism throughout the operative procedure.
Opening of the dura over the craniovertebral junction
Jor inferior triangle lesions at the foramen magnum, en-
tails fashioning a U-shaped dural flap, convexity point-
ing inferiorly, beginning at the superolateral border on
each side of the craniotomy. It should be extended in-
feromedially to approximately 0.5 cm above the dural
fold located just beneath the posterior arch of the fora-
men magnum, bilaterally. Then, a midline durotomy
is cut vertically across the foramen magnum, coagulat-
ing the annular sinus with a bipolar forceps on either
side of the cut. The spinal dura (there is only one layer)
is then cut horizontally, first to one side and then to
the other, immediately above the arch of C-1. (It is
almost never necessary to remove the arch of C-1 in
order to gain complete access to the structures within
the foramen magnum. In rare circumstances the tumor
does extend beneath the level of C-1, at which time
an osteotomy at either lateral extremity of the arch of
C-1 allows the surgeon to displace this arch inferiorly
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craniotomy edges and inferiorly over the arch of C-1. This
exposes completely the tonsils, inferior vermis, and cisterna
magnum.

and, thus, extend the dural incision almost to the level
of C-2). The arch of C-1 may then be anchored back
into anatomical position at the end of the procedure.

Superior Cerebellar Triangle Dural Opening

Superior cerebellar triangle exposure and access to the
pineal region, through a quadrilateral craniotomy flap,
is attained by a double trapdoor durotomy. This per-
mits one to reflect the upper trapdoor superiorly, if
the culmen monticuli and pineal region are the target
area(s), and the lower trapdoor inferiorly, if the superior
portion of the cerebellar hemispheres is the target area.

Lateral Suboccipital Dural Opening (Figure 5.15)

For access to the lateral cerebellar hemisphere or the
pontocerebellar angle, a double trapdoor durotomy
with the superior trap door being larger than the inferi-
or, is reflected. The advantages of a larger superior seg-
ment rest in ease of identification of the superior cere-
bellar veins and the lateral sinus to which they are tribu-
tary.
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Figure 5.14. The double trapdoor durotomy for access to the
superior cerebellar triangle permits the surgeon the option of
reflecting only the superior trapdoor, or both. (A) The duro-
tomy lines are depicted for complete exposure of the superior
cerebellar triangle. (B) Posterooblique perspective of the dou-
ble trapdoor durotomy. (C) This photograph illustrates the
“hockey-stick” durotomies (1) made on either side. Also, one
notes the transverse sinus (2) indicated along the superior mar-
gin of the craniotomy, the dural tack-up sutures (3), the drill
hole (4) made in the sqamous occipital bone (for anchoring
the lug of the DeMartell retractor) superolateral to the rim
of the foramen magnum (5), and the posterior spine of C-1
(6). (D) The horizontal durotomy has been completed. (E)
The superior dural flap has been sewn to periosteum, exposing
the tentorial surface of the cerebellar hemispheres and the
vermis.



Figure 5.15. (A) The dura has been exposed over the most
lateral portion of the right cerebellar hemisphere, revealing
it to be under extreme pressure (as expressed by its transpar-
ency). The transverse sinus {arrow) is exposed. One should
expose the transverse sinus only for vascular lesions which
are draining either into the lateral surface of the tentorium
or the transverse sinus itself. (B) This is an asymmetrical dou-
ble trapdoor durotomy flap. The transverse sinus has not been
exposed. (C) Reflecting the dura over the craniotomy edges
exposes the lateral cerebellar surface. (Resection of lateral
third of hemisphere, or its elevation, permit exposure of me-
dullopontocerebellar angle). The superior dural flap (7) has
been reflected, and a dural sling (arrows) has been fashioned
to support the inferolateral cerebellar hemisphere (2) if one
is working on a lesion within the superolateral portion of
the cerebellum. (D) A mass within the right lateral cerebellar
hemisphere was removed. Note cerebellotomy (1), the inferior
portion of the right cerebellar hemisphere (2), and the dural
sling (3) tethered from two 4-0 sutures (4), which have been
anchored to the periosteum on either side (5).
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Figure 5.16. Hemispheral dural opening.

Figure 5.17. The spinal canal contains, from peripheral to cen-
tral, epidural fat (1), epidural venous plexus (2), a single layer
of dura (3), a single arachnoid membrane without compart-
mentalized subarachnoid chambers (4), and then either the
spinal cord or the cauda equina (5). The dura mater has been
cut in the midsagittal plane and then circumferentially perpen-
dicular to this (6) before reflecting the dural flap (7).



Hemispheral Dural Opening (Figure 5.16)

The dural opening for hemispherectomy must be such
as to permit one access to the entirety of the superior
sagittal sinus, the torcular Herophili and the transverse
sinus, the tentorial surface and greater wing of the sphe-
noid (floor of the middle fossa), and the orbital roof.

Spinal Dural Openings (Figures 5.17 to 5.20)
The spinal dura mater differs from the cranial dura
mater in four surgically significant ways, having

1. a layer of epidural fat between the dura and the bony
portion of the spinal canal;

2. a large plexus a epidural veins freely communicating
with the intraabdominal and intrathoracic venous
systems, extending the full length of the spinal cord;

3. the dura mater composed of only one layer, since -

the periosteal component of the outer layer of the
cranial dura mater becomes the periosteum of the
external table of the skull as it remains adherent to
the skull at all cranial foramina, canals, fissures; and

4. a single, enormous cistern, rather than compartmen-
talized subarachnoid-trabecular compartments, sur-
rounding the spinal cord from the cisterna magna
to the spinal cul-de-sac.

After the laminotomy has been performed, the sur-
geon comes upon the layers of epidural fat and veins.
These are taken away by coagulation, cutting, and
brushing movements with a wet fluffy cotton.

Once the epidural fat and veins have been cleared,
the dura is noted to be relatively pale in appearance
and to expand to fill the entire spinal canal, taking
up the space left by the dissected fat and veins. This,
no doubt, is an expression of the reciprocal volume
and relationship between the subarachnoid fluid and
the epidural venous system. The exposed dura is ready
for incision.

The scleral hook is used to pick up the dura, a 415
blade to incise it. It is recommended that the dura not
be opened only in the midsagittal plane, but rather that
cuts perpendicular to the midsagittal opening be ex-
tended from both the superior and inferior extremities
of the durotomy. This technique assures minimal dam-
age to the spinal cord. In essence, if a simple linear,
sagittal, incision is made in the dura and the dura is
then either sewn back or retracted, it will suspend the
spinal cord, elevating it from its resting place within the
ventral portion of the bony spinal canal. On the other
hand, if perpendicular cuts are put in the dura at the
upper and lower extremities of the sagittal durotomy,
the result is a bilateral trapdoor dural opening. No sus-
pension of the spinal cord or elevation of it from its
bed at the ventral aspect of the bony spinal canal re-
sults.
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Figure 5.18. The epidural compartment has been cleared of
fat and the venous plexus. Expansion of the intradural con-
tents distends the (single layer) dural sac (arrow) to fill the
spinal canal after the epidural veins and fat have been re-
moved.
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Figure 5.19. (A) The area of dural incision is marked off  the lateral reflection of the trapdoor flap on the reader’s left,
to show the durotomy lines. (B) The sagittal durotomy has a technique that avoids “suspension’” and possible damage
been made and the perpendicular cuts are being extended. to the spinal cord.

One may use either a # 15 blade or a tenotomy scissors.Note



Figure 5.20. (A) Midsagittal durotomy only. A horizontal cut
across the ventral aspect of the bony spinal canal, illustrating
the suspension of the spinal cord (7) by the tented dura (2),
thus lifting it from the ventral portion of the spinal canal
(3). This is a potential cause of spinal cord damage. (B) With
a double trapdoor durotomy incision and flap, as illustrated,
the spinal cord (7) rests within its bed in the ventral aspect
of the bony spinal canal (2). There is no compression of the
spinal cord by stretching dura. (C) Midsagittal (1) and circum-
ferential perpendicular (2) durotomies made on both the right
and left. (D) Incorrect technique for opening and retracting
the dura over the spinal cord. Suspension sutures putting trac-
tion on the dura and, consequently, causing it to compress
the ventral surface of the spinal cord.

Dural Flaps
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Closure

Cranial Closure

Dural Closure (Figures 5.21 and 5.22)

The dural closure is greatly facilitated when it has been
kept stretched—by having sewn it back tautly—
throughout the operative procedure (from the moment
of the dural opening), and by keeping it moist so that
it does not shrivel during the hours of intracranial sur-
gery.

The dura is closed with 4-0, interrupted, nonabsorb-
able sutures. Absorbable sutures could theoretically in-
crease the risk of cortical scarring. Continuous stitches,
if used, should be locked, to favor a “watertight” clo-
sure. One should place sutures, alternatively, in each
limb of the dural flap, rather than beginning at one
limb and working around to the other. This assures
stretching the dural flap evenly between the two limbs.
Also, if the sutures are put into the anchored end of
the dural flap at 5-mm intervals and then into the free
end of the flap at 4-mm intervals, the free end will
be stretched gradually into place.

Beginning the closure with anchoring sutures at the
corners, or at the center of the flap, is to be avoided
because it puts the dura on an extreme stretch and per-
mits the brain to bulge through the intervening open-
ings.

Figure 5.21. Opposite borders of the dural defect are used
as initial anchoring sites. The free edge of the dural flap (1)
is that which is medial to the dural opening, the anchored
edge (/) is between the dural opening and the bone. Sewing
the dura short, along the free edge and long on the anchored
edge, with stitches alternating from limb to limb, stretches
it out evenly, assuring uniform closure. Here the letters indi-
cate sequence of suture placement, the arabic numerals indi-
cate number of millimeters between sutures on each side. This
allows one to envision a gradural ironing out of the free dural
edge as the closure proceeds with sutures at A, B, C, D, etc.,
and at 5-mm intervals along the anchored edge, but with 4-mm
intervals along the free edge.

Figure 5.22. Beginning the dural closure by placing sutures
at the corners as illustrated here is to be avoided, except in
those rare instances when there is an abundant subdural space
and the dura is, for all intents and purposes, redundant.

Use of the Periosteum and Fascia to Reconstruct

the Dura (Figure 5.23)

When it is not possible to close the dura, or doing it
demands so inordinate stretching, insertion of a perios-
teal graft is preferable. The periosteal graft is taken
from the periosteum of the bone flap for intracranial
dural repair, fascia is used to repair spinal dura. For
this reason, when the cranial bone flap is reflected, care
should be taken to keep the periosteum and the bone
moist. One should moisten the dural flap periodically
throughout the surgery. Erector spinae muscle fascia
suffices as a donor source for spinal dura repair.

After the intracranial periosteal graft has been fash-
ioned, it is removed from the skull simply by lifting
it away with an Adson-Brown forceps and using a Pen-
field #4 dissector to separate it cleanly and uniformly
from the skull. It should be taken in one piece, anchored
at two ends to the opposite borders of the dural defect,
and then tied down at either end. Sutures are used to
bring the dural graft into apposition with the remainder
of the edges of the dural defect.

In the posterior fossa it is not often possible to find
an adequate amount of periosteum, so fascia from the
erector capitae muscles is used. The procedure for fash-
ioning, anchoring, and attaining a watertight closure
is the same. One is advised to take care to bring the
fascial surface of the erector capitac muscle graft to



Figure 5.23. (A) Periosteal graft to cover dural defect. Oppo-
site borders of the dural defect are used as initial anchoring
sites. (B) 4-0 interrupted sutures are used to attain a watertight
closure between graft and dural edges.

border on the surface of the cerebellum or the cisterna
magna, since the muscular surface may form adhesions
between the dura and the cerebellum. The same tech-
nique and precautions apply to the use of fascial grafts
for repair of the spinal dura.

Spinal Closure

Arachnoid Closure

The closure of the arachnoid is recommended in spinal
cord tumor surgery, and is essential for syringomyelia.
It may be closed with either interrupted or continuous
7-0 sutures.

Adequate closure of the arachnoid is guaranteed at
the time of opening, since at this time the surgeon has
the opportunity to identify it clearly, before placing
guide sutures, 7-0 or 8-0, so as to tent it. If the sutures
are lain in at 2- or 3-mm intervals on either side of
the planned line of arachnoid incision, one may make
the line of incision while drawing on these guide sutures,
using them for retraction sutures after the arachnoid
has been opened. They may then be brought medial-
ward and tied to one another at the beginning of the
arachnoid closure.

Dural Closure

The dura is closed with interrupted 4-0 sutures in the
same manner as the dura over the brain, but remember-
ing that the spinal cord dura consists of only one layer
and, consequently, that it is more easily frayed. If, as
is so often the case, one does not get an adequate, water-
tight closure, it is advisable to insert a fascial patch
graft. Dural cerebrospinal fluid leaks may compromise
wound healing either by resulting in a collection of sub-
cutaneous cerebrospinal fluid (seroma), or by leaking
through the skin incision. Both necessitate reoperation,
which increases the risk of infection. Consequently,
dural grafts should be inserted without hesitation, at
the slightest suspicion that the closure may not be wa-
tertight.
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Chapter 6

Cerebral Retraction

Cistern Openings (Figures 6.1 to 6.13)

Approximately 1300 years passed between the time that
Galen first described the cerebral cisterns, concluding
that they represented an interval between the pachy-
meninges and the leptomeninges, and the time Varoli
first described the arachnoid membrane. Another 100
years were to pass before this membrane was named
(Vesalius, ca 1670) and another 145 years before Co-
tugno (ca 1815) discovered the cerebral spinal fluid and
identified the subarachnoid spaces. Magendie in 1827,!
described cerebral cisterns, which he called confluents.
The identification of subdural spaces, however, was not
made until Key and Retzius® published their work in
1875.

Since the pia is densely adherent to the glia, there
is no subpial space. Conversely, since the arachnoid
rests upon (but is not adherent to!) the dura mater,
and is connected to the pia by trabeculae, there is a
subarachnoid space which varies in presence and vol-
ume: where arachnoid is adjacent to pia, as over the
hemispheral gyri and cerebellar folia, there is a micro-
scopic subarachnoid space, but where the arachnoid
and pia are separated by lesser or greater distances (the
sulci and intervals between lobes or over the brainstem)
cisterns are formed. The cisterns and subarachnoid
spaces are in free communication with one another.

The subarachnoid spaces are not named, but there
is a nomenclature of the cerebral cisterns, taken from
the major anatomical structure upon which they border.
These are, from anterosuperior to posteroinferior and
then around the cerebellum and corpus callosum: Syl-

vian, lamina terminalis, chiasmatic, ambient, interpe-
duncular, pontine, medullary, magna, superior cerebel-
lar, quadrigeminal, cerebellopontine, transverse fissure,
and pericallosal.

Exposure, opening, of the cistern, consequently, is
attained by cutting the arachnoid with a pair of micro-
scissors, or ‘“burning” one’s way through the arach-
noidal membrane with microbipolar forceps. Once the
arachnoid has been breached, cerebrospinal fluid emits,
and one is within the cistern. The remainder of the
cisternal wall, invariably the arachnoidal membrane, is
cut open with microscissors, taking care not to damage
the cisternal arteries or veins. It is not important to
cut the arachnoidal membrane along the border of the
cistern, where it becomes adjacent to the pia. One
should take the arachnoid from the subarachnoid ves-
sels to which it may be adherent, since pulling upon
it during the operative procedure may damage these
vascular structures. It is important to remember that
all of the cranial nerves course within cisterns and that,
consequently, these should be identified and protected
by covering them with telfa or fluffy cotton immediately
the cistern is opened. This prevents inadvertent damage
to the cranial nerve by mechanical compression or aspi-
ration into the sucker.

Use of Gravity
The least traumatic and most efficient technique for

achieving cerebral retraction is the use of gravity (to
allow the cerebrum to fall away from the desired area),
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assisting this by giving egress to cerebrospinal fluid
from sulci or cisterns. This technique is employed when
operating on the parasellar or Sylvian fissures, the am-
bient cistern, and ventricular, pineal, or posterior fossa
areas.

Parasellar Area

With the child’s head hyperextended, through a bifron-
tal craniotomy for approach to the parasellar area, the
cerebral hemispheres gradually settle inferiorly and
slightly posteriorly, exposing the roofs of the orbits first
and then, with time, the lesser wings of the sphenoid.
The frontal lobes in the newborn, infant, and even the
toddler, are quite small; consequently, the anterior

Figure 6.1. Olfactory, prechiasmatic, and op-
tic cisterns. The dura has been opened and
the right frontal lobe is being retracted, expos-
ing the right olfactory nerve (I) after the
cistern has been opened with bipolar forceps
and the arachnoid incised. The crista galli (2),
anterior clinoid (3), and optic nerve (4) are
exposed. The olfactory cistern, around the ol-
factory nerve, has been opened. The prechias-
matic cistern (5) is still closed, as is the optic
cistern.

Figure 6.2. The right optic nerve (I), optic
chiasm (2), and arachnoid covering the left op-
tic nerve (3) are wel shown, as is the arachnoid
bridging from the left optic nerve to the left
temporal lobe (4). This arachnoid, along the
interval between the optic nerve and the tem-
poral lobe, has been coagulated with bipolar
forceps opening into the subarachnoid space
(5), thus providing entry for one of the blades
of the microscissors so that the optic cistern
may be opened, exposing the underlying optic
nerve and the internal carotid artery immedi-
ately beneath it. The prechiasmatic cistern (6)
has been opened, exposing the pituitary stalk.

fossa is shallow and the distance from the supraorbital
ridge to the lesser wing of the sphenoid is not nearly
as great as it is in the adolescent or adult. Transection
of the olfactory nerve(s) and opening of the prechias-
matic and Sylvian cisterns allows egrees of cerebrospi-
nal fluid. This is gradually. aspirated as the downward
displacement of the brain is increased, giving the sur-
geon an excellent view of the entire parasellar area.

Sylvian Fissure

The use of gravity and drainage of cerebrospinal fluid
for exposure of structures in and around the Sylvian
fissure is accomplished by proper positioning of tempo-
ral flaps. The head should be on a higher horizontal



Figure 6.3. Interopticocarotid cistern. The
planum sphenoidale (1), anterior clinoid (2),
and sphenoparietal vein (3) are shown. The
arachnoid from over the prechiasmatic cistern
(4) has been opened (5), permitting removal
of the arachnoid from over the right optic
nerve (6) and the internal carotid artery (7).
This allows one to separate the optic nerve
from the internal carotid artery, entering the
interopticocarotid cistern (8).

plane than the heart, but with the sagittal plane of the
skull in the coronal plane of the body. The vertex should
be dropped slightly so as to produce an approximately
10° angle of inclination from the mandible to the vertex,
with the latter being lower. This provides for the hemi-
sphere to gravitate toward the vertex, bringing the Syl-
vian fissure into the surgeon’s view. Opening of the
Sylvian fissure with microdissection of the arachnoid
that borders it, allows egress of the cerebrospinal fluid
and augments the exposure of lesions in this area. For
access to lesions medial to the trifurcation of the middle
cerebral artery, this fissure should be opened from later-
al to medial, for lesions at the trifurcation, from medial
to lateral. This use of direction of cistern opening al-
ways keeps the normal anatomy proximal to the pathol-

ogy.

Ambient Cistern Lesions

Ambient cistern lesions (medial temporooccipital arte-
riovenous malformations, tentorial edge tumors, etc.)
are exposed by opening first the Sylvian fissure, then
entering into the ambient cistern at its confluence with
the interpeduncular cistern. This allows drainage of all
cerebrospinal fluid entering the ambient cistern and
subsequent exposure of the hippocampal gyrus, brain-
stem, tentorial edge, and neurovascular structures with-
in the cistern. Lowering the vertex of the skull beneath
the level of the base, as described above, facilitates ex-
posure.

Pineal Lesions
For pineal lesions, the use of gravity is to be avoided
when one approaches the tumor through a parietal flap
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Figure 6.4. Chiasmatic cistern. Both optic nerves (7, 2) are
exposed after the prechiasmatic and optic cisterns have been
opened, allowing one to expose the optic chiasm (3) after lift-
ing the arachnoid from over it.
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Figure 6.5. The left optic nerve (7), olfactory nerve (2), and
gyrus rectus (3) are exposed, as are the right gyrus rectus
(4) and right olfactory nerve (5). The prechiasmatic cistern
has been opened, exposing the pituitary stalk (6). The arach-
noid bridging from the left gyrus rectus to the right gyrus

rectus (7), at the tip of the sucker, is enclosing the interhemi-
spheral cistern. Arachnoid (8) stretches from the posterior or-
bital gyrus (9) to the optic nerve (10), enclosing the optic
cistern (11), and from the lateral orbital gyrus (/2) to the
temporal lobe (13), enclosing the deep Sylvian cistern (14).

Figure 6.6. Thc left optic nerve (/) and antcrior clinoid (2)
are visible. The arachnoid has been taken from the lateral
surface of the left internal carotid artery (3) but not from
the posterior orbital gyrus of the Icft frontal lobe (4). One
sees the arachnoid over the Sylvian fissure (5) lateral to the
posterior clinoid process. The arachnoid of the medial third
of the Sylvian fissure has been opened, so that one may see
the internal carotid artery.

Figure 6.7. The lateral Sylvian fissurec. The superior medial
surface of the left temporal lobe (1) is not covered by arach-
noid, but the inferior lateral surface of the left frontal lobe
(2) is. The arachnoid covering the lateral third of the Sylvian
fissure has been opened so one may see its edges (3).



Figure 6.8. Ambient and interpeduncular cisterns. The ten-
torial edge (1), pons (2), basilar artery (3), III cranial nerve
(4), and internal carotid artery (5), are well visualized. The
ambient cistern runs along the tentorial edge (6). Lillequist’s
membrane (7) has been opened, allowing one to look into
the interpeduncular cistern (8).

Cerebral Retraction 145

Figure 6.9. Pericallosal cistern. The falx cerebri (7), inferior
longitudinal sinus (2), supracallosal gyrus (3), corpus callosum
(4), and pericallosal artery (5) are all identifiable. The perical-
losal cistern (6) is located between the corpus callosum and
the arachnoid (7), and contains the pericallosal artery.

Figure 6.10. (A) Supracerebellar cistern. This child has a pineal tumor.
The tentorium (7), falx cerebri (2), and isthmus of the hippocampus
(3), have been exposed, and the arachnoid (4) along the posterior surface
of the supracerebellar cistern opened, exposing the tumor (5) which occu-
pied the entirety of this cistern. (B) In this photograph one notes the
cerebellar hemispheres (1), the tentorial opening (2), the superior cerebel-
lar vermis (3), and the arachnoid bordering the posterior portion of
the superior cerebellar cistern (4).
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and along the parasagittal route! If one approaches the
corpus callosum with the cerebral hemisphere inferior
and the falx cerebri superior, he does, indeed, gain great
exposure advantages in that the cerebral hemisphere
follows gravity. A remarkable space opens between the
parasagittal surface of the parietal lobe and the falx
cerebri, eliminating the need for self-retaining retrac-
tors. However, this is extraordinarily disadvantageous
because it puts stretch on the parietal (anterior and pos-
terior cortical) bridging veins, stagnating venous blood
within them and the parietal lobe (Fig. 6.14). This in-
creases the risk of venous infarct.

It is preferable to position the patient so that the
surgeon’s interval of vision is between the falx cerebri
inferiorly and the retracted parietal lobe superiorly, tak-

Figure 6.11. Quadrigeminal cistern. The ten-
torial opening (/) has been exposed and the
culmen monticuli of the cerebellar vermis re-
tracted downward, after the posterior and an-
terior arachnoidal membranes of the supracer-
ebellar cistern had been coagulated and
opened. This exposed the great vein of Galen
(2), and both veins of Rosenthal (3) within
the quadrigeminal cistern.

Figure 6.12. Cisterna magna. The cerebellar
hemispheres (/) and cercbellar vermis (2), as
well as the inferior vermian veins (3) may be
seen beneath the arachnoid of the cisterna
magna (4). This cistern has been opened (5)
but most of the cerebrospinal fluid remains
within it, permitting one to appreciate how
much fluid the cisterna magna may contain.
One may also see the point at which the arach-
noid of the cisterna magna becomes adherent
to the cercbellar hemispheres and vermis (6).

ing care and time to separate the parietal lobe from
any arachnoidal granulations that may be present (Fig.
6.15.). The younger the child, the fewer the arachnoidal
granulations. Therefore, dissection over the parasagittal
surface of the convexity of the parietal lobe and along
the superior sagittal sinus and the falx cerebri is easier
and safer. The rigid falx remains inferior. It offers sup-
port to telfa and fluffy cottons used to elevate the pari-
etal lobe slowly, gradually. Minuscule arachnoid bands
bridging to the dura along the edges of the sinus are
cut. The hairpin curves of the bridging veins are gently
unfolded, placing soaked fluffy cottons over them for
protection against injury and desiccation. Ever-increas-
ing sizes of soaked fluffies are lain over the falx at the
angles, to displace gently the parietal lobe. Progressively



Figure 6.13. Pontocerebellar cistern. The left cerebellar hemi-
sphere (7) has been elevated superomedially by a spatula (2),
exposing the dura over the petrous apex (3) and the left ponto-
cerebellar cistern (4) at the point of entry of the lateral recess
of the IV ventricle.
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Figure 6.14. Disadvantages of gravitational retraction for pi-
neal tumors. Notice the stretching of bridging veins. This
child’s pineal tumor was operated along the parasagittal route,
with the child’s head positioned so that the right parietal lobe
(1) was recumbent. The retraction, of course, is greatly facili-
tated by the recumbency of the parietal lobe, permitting excel-
lent visualization of the pericallosal cistern (2) but, unfortu-
nately, stretching unacceptably major cortical bridging veins
(3), which in this child resulted in a transient contralateral
hemiparesis. This stretching of bridging cortical veins by a
pendant parictal lobe is particularly unacceptable, in light of
the fact that one must sacrifice at least a single bridging corti-
cal vein (4) in order to approach the corpus callosum safely.

Figure 6.15. Separation of parietal lobe from
arachnoidal granulations. This child, who also
had a right parasagittal approach to his pineal
tumor, was positioned with his left parietal lobe
recumbent. Consequently, retraction of the right
parietal lobe entailed clevating it, thus eliminating
unwanted stretching of the bridging cortical veins
at either end of the opening between retracted
parietal lobe and falx cerebri. The right parietal
lobe (1) is being elevated with use of a fluffy cot-
ton (2), exposing the Pacchionian granules (3) in
this 14-year-old boy. Note that the dura (4) has
been bivalved and sewn over a Surgicel roll (5),
protecting the superior sagittal sinus from com-
pressive occlusion.
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larger telfas are lain along the falcian surface of the
parietal lobe as this latter is lifted with a wide spatula,
exposing gradually the parietal lobe convexity and me-
dial surface, inferior sagittal sinus, pericallosal cistern,
pericallosal artery, and corpus callosum. The spatula
blade of the self-retaining retractor is locked into posi-
tion repeatedly and progressively, avoiding any attempt
to accomplish complete exposure with one insertion.
Self-retaining retractors (using broad blades) placed
over the telfa thus elevate the parietal lobe and allow
the surgeon to monitor carefully the amount of stretch
and narrowing of bridging cortical veins. By angulating,
or molding, the wide-bladed De Martel retractors as
the pericallosal cistern is approached, one may limit
stretching and risk of damaging the bridging veins to
an absolute minimum. When the cistern is opened there
is an outpouring of cerebrospinal fluid, rendering the
retraction easier, often allowing the surgeon to permit
the retracted parietal lobe to approximate a bit more
the falx. After splitting the splenium, or body, of the
corpus callosum, the quadrigeminal and/or superior
cerebellar cisterns are opened. The exposure of the pine-
al lesion is now completed (Fig. 6.16). One must not
split more of the corpus callosum than is absolutely
necessary and never more than one third of its length.
Take care not to damage the body and crus of the
fornices!

Once the retractors have been set, inspect their edges
to ascertain that they are not cutting into the brain
and that no vessel is precariously stretched. The ten-
dency is to attain more retraction than is necessary.
The cortical bridging veins are covered with arachnoid.
They leave the convexity of the cerebral cortex in an
anterior superior direction, and then penetrate the inner
layer of dura mater, becoming dural sinuses as their
covering changes from arachnoid to dura and they are
contained between the outer and inner layers of the
dura. Some cortical bridging veins do not penetrate the
dura but enter the superior sagittal sinus directly. These
vessels course anteriorly within the subdural space, and
then turn back on themselves (hairpin fashion) to enter
the sinus so that the flow of blood is in the same direc-
tion as within the sinus.

Intraventricular surgery is greatly facilitated if the
surgeon carefully reviews the contrast studies to identify
encysted ventricles, the result of an obstructive lesion
either at the trigone (obstructing the occipital and/or
temporal horns) or the foramen of Monro (obstructing
one or both lateral ventricles). If an encysted ventricle
is identified, the surgeon may puncture it while perform-
ing the cerebrotomy, attaining excellent exposure, and
minimizing any risk of brain shift resulting from the
combined pressure vectors of the space-occupying le-
sion and the encysted ventricle(s). In instances when
an intraventricular (IIT ventricle) tumor occludes one

or both foramina of Monro, the surgeon attains his
“retraction” preoperatively by inserting bilateral ven-
triculoperitoneal shunts. A single ventriculoperitoneal
shunt is sufficient if the obstruction is at the aqueduct
of Sylvius within the posterior III ventricle.

Hydrocephalus is present in 100% of the children
with pineal tumors, 90% of the children with medullob-
lastoma, 75% of children with astrocytoma, and 35%
with brainstem glioma. Consequently, preoperative
shunting provides the best form of decompression and
the best assurances that cerebral retraction will not be
necessary. Entrance into the cisterna magna for midline
tumors (either surgically for inferior cerebellar triangle
lesions, or by puncturing the cisterna magna through
the exposed atlantooccipital membrane for superior tri-
angle lesions) offers even more exposure. Lateral suboc-
cipital craniotomy permits the surgeon to decompress
the basal cisterns either by opening the medullary or
pontine cisterns medially or the pontocerebellar cistern
superolaterally.

Use of Cotton Fluffies and Telfa
(Figures 6.17 to 6.19)

Cotton fluffies, prepared simply by soaking absorbent
cotton in saline after it has been fashioned into the
desired size and form, provide excellent protection dur-
ing the exposure of such vital and delicate structures
as the cranial nerves, normal or pathological vascula-
ture, the intraventricular (ependymal) surfaces, or the
nuclei in the floor of the III or IV ventricles.

It is preferable to keep the fluffies wet while dissecting
and exposing the desired structure, not to suck them
dry when teasing loose adhesions from them. Dense
adhesions must be cut!

Telfa, cut to the desired form and length, moistened,
and then lain over the surface of the brain, provides
an excellent means by which proper retraction may be
attained and the brain protected either from compres-
sion or inadvertent glancing blows or cuts. The telfa
is applied directly to the surface of the brain. Sliding
it, moist or dry, over the brain is to be avoided because
it irritates the cortex and tears small cortical vessels.
Rather, it is preferable either to place the telfa over
the surface of the brain and then to unroll the redun-
dant segment (as one would unfold a rug) in advancing
it over cortical surfaces, which either are out of view
or facing dura, or to slide the redundant segment over
the dura. After the telfa has been applied to the desired
brain surface, the self-retaining retractor may be
brought into position. Moisten the telfa periodically to
prevent desiccation of the cortical cells and damaging
adherence to the cerebral surface.



Figure 6.16. The retracted parietal lobe per-
mits exposure of the falx cerebri (7) down to
the pericallosal cistern (2). Splitting the corpus
callosum (3) exposes the pineal tumor (4), lo-
cated between the roof of the III ventricle and
the inferior surface of the body of the corpus
callosum.
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Figure 6.17. Cotton fluffies should be pulled into the desired
form and then soaked immediately before applying them to
the brain or a bleeding vessel. They should not be left soaking
in a basin prior to use, for this makes them dense.
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Figure 6.18. (A) Telfa (7) has been placed over the cerebral
cortex (2) and the redundant portion (3) allowed to flop over
the dura (4) at the point of reflection over this latter structurc.
(B) With use of two instruments, commonly the suction and
forceps, the redundant portion (7) is gradually slid over the
unexposed portion of cerebral cortex by gliding it along re-
flected dura (2). In advancing the redundant teifa, the surgeon
retracts the underlying brain by compressing the telfa. He
must continuously inspect the interval between cortical surface
and dura, looking for bridging veins. (C) The telfa has now
been lifted from the bone edge, readying it for insertion along
the parenchymal face of the dural surface. (D) This illustrates
sliding the telfa strip along the parenchymal face of the dura
using forceps and suction tip, without moving or sliding the
telfa over the cerebral hemisphere. This latter abrades the cor-
tical surfaces, causes minute subarachnoid or intrapial hemor-
rhages. (E) The telfa has been lain over the frontal pole, expos-
ing the dura over the orbital roof.



Figure 6.19. (A) In this drawing, the line of vision is oblique
so as to allow one to appreciate the advancement of telfa
by sliding it along the dura (1) and not over the surface of
the cortex (2). (B) Later stage in advancement of the telfa,

Self-Retaining Retractors (Figure 6.20)

Self-retaining retractors are essential to the proper per-
formance of many neurosurgical procedures. They al-
low the surgeon to perform microsurgical procedures
without the need of an assistant. It is physically impossi-
ble for an assistant to hold them steadily because of
the extremely small working area and the extraordinary
length of time a microsurgical procedure takes. Also,
self-retaining retractors assure a minimum of cerebral
damage in that there is no jiggling, repositioning, push-
ing, and so on that the human hand cannot avoid. The
retractors remain where they are placed, continue to
exert the force at which they were set, may be reset
repeatedly as one proceeds with the dissection.

Because of the fact that retraction of the brain exerts
a physical force that may result in destruction of gray
and white matter, one is advised to retract the brain
with the least force possible, and for the briefest time
necessary to accomplish the intended procedure. Inves-
tigators have applied strain gauges to cerebral retractors
in order to quantify time/force factors. Forces of
350 mmH,0,3, 20 torr,* and 30 g continuous® have
been reported. Many have noted that the effects of
brain retraction are different from what results when
the brain is compressed by other expansile masses.® !
Of no mean significance is the fact that there is a real
difference in damaging effects resulting from continu-
ous as compared to intermittent retraction, with inter-
mittent retraction being much less damaging. * The brain
tolerates about 70% more intermittent retraction than
continuous retraction from a morphological stand-
point, while electrophysiologically the difference is
about 40%.”°

Self-retaining retractors which take purchase from
the skull (as the De Martell retractor) are of no value
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to allow the reader to appreciate advancement of telfa along
the surface of reflected dura (7), as the portion (2) over the
brain (3) is held in place.

in the newborn and the younger infant. Fortunately,
the retraction provided by gravity and cisternal opening
in these age categories is more than adequate for the
procedures that would call for self-retaining retractors:
arteriovenous malformations of the Galenic system, in-
traventricular tumors, and posterior fossa tumors. The
craniopharyngioma is almost unknown under 2 years
of age. If the need for self-retaining retractors in operat-
ing on a newborn or infant were to arise, one could
use the type (Greenberg) which is mounted to the oper-
ating table.

The blades for self-retaining retractors are applied
flatly over the telfa, not slid forward on it. In order
to bring the blades deeper, one may use two blades
in tandem, setting one first and then bringing the other
parallel to it, but slightly deeper, before locking it. One
then returns to advance the first retractor still deeper
and closer to the target area, and so on. Bending the
blades to mold their form to fit the anatomical contour
of the brain is generally less favorable than slightly an-
gulating them: the brain assumes a rectilinear course
as it is retracted. Once the desired exposure of the target
area is attained, the locking nuts for the self-retaining
retractors should be released so that there is no com-
pression of the brain and the retractor serves merely
to protect the surface of the brain! If additional retrac-
tion becomes necessary, as it very well may because
the pulsations of the brain reexpand it, one may simply
do so, and tighten the lock-nut once more for a brief
period of time.

Take a great deal of time to position the self-retaining
retractors. This minimizes cerebral compression and the
risk of tearing (by stretch) a bridging cortical vein, a
potentially disastrous event. If it is necessary to keep
the lock-nuts fastened to maintain exposure, release the
retractor for 3—5 minutes every 5-10 minutes.
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Figure 6.20. (A) Mounted Dc Martel self-retaining retractor,
illustrating the mounting lug (1), universal joint (2), extension
rod (3), retractor blade (4). (B) Allowing the frontal lobes
to gravitate from the anterior fossa, before proceeding to ap-
ply the retractor and blades to the telfa-covered brain mini-
mizes considerably the risks of cerebral damage. In this photo-
graph, the frontal lobes (covered with telfa) have fallen from
the dura and frontal bone. (C) Application of two self-retain-
ing retractor blades, parallel to one another, over telfa placed
on the frontal lobes, pcrmits one to expose the cntire anterior
fossa, parasellar area, and pterional regions. Minimal, if any,
retraction is necessary if one patiently aspirates cerebrospinal
fluid from the basal cisterns and allows time for gravity to
permit the frontal lobes to settle.
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“Then out spoke brave Horatius,
The captain of the Gate:

“To every man upon this earth
Death cometh soon or late.
And how can man die better
Than facing fearful odds,
For the ashes of his fathers
And the temples of his Gods,” ..."

THOMAS BABINGTON MACALAY
Horatius. Lays of Ancient Rome



Exposure of intraparenchymal or intraventricular tu-
mors necessitates opening the cerebrum (cerebrotomy).
Classically, there are two techniques for performing
cerebrotomy: (1) going through a gyrus; (2) going
through a sulcus. Proponents of each sustain that their
particular procedure of choice affords easier access to
the cerebral substance or ventricle, and causes less dam-
age. This, indeed, is a moot point, since cortical tissue
at the gyral and sulcal levels. is equally damaged when
cut. Retraction of a cortical cerebrotomy may result
in extension of the opening and, consequently, increase
the risk of damage, just as retraction of a sulcal cerebro-
tomy may cause tearing of sulcal vessels and also in-
crease the risk of cerebral damage. For matters purely
of habit, the author prefers the sulcal cerebrotomy, but
herein describes both. Also, the use of laser to incise
cerebral substance is described, as is the technique for
surface thermocoagulation and parenchymal spreading.

Whichever of the two cerebrotomy procedures, corti-
cal or sulcal, is used, it is essential for the surgeon to
coagulate, with bipolar forceps or laser, the pia-arach-
noid and underlying vessels prior to advancing through
grey matter and then using spatulae to separate the
bundles of axons.

Microforceps are used for bipolar coagulation, with
the surface coagulation extending the full length of the
desired cerebrotomy incision. This coagulates the corti-
cal vessels and “burns” an opening through the arach-
noid. Generally, one attains coagulation of the arach-
noid in places, its destruction in others. All vessels along
the line of cerebrotomy must first be coagulated and
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then cut, with no attempt being made to dissect them
to either one side or the other since these vessels receive,
and give off, a multitude of perpendicular collaterals.
Attempts to work around them are futile, lengthen the
procedure, and result very often in the tearing of per-
pendicular collaterals relatively remote to the site of
the cerebrotomy. This amplification necessitates extend-
ing the area of cerebral damage in order to coagulate
the retracted, torn vessel. Every effort should be made
to keep the line of coagulation as narrow as possible!
The finest bipolar blades available are preferable to the
CO, laser.

If the laser is available it provides an opportunity
to perform a cortical cerebrotomy of acceptable width,
sealing those vessels less than 1 mm in diameter as well
as the arachnoid to the cortex, as it cuts. Larger caliber
vessels, of course, must be coagulated with the bipolar
before they are transected with the laser. For surface
vaporization of the pia-arachnoid and underlying corti-
cal microvasculature, a defocused beam of five W, in
the continuous mode, is used. It is best to use the micro-
manipulator to obtain the thinnest and straightest line
of coagulation possible: a line of 2 mm in width. After
the pia-arachnoid and cortical surface have been coagu-
lated, one passes to using a focused beam, without
changing wattage or mode, to incise the cortical surface,
stopping to coagulate opened vessels when bleeding
starts: the use of the CO, laser in a bloody field accom-
plishes nothing. After the cortical mantle has been
crossed and the white matter entered, the laser may
still be used, but it is both time-consuming and ineffi-
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Figure 7.1. Gyral cerebrotomy. (A) After the arachnoid and
adjacent microvasculature have been coagulated over the full
extent of the cerebrotomy incision, and a bipolar forceps has
been used to “burn’ an opening in the arachnoid, micro-
scissors are inserted into the opening so as to take only the
arachnoid and its adherent microvasculaturc between the
blades. (B) As the cutting of the arachnoid and its adherent
microvasculature proceeds, one may identify larger cortical
vessels, arteries and veins, running perpendicular to the line
of desired cerebrotomy. At this time, the vessel should be
taken in the microforceps by applying the blades to its sides
and coagulating, adding a drop of water. This technique pre-

cient. One reaches the desired depth more quickly and
efficiently by using two spatulas as described later in
this chapter.

Gyral Cerebrotomy (Figure 7.1)

The microforceps are used to coagulate the arachnoid
and underlying cortical vessels along (a line on the gyral
surface) where there is minimal vasculature. Once the
entire cerebrotomy line has been coagulated, the forceps
are used to continue the coagulation in a given point
to “burn” an opening in the arachnoid. Then they are
so placed as to hold the arachnoid between the blades,
which are extended horizontally, parallel to the arach-

vents the coagulated vesscl from adhering to the microbipolar
forceps. (C) Once the vesscls running perpendicular to the
line of cerebrotomy are coagulated (1) over a distance of ap-
proximately 4 mm, the cutting of coagulated arachnoid (2)
and adjacent microvasculaturc is cxtended first to the very
edge of the coagulated vesscl (3). (D) Then the scissors are
advanced so as to take the vessel fully in its blades at the
time of the cut. (E) Adjacent gyri (I) are being opened for
the cerebrotomy. The arachnoid and underlying cortical sur-
face (2) have been coagulated as has a sulcal vein. (F) The
coagulated sulcal vein is being transected with microscissors.

noid and cortex, sealing the arachnoid and any micro-
vessels adherent to it. The completely coagulated arach-
noid is then cut with a microscissors and the underlying
cortex inspected (using tiny wet fluffly cottons to dry
the field) for uncoagulated microvasculature.
Pia-arachnoid and cortical vessels, arteries or veins,
running perpendicular to the line of cerebrotomy should
be coagulated and cut. This technique for transecting
vessels, especially arteries, prevents one from cutting
a vessel only partially, an event which results in bleeding
that is particularly difficult to stop. It also assures tran-
secting a vessel completely, so that in the event it has
not been fully coagulated one may stop the bleeding
quickly by taking the full circumference of the vessel
in the forceps, constricting it, and then coagulating.



This is followed along the line of desired cerebrotomy.
One then brings the dissection through the full thickness
of the cortex, by coagulating cortical surface between
microbipolar forceps held with the blades 1 mm apart,
but not into the underlying white matter: there is no
need to coagulate the white matter, since it is avascular.
Small cortical vessels present no problems if one stops
to coagulate and transect each as it is identified.

Sulcal Cerebrotomy (Figure 7.2)

If the surgeon opts to use the sulcus as the point of
entry for performance of the cerebrotomy, the proce-
dure for coagulating the arachnoid and its adherent
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microvasculature is similar, but not identical, to that
used in the gyral cerebrotomy. One may find that a
sulcus may be identified immediately adjacent to a rela-
tively large vessel and that, consequently, this is the
best sulcus to enter. However, relatively large veins may
cross the sulci. The arachnoid bridging across the sul-
cus, stretched from one gyrus to another, is coagulated
with the microbipolar forceps in one spot until it is
perforated, at which time the blade of the forceps is
applied to either surface of the bridging arachnoid and
the line of coagulation is extended alongside major sul-
cal vessels, taking care not to occlude them. The coagu-
lated arachnoid is then cut, laying open the sulcus.
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Small vessels at the Depth of the Sulcus
or Gyrus (Figure 7.3)

The small vessels at the very depth of the sulcus or
gyrus are coagulated individually. Generally, they with-
draw and may be pulled apart with the bipolar forceps
since they are tiny. Occasionally, however, it may be-
come necessary to cut them with the microscissors. In
either event one should coagulate completely all vessels
at the depth of the sulcus. Then, he may insert a long,
thin fluffy cotton into the now created gutter. Rolling
this fluffy from one end to the other, permits one to
identify vessels in the path of the cerebrotomy, so that

they may be coagulated before proceeding. Once the
gutter of the sulcus has been completely cleared of
bridging vessels, one may either continue the dissection
through the cortex with bipolar forceps and fluffy cot-
ton or, preferably, a narrow spatula.

Cerebrotomy Through White Matter
(Figures 7.4 and 7.5)

In extending the cerebrotomy down to either a deep-
seated lesion or the intraventricular compartment, one
need no longer worry about bleeding: there is no vascu-



Figure 7.2. Sulcal cerebrotomy. (A) The identified sulcus (1),
generally along one side or the other of a sulcal vessel (2),
is entered by first coagulating the arachnoid, taking care not
to coagulate the adjacent vessel!! It is quite easy to coagulate
the arachnoid over the sulcus because there is cerebrospinal
fluid beneath it. Similarly, one may insert the blades of the
bipolar forceps through the opening in the arachnoid, and
extend them along the sulcus, coagulating adherent vessels
as one proceeds. (B) The surgeon may cut along the sides
of large sulcal vessels. (C) After all sulcal microvasculature
have been coagulated and cut, the malleable thin-bladed spat-
ula is inserted to perform the dissection down to the white
matter. (D) An extensive, circumferential, sulcal cerebrotomy
(in which it was necessary to transect a cortical vein), illustrat-
ing the opening to the junction of grey and white matter.
The Penfield 41 dissector is retracting the cortical cerebro-
tomy.

Figure 7.3. (A) Whether a gyral or sulcal cortical cerebrotomy
is performed, the bleeders within the cortex are managed in
identically the same way. A small fluffy cotton (7) is inserted
into the depth of the cerebrotomy (2) to identify bleeding
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vessels large enough to coagulate, and to occlude those so
small that they will stop spontaneously. (B) After the bleeding
vessel has been identified, it is drawn into the microsuction
(1) and then occluded with the bipolar forceps (2).
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Figure 7.4. Extension of dissection through full thickness of
cortex. Once all cortical vessels have been coagulated one may
choose to continue the dissection into and through thc white
matter with bipolar forceps and fluffy cotton. However, it
is less traumatic and more precise to do this with the narrow
spatula already used to open the gutter in cither the gyrus
or sulcus. (A) The cerebrotomy opening is cxtended by using
one blade first, as shown in this drawing and in the blowup
of the cerebrotomy area (inset). (B) The second blade is slid
over the first. (C) Then the blades are extended to the desired



depth and the parenclyma retracted. (D) The subcortical white
matter is exposed by using the two spatulae to open the full
length of the cortical portion of the cerebrotomy, from one
end to the other, to inspect the depth. (E) The superior spatula
has reached the ventricular wall (7), which is covered on either
side by white matter (2). (F) The second spatula has been
brought into place and the subependymal covering (arrow)
of the periventricular parenchyma exposed.
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lature within the white matter. Consequently, it is well
to proceed directly with the dissection by extending the
already placed spatula from the junction between cortex
and white matter to the desired depth, preferably rang-
ing from 3 to 5mm. This is extended longitudinally
from one end of the cerebrotomy to the other, rather
than proceeding directly to a greater depth, an undesir-
able technique that results in creating a cone rather
than the desired cylindrical opening. After this has been
done on one side, a spatula is inserted on the opposite
side and the process repeated. Each insertion should

Figure 7.5. Cerebellotomy. The technique for cerebellotomy
is identical to that used for the cerebrotomy, though it is
not possible to place the cortical cercbrotomy precisely cither
in a sulcus or over a gyrus.

extend to a 5 or 6 mm increase in depth of the cerebro-
tomy. As the performance of the cerebrotomy through
the white matter proceeds, one may spread open the
exposed area to inspect its depth before proceeding to
another level, ascertaining that the cerebrotomy is of
equal depth along its full length, avoiding a conical
opening which narrows the working area. Finally, the
posttioning of the blades is changed, rotating them 90°,
so that each is at an edge of the cerebrotomy. They
are inserted either into the ventricle or over the surface
of an intraparenchymal lesion.



“Hew down the bridge, Sir Consul,
With all the speed ye may :
I, with two more to help me,
Will hold the foe in play.
In yon strait path a thousand
May well be stopped by three.
Now who will stand on either hand,
And keep the bridge with me? "’

THOMAS BABINGTON MACAULAY
Horatius. Lays of Ancient Rome
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Biopsy

An adequate brain biopsy consists of approximately
a 1-mm? surface area and a full thickness plug of cere-
bral parenchyma containing cortex and white matter,
generally 14 to 2 cm in length. This gives the pathologist
between 1.30 and 1.45 cc of tissue.

The biopsy should be taken from a gyrus. The pia-
arachnoid over the gyrus is coagulated circumferen-
tially, leaving intact leptomeninges, vascular structures,
and cortex at the center. A 411 blade is then inserted
through leptomeninges, cortex, and white matter, pre-
cisely along the arch of coagulation, and a plug of cor-
tex and white matter cut from the surrounding cerebral
parenchyma. The freed plug is lifted away with a pitu-
itary biopsy forceps, and the bed irrigated with saline
and then filled with a fluffy cotton. The bleeding is
stopped with bipolar cautery, Avitene, or fluffy cotton
and aspiration. One should wait approximately ten min-
utes after all of the bleeding has been stopped before
proceeding with the closure.

Lobectomy

Lobectomy is a procedure which may be used for the
treatment of epilepsy (temporal), subtotal resection of
glioma (frontal, temporal, occipital, cerebellar), or, very
rarely, arteriovenous malformations. Parietal lobec-
tomy is not described because the resultant neurological
deficit, irrespective of the operative indications or
pathological condition, is so severe as to preclude its

consideration. The technique for lobectomy consists of
exposing the desired lobe adequately so as to be able
to isolate the arterial and venous systems completely.
Consequently, one must have access to the main trunk
arteries, going to the desired lobe, and to the cortical
bridging veins both at their points of exit from the cere-
bral convexity and entry into the sinus.

After, and only after, the vascular structures have
all been exposed and coagulated, may one proceed to
the cerebrotomy stage of the operation, extending it
from inferior to superior, because arterial supply to the
frontal, temporal, occipital, and inferior triangle of the
cerebellar lobes extends from inferior to superior. For
example, the frontal lobe is fed by branches of the ante-
rior and middle cerebral arteries, extending from the
bifurcation of the internal carotid arteries upward. Sim-
ilarly, the temporal lobe is fed primarily by branches
of the middle cerebral artery but also by the anterior
inferior temporal branch of the posterior cerebral artery,
both systems extending from inferior to superior. The
occipital lobe, nourished exclusively by the terminal
branches of the posterior cerebral artery, also follows
this rule, as does the inferior cerebellar triangle, being
fed by the anterior and posterior inferior cerebellar arter-
ies. The pericallosal artery runs a superior course
around the corpus callosum. Almost all (with the one
exception being the frontobasal artery) of its branches
run superiorly over the pericallosal and medial frontal
gyri, to drape over the cerebral convexity. Though the
Sylvian branches of the middle cerebral artery follow
a superoinferior course as they loop over the temporal
operculum and superior temporal gyrus, their main di-
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rection is from inferior to superior, since their insular
course is no more than a hairpin curve around the over-
lapping temporal lobe. Only the superior cerebellar tri-
angle is fed by an arterial system that courses from
above downward (the three branches of the superior cere-
bellar arteries).

It 1s best to place the line of incision, consequently,
from inferior to superior, proceeding to the level of
the white matter along the entire lobectomy line, just
as one does for a cerebrotomy. This assures complete
occlusion of vascular supply to the lobe, and provides
the surgeon an opportunity to coagulate and transect
those venous structures which he encounters as he pro-
ceeds. The major draining veins are identified, coagu-
lated, and cut individually, immediately after the major
feeding arteries have been transected, before the cere-
brotomy stage.

The white matter of the lobe is best transected with
spatulas, as described under cerebrotomy. The laser
may also be used to perform the cerebrotomy stages
of cerebral resection. However, it 1s not as anatomical
as separating white matter axonal bundles with spatu-
las; it is not as precise as microscissors in cutting arach-
noid; it is not as reliable as bipolar to coagulate cortical
vessels less than 1 mm in caliber. Dissection of the white
matter with laser is much more time-consuming than with
spatulas, and it does not preclude the use of spatulas,
since one must retract the already incised parenchyma
lest it flop back into the field.

Frontal Lobectomy (Figure 8.1)

The bifurcation of the internal carotid artery is identi-
fied by retracting posteriorly this frontal lobe from the
orbital roof, following this dissection posteriorly to the
olfactory trigone. The olfactory nerve remains intact
from the olfactory bulb to the trigone. The suprachias-
matic and optic cisterns are entered and the optic nerve
is dissected from the internal carotid artery, opening
the interopticocarotid space and stripping the arach-
noid membrane from these structures. The dissection
then proceeds along the lateral surface of the internal
carotid artery, as far posterosuperiorly as its bifurcation
into the anteromedially coursing A-1 segment of the
anterior cerebral artery, and posteromedially coursing
M-1 segment of the middle cerebral artery. Care must
be taken not to put traction on the perforating branches
coming from the bifurcation, for these arteries nourish
the anterior perforated substance, basel ganglia, and
anterior limb of the internal capsule. The A-1 segment
is then followed anteromedially, taking care to avoid
damage to the vessels going from A-1 to the chiasm,
as far as the anterior communicating artery.

The surgeon then passes to the parasagittal surface
of the frontal lobe at its convexity (extending from ante-
rior to posterior along the border of the frontal lobe
and the superior sagittal sinus), coagulating and tran-
secting the branches of the anterior cerebral artery at

the frontal convexity, and the bridging cortical veins,
as he proceeds. This separates the frontal lobe from
the superior sagittal sinus and occludes all anterior cere-
bral artery vessels feeding it. Those segments of the
frontobasal, frontopolar, and sulcomarginal arteries be-
tween the point of transection and their origin from
the A-2 segment of the anterior cerebral artery are left
within the subarachnoid space, to be dealt with in the
last stage of the procedure.

One now proceeds to the region of the triangular
operculum, and begins to coagulate and transect the
cortical arteries, one at a time, as he identifies them.
This allows entrance into that portion of the insular
cortex beneath the olfactory, triangular, and frontal
operculae (all segments of the frontal lobe), permitting
the surgeon to identify those branches of the Sylvian
system (middle cerebral artery) which nourish the fron-
tal lobe. The dissection into the region of the opercu-
lum, and then into the Sylvian fissure, should be carried
out with the surgeon proceeding anteromedially until
he identifies the main trunk of the middle cerebral ar-
tery, taking care not to damage those branches of the
Sylvian system that nourish the insula, the parietal
operculum, the temporal operculum, and the anterior
portion of the temporal lobe. Only by identifying the
main trunk of the middle cerebral artery may one attain
this degree of precision. Take care not to run the lobec-
tomy incision through the central sulcus. This results
in a contralateral hemiplegia and subjects the child to
a risk of loss of parietal sensory perception. Rather,
the line of cerebrotomy should run parallel and approxi-
mately 1.5-2.0 cm anterior to the fissure of Rolando.
This line of cut is brought through the sulcus, separat-
ing the frontal from the triangular operculae, and then
into the limbus of the insula on the right.

Once this has been accomplished one may procced
with the cerebrotomy, proceeding from the frontal oper-
culum inferiorly, along a line approximately 1.5-2.0 cm
anterior to the motor cortex, to the convexity superi-
orly.

At this stage all major arterial trunks and cortical
draining veins have been coagulated and severed. Indi-
vidual bleeding vessels are dealt with in the usual man-
ner. The dissection is followed inferiorly to the roof
of the orbit and medially to the arachnoid adjacent
to the falx cerebri, identifying the frontobasal, fronto-
polar, and sulcomarginal arteries. They should be left
adherent to the arachnoid. This line of cut brings the
surgeon to a plane which runs along the anterior surface
of the genu of the corpus callosum, exposing at the
base the intact olfactory trigone, the optic nerve, and
the suprasellar portion of the internal carotid artery.

Finally, approximately 0.5 cm distal to the origin of
the pericallosal artery, one coagulates the frontobasal,
frontopolar, and sulcomarginal arteries. They are then
clipped and transected, cutting the arachnoid with
them.



Figure 8.1. (A) After the cortical bridging veins at the convex-
ity (7) have all been coagulated and transected, the middle
cerebral artery branches (2) feeding the lateral surface of the
frontal lobe are coagulated. (B) When this is accomplished,
a cerebrotomy incision is extended from the frontal operculum
(1) postcroinferiorly, along a plane running through the anteri-
or surface of the genu of the corpus callosum (2), to the con-
vexity superiorly. The arachnoid is taken from the orbital roof
(3), but spared along the falx cerebri (4). (C) Lastly, the fronto-
basal (7), frontopolar (2), and sulcomarginal (3) arteries are
coagulated and transected approximately 0.5 cm from the
pericallosal artery (4). The arachnoid is removed from the
falx and from over the olfactory bulb (5) and nerve (6).
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Temporal Lobectomy (Figure 8.2)

The temporal lobectomy is described here as a full tem-
poral lobectomy, recognizing that the surgeon may
choose to amputate only the temporal pole, the anterior
two thirds of the temporal lobe, or the entire lobe, de-
pending upon the specific indications for the procedure.
The vascular supply to the temporal lobe comes primar-
ily from the middle cerebral artery, whose Sylvian
branches course through the Sylvian fissure and the
limen of the insula to the mid portion of the insular
cortex. They then splay out over the long and short
insular gyri, curving around the temporal operculum
to descend immediately, passing posteroinferiorly and
sending some branches posterosuperiorly to the posteri-
or portion of the temporal lobe. This supplies all of
the convex surface of the temporal lobe. The tentorial
and medial surfaces of the temporal lobe, however, are
nourished by the anterior and posterior inferior tempo-
ral arteries (branches of the posterior cerebral artery).

In essence, the surgery for a temporal lobectomy en-
tails identifying and coagulating these vessels, and then
proceeding with the cerebrotomy along the planned an-
atomical line. There is little venous drainage from the
temporal lobe into the deep middle cerebral vein (sphen-
oparietal sinus), somewhat more into the superficial
temporal vein. The primary drainage is into the vein
of Labbé.

After the temporal lobe, the opercular portions of
the frontal and parietal lobes, and the angular gyrus
have been exposed, one proceeds to coagulate the
arachnoid from the Sylvian sulcus and, thus, gain en-
trance into the Sylvian fissure. As this is opened, retract-
ing the temporal operculum inferiorly and slightly pos-
teriorly, the leash of Sylvian vessels coming from the
main trunk of the middle cerebral artery is unfolded.
One may identify readily those branches going to the
temporal lobe, and separate them from the branches
coursing over the insular cortex to nourish the frontal
and parietal lobes. Working posteriorly from the tem-
poral pole into the Sylvian fissure, and then over the
temporal operculum and surface of that portion of the
temporal lobe which borders upon the parietal lobe,
one coagulates and transects the superior temporal
branches of the Sylvian system, proceeding to the angu-
lar gyrus. Take great care not to coagulate recurrent
branches to the insular cortex. The line of coagulation
and transection, once the temporal operculum is
reached, should extend along the inferior portion of
the circular sulcus of the insular cortex, placing a telfa
over the short and long gyri of the insula, protecting
them from damage.

The superficial middle cerebral vein may be coagu-
lated and transected when it is encountered, as may
the vein of Labbé at its origin. When this latter is ac-
complished, the surgeon should pass over the convexity
of the posterior portion of the temporal lobe, identify

the terminal portion of the vein of Labbé and coagulate
it at the cortical level rather than adjacent to the trans-
verse sinus.

The cerebrotomy is then begun at the limen of the
insula, and continued posteriorly along the inferior arc
of the circular sulcus, extending from lateral to medial,
separating the temporal lobe first from the amygdala
and then retracting the hippocampal gyrus and isthmus
of the hippocampus from the proximal portion of the
cerebral hemisphere. Continue posteriorly to the angu-
lar gyrus before turning posteroinferiorly along the pos-
terior border of the temporal lobe. The cerebrotomy
should be extended through the entirety of the temporal
lobe up to, but not across, the arachnoid along its me-
dial surface, leaving the arachnoid intact because of
the branches coming from the posterior cerebral artery.

Once the cerebrotomy has entered the temporal horn
at its exit from the trigone, the choroid plexus is identi-
fied resting within the choroidal fissure. It is coagulated
at its junction with the glomus and transected, entering
the ambient cistern. The coagulation of the choroid
plexus is then extended anteriorly along the choroidal
fissure until the anterior choroidal artery is identified,
penetrating the most anterior portion of the temporal
horn through the choroidal fissure. This artery is coagu-
lated and transected.

The cerebrotomized temporal lobe is now rolled in-
feriorly and laterally, dissecting it from the arachnoid.
The terminal branches of the anterior and posterior
inferior temporal arteries are coagulated along the most
lateral and inferior surfaces of the temporal lobe. This
permits the surgeon to remove the temporal lobe, en
bloc, from its bed in the middle fossa, leaving the arach-
noid with the temporal branches of the posterior cere-
bral artery. Then, the arachnoid is coagulated and tran-
sected, proceeding from anterior to posterior. The same
is done to the posterior cerebral branches along the
inferomedial border of the circular sulcus of the insula,
until the origin of the posterior cerebral branches to
the temporal lobe are identified. At this time they are
coagulated and transected, approximately 1.0 mm from
their origin. When the entire temporal lobe and its cov-
ering arachnoid have been resected, one views the inferi-
or half of the insula and the trigone, looking at the
glomus of the choroid plexus.

Occipital Lobectomy (Figure 8.3)

Exposure for an occipital lobectomy entails a cranio-
tomy, which permits access to the superior sagittal sinus
medially, the torcular Herophili inferomedially, the
transverse sinus inferiorly. The flap must extend lateral-
ly around the convexity of the posterior aspects of the
skull, allowing the surgeon access to the occipital pole.
The cortical arteries and veins are then coagulated, one
at a time, extending first from inferolateral to superola-
teral and then from superolateral to superomedial, be-



Figure 8.2. (A) The arteries of the temporal lobe are drawn
in a lighter shade (7). The vein of Labbé (2) is seen to extend
from the region of the temporal operculum, along the Sylvian
fissure, over the convexity of the temporal lobe following a
posterolateral course to the transverse sinus (3). (B) The dis-
section and coagulation of the temporal branches of the mid-
dle cerebral system are then carried out, working from anterior
to posterior along the superior surface of the temporal lobe.
(C) After the temporal lobe has been removed, one sees the
anterior (7) and inferior (2) temporal branches of the middle
cercbral artery over the surface of the preserved arachnoid
(3), along the floor of the middle fossa. The arachnoid from
the convexity of the temporal lobe (4), reflected superiorly
over the parietal and frontal operculae, is also visible. The
insula (5) now comes almost fully into view.

fore proceeding inferiorly along the sagittal aspect of
the occipital pole. The draining veins at the cortical
surface are coagulated as they are encountered. Finally,
the arteries along the tentorial surface of the occipital
lobe, in the coronal plane of the cerebrotomy, are coa-
gulated, proceeding from lateral to medial. The cerebro-
tomy is completed by passing through the most posteri-
or portion of the trigone of the lateral ventricle. The
occipital horn, when present, is included in the occipital
lobectomy. It is not necessary to coagulate the glomus.
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Cerebellar Lobectomy (Figures 8.4 and 8.5)

It is safest to reflect an occipital-suboccipital bone flap
for a cerebellar lobectomy in order to have access to
the entirety, supratentorial and infratentorial, of the
transverse sinus. The inferior portion of the craniotomy
should extend to the point at which the squamous occi-
pital bone passes from a vertical to an horizontal struc-
ture. After the dura has been opened in the double
trap-door fashion and the bridging cortical veins, which
extend from the superior portion of the cerebellar hemi-
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sphere to the inferior sagittal sinus and tentorium, have
been coagulated and transected, the cerebellar hemi-
sphere falls into the horizontal portion of the squamous
occipital bone. This exposes the superior surface of the
cerebellum. One may then proceed fron anterior to pos-
terior in the coagulation and transection of the medial
and lateral branches of the superior cerebellar artery.
The medial branches of this artery course over the ver-
mis. They need not be exposed. The surgeon may now
begin the lobectomy at the desired point, proceeding
to coagulate the superior and inferior cerebellar arteries,
dealing first with the superior cerebellar arteries, as he
proceeds from posterior to anterior. The inferior cere-

Figure 8.3. (A) Right occipital craniotomy. Exposure of the
superior sagittal () and transverse (2) sinuses as well as the
torcular Herophili (3), is necessary in order to have complete
access to the bridging cortical veins (4) entering the superior
sagittal sinus and, in exceptional cases, the torcular Herophili
and/or transverse sinus. (B) Right occipital lobectomy. The
arteries (1) and bridging cortical veins (2) are coagulated and
transected. (C) Right occipital lobectomy. After coagulating
and transecting the arteries and bridging cortical veins, one
proceeds with the cerebrotomy through the line of demarca-
tion of the parictooccipital and temporooccipital junctions,
entering the lateral ventricle (7) at the posterior border of
the trigone and cxposing the glomus of the choroid plexus
(2). The dura (3) has been reflected. When the occipital pole
has been resected, one sees the junction of the tentorium (4)
and the falx (5).

bellar arteries are dealt with subsequently. These vessels
should be coagulated over the surface of the cerebellum
as the arachnoid is coagulated and transected. Once
this is done the cerebellectomy is carried out and the
desired amount of lobectomy completed.

Because of the uniformly small arteries and veins over
the surface of the cerebellar hemispheres (and vermis),
block resection of a portion of the cerebellum may most
effectively be performed with use of the laser (Fig. 8.5).
This may be done with great ease using the handheld
CO, laser, or the micromanipulator if one has already
brought the operating microscope into the field.



Figure 8.4. Cerebellar lobectomy. (A) The craniotomy should
permit visualization of the transverse sinus (1), the superior
sagittal sinus (2), the torcular Herophili (3), the occipital lobe
(4), and the cerebellar hemisphere (5). (B) After the superior
bridging veins (7) coursing from the superior cerebellar trian-
gle to the transverse sinus (2) and tentorium (3) have been
coagulated and transected, the cerebellum falls into the hori-
zontal portion of the squamous occipital bone. (C) The sur-
geon then proceeds to coagulate the arachnoid along with
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the superior and inferior cerebellar arteries. Once these arteries
are transected the cerebellar lobectomy is completed, allowing
one to see the VII, VIII, IX, X, and XI cranial nerves (if
only the most lateral tip of the cerebellar hemisphere is re-
sected). (D) These nerves, plus the lateral surface of the pons
(1) and the medulla oblongata (2) are exposed if the entire
cerebellar hemisphere is resected. In either case, the under
surface of the tentorium (3) is also exposed.
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Figure 8.5. (A) The hand-held laser (7) is being used to per-
form a block resection of a 2-cm surface arca of the lateral
cerebellar hemisphere for access to a solid astrocytoma. The
larger (>3 mm) vessels have already been coagulated with

Hemispherectomy (Figure 8.6)

Exposure of the entire hemisphere is essential for the
performance of a hemispherectomy, since one must
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