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Preface to the Second Edition

“Old men that knowen the grounde “Thys fraye bygan at the Otterborn
well yenoughe Bytwene the nyghte and the day;

Call it the battell of Otterburn: Ther the Douglas lost his lyfe,

At the Otterburn began this spurne and the Percy was lede away.”

Upon a monnyn day. ANONYMOUS *

Ther was the daugghte Doglas slean:
The Perse never went away.”

ANONYMOUS*

There are three compelling reasons for an Author to undertake a second edition of a
text book: correction of unacceptable errors or inexactitudes, up-dating (putting into
perspective) new concepts and techniques, the very personal wish to express more
completely and graphically his messages. My goal for this Edition is - within the lim-
its imposed by true differences of opinion - to present a corrected text reshaped by
time, and enrichened by an exhaustive personal reading of the literature pertaining to
pediatric neurosurgery during the 10 year period 1987-1997. At a time-distance of 13
years from the date the First Edition was given to the publisher, the Second Edition
left my desk for Heidelberg, holding reviews of papers heard, journals and articles
read, thoughts clarified.

The methodology consisted of stacking clinical notes and publications according
to themes, highlighting messages to discuss or convey, writing these then as critical
reviews, and lastly re-reading the text of Pediatric Neurosurgery: Theory and Art of
Surgical Techniques with Dictaphone in hand to re-elaborate the new text. Hence,
some sections of this work are verbatim reprintings from the First Edition, others are
new, and others still are re-evaluations of the subject or the context of their expres-
sion. The narrative style chosen remains that of writing in the first person (so as to
avoid the implication that the information given is the eternal truth), with concepts
and conclusions developed consequentially. Thus, surgical attitudes and/or principles
along with clinical theory are structured upon anatomy, pathology, clinical problems,
operative methodology, interpretation of results... and developed as considerations,
perspectives, approaches.

To simplify, enrichen, communicate visually the narrative message, extensive use is
made of MRI, line and half-tone and color drawings, tables. Every effort was spent to
bring these into spatial proximity to the texts, though at times we did not succeed.
Color was chosen when it was necessary to distinguish clearly between adjacent ana-
tomical structures, half-tones for perspective, line drawings for focus or concept. The
tables used are either new elaborations, transcriptions from other writings, or re-
workings of the two, and the design for their use is didactic and documentary.

As for the First Edition, this text has all the advantages and disadvantages of a sin-
gle-author treatise, though I have painstakingly - throughout the literature review
and multiple re-readings over time - attempted to incorporate other perspectives into
the work. Nevertheless, one sees with his own eyes, thinks with his own mind. There
is an absolute and pervading difference between an Editor and an Author. Thus, the

*RELICS OF ANCIENT ENGLISH POETRY. Two ballads sung by two different anonymous minstrels,
relating a “historic” single event which occured within the living memory of the listeners. ..
with two very different issues.
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aseptic and telegraphic, at times disjointed, conglomerates of information and atti-
tudes of a multi-authored book are counterbalanced against the defined visual arc of
a single author. As an information source for those who wish to practice the theory
and art of pediatric neurosurgery, I think a single author treatise is preferable.

Let us see now what this book holds, and let us outline its methodology and goals:

The imaging studies, by and large, were selected and collated by Dr. Guido Trasi-
meni, at the University of Rome (La Sapienza), who also interpreted the observations.
This is the natural course of events now that the neurosurgeon is no longer... also a
neuro-radiologist. I think this has strengthened considerably the overall value of the
text.

The list of contents - introduced by its specific philosophical message, as all chap-
ters of the book - has been extensively re-worked by the copy-editor to provide as
detailed a flowing sequence of the order of presentation as possible. A careful reading
of this presentation before undertaking a systematic study of the treatise or only con-
sulting it in search of an answer to a particular question is recommended. It expresses
telegraphically the structural development of the narrative content.

Positioning introduces immediately the reader to all three of the reasons cited in
the first paragraph of this Preface for writing a Second Edition: correcting errors or
inexactitudes, updating the text, a more complete and graphic expression of my mes-
sage. It integrates imaging studies into the exercise of conceptualizing the target area
and sets them as closely as a two-dimensional image may be placed to a three-dimen-
sional representation: the reader looks at the image as though he were the sur-
geon. The glaring error of rotating the semi-seated child around the axis of the table-
top is corrected, with illustrations showing how this brings the child into a complete
vertical position. The answer to the position problem is presented.

The same illustration techniques are used in Incisions, integrating even more com-
pletely the images into the half-tone drawings, adding new color drawings for skull-
base procedures. Hemostasis was integrated with the Incisions chapter to eliminate
repetitive and confusing descriptions, since with an incision one begins hemostasis.
Flaps, Suturotomy, and Dural Openings remain unchanged in content: no perspec-
tives for performing these have been developed, and access to the base of the child’s
skull is fully achieved without resorting to the osteoclastic techniques recommended
by some for surgery on adults. In Cerebral Retraction, anatomical drawings of nor-
mal structures are added to give depth to the descriptions, a section of the surgical
technique for preserving the anatomical integrity of the olfactory nerves is added.
Cerebrotomy and Cerebral Resection are unchanged.

Epilepsy is a new chapter, added because of the great interest in the surgical treat-
ment of this affliction during the past 10 years. It was written with Dr. Francesco Car-
dinale, who put together all of the material. Since this treatise is on pediatric neuro-
surgery, this chapter is written informatively: it is not a treatment of epilepsy as a
clinical and surgically amenable disease state. This must be dealt with by epileptolo-
gists, who write for those who understand the principles and are qualified to apply
the surgical techniques. Pediatric neurosurgeons, with rare exceptions, limit them-
selves to referring children to highly specialized centers. Hence, this chapter is an in-
detail, but very elementary, reference source. It provides all the information a general-
ist needs, and stresses the indications for referring the children to surgical epileptolo-
gists.

In Tumors, one finds a very extensively re-written and expanded text. Clinical in-
formation, such as incidence and percentages of individual tumor types, documenta-
tion of incidence of complicating hydrocephalus along with the results of treating it
pre-craniotomy. Tabular summaries of tumor resection results and survival rates
compose a significant portion of the Introduction. This was done to provide a base
upon which the clinical considerations could be built. Then, at the very beginning,
skull base and bony tumors are dealt with in the new style of integrating imaging stu-
dies into the clinical and operative planning methods. .. as already commented upon
for the earlier chapters and as is continued throughout the subsequent ones.
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Weaving epidemiologic and clinical data into surgical considerations and techni-
que set a lively reading pace which I hope will permit the reader to dwell upon each
tumor type, confronting one with the idea of evaluations concerning treatment op-
tions. It is here that I have tried most to establish a personal contact with the reader,
to welcome him to an open and spontaneous “discussion” with this book. The full
breath of pediatric brain (eye included) and mesenchymal tumors unfolds from exter-
nal (chordoma) to internal (choroid plexus papilloma), as the extensive literature re-
view and re-evaluation of my personal cases are brought into the original text, as
standard middle and posterior fossa approaches are revisited and developed into the
more modern “skull base” terminology and perspectives. The critical review compo-
nent is present throughout, most affirmatively in medulloblastoma, craniopharyngio-
ma, ependymoma, intramedullary tumor.

In Vascular Disorders the continuing value of cerebral angiography, the role of
MRI, and dramatic shift to intravascular approaches to such complex problems as
arterio-venous malformations of the galenic system are broadly treated. Advances in
anatomic and embryologic knowledge form the basis for new treatment methodolo-
gies, which are not within the surgical armamentarium of the neurosurgeon. The con-
frontation of surgical and intravascular approaches seems close at hand, for micro-
surgery (especially of the “keyhole” variety) brings us to a strong enough position to
reconsider freshly the issues at hand. Infections opens with a thorough review of all
- primary and secondary - surgically related infections, and then proceeds to discuss
surgically treatable diseases, and Trauma is expanded considerably to bring newer
concepts in coma classification and socio-economic causes of the “battered child”
syndrome into our areas of knowledge. Post-traumatic vascular pathology is consid-
ered here rather than in Vascular Disorders.

Congenital Anomalies and Hydrocephalus are extensive re-workings, incorporat-
ing the most recent theoretic and technical consensuses ranging from craniosynos-
toses through the lipoma and into a totally new perspective of hydrocephalus (its
pathogenesis primarily, but also classification). The Chiari malformations, syringo-
myelia, arachnoidal cysts are integrated into a readily comprehensible group of ana-
tomo-pathological clinical entities which appear to be inter-related.

As in the First Edition, I made all of the drawings in the conceptive stage. These
sketches were then presented to Ruth Daly (for the First Edition) and Marina Longani
(for this, the Second Edition). Each of these two extraordinarily gifted young ladies
then patiently and skillfully worked the sketches into the finished products this book
holds.

It is my hope that the owner of this book will read it, at first as though it were a
novel, and then refer to it as he would to a friend, a colleague, a teacher - but always
conclude by “trusting his own crooked eye”.
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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

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 speciality 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 experi-
mental opportunities to integrated groups of workers, carrying on their activities,
more or less, in a collegial manner. Though not recognized as an independent spe-
ciality by international, regional, or national adult neurosurgical organizations, Pe-
diatric 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, neu-
roradiology, neurology, pediatrics, and anesthesiology. Its principles are being es-
tablished, its limits extended and defined, and its practitioners indentified. Texts
are needed.

By and large, multiauthored books dealing with an entire field are disjointed, eclec-
tic 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 Mat-
son’s words when I asked his advice concerning what I should include in my book
Pediatric Neurosurgery: “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 through-
out the text a direct and consequential relationship between 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 motivation, experience and readings, analysis and
synthesis. All of these are inspired by a composition of oneself, his teachers, his stu-
dents, 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 cog-
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nition. His emotions and volitions are the stuff that permit him to make the transi-
tion 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 iden-
tify 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 stu-
dents who, by virtue of intelligence, diligence, and total dedication also supplemented
one another’s education... and training. Their very different national origins and ul-
timate goals in life formed the basis for a truly humanistic school of Pediatric Neuro-
surgery: 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 huma-
nistic treatment of a scientific discipline, one composed of theoretic and technical
elements, come into existence? I 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, illustra-
tions, and photographs. In holding myself out to treat diseases or injuries of a devel-
oping, and growing, brain, and to teach these perspectives 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 new-
born son Marco on 2-East at Children’s Memorial Hospital. Marco, Laura, and Paolo
(my children) remain the most human, powerful, forces I have ever felt; they have
given me the perspective to see my parents, Vito Orazio and Leona, and the under-
standing that a child and his parents are one: neither dominates, neither may decide
for the other without deciding for himself. Pediatric Neurosurgery, 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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1 Positioning

It is not realistic to specify the single most important
aspect of an operative procedure, namely, diagnosis,
anatomical localization, blood volume control, flap se-
lection, exposure, or head and body position. It is real-
istic, however, to assert that, if the surgeon positions
the child’s head and body properly - taking into con-
sideration the location of the lesion, the planned skin
incision, and bone flap - he will, throughout the opera-
tion, be oriented anatomically - he will always have the
lesion at the center of his operative field.

One of the most significant equipment/instrument
advances hitherto made for neurosurgery, neuronaviga-
tion, is still of no value in operating on newborns and
infants, and of very limited value in operating on tod-
dlers. There are two principal reasons for this conclu-
sion: the thin skull does not lend itself to the use of rig-
id frames, and the commonly present secondary or pri-
mary hydrocephalus predisposes the brain to major
shifts within the cranium once the dura is opened.

On the other hand, the wide range of applicability of
endoscopic procedures finds many indications in the
pediatric ages. Neither of these methodologies, how-
ever, simplifies the matter of positioning the child. In
fact, as we move forward with minimally invasive sur-
gery, we find it ever more important to obtain precise
positioning.

Positioning for pediatric neurosurgery varies consid-
erably with the age of the child (newborn, infant, tod-
dler, 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 neuro-
surgical operative procedures on adolescents and adults
because of their uniform size, and the constant relation-
ship between brain and skull. Also, there is no need for
such anatomical considerations as open fontanelles and
sutures, relatively larger basal cisterns, continuity of the

“If you have planted a thistle,
to sprout -.”

Saapi, The Fruit Garden

do not expect jasmin

periosteum with the outer layer of the dura at the su-
tures, and the presence of ossification centers. There-
fore, this chapter is organized to present general and
specific considerations concerning each age group, in-
dividual body positions, relative position of surgeon
vis-a-vis the child, and positioning of the head. The re-
commended positions for specific operative procedures
are then discussed before they are described.

General Discussion

Age

The relative sizes of the surgeon’s hands and the head
of the newborn, infant, toddler, and adolescent place
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 propor-
tionate 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. 1.1A),
whereas that of a term newborn rests comfortably with-
in the fully cupped adult hand (Fig. 1.1B). The heads of
the infant and toddler (Fig. 1.1C,D) are proportionately
larger (the same hands are used in all four photo-
graphs). This change in volume occurs pari passu with
changes in dermal (skin, connective tissue, and apo-
neurosis of the scalp) thickness, inversion of relative
amounts of diploic and lamellar components of the
skull, diminution in volume of cisternal cerebrospinal
fluid and increase in cerebral volume, and closure of
fontanelles and narrowing of the sutures. In all four of
these age categories the air sinuses are not yet devel-
oped, and the second dentition tooth buds occupy the
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jaw bones. The pacchionian bodies have not yet ap-
peared, and the cortical bridging veins are both excep-
tionally fragile and easily converted into rectilinear
structures.

Premature Newborn

To all intents and purposes, and with only the rarest ex-
ceptions, 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
either side, is all that is used in this age category. The
exception is the prone position for posterior fossa he-
matoma secondary to birth injury.

Figure 1.1. (A) Premature newborn. Not only is the skull size
so small as to fit completely within the palm of an average
adult hand, but the individual membranous bones slide freely
over one another at the sutures. The scalp is very loose, and
the fontanelles may be full or actually bulge. (B) Term new-
born. There is a firmness to the term born child’s skull which
distinguishes it immediately from that of the premature, the
fontanelles are invariably depressed and pulsatile, and the
scalp is somewhat less mobile over the underlying membran-
ous bones. The skull volume is significantly larger. (C) Infant.
The infant’s fontanelles are closed, as are the sutures, and the
subgaleal space is much more a potential than a true compart-
ment. An average human hand from fingertip to thenar emi-
nence is its measure. (D) Toddler. The toddler has a rigid skull
and developed mastoid eminences; the membranous bones
cannot be digitally depressed. Both hands are necessary to
hold it firmly.

Figure 1.4. (A) Access to the cervical spine, the craniovertebral
junction, and the occipital lobes may be gained with the new-
born or infant prone. It is necessary to place pillows or sand-
bags 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 headrest (B).
This is a lateral view showing the degree of flexion of head on
neck. Note that the frontal eminences, not the face, nestle into
the headrest.
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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 flex or

Figure 1.3. (A) The supine newborn may be rotated from its
back to its side and held firmly in position with a single sand-
bag. (B) The arms are folded across the shoulders. Tape suf-
fices to fix the head firmly in the desired position. Placing the
superior leg behind or in front of the inferior leg thrusts the

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) fa-
cilitates more direct access to the lateral surfaces of the hemi-
spheres.

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.
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Figure 1.5. (A) 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 children);
and the inferior cerebellar triangle; (c) an unacceptable line of
vision to the superior cerebellar triangle area because of the
ledge of squamous occipital bone and the transverse sinus; (d)
a good line of vision to the occipital lobes. Lateral cervical X-
ray (B), MRI of chiari I with syringomyelia (C), MRI of supe-
rior vermian tumor (D), and MRI of occipital lobe lesion (E)
to put into relief the points made in 1.5A.
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Term Newborn and Infant

The term newborn and the infant may suffer the full
range of neurosurgical diseases, so that it may be neces-
sary to operate on children in these age ranges in the
supine, the prone, or the sitting positions. The sitting
position in the newborn is extremely difficult to main-
tain (the infant 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 of-
ten. One may, consequently, perform most intracranial
procedures on the term newborn using either the su-
pine or prone positions. Indeed, one is advised to avoid
the sitting position in these ages if at all possible. The
anterior fossa, orbits, frontal and parietal lobes, and
metopic suture may be exposed with the newborn or in-
fant supine and its head in the neutral position
(Fig. 1.2A,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 hemispherical convexity (Fig. 1.3A,B). Elevation
of the shoulder by a pillow or sandbag avoids both
stretching and compression of the jugular veins, and in-
tervertebral foramen impingement/compression/occlu-
sion of the vertebral arteries.

The prone position (Fig. 1.4A,B) is for occipital, cra-
niovertebral junction, and some posterior fossa lesions.
It permits optimal exposure of the occipital lobes and
craniovertebral junction, but the anatomical structures
within the. posterior fossa 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 dis-
advantages of this position are most notable when per-
forming a suboccipital cranictomy for decompressing
the foramen magnum in children with the Chiari II mal-
formation. One is not able to work efficiently, either in
the superior cerebellar triangle for posterior fossa masses
or at the foramen magnum in Chiari Il children, with
the newborn child in this position. It is also difficult to
gain a direct line of vision to the superior cerebellar
triangle because of the short posteroanterior (clivuss-
quamous occipital) and the long superoinferior (tentor-
ial opening-foramen magnum) distances. These anato-
mical characteristics impair significantly the surgeon’s
ability to visualize the superior aspect of the culmen
monticuli.

Toddler

The toddler may be put, safely and effectively, into
either the sitting or lounging position because the trunk
is long enough to sit the child up, and the skull, gener-
ally 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 2nd year of life. Such lesions
as superior and inferior cerebellar vermis tumors, ar-
teriovenous malformations of the galenic system, pineal
tumors, arachnoidal cysts of the quadrigeminal and
superior cerebellar cisterns all occur in this age cate-
gory. Figure 1.6 illustrates relative positions of the sur-
geon and patient with midline occipital, some pineal,
and superior cerebellar triangle lesions in the newborn
(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 ante-
rior parietal regions of the brain. With the head neutral
and slightly flexed, the supine position offers immedi-
ate access to the convexities and parasagittal areas of
the frontoparietal, parietal, and parieto-occipital lobes.
Turning the head to either side (bringing the coronal
suture parallel to the sagittal plane of the body) affords
access to the convexity of the hemisphere, exposing the
frontal, temporal, or occipital poles, and to the floors of
the anterior and middle fossae, the tentorium, and the
lateral surface of the opticocarotid region. It also puts
the child into perfect position for a ventriculoperitoneal
shunt, permitting the surgeon to insert the ventricular
end either into the occipital horn and trigone or the
frontal horn.

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

Prone Position

By placing the child prone with the head in the neutral
position, one may expose the lambdoidal suture (the
parieto-occipital region) for immediate access to the
occipital lobes. Flexing the head and distracting it at
the craniovertebral junction provides access to the
squamous occipital, craniovertebral, and cervicotho-
racic regions. This position is used for occipital, inferior
cerebellar triangle, foramen magnum, and superior cer-
vical cord lesions (Fig. 1.8A,B). When the child is prone,
as when it is supine, particular care must be taken to
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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 the hands,
since the newborn head is so small that one is not able to look
over them and into the posterior fossa; (B) the toddler; (C) the
juvenile: the head size is such as to enable the surgeon to look
over his hands, giving him a wider range to pronate and supi-
nate them with wrist or elbow movement. With increasing age
and body size, it becomes decreasingly necessary to look be-
tween one’s hands, increasing the operative field to vision and
manipulation. The head size of the toddler and juvenile are re-
latively the same, but the neck and body sizes are so different
as to alter the relative working space.

distract the skull from the cervical spine prior to flexing
it around the axis that runs through the auditory ca-
nals.

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-
borns and infants), but somewhat facilitated by the
skull-pin Mayfield or Gardner-Wells (Codman, Inc.,
Johnson & Johnson Company, Randolph, Massachu-
setts, USA) headholder (which may be applied to tod-
dlers and older children). Whether using the horseshoe
or Gardner-Wells headholders, adequate clearance be-
tween the symphisis 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
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 pos-
terior III ventricle, the superior cerebellar triangle, and
the falx tentorial junction. Irrespective of the physical
inconveniences to the surgeon and the truly negligible
risk of air embolism if appropriate anesthesiologic pre-
cautions are taken, it is a safe way to operate on lesions
in the superior vermis, brachium conjunctivum, superior
cerebellar hemispheres, opening of the aqueduct into the
IV ventricle, the pineal region, and the great vein of Ga-
len.

The same problems concerning mandibular com-
pression 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 with a direct line of vision to the
superior portion of the cerebellar vermis and the ten-
torial opening. Fixing the head securely holds it sus-
pended against its own gravitational force. Figure 1.9A
shows this with the use of a horseshoe headholder in an
infant, and Fig. 1.9B with the use of the skull-pin head-
holder, which have not been designed for the thinner
calvarium or relatively more voluminous diploic spaces.
The risk of air emboli through the diploé remains very
real, so care is given to adequate use of bone wax.

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 in
either the sitting or lounging positions). Some form of
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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 se-

plastic draping may be used to cover the tubing. Such a
situation is illustrated in Fig. 1.10, 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, consequently, be-
cause of the very wide range in body and head size of

cured in position (either onto a headrest or in pins), avoiding
jugular vein compression; (C) the same as in (B), but the head
has not been distracted, resulting in compression of the verti-
cal ramus and angle of the mandible against the internal jugu-
lar vein. Diminished venous return and increased intracranial
pressure are the consequences of this compression.

the pediatric population and the standard size of oper-
ating tables, the surgeon must improvise in positioning
and securing the child firmly in place. Pillows, sand-
bags, sheets, and so on are pressed into service even in
the best-equipped pediatric operating rooms. A well-
constructed car seat, which may be purchased almost
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Figure 1.8. (A,B) The prone position as herein illustrated dem-
onstrates the lamboidal (1), occipitomastoid (2), coronal (3),
sagittal (4), and zygomaticofrontal (5) sutures: the mastoid (6)

Figure 1.9. Fixation of the head in the lounging position is ex-
tremely important. In order to ensure maintenance of cranio-
cervical junction distraction in the infant, one should tape the
head to the horseshoe headrest and nestle the chin into the
bottom of the headrest (A) or use the Gardner-Wells head-
holder on a toddler (B).

>
Figure 1.10. 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 ear. 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.

and the zygomtic arch (7); the rim of the foramen magnum
(8); and the squamous temporal (9) and greater wing of the
sphenoid (10) bones.
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anywhere, serves this purpose well. It may have to be
cut, molded, or padded, but it is far superior to any-
thing else available or to any combination 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. The vacuum-regulated beanbag
serves the same purpose, equally effectively, for chil-
dren in these age categories.

All this work of positioning must be done relatively
quickly because the anesthetized child, especially the
newborn and infant, loses body heat rapidly.

Figure 1.11. (A) Table top is level; neutral
position; (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

« »

Yaw .

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

The most important consideration in positioning the
child for surgery is not to complicate the already dis-
eased 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 the child at will, bringing it into a variety of posi-
tions throughout the procedure, so as to realize the pri-
mary goal of successful positioning: bringing the target
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,
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Figure 1.12. The head is shown in the neutral position (A), ele-
vated but not flexed (B), and depressed but not extended (C).

roll, yaw, and slight elevation or depression of head
and/or body), he may work comfortably with elbows re-
laxed at his sides, and with his line of vision extending
directly to the target area. This diminishes fatigue so
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 Fig. 1.11A-D, the operating table is moved from
neutral so as to provide body “pitch,” “roll,” and “yaw.”
In Fig. 1.12A-C, one appreciates the mobility of the
headholder from neutral to elevation and depression of
the head. All these changes in position may be obtained

Figure 1.13. (A) The surgeon’s view of the frontal bone, which
is provided by using body “pitch” or head lowering with the
child supine. (B) The surgeon may change his target area
(shown in A) without changing his own body position, simply
by altering body “pitch”, lowering or elevating the head.

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 bifrontopterional exposure), in
the pineal region, within the trigone of the laterale ven-
tricle, or within the region of the IV ventricle. It is im-
portant for spinal cord lesions but of little value for
convexity lesions or shunts. An example of how one
may change one’s line of vision as the target area
changes during the operative procedure is illustrated in
Figs. 1.13 and 1.14.



Accommodating Anesthesia 11

Figure 1.14. (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 head has been applied to the
cortical surface.

Positions of Surgeon, Assistants, and Nurse
Around the Patient

There is no need for two assistants in (pediatric) neuro-
surgical procedures. In fact, since the operating micro-
scope has become a standard piece of surgical equip-
ment, one does very well in neurosurgery without an as-
sistant. When assistants are used, there is little room for
them. Consequently, the scrub nurse may serve as the
first assistant, passing suction or bipolar cautery to the
surgeon along with other instruments. Self-retaining re-
tractors are now standard in all neurosurgical proce-
dures, so that it is not necessary to have someone
scrubbed into a procedure to hold them. Similarly, mo-
tor-driven (either electrical or hydraulic) chairs, con-
nected to the operating microscope, permit the surgeon
to control optical and mechanical magnification, zoom,
elevation and lowering of the microscope and mechani-
cal chair, 35-mm camera shutter release, electrosurgical
activation, and angulation (“roll”) of the optical field by
using foot controls. Assistants should scrub in for pe-
diatric neurosurgical procedures only to learn operative
technique and surgical instrumentation.

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.

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 electrosur-
gical unit and suction bottles at the base of (and be-
neath) the operating table, so that the cords may go di-
rectly 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 methods described so far for positioning
the child on the operating table permit the surgeon
maximum exposure of, and access to, the operative site,
great attention is also given to providing the anesthe-
siologist full access to the child throughout surgery.
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Setting heat lamps (Fig. 1.15A,B) at a safe, yet warm-
ing, distance from the child during positioning provides
protection against potentially dangerous hypothermia,
as does placing the plastic drape around the operative
field before beginning the prep. This prevents heat loss
and insulates the child from the cooling effects of spil-
lage 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 in-
cluded in the operative field, since a 10-min scrub
would allow large amounts of surgical soap and water
to accumulate along the recumbent surfaces of the
child’s trunk and neck.

The drapes should be placed and fashioned around
the child, extending from the operative field in such a
manner 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, su-
pine, or prone, suffices if an overhead instrument table

Figure 1.15. 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 se-
curely taped (B) in place. Note the wrapped legs and lounging
position.

is not available. Then, intravenous poles must be placed
to one side or the other of the operating table. This per-
mits tenting of the drapes from the operative site in
such a fashion as to leave the anesthesiologist full access
to the child for the purposes of controlling the position
of the endotracheal tube, functioning of central venous
pressure lines, and 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 hypoten-
sion.

The provision of a color television monitor permits
the anesthesiologist to observe directly the operative
procedure (Fig. 1.16).
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Figure 1.16. Placement of TV monitor so the anesthesiologist may observe the entire (macro and micro stages) operation.

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 fi-
nalizes arrangement of his tubes to assure himself easy
access to the face. The head is then positioned on the
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 transmaxillary
(“face splitting”), transmandibular, retropharyngeal ap-
proach to the clivus and sphenoid sinus may be per-
formed when the patient is supine and should be con-
sidered when dealing with lesions of or about the ante-
rior foramen magnum, the clivus, and the sphenoid
body. The pure pterional approach has no place in pe-
diatric neurosurgery, since the extraordinarily rare an-
eurysm of the circle of Willis is best approached
through a frontal, a bifrontal, or a frontotemporal cra-
niotomy: the small size of the frontal lobes and very
large basal cisterns allow for immediate and secure ac-
cess to the circle of Willis.
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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 cra-
niopharyngioma may be resected more effectively
through the interopticocarotid space, with the child su-
pine, by resorting to the use of “pitch” and “roll” to
gain access to tumor lodged between optic nerves and
chiasm superiorly, the internal carotid and posterior
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. 1.17A). Consequently, slight extension of the head
on the neck, as illustrated in Fig. 1.17B, allows for grav-
itational retraction of the frontal lobes, complete visual-
ization of the roofs of the orbits and the lesser wings of

Figure 1.17. 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, to facilitate CSF drainage for optimal exposure, espe-
cially if a preoperative shunt has not been inserted, it may be-
come necessary to lower the head by manipulating the head-
holder 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 indi-
cates anterior fossa floor beneath the frontal lobes. (B) After
the head has been rotated, extending it around its interauricu-
lar axis, the frontal lobes (1) fall posteroinferiorly, and the en-
tire floor of the anterior fossa (2) with the chiasm (3) come
into view. (C) The surgeon’s line of vision of the chiasmatic
region with the head in the neutral position.

the sphenoid, and as good an exposure of the region of
the optic chiasm as one may possibly attain
(Fig. 1.17C).

Since slight extension of the head makes for some-
what awkward hand positioning (Fig. 1.18A-E) for the
scalp flap, one may simply elevate the head of the table
for the skin incision and the posterior bur holes. The
head of the table then is lowered to the desired level for
placing the “keyhole” and glabellar bur holes, passing
the Gigli saw and reflecting the osteoplastic bone flap,
whether unilateral or bifrontopterional. The dural open-
ing may be somewhat facilitated by lowering the head
of the table approximately 50°. After retraction of the
frontal lobe(s) and exposure of the roof(s) of the orbit,
anterior clinoid(s), optic nerve(s) and chiasm, one may
“roll” the operating table from right (Fig. 1.19A) to neu-
tral (Fig. 1.19B), to left (Fig. 1.19C) so as to facilitate vi-
sualization of the lesion and parasellar anatomical
structures.
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Figure 1.18. (A) Head in neutral position, (B) extended, and
(C) extended but elevated using table pitch. The (D) suprasel-
lar craniopharyngioma and (E) retrochiasmatic hypothalamic
hamartoma extending inferiorly into the prepontine cistern
are ideally approached through a bifrontal pterional flap with
the child supine and the options to hold the head neutral, to
extend it, or to elevate it in the extended position by using ta-
ble pitch. In (D) and (E) intra III ventricular extensions of, re-
spectively, a craniopharyngioma and an hypothalamic glioma
are shown. Visualizing these two MRI studies as the tumors

would be “seen” in (A), (B), and (C) helps considerably in for-
malizing tumor location/bone flap/skin incision. Though the
details will be elaborated upon in the chapter on tumors, for
this section it is important to recognize that parasellar tumors
extending into the III ventricle may be resected very effectively
through this approach by using the 1. prechiasmatic, 2. left in-
teroptical carotid, 3. right interoptical carotid, and 4. transla-
mina terminalis access routes. It is essential to open the lami-
na terminalis for the intra-III ventricular extension, but the
parasellar locations require neurovascular dissections.
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Figure 1.19. (A) Roll to the right permits visualization of the
left sphenoid wing from the pterion to the anterior clinoid, in-
ternal carotid, and middle cerebral arteries after bifrontopter-
ional craniotomy has been performed. (B) Neutral position is
best for planum sphenoidale, optic nerves and chiasm, caro-
tids, and anterior cerebrals. (C) Roll to left permits exposure
of right homonyms to those illustrated in (A). (D) and (E) are
MRI images of parasellar masses approached with the child in
this position.
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Figure 1.20. Unilateral frontoparietal craniotomy. The child’s
head is positioned for unilateral craniotomy, showing the
frontal eminence, coronal, and sagittal sutures. (A) Coronal
view of skull. (B) Surgeon’s view of (A). (C) Lateral view of
(A) from the left. (D) Lateral view of (A) from the right, show-
ing pterional area. (E) Prerolandic frontal lobe tumors,
whether limited entirely to the white matter surfacing along
the sagittal plane, at the frontal pole, or surfacing at the con-
vexity, are very conveniently resected with the child supine
through a unilateral frontopterional craniotomy.

Unilateral Frontopterional Craniotomy

The head is extended on the body and rotated slightly
(Fig. 1.20A-D) so as to allow the surgeon to visualize
directly the frontal eminence of the side to be operated
on. This represents the neutral position for a unilateral
frontopterional craniotomy, one from which the sur-
geon may work comfortably to obtain access to the de-
sired frontal and pterional cranial and intracranial areas
simply by manipulating the table position.

Bifrontopterional Craniotomy

The head is extended from the neutral position
(Fig. 1.21A) so that the surgeon’s direct line of vision is
at the metopic suture (Fig. 1.21B). 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, subse-
quently, 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 craniocervical junc-

tion (Fig. 1.21C) and maintains the cervical spine in the
normal anatomical position; lowering it entails extend-
ing the head and the neck, en bloc, at the cervicotho-
racic junction (Fig. 1.21D).

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; there must also be ready ac-
cess 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. 1.22).
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Figure 1.21. Bilateral frontopterional craniotomy, showing sur-
geon’s view with (A) head neutral and (B) extended. (C)
Shaded area illustrates the head in the neutral position, from
which it may be extended to expose the anterior frontal area.

(D) Position attained by lowering the head rather than extend-
ing it. Here, one may appreciate the differences between ex-
tending the head (C) and lowering it (D), with regard to move-
ment at the craniocervical junction.

<
Figure 1.22. Exposure of the orbital and malar areas, which
may be attained by extending the head.
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Figure 1.23. (A) 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 temporal lobe, but
not to the floor of the middle fossa. (B) This position permits
a direct line of vision to the superior temporal line convexity
of the hemisphere, putting into relief either the superior tem-
poral convolution (by lowering slightly the head of the table)

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 (Chap. 13, p. 433). Parietal lobe and cor-
pus callosum lesions, as well as those within the III ven-
tricle region of the great vein of Galen, may be effec-
tively approached with the child in this position. This is
also a desirable position for placement of temporal,
frontal, and parietal bur 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 junction: raising the head.

Parietal Craniotomies

Positioning of the head for parietal craniotomy differs
remarkably when one performs a unilateral or a bilat-
eral 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 parieto-
frontal parietotemporal, and parieto-occipital lesions.

or the region of the frontal and parietal operculae (by raising
slightly the head of the table). Hence, direct access to the pos-
terior portion of the sylvian fissure, and after opening it, to
the insula is afforded. This magnetic resonance image illus-
trates a glioma surfacing at Broca’s area, which was success-
fully completely resected, with the child in this position with-
out residual aphasia.

Unilateral Parietal Craniotomy

The head is rotated 90° so as to bring the operative side
into the mid-sagittal plane of the body: the sagittal su-
ture is positioned parallel to the coronal plane of the
body. Flexing slightly the head on C-1 brings the pari-
etal bone and superior temporal line into orthogonal
planes, giving a direct line of sight to the superior tem-
poral line (Fig. 1.23).

Biparietal Craniotomy

The head is flexed slightly on the neck and kept in the
neutral position, with the surgeon having direct visual-
ization of both the frontal and parietal eminences
(Fig. 1.24A-C). 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 lon-
gitudinal 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 par-
allel to the sagittal plane of the body, one may expose
completely the convexity of the skull and cerebrum.
Flexion of the head on the cervical spine to approxi-
mately 5° after it has been turned fully, places the lat-
eral aspect of the calvarium in a plane perpendicular to
the surgeon’s line of vision. This provides the possibil-
ity of exposing the lateral aspects of the frontal, parietal,
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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 approach-
ing intraparenchymal lesions; masses within the frontal
horn, body, temporal horn, or trigone of the lateral ven-
tricle, and III ventricular tumors, either through the
foramen of Monro or via the interval between the body
of the fornix and the thalamus. It is the ideal position
for performing either a ventriculojugular or a ventricu-
loperitoneal shunt (Fig. 1.25A-D).

Figure 1.24. (A) Biparietal craniotomy. Slight flexion of the
head on the neck rotates the superior surface of the skull into
an excellent position for the “S”-shaped incision, and access
to the frontal and parietal areas bilaterally. (B) A lateral photo-
graph of an infant with the head in this position, illustrating
exposure of the inion. (C) Medial parietal lobe tumors, espe-
cially those expanding within the cingulate gyrus superior to
the corpus callosum or, as in this case, immediately posterior
to the splenium, are approached with the child supine, sagit-
tally, along the falx cerebri, keeping the sagittal plane of the
skull along the sagittal plane of the body. Turning the skull to
one side or the other obliges the surgeon either to elevate the
parietal lobe or, less desirably, to operate on the recumbent
site with the parietal lobe falling away with gravity: this puts
undue stretch on the bridging cortical veins. Whether an S-
shaped incision, as in this figure, or the horseshoe parietal in-
cision, as illustrated in Fig. 2.15A,B, is used, is of importance
only as an expression of tumor volume and vascularization.

Temporal Craniotomy

The positioning of the head for a temporal craniotomy
is much the same as that for a unilateral parietal cra-
niotomy (Fig. 1.24), with the exception that orthogonal
planes of vision to the squamous temporal and greater
wing of the sphenoid bones and the underlying tempor-
al lobe necessitate lowering the head slightly (Fig. 1.26).
This provides the surgeon a direct line of vision to the
superior and inferior temporal lines, the zygomatic
arch. Lowering the head facilitates access, respectively,
to the sylvian fissure and the entirety of the tentorial
surface and ring.



Temporal Craniotomy 21

Figure 1.25. (A) Antero-oblique view. Supine child with head
rotated 90° to the left, bringing the coronal plane of the 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 on the neck as
illustrated in (D) of this figure. (B) The same child and posi-
tion as in (A), but viewed posteriorly to allow one to appre-

ciate access to the parietal eminence. (C) The same child as in
(A) and (B) viewed here from the vertex of the skull. (D)
When a ventriculoperitoneal shunt is to be performed, a roll
should be placed under the neck so as to “unfold” it, permit-
ting easy passage of the supraclavicular area (arrow). In this
child a shunt revision revealed ventriculitis, so it was con-
verted to an external ventricular drain.

<

Figure 1.26. (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) and (C) see p. 22.
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Figure 1.26. (B) Surgeon’s view of the operative area. The bony
landmarks are the superior (1) and inferior (2) temporal lines,
the squamous temporal (3) and greater wing of the sphenoid
(4) bones, the external auditory canal (5) and zygomatic arch
(6), the “keyhole” area (7), and the pterion (8). (C) Though
superior temporal convolution gliomas may be resected as in-
dicated in Fig. 1.26B, middle (as in this case) and inferior tem-

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
(Fig. 1.27A). 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.1.27B). This position permits access to the
parietal eminence as well as visualization of the vertex
and inion posteriorly (Fig. 1.27C), and to the glabella
anteriorly (Fig. 1.27D). These landmarks are important
for orientation purposes when planning to insert a
catheter 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 ven-
triculogallbladder or ventriculoperitoneal shunts. One
may also use this position for placement of a ventricu-
lopleural shunt.

poral lobe masses require the supine child to have the head
rotated 90° to one side and slightly lowered so as to bring the
entirety of the squamous portion of the temporal bone into as
perfectly and horizontal a plane as possible. Looking at this
MRI study permits the surgeon to contemplate the implica-
tions of the resection, orienting himself from the sylvian fis-
sure to the floor of the middle fossa.

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
upper cervical cord. Cisterna magna lesions are also ex-
posed 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
the craniovertebral junction necessitates lowering con-
siderably the child’s head and, thus, increasing intra-
cranial venous pressure. In addition to this, the hori-
zontal 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 re-
moval of upper cervical cord masses, decompression of
the foramen magnum, and cisterna magna lesions ex-
tending 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 fora-
men magnum and craniovertebral junction, the cisterna
magna and inferior cerebellar triangle, and the superior



Prone Position 23

Figure 1.27. Various perspectives of positioning of a child for
performance of a ventriculoperitoneal shunt. (A) The horse-
shoe scalp incision (1) is placed midway between the parietal
eminence (2) and the midsagittal plane (3). The supraclavicu-
lar incision (4) is placed approximately 2.5 cm above the clavi-
cle (5). The head of the humerus is drawn in (6) for orienta-
tion purposes, as is the costochondral arch (7). The abdominal

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.
Factors other than pooling of blood within the pos-
terior 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 ventri-
cle, when the child is prone (Fig. 1.28A-C). Although he
may have an adequate line of vision of the inferior por-
tion of the IV ventricle and the vermis (from the fas-
tigium inferiorly to the pyramis and then anterosupe-
riorly to the nodulus), he is in no position to deal effec-

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.

tively with superior draining veins going to the trans-
verse sinuses 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
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 trian-
gle, one must place oneself so that one’s line of vision
centers along a plane running 45° from the horizon
(Fig. 1.28D). Consequently, the decision to operate on
the posterior fossa with the child prone 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!
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Figure 1.28. With the child prone (A), the surgeon cannot po-
sition himself to view directly the superior cerebellar triangle
contents, the superior IV ventricle, or the aqueduct because he
is obliged to work from the head of the patient. He can, how-
ever, and with excellent illumination, see these structures well
through the operating microscope. The difficulties are posi-
tioning of the surgeon’s hands to hold the instruments natu-
rally: extreme wrist flexion and hand supination are required,
limiting range of motion and predisposing to fatique. In order

to obtain a line of vision to the tentorial opening, without the
operating microscope, the surgeon would have to elevate his
head and move it caudad (B), or bring the child so low as to
have it 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 himself so that his line of vision is 45° from the horizon-
tal.
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In 1974 Meridy and coworkers [1] reported compli-
cations occurring during neurosurgical procedures with
the child in the prone position. They noted 8% inci-
dence of cardiac arrhythmias, 3% incidence of respira-
tory complications (with one death), 2% incidence of
cardiac arrest (with two deaths), and 1.6% incidence of
air emboli. They state that “many anesthetists and neu-
rosurgeons advocate the sitting position for posterior
fossa exploration. Such positioning provides an excel-
lent view of the posterior cranial fossa with the opera-
tive site situated at the surgeon’s eye level. In this posi-
tion gravity effectively drains spinal fluid and blood
from the operative wound. It also facilitates venous re-
turn to the heart, relieving intracranial venous stagna-
tion, and so controlling venous pressure and ooze and
ultimately brain swelling”. They also state “many an-
esthetists and surgeons are fully aware of the disadvan-
tages of venous air embolism, cardiovascular instability
leading to systemic hypotension and diminished cere-
bral blood flow, the possibility of a patient sliding down
the table during operation and difficulty with tempera-
ture control” Analysis of their results, comparing them
to work published by others, especially Michenfelder,
reveals 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. [2] including over
2000 patient studies.

The most experienced posterior fossa [3-8] neuro-
surgeons prefer the lounging position. Bucy [9] stated,
“For many years I operated in the posterior fossa with
the patient lying prone and with the long axis of the
trunk forming an angle of approximately 40° with the
floor. I am now convinced that the sitting position is
superior to this and less hazardous. 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 advan-
tages.”

Occipital Craniotomy

The head is positioned in the same manner for both
midline and lateral occipital craniotomies, mainly by
flexing it approximately 10° while it is being distracted.
Placing small rolls under the shoulders (humeral heads)
on either 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. 1.29).

Figure 1.29. (A) Prone position for occipital craniotomy: The
head is distracted and then slightly flexed, permitting direct
visualization of the inion and both parietal eminences. (B)
This child’s occipital pole lesion rests upon (and invades) the
tentorium. Its resection requires equal access to the medial
(superior sagittal/transverse) and lateral (transverse/sigmoid)
sinuses.

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. 1.30), to permit
the surgeon as cephalad a line of vision as possible
(Fig. 1.31). Unfortunately, hanging the head maximally
from the trunk does not increase cephalad exposure of
the posterior fossa contents. It does increase unaccept-
ably the intracranial venous pressure.
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Figure 1.30. The head was not adequately distracted from C-1,
so that the latter has come to rest within the foramen mag-
num. Distracting the head so as to put the atlanto-occipital
membrane on the stretch, and to maximize the space between
C-1 and the rim of the foramen magnum, provides ideal expo-
sure of the osseous and vascular structures at the foramen
magnum.

Laminotomy

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

Cervical Laminotomy

Maximum exposure of the cervical spine and spinal
cord is obtained by positioning the child in an identical
manner as for suboccipital craniotomy (Fig. 1.31). This
brings the inion into a position such that it does not ob-
struct the surgeon’s line of vision to the atlas, permits
entry into the posterior fossa if needed, and gives 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.
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.

Figure 1.31. The prone position for suboccipital craniotomy,
and exposure of the inferior cerebellar triangle, with head dis-
traction, separating widely C-1 from the foramen magnum,
provides a maximum view of inferior cerebellar triangle con-
tents.

This is the reason for distracting the head and keeping
it in a neutral position for upper thoracic laminotomy.

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
adolescents) (Fig. 1.32).

Lounging 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 sur-
geon a direct horizontal line of vision for making the
skin incision (Fig. 1.33A,B) and dissecting the muscles
from the skull and atlas, but the setting should allow
the table to be elevated when the craniotomy is per-
formed.

To avoid tilting the table forward so as to view ade-
quately the dura mater first and then the superior cere-
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Figure 1.32. Prone position for lumbar lami-
notomy, thoracic costotransversectomy, or
lumbar posterolateral approach for hourglass
neuromass extending from the spinal canal
into the retropleural or retroperitoneal spaces.

Figure 1.33. (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 the potential range of motion from pro-
nation to supination, from flexion to exten-
sion.
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Figure 1.34. (A) The child is positioned sideways, with the ver-
tical axis of its body perpendicular to the long axis of the ta-
ble, so that the arms are resting on the backrest and the legs
are extended perpendicular to the table. Then, pushing the ta-
ble downward (B) brings the child into the horizontal position
(C), without obliging the surgeon to stop the operative proce-

bellar triangle, the surgeon may work sitting. He may
lower his chair to augment superior angulation of his
line of sight, to bring him comfortably along the tentor-
ial surface of the cerebellum, into the tentorial opening
and pineal region. Also, convenient regulation of the
surgeon’s working height with the operating table, rais-
ing or lowering it, adds a significant amount of security
to control of the Hudson brace for either perforator or
bur use.

Unfortunately, one often speaks of the “sitting” posi-
tion 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 diminishes
greatly the number of complications previously ob-
served with the patient in the sitting position. These in-
clude significant diminution of cerebral blood flow, hy-
potension, 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
[10] reported that the incidence of air embolism
dropped from 15% to nil when positive/negative venti-
lation was used. Michenfelder [9] and coworkers [2] re-
ported only a 2% incidence of air emboli in 2002 neuro-
surgical procedures performed on patients who were
positioned “upright.” They also noted a significant dif-
ference in air emboli in those patients positioned “up-
right” for cervical laminectomy and temporal craniect-
omy (less than 0.1%) when compared to those in the
same position for suboccipital craniotomy (approxi-
mately 2%). When Michenfelder and his associates [11]
used the Doppler, they observed that the percentage of

dure. This illustration is of purely historic value. This proce-
dure was suggested to permit rapid horizontalization of the
patient, who had been positioned “sitting” in the event air em-
boli developed. Sitting erect, hanging legs are not acceptable
at this time in the evolution of neurosurgery.

“air emboli diagnosed” rose to 6%, although the inci-
dence of clincally 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 on the patient in the
sitting position”. 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 embolism.
Michenfelder’s “upright” position is a semireclining
(lounging) posture.

An historically interesting variant of the “sitting” po-
sition was reported by Garcia-Bengochea and cowork-
ers [12]. In brief, it consists of positioning the patient
sitting, but seated sideways on the operating table
(Fig. 1.34). Lowering of the table in the event of an air
embolus, or other intraoperative complication necessi-
tating positioning the patient horizontally, was easily
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 il-
lustrated in Fig. 1.35. This position is used whenever one
wishes to have access to a midline or lateral posterior
fossa area. It is easier to place a child, especially an in-
fant, in the lounging position than it is to sit the child
up, since one need only distract and flex the head on
the neck at C-1, place a pillow or sandbag at the thora-
columbar area, and center a pillow at the popliteal fos-
sae. Though an upper cervical laminotomy may be per-
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formed 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 posi-
tion and the surgeon seated in a mechanical chair, rota-
tion of the operating table around its axis cocks the
head forward. This permits better visualization of the
superior cerebellar triangle but does put the child into
a sitting position (Fig. 1.36A-D). As the child is rotated
forward, the surgeon must both elevate his chair and
extend his arms. Two very negative disadvantages re-
sult: (1) the child is brought into a sitting position and
(2) the surgeon works in a tiring position. It is prefer-
able to elevate the operating table and or lower the sur-
geon’s chair (Fig. 1.37).

This position is ideal for occipital and suboccipital
craniotomies (whether midline or lateral), bur holes
(unilateral or bilateral, diagnostic or therapeutic), and
mid- or lower-cervical shunts (whether shunting from
occipital 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

Figure 1.35. (A) The table is pitched backward, bringing the
knees in the same plane as the shoulders. (B) Turning the head
slightly on the cervical spine exposes the lateral occipital bone
for cerebellar hemisphere or pontocerebellar angle lesions. (C)
The anesthesiologist’s view.

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 (Figs. 1.38-1.40).
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Figure 1.36. The surgeon is seated, his arms on a rest, for skin
incision, muscle dissection, craniotomy, and inferior cerebel-
lar triangle work (1). Pitching the operating table forward per-
mits access to the IV ventricle and aqueduct (2), and superior
cerebellar triangle (3). Note that, as this is done, the child’s
head is progressively elevated and its body is verticalized. This
is to be avoided! The above legend, the drawings in (A), (B1),
(C1), (D1), as well as the accompanying photographs (B2),
(C2), and (D2) appeared as herein represented in the first edi-

tion of this volume. The reader will surely have recognized B>

that as the child is rotated around the central axis of the table,
it is brought increasingly into a vertical position. This, indeed,
greatly facilitates a straight line of vision to the inferior cere-
bellar triangle, the IV ventricle, and then the superior cerebel-
lar triangle and pineal region. However, it also verticalizes the
child dangerously. This is no longer advised or condoned! In
fact, it is to be avoided.
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Figure 1.36. Legend see p. 30.
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Figure 1.37. In the light of what was shown in Fig. 1.36 and
photographically illustrated in Fig. 1.35A-C, the drawings il-
lustrated in this figure place into relief the fact that excellent
access to the inferior cerebellar triangle, the fourth ventricle
region, and the superior cerebellar triangle including the pine-
al and quadrigeminal regions may very comfortably be ex-
posed with the child in the "lounging“ position. It is sufficient
for the surgeon to lower his chair and extend his head slightly
as he progressively exposes the inferior cerebellar triangle to
the IV ventricle area or over the cerebellar vermis to the pine-
al/quadrigeminal region if he operates with the naked eye or
with loupes. However, using the operating microscope avoids

the very real physical inconvenience to the surgeon of extend- P>

ing his head: he need only adjust the eyepiece mount of the
microscope. (A1-C1) illustrate diagramatically the changes in
surgeon body level (A1) and head extension (B1,Cl) to visua-
lize the desired posterior fossa (inferior cerebellar triangle, IV
ventricle, superior cerebellar triangle) indicated by the blue
rectangles on the child’s head. The operating microscope,
though invariably used by the author for posterior fossa sur-
gery, has not been included in these three drawings for sche-
matic purposes only. (A2), (B2), and (C2) place into relief the
structures visualized with ease in the inferior cerebellar trian-
gle, IV ventricle area, and superior cerebellar triangle.
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Figure 1.37. Legend see p. 32.

Figure 1.38. Pineal region tumor, with the child in the loung-
ing position, may be resected effectively either through a
medial occipital flap or using the transtentorial approach. Ex-
amples of pineal region tumors which may be resected, de-
pending upon the preference of the surgeon, either through a
medial occipital/transtentorial or through a suboccipital/su-
pracerebellar approach, are (A) collicular plate glioma and (B)
pineal tumor fungating into the anterior cerebellar cistern and
coming to rest upon the collicular plate.
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Figure 1.39. Examples of infratentorial tumors which occupy
(A) the inferior or (B) superior cerebellar triangles, and which
are very much more effectively resected with the child in the
“lounging” position, are illustrated here.

>
Figure 1.40. The lounging position also provides excellent ex-
posure, in children with tumors, of (A) the midbrain, (B)
pons, (C) medulla oblongata. It should be noted, however, that
the park bench position, using a subtemporal/transtentorial
approach, provides equally good access to mesencephalic tu-
mors; that (B) the supine position with the head rotated pro-
vides excellent exposure of the superior pons, and with sec-
tioning of the edge of the tentorium of the entirety of the pons;
and that (C) bulbomedullary junction tumors may very satis-
factorily be resected with the child prone.
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2 Incisions

Scalp, Muscle, Tissue, and Tumor Hemostasis

Specific Incisions for Surgical Approaches

The individual skin incision (bifrontal, suboccipital,
temporal, etc.) is planned so as to expose the desired
skull area for the craniotomy. Consequently, the no-
menclature for skin flaps is generally, but not invari-
ably, identical to that used for bone flaps. Exceptions to
this general rule are the frontal skin flap for both medi-
al and lateral frontal craniotomy, the parasagittal skin
incision for biparietal bone flaps or sagittal suture re-
section, the occipital skin incision for medial or lateral
occipital craniotomy, and the hemispherical skin inci-
sion for frontotemporoparieto-occipital craniotomy.

The frontal and bifrontal skin incisions, and flaps,
are used for access to the orbit(s).

These past 5 years have been punctuated, especially
in general neurosurgery, by a series of presentations ad-
vocating “keyhole” neurosurgery. With the hope that
slogans may be avoided, it is recommended that the pe-
diatric neurosurgeon tailor his opening to what needs
must be accomplished surgically, avoiding attempts to
fit surgical goals into philosophical preconditions.

Bifrontal Incision (Figs. 2.1, 2.2)

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
bone, a bifrontopterional bone flap.

Draping. Draping the child for a bifrontal skin incision
should be such as to permit covering the supraorbital
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 zygomatic arches, as far as the

“No matter how sharp it is, the blade
of the knife cannot harm its handle.”

SOULEYMANE CIssE, Thoughts

“Know thou, who’er with heavenly power contends,
Short is his date, and soon his glory ends, ...”

HoMER, The Iliad

antitragus of each ear. A single drape may then be
brought across the scalp in the coronal plane, extending
from the antitragus on one side, around the attachment
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 identi-
fy the sagittal plane and the significant bony, suture,
and muscular landmarks.

Incision. The 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 antitra-
gus). Following the hairline from the lateral to the
superior surfaces of the head gives the skin incision a
smooth posterior curvilinear swing, which then turns
anteriorly as the sagittal plane is approached. This inci-
sion permits preservation of the main trunk of the
superficial temporal artery and its anterior branch, as
well as the frontal nerve. It allows the surgeon to reflect
the scalp anteroinferiorly as far forward as the zygo-
matic processes and supraorbital ridges of the frontal
bone, exposing the glabella; and as far inferiorly, on
either side as the zygomatic arches, as to expose both
the squamous temporal and greater wing of the sphe-
noid bones. After dissecting the galea from the perios-
teum, one may reflect the scalp posterior to the coronal
suture. Thus, the entire frontal bone may be reflected,
en bloc, with both pterional areas coming away with the
single bone flap.
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Figure 2.1. (A) If the skin incision (1) is made a few milli-
meters behind the hairline (2), it both hides the scar and, be-
cause of the horsehoe form it takes in approaching the sagittal
plane (3), assures complete exposure of the frontal bone and
the pterional regions bilaterally. Extending the bifrontal skin
incision from one antitragus (4) to the other permits exposure
of the pterional region (5), the zygomatic arches (6), the su-
praorbital rims (7) and glabella (8), and the lateral orbital
rims (9). Hence, bifrontopterional exposure is achieved. (B)
Bifrontal skin incision viewed obliquely with the child supine.
This view permits the reader to appreciate the exposure of the
posterior frontal (1) and anterior parietal (2) bones, and the
coronal (3), sagittal (4), and squamosal (5) sutures. Though
(C) perichiasmatic epidermoid tumors may be easily aspirated,
the soft milky-white slightly floccular material coming away
quickly, they adhere tenaciously either directly or indirectly to
vascular and neural (especially cranial nerve) structures. Also,
they extend generously into the entirety of the perisellar cis-
tern (optic, prechiasmatic, olfactory, infrachiasmatic, sylvian,
interpeduncular, etc.). Thus a large - bifrontal pterional - flap
is indicated. Giant (D) optic chiasm, or anterosuperiorly ex-
tending hypothalamic, gliomas may fill the entire suprasellar
area, displace the lamina terminalis so far posteriorly as to
render the III ventricle almost invisible, and fungate out over
the dorsum sellae and planum sphenoidale. The occasional
softness of these tumors equally occasionally permits one to
resect them through a unilateral frontal flap, but the fact that
they may be either highly vascular or tenaciously fibrosclero-
tic makes it advisable to proceed directly with a bifrontal pter-
ional skin incision preparatory to a bifrontal pterional bone
flap.
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Figure 2.2. The bifrontal skin flap shown from the right. The
skin incision (1) is represented by a broken line. Note the fan-
ning of the temporalis muscle (2) and its insertion along the
superior temporal line (3). The bur 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 ante-
rior 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 zy-
gomatic arch (6), thus greatly facilitating anterior superior re-
flection of the scalp over the orbital rims.

Frontal Incision (Fig. 2.3)

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-
ion, 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 op-
posite side if the need arises and he chooses to proceed
with a bifrontal craniotomy.

Incision. The frontal skin incision is a partial bifrontal
incision, extending only to the parasagittal plane run-
ning through the center of the opposite orbit.

Frontoparietal Skin Incision
for Frontoparietal Bur Holes (Fig. 2.4)

If one considers that it is often necessary to reflect a
frontotemporoparietal skin flap so as to perform fronto-
parietal craniotomy after frontoparietal bur holes have
been placed, the desirability of planning skin incisions
for frontoparietal bur boles which may be extended into
a skin flap becomes clear. Therefore, curvilinear skin in-
cision for frontoparietal bur holes are preferable be-

cause they may serve as either limb of the frontotem-
poroparietal flap if this becomes necessary.

Draping. The draping for frontoparietal bur 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 ma-
lar bone, and then along the zygomatic process of the
frontal bone and over the supraorbital ridge to the gla-
bella.

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-
retaining retractor so as to expose the underlying skull
for the bur holes. In the event the surgeon finds it desir-
able 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 inci-
sions 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
one chooses to go as far inferiorly as the zygomatic arch
in order to perform a temporal craniotomy/craniect-
omy.

Frontoparietal Incision for Posterofrontal
or Anteroparietal Lesions (Fig. 2.5)

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 auditory
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 anteriorly and when he feels it posteriorly.) It is
then curved broadly back to the original side and ex-
tended as far inferiorly as the superior temporal line.
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Figure 2.3. (A) Here the skin incision for a unilateral frontal
craniotomy is extended across the midline to the parasagittal
plane running through the center of the opposite orbit (1), just
medial to the frontal eminence (2). (B) Some neurosurgeons
use the (unilateral) frontal incision even for such parasellar
masses as the craniopharyngioma or epidermoid tumor, which
I discourage because of the diffuse adherences and/or surface-
structure invasiveness of which both of these lesions are cap-
able. However, (B) frontal lobe masses, even such large ones as
herein illustrated, or (C, right above) pedunculated hypothala-
mic hamartomas are most effectively resected through the
flaps this skin incision permits.

Figure 2.4. The incisions for the frontal and parietal bur holes
are marked with the solid lines. The interrupted lines indicate
extension of the skin incision to permit reflection of a fronto-
temporoparietal 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. Diagnostic bur
holes are a procedure of the past in the industrialized world,
but not in the developing countries.
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Parietal Incision (Fig. 2.6)

The parietal skin incision permits access to the entire
parietal bone, from coronal to lambdoid and from sag-
ittal 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 convexity
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 process
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 con-
tralateral side.

Incision. The skin incision preserves both the superfi-
cial 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.
The incision provides a wide pedicle, access to the en-
tire parietal bone, and exposure of the sagittal suture.

Figure 2.5. For frontoparietal flaps the anterior limb of the
skin incision is identical to that for frontoparietal flaps, but
the medial limb curves posteriorly (contralateral to the mid-
sagittal plane) to the midcoronal plane of the head, where it is
redirected inferiorly and then back over the original side (1).
This incision is extended posteroinferiorly to the superior
temporal line. A trapezoidal bone flap (2) is marked off and a
posterior frontal lesion (3) is drawn in. This incision permits
bone flaps for large frontal lobe tumors, access to the foramen
of Monro through the lateral ventricle, or trans-sylvian fissure
access to pedunculated hypothalamic hamartomas

<

Parasagittal Incision (Fig. 2.7)

The parasagittal incision offers excellent exposure of
the superior surface of the posterior portion of the
frontal bone, and the medial third of the coronal and
lambdoid sutures.

Draping. Draping for parasagittal incision should con-
sist of laying towels across a line drawn from one fron-
tal eminence to the other anteriorly, from the frontal 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.)
The surgeon should take care to assure the gentle curvi-
linear course of the parasagittal incision, rather than
cutting sharp angular routes: the former permits ade-
quate 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 poster-
ior to the frontal eminence on one side, and then ex-
tended 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 2.6. The parietal skin incision, as viewed from the lat-
eral (A) and posterior oblique (B) perspectives, shows the
frontal (1), parietal (2), and mastoid (3) eminences, the super-
ior 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 (I), which has been extended onto the contralateral
side of the sagittal plane (2). (D) For an inferior parietotem-
poral flap, the incision begins about 2 cm above and 1.5 cm
anterior to the antitragus. It then remains behind the hairline
as it is extended superiorly to a level 2 cm above the superior

temporal line and is run posteriorly behind the parietal emi-
nence and then inferiorly to the base of the mastoid. This inci-
sion may be lateral, extending superiorly midway between the
sagittal plane and the superior temporal line to provide access
to the mid and inferior surfaces of the parietal lobe for lesions
such as the cavernoma herein illustrated. One notes that this
cavernoma rests approximately within the angular/supramar-
ginal areas. Therefore it may be best resected using the infe-
rior parietal temporal flap illustrated in (E) of this figure.
However, if it were located superiorly, the flaps indicated in
(A) or (B) would be preferable. (Continued on p. 43).
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Figure 2.6. (E) For an inferior parietotemporal flap, the inci-
sion begins about 2 cm above and 1.5 cm anterior to the anti-
tragus. It then remains behind the hairline as it is extended
superiorly to a level 2 cm above the superior temporal line
and is run posteriorly behind the parietal eminence and then
inferiorly to the base of the mastoid.

Bringing the medial plane of the parietal skin incision to or
across the imaginary line projected along the sagittal suture
converts this into a medial parietal skin incision, one which
permits bone flaps for access to (F) medial frontal parietal tu-
mors or (G) those pineal region tumors which extend above
the roof of the III ventricle and either rest upon or surround
the internal cerebral veins.



44  Chapter 2. Incisions

Figure 2.7. (A) This shows the line of the sinusoidal parasagit-
tal skin incision with the child in the supine position, as the
child 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 (1), a matter of
particular importance when performing a resection of the sag-
ittal 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 and per-
form a reduction cranioplasty. (C) The placement of towels be-
neath the child’s shoulders and neck (so as to bring the inion

into working distance), the coronal (1) and lambdoidal (2)
sutures, and the open anterior fontanelle (3). The S-shaped
incision (4) begins just in front of the coronal suture on the
left, crosses to the right where it is gently curved, bringing it
back to the pareital eminence on the left, from whence another
curve is begun. This latter brings the incision across the inion
and beneath the lambdoidal suture on the right. This perspec-
tive (D) permits one to identify the coronal suture and the
anterior fontanelle, so as to appreciate the course of the ante-
rior limb of the skin incision and the swinging of the posterior
limb beneath the inion and lambdoidal suture. The labeling is
the same as in (C). (E) see p. 45.
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Figure 2.7. This magnetic resonance study of (E) a child with a
bilateral chronic subdural hematoma offers one of the clearest
indications for an “S”-shaped parasagittal incision prepara-
tory to bilateral frontal or bilateral frontoparietal bone flaps
which permit the extensive exposure necessary to resect, in
one sitting, the entirety of the convexity and parasagittal sub-
dural membranes and/or perform a reduction cranioplasty.

Temporal Incision (Fig. 2.8)

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 consid-
eration is that the temporal skin incision must bring
the surgeon over the full fan of the temporalis muscle,
permitting him to reflect an 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, and the inferior portion of both the frontal
and parietal bones is possible through temporal skin in-
cisions.

Draping. Draping for a temporal flap should include
placement of a towel in the sagittal plane, from the fron-
tal to the parietal eminences. The inferior drape extends
from the frontal process of the zygoma, along the zygo-
matic 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.

Incision. Integrity of flap vascularization is assured by
respecting the superficial temporal and anterior branch
of the occipital arteries. The illustration shows the inci-
sion line, reflected flap, temporalis muscle, and superfi-
cial temporal 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
reflected with an intact muscular insertion.

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 gentle pos-
terosuperior curvature, along the superior temporal
line, to just beneath the parietal eminence, where the in-
cision turns inferiorly once more, extending to the base
of the mastoid bone. In this manner, both the superfi-
cial temporal and occipital arteries may be spared.
Small and large temporal skin incisions may be made
with the former by cutting anteroinferiorly to the oc-
cipital artery, and with the latter by cutting posteroinfe-
riorly behind the occipital artery.
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Figure 2.8. Relative location of extra- and intracranial
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 occipitotemporoparietal
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 behind
small branches of the occipital artery, for exposure of the mid-
dle portion of the temporal lobe. This incision preserves both
the superficial temporal and occipital arteries within the flap
pedicle. (E-G) see p. 47.
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Figure 2.8. (E) This incision line descends more posteriorly
behind small branches of the occipital artery for exposure of
the middle and posterior portions of the temporal lobe. (F)
This flap permits one to perform an enlarged temporal
craniotomy. (G) The many alternatives of temporal incisions
permit selective exposure of (G) gyral, or lobar, anterior or
posterior, medial or lateral temporal lobe lesions.
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Figure 2.9. (A) The medial occipital skin incision, viewed pos-
teriorly. The inion (1), torcular Herophili (2), transverse sinus
(3), and occipital artery (4) are shown beneath the skin inci-
sion. (B) A child in whom the incision depicted in (A) was
made. The electrodes for MEPs have been placed (I). 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 (I) 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). The
medial occipital skin incision is ideal for (D) pineal region tu-
mors if one wishes to perform a transtentorial approach to re-
sect extensions posteroinferiorly into the supracollicular cis-
tern and the precentral cerebellar area. (E, F) see p. 49.
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Figure 2.9. The same incision, consequently, permits access to
the collicular plate for resection of (E) collicular plate gliomas.
If the medial limb of the flap is not brought across the line of

Occipital Incision (Fig. 2.9)

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 posteroinferior portion of the sa-
gittal suture, and the entirety of the homolateral lamb-
doidal suture. There are medial and lateral occipital in-
cisions, depending upon whether one wishes access to
the falx and pineal region, or to the convexity of the oc-
cipitotemporal 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 sag-
ittal 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. The lateral incision extends superiorly, and par-
allel to the superior sagittal sinus, from just lateral to
the torcular Herophili to over the parietal eminence. It
is then extended inferiorly and anteriorly to just above
the helix.

the sagittal suture, a lateral occipital bone flap is adequate for
resecting (F) occipital pole lesions.

Suboccipital Incision (Figs. 2.10, 2.11)

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 tu-
mor (medial), a cerebellar hemisphere or pontocerebel-
lar 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.
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Figure 2.10. Legend see p. 51.
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<« Figure 2.10. (A) The significant landmarks for a suboccipital
craniotomy have been drawn in. They are the torcular Hero-
phili (1), the transverse sinus (2), the superior sagittal sinus
(3), the lambdoidal suture (4), the rim of the foramen mag-
num (5), and the projection of the occipital condyles (6). Vi-
sual conceptualization of these landmarks permits one to plan
for exposure of foramen magnum and inferior and superior
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 transpar-
ency 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 (1), 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 erector capi-
tis and cervicis muscles, as far laterally as the digastric
grooves (5), exposes the entire squamous occipital bone (6),
the atlanto-occipital membrane (7), the arch of C-1 (8), and
the bifid spinous process of C-2 (9). The retracted skin and
erector capitis muscles are indicated (-0-), 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 permits
one 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 Fig. 2.13. The vertebral artery, and the entrance of Batson’s
plexus into the dural sinuses, is at the most lateral exposure of
the field (arrows). Looking at (A) and (B) in the planning of
the skin incision to remove (E) a medulloblastoma, (F) an
ependymoma growing from the posteromost portion of the
floor of the IV ventricle, or (G) an astrocytoma growing along
the brachium pontis and expanding within both the ventricu-
lar surface of the vermis and that of the floor of the IV ventri-
cle, an overall mental view of the muscular, extracranial vascu-
lar (venous and arterial) posteroinferior cerebellar artery and
hind cranial nerves, brain stem, dural sinuses and foramen
magnum is essential. (Continued on p. 52).
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Figure 2.10. The muscular structures which must be taken
down from the squamous portion of the occipital bone and
the base of the mastoid process, separating their insertions
from the bone and dissecting them laterally are, from medial
to lateral, illustrated in (H). In preparing the squamous occipi-
tal bone, atlanto-occipital membrane, and the posterior arch
of Cl1 for the suboccipital craniotomy and the dural opening,
one considers continuously (I) the epidural venous plexus at
the base of the skull laterally and the vertebral artery wedged
between it and C1. Though the dural opening is no longer ever
brought below the level of C1 for such tumors, this drawing
(based upon the illustrations in Pernkoff’s Atlas) permits an
isolated conceptualization of IX, X, XI, posterior inferior cere-
bellar artery (PICA), the bulbospinal junction, and that por-
tion of the floor of the IV ventricle which is either the origin,
wrapped around, or invaded by the tumors illustrated in (E),
(F), and (G). It is very unusual for the PICA not to be adjacent
to or engulfed by these tumors. Lastly, this drawing permits

the reader to identify the restiform body, the brachium pontis,
and the brachium conjuctivum, coming thereby to the im-
mediate realization that tumors which take origin in or invade
the lateral surface of the IV ventricle invariably involve to a
greater or lesser extent these three cerebellar peduncles. (J) is
a drawing also made from the anatomical dissections illu-
strated in Pernkoff’s Atlas; it is possible to envision how lateral
extensions, through the foramina of Luschka, of IV ventricle or
brain stem tumors displace or compress XII, XI X, and IX of-
ten; and VIII and VII occasionally. Bilateral extension of a IV
ventricle tumor or inferior extension of a cerebellar hemi-
sphere tumor involves anatomically the sigmoid sinus and/or
the jugular bulb. It may be of help, or give very real satisfac-
tion, to stop now and look back at (A)-(D) of this figure, inter-
posing the tumors illustrated in (E)-(G) to appreciate fully the
anatomy and pathology of these lesions, and the physiopathol-
ogy of the pre- or postoperative symptoms and signs.
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Figure 2.11. Children have as yet incompletely developed mas-
toid eminences, so the lateral suboccipital skin incision is
more than adequate for inferolateral occipital craniotomy. In
fact, one may, through this incision, work as effectively as
through a far lateral approach in adults. (A) The lateral suboc-
cipital skin incision is illustrated diagrammatically, here from
an oblique view, in a transparency drawing. The incision ex-
tends from above the transverse sinus (I), across the junction
of horizontal and vertical segments 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). The (B)
bulbar glioma shown here was “completely” resected through
this opening and the (C) pontine tumor subtotally resected.
The (D) midbrain cavernoma shown in this imaging study,
however, must be approached through a skin incision which
permits supra- and infratentorial exposure of the peduncles
and the inferior mid brain, as illustrated in Fig. 2.22, for the
lateral suboccipital skin incision illustrated in (A) only per-
mits access to the inferior half of the pons and the reverse
questionmark incision in Fig. 2.21 is much too extensive for
such a discreet and small lesion as this. (E) see p. 54.
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Figure 2.11. This (E) drawing of the view one has of the
medulla oblongata, pons, and lower half of the mid brain with
cranial nerves V, VII, VII], IX, X, XI, and XII shows these
structures projected within the infratentorial compartment as
seen through the lateral suboccipital skin incision and cranio-
tomy. The ease within which one may access the medulla ob-
longata and inferior half of the pons is as readily understood
as the difficulties involved in working within the superior half
of the pons and the mid brain.

Combined Supra- and Infratentorial Incision
(Figs. 2.12, 2.13)

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,
dumbbell tumors growing on either side of the tentor-
ium, or particularly large extraparenchymal tumors ex-
tending into the supratentorial compartment from the
pontocerebellar 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 questionmark
incision may be used, whose vertical limb extends
superiorly 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 ver-
tical limb to be located in the midline. In fact, since
tumors which extend into both the supra- and infra-
tentorial compartments either grow from the tentor-
ium or from the pontocerebellar angle, much is in fa-

Figure 2.12. The questionmark skin incision for combined su-
pra- and infratentorial approach to the tentorial ring at the
anterior clinoid and the pontocerebellar angle is illustrated
here, photographed from the anterior lateral perspective. Note
that the vertical limb of the skin incision (1) runs midway be-
tween mastoid eminence (2) and the posterior rim of the fora-
men magnum (3). It crosses the transverse sinus (4), and then
curves anterior to the parietal eminence (5) extending to the
pterion (6).

vor of the vertical limb being located midway be-
tween the midsagittal plane and the apex of the mas-
toid bone.

2. Access to glomus jugulare tumors also requires con-
sideration of a supra- and infratentorial flap. How-
ever, since the glomus jugulare tumor begins within
the temporal bone, it is essential to place the skin in-
cision so as to have access to the mastoid, petrous,
squamosal, and styloid portions of the temporal
bone. A “sine-wave”incision is used.
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Figure 2.13. The “sine-wave” incision has been marked off.
Note that it extends from the angle of the mandible, posteri-
orly 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. One has direct ac-
cess to VII, VIII, IX, X, XI, and XII; to the jugular vein and
bulb; to the carotid and ascending pharyngeal arteries; to the
external auditory canal and the entire mastoid bone. Once
these bones are removed, one has visualization of the sigmoid
sinus, transverse sinus, the supratentorial and infratentorial
compartments.

Figure 2.14. Placement of the skin incision for a hemispherical
craniotomy.

Hemispherical Incision (Fig. 2.14)

The hemispherical 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 tem-
poral bones. This incision is used for hemispherec-
tomies 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 oppo-
site 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-
line to the contralateral side. It is then brought back to
the homolateral side and run approximately 1 mm lat-
eral 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 (Fig. 2.15)

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
cervical, thoracic, or lumbar spines. The development
and physiological anatomy of laminectomy and lami-
notomy 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 retro-
pleural or retroperitoneal spaces, a “hockey-stick” inci-
sion 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
spinal column: intervertebral joints, laminae, lingamen-
tum flavae, spinous processes, interspinous and supra-
spinous ligaments, and paraspinal muscles. In the adult,
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<« Figure 2.15. (A) The periosteal elevator has been used to strip

stability depends mostly on the anterior and posterior
longitudinal ligaments, and 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 neces-
sary to ensure normal growth. Spinal deformity and/or
instability result from conditions in which bone and lig-
amentous deficiencies or neuromuscular imbalance
occur. Such conditions may be caused by multiple lami-
nectomies that destroy growing bony structures (lami-
nae and spinous processes), that separate interlaminar
and interspinous ligaments from adjoining vertebral
arches, and that substitute scar tissue for insertion of
paraspinal muscle 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 then
stripped free.

Muscle and ligamentous attachments are separated
from the spinal arches, leaving the periosteum and in-
terspinous ligaments intact. The dissection is carried

the paraspinous muscles from the spinous arch of an infant
(note the very small spinous processes). There is almost no re-
sistance to the use of the periosteal elevator, since the paraspi-
nous muscles attach along the median plane, not to the lami-
nae. (B) The thoracic (1) and lumbar (2) “hockey stick” inci-
sions permit access to the costotransverse and transverse pro-
cesses, respectively, as well as the spinal canal, retropleural, or
retroperitoneal spaces. Single-stage resection and dumbbell
neurofibromas are possible with these hockey-stick incisions.

laterally to just beyond the articular facets, with care
taken not to open into the joint or strip the capsular lig-
aments. The closure is facilitated if one leaves a ruffle of
muscle and ligament on the spinal apophyses.

In newborn and infants, there is no, or very little,
spinous 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.

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

Skin (Figs. 2.16, 2.17)

The scalp is composed of skin, (dense) connective tis-
sue, aponeurosis (galea), loose connective tissue, and
periosteum. 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
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Figure 2.16. The relative thickness of scalp, presence of fonta-
nelle, and state of the sutures in the newborn, infant and tod-
dler. Note that in the newborn the skin, connective tissue, and
aponeurosis (galea) are quite thin, whereas the fontanelles and
sutures are open. With increasing age, the skull thickens, the
sutures close, and the periosteum and the outer layer of the
dura become readily separable from the skull. (A) Newborn:
the skin and connective tissue are very thin, and there is an
abundance of loose connective tissue, explaning the mobility

tissue, galea) when referred to as individual compo-
nents of the scalp.

The anatomical differences of the scalp, the suture
lines, and the state (open or closed) of the fontanelles in
the newborn, infant, and toddler determine the differ-
ences in technique for skin incisions, hemostasis, and
closures. In the newborn the scalp is palpable as two
distinctly different functional entities: (1) a very thin
and highly mobile entity composed of skin, dense con-
nective 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, temporal, etc.) skull bone upon the other, and
the presence of fontanelles of varying size offer little or
no safe resistance to a blade cutting through the mobile
portion of the scalp (skin, connective tissue, galea).

In Fig. 2.16, showing scalp characteristics, the pre-
sence or absence of a fontanelle, and the state of su-
tures, are illustrated in a comparative manner so as to
put into relief the existence of thin scalp, the presence
or absence of fontanelle, and opened or closed sutures.
The very thin scalp, open fontanelles, and sutures are
illustrated in Fig. 2.16A, thickening of the scalp and dis-

of the outer layers of the scalp, the periosteum, and bone. (B)
Infant: the connective tissue thickens and becomes more vas-
cular, the fontanelles diminish in area first and then ossify,
and the sutures remain open though they are firmly adherent
to one another. (C) Toddler: both skin and connective tissue
thicken, as does the aponeurosis (galea). The sutures close,
and the skull develops readily identifiable tables (outer and in-
ner) and diploé.

appearance of the fontanelles are illustrated in
Fig. 2.16B, and further thickening of the scalp with clo-
sure of the sutures is illustrated in Fig. 2.16C.

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
a #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 sur-
geon 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 be-
cause of the great vascularity of the periosteum in the
former two age categories. Also, in the newborn deep
cuts may not only penetrate the periosteum but, at su-
ture lines, may perforate the cranial and dural barriers,
cutting through to the cerebrum. Because of the patho-
logical thinness of the skull and scalp in hydrocephalic
newborn 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
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Figure 2.17. Digital compression along incision line. (A) The
incision line (1) has been drawn with a marking pen. The
force of the compressing distal phalange’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: un-
desirable. (B) Simultaneous compression and retraction with
the fingertips. Note that the fingers compressing the scalp on
the reader’s left are “cutting” into the skin, with the compres-
sion being exerted by the fingernail and fingertip. This is not
as effective in occluding intradermal vessels as when the pulp
of the surgeon’s distal phalanx is used, as illustrated on the
reader’s right. The distance between fingers (on the right) is
undesirable, but that illustrated on the left is most effective.

that the sutures may be open from a few millimeters to
centimeters, so that the suture line - namely, periosteum
and the outer layer of the dura - a purely membranous
structure, is the only anatomical barrier between galea
and the arachnoid over the surface of the brain.

When compressing the scalp (during the time of skin
incision), one must take care to apply gentle pressure,
since the underlying skull is thin and fragile, suscepti-
ble to fracture. Consequently, the pressure put upon the
scalp should be just enough to allow the surgeon, or his
assistant, to feel the underlying skull, so that, in this
manner, the underlying squamous bones will neither be
fractured nor pushed into the surface of the brain.

In the toddler, irrespective of the degree of intracra-
nial pressure and the presence or absence of split su-
tures, fully formed bone (with periosteum on its exter-
nal surface and outer layer of the dura on its parenchy-
mal 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 compression 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 (Fig. 2.18)

The application of Kolodny and Dandy clips (to the ga-
lea) for scalp hemostasis in the newborn and infant is
of no value because of the relative enormity of these in-
struments, 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 permit one to grasp the cut galeal edge without
forcing the jaw of the clip into the dense connective tis-
sue. These clips are also advantageous in that they are
half the size of the Dandy or Kolodny clamps, and are
made of light aluminum alloy. 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 ap-
proximately 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 almost
membranous and, consequently, may easily be torn, al-
lowing bleeding to continue. The clips are applied seri-
ally, at 10-mm intervals, and then fashioned into a re-
tractor, as they splay the scalp flap over an underlying
roll of gauze which both facilitates hemostasis and pre-
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Figure 2.18. (A) Technique for applying the galea clips, taking
care to grasp only the galea with the jaws of the clip so as to

vents kinking of the scalp flap, something that could re-
sult in devascularization of the flap.

Loose Connective Tissue and Periosteum
(Figs. 2.19, 2.20)

After the skin incision has been made, the separation of
the galea from the periosteum is quite easy and may
very often be completed by blunt dissection with a
gauze sponge. This is rough and damages the tissue.
Moreover, it causes bleeding from the galea and the
periosteum, tearing vessels within and between the tiny
vessels over a large surface area, which escape damage
when a cutting blade is used. 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 contuses or disrupts the superior frontal branches
of the facial nerves. This occurs because these branches
pass into the scalp at the superior orbital rim, just as
they exit the orbit through the supraorbital foramen or
groove.

One may save the frontal artery, nerve, and vein by
using sharp dissection of the loose connective tissue
which bridges the potential space between the perios-
teum and galea. If this is done, the preparation of a
periosteal flap may be effected, since it is fully pre-
served.

The periosteum should be cut with the sharp, not the
flat, edge of the monopolar thermocautery unit. Specifi-
cally, the periosteum may be incised 4 or 5 mm distal to
the supraorbital ridge and then stripped from the fron-
tal 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 si-
nus, the periosteal flap is extended from the glabellar

avoid digging into the dense connective tissue or penetrating
the skin. (B) Same as A, but a cone down view.

Figure 2.19. The loose connective tissue (1) is cut with a #15
blade, preserving galea (2) and periosteum (3). The frontal
portion of a bifrontal flap is being separated.

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 su-
praorbital ridge and sutured to the periosteum of the
free bone flap at the time of closure, approximating the
periosteum to the craniotomy line and bringing it over
the bur 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
bone because it produces a gutter that impairs healing
and leaves the cranial vault weak. Frontal, bifrontopter-
ional, temporal, and suboccipital flaps all necessitate in-
cising 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.
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Figure 2.20. A periosteal flap, large enough to be sewn over
the frontal air sinus and onto the dura, so as to protect the epi-
dural space from empyema, is being fashioned. (A) The peri-
osteum has been incised. (B) The periosteal elevator is sepa-
rating periosteum from the superior orbital ridge without
damaging the superior orbital artery, nerve, or vein. (C) The
periosteum has been incised and stripped from the skull along
the planned craniotomy line.

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 sep-
arating it from all macro- and microvascular channels.
Preserving the periosteum on the bone flap, and incis-
ing the fascia just before it passes into periosteum, as-
sure purchase for future closure without resorting to
drilling holes. It also affords maximum protection
against bone (periosteal) bleeding and postoperative in-
fection.

Temporalis Muscle (Figs. 2.21, 2.22)

When soft tissue preparation for reflection of the bone
flap entails incision of the temporalis muscle, the 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 zymaticofrontal
suture. This cut should run superiorly for about 5 or
6 mm, and then extend posteriorly and parallel to the
superior temporal line. If the incision is made at a dis-
tance of approximately 3 mm from the superior tem-
poral line, the bleeding will remain minimal. This pro-
vides the surgeon an adequate amount of fascial tissue
on the free frontal bone flap for purchase for the su-
tures, which will bring the temporalis muscle back into
anatomical position at the time of closure. The tempo-
ralis muscle should not be cut through its belly nor
along its origin from the zygomatic arch. This devascu-
larizes it.

Erector Capiti Muscle (Figs. 2.23, 2.24)

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 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
dead space 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 dis-
tance 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 clo-
sure. The stripping is then extended well lateral and in-
ferior to the lambdoidal sutures, as far as the digastric
grooves on either side, preserving musculotendinous
integrity for complete anatomical osteomuscular recon-
struction at the time of closure.
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Figure 2.21. (A) Line of incision (1) in temporalis muscle (2),
s0 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 tempo-
ral line (3) and then reflected to show full thickness of the bi-
penniform 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 labeled. (B) The
temporalis muscle (1) 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

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 craniotomy runs perpendi-
cular to them, but to leave the suture intact when the
line of craniotomy runs parallel. If the suture is left in-
tact, the craniotomy edges of adjacent bones (frontal-

temporalis muscle, and, of still more negative and dangerous
value, effectively devascularizes the mass of temporalis muscle
adherent to the skull. (C) Suggested technique for use of peri-
osteal elevator (1) to strip the periosteumn from the greater
wing of the sphenoid (2) and squamous temporal (3) bones,
so as to avoid fraying the periosteum: cutting edge held firmly
and run parallel to muscle insertion. (D) The bipenniform
temporalis muscle (1) has been dissected from the greater
wing of the sphenoid (2) and the squamous temporal (3)
bones, preserving the deep (4), intermediate (5), and super-
ficial (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 closure.

parietal, parietotemporal, etc.) may simply be lifted
from their attachment to the suture line. Since the outer
layer of the dura is continuous with the periosteum 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 perios-
teal elevator. Sharp dissection should only be per-
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Figure 2.22. 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 tempo-

formed with a sharp-edged periosteal elevator (such as
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 vascular
suture line. Electrosurgical units should never be used
to cut across suture lines in newborn or infants: the cut-
ting effect may extend deeply into the intracranial com-
partment, possibly damaging vascular or parenchymal
tissue. In the newborn, as will be described in Chap. 4,
it is much simpler to use heavy scissors, such as Mayo
scissors, to cut suture or bone.

ralis (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 (1), the frontal pro-
cess of the zygoma (2), the greater wing of the sphenoid (3),
the squamous temporai (4), and the pterion (5). For orienta-
tion purposes, the zygomatic arch (6) is labeled.

Techniques for Stopping Bleeding

The technique for stopping bleeding varies not only
from subgaleal space to muscle to bone to artery to vein
and sinus, but also with the location of the artery or
vein (cortical, sulcal, cisternal, etc.) and the nature of
the sinus (sagittal, cavernous). It is a sound principle in
surgery never to proceed to the subsequent level (skin to
bone, born to dura, dura to cortex, etc.) until complete
hemostasis has been attained. The modalities for doing
this are many.
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Figure 2.23. (A) Dissection of erector capiti and trapezius
muscles from the occipital bone: a monopolar thermocautery
unit (1) 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 extended superiorly in the lig-
amentum nuchae (4) to the inion (5) before small incisions
are made perpendicular to that cut (6). (B) The periosteal ele-
vator is being used to free the left superolateral musculotendi-
nous flap (1) as high as the inferior portion of the inion (2).
The left (3) and right (4) inferolateral musculotendinous flaps
have already been freed. (C) The periosteal elevator is being
used to strip erector capiti muscles (I) from squamous occipi-
tal bone (2) as far laterally as the digastric groove (3), expos-
ing the rim of the foramen magnum (4) and the mastoid pro-
cess (5).

>
Figure 2.24. The closure that may be attained by preparing
four musculotendinous flaps. The line of closure is brought
superiorly along the ligamentum nuchae (1) to the left (2) and
right (3) inferolateral flaps, which are, in turn, closed. These
latter are then anchored to the left (4) and right (5) superolat-
eral flaps, thereby bringing the erector capiti muscles back
into anatomical position.
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Use of Cotton Fluffies (Fig. 2.25)

Irrespective of whether one has minimal bleeding from
an arterial or venous structure, or whether this struc-
ture is located in the parenchyma, a sulcus, a cistern, or
a pathological lesion, the application of soaked cotton
“fluffies” to the bleeding area is extremely helpful in
controlling or considerably limiting the bleeding. It al-
most invariably controls bleeding long enough for the
surgeon to gather himself, his assistants, and his instru-
mentation together to deal effectively with the bleeding.
The cotton “fluffies” should be fashioned according to
the needs of the moment into larger or smaller, wider or
narrower, longer or shorter pieces, and then dipped into
warm saline immediately before application to the
bleeding site. The application to the bleeding site
should be performed by the surgeon holding the
“fluffy” in forceps before bringing it down onto the
bleeding surface. The suction should be brought into
the area, but not applied to the “fluffy” until the “fluffy”
has been pressed firmly against the bleeding area.

Figure 2.25. Use of fluffy cotton. (A) The soaked fluffy is
brought to the bleeding surface. (B) The suction is brought
into the field, but not applied to the fluffy. (C) The fluffy is
pressed firmly against the bleeders. (D) The fluffy is sucked
dry until it becomes glistening white, and then the forceps is
released but the suction is held in place.

When this has been done the sucker is applied to it and
suction continued until it becomes glistening white.
The sucker is held firmly against the “fluffy” so that the
“fluffy” gently compresses the underlying bleeding sur-
face. One may, from time to time, remove the suction,
leaving the dried “fluffy” in place, in order to see
whether a spot of blood appears or whether the entire
“fluffy” becomes red immediately. This gives informa-
tion concerning degree of bleeding and specific bleed-
ing site. Two, three, four, or more “fluffy” applications
may be necessary to stop the bleeding. After this has
occurred, it is advisable to leave the “fluffy” in place
and to proceed with another part of the operation,
returning within 3 or 5 min to remove the dried “fluffy”
with Cushing forceps, using a Penfield dissector to
elevate it from the surface that had been bleeding. At
times the “fluffy” may be irrigated away and then lifted
out with the forceps.

Use of Gelfoam, Surgicel, and Avitene

If fluffy pressure does not suffice to stop the bleeding,
one uses the same technique, but applies Gelfoam, Sur-
gical, or Avitene (microfibrillar collagen hemostat), ap-
plying one of these to the bleeding surface (from which
the blood is being aspirated) and then immediately ap-
plying the fluffy over the hemostatic substance. The
chronological order of availability of these substances
was Gelfoam, Surgicel, and Avitene, which is in the in-
verse order of effectiveness. In fact, Gelfoam may be
forgotten, Surgicel is of value in preparing the “sand-
wiches,” which will be discussed in detail in the section
on dural sinus bleeding, where one can appreciate its ef-
fectiveness. Avitene is absolutely essential! The proper
techniques for its usage should be mastered. At the pre-
sent time Avitene may be obtained either as a loosely
packed mass or in densely compressed strips. The
loosely packed Avitene must be lifted from the bottle
and then applied dry to the bleeding surface. This is
quite a “sticky” undertaking, since when the Avitene is
placed against the brain or touches an instrument, it
tends to adhere to them and become unmanageable.
Consequently, one should apply the mass to the bleed-
ing area and then cover it immediately with a “fluffy”
cotton, which is used to pack the Avitene into the bleed-
ing area. An alternative to this is to lay the Avitene over
a wet gauze sponge and then to press it into a flattened
form, which may then be more easily applied to a
bleeding surface. The compressed strips of Avitene do
not stick to instruments; they adhere snugly to the
bleeding area. These are very easy to use. Both the
loosely packed and solid strips of Avitene are helpful in
sealing cerebrospinal fluid leaks at bony and dural lev-
els.
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Specific Types of Bleeding

Bone Bleeding

Bone bleeding differs considerably, whether the blood
comes from the diplog, or the surface of the skull after
the periosteum (internal periosteum) has pulled away.
The child’s skull is highly vascularized because of its
continuous growth. Consequently, there is a great dis-
proportion in bone bleeding from adult to adolescent,
adolescent to juvenile, juvenile to toddler or infant. The
infant and neonate bleed a great deal from periosteal
and epidural (diploic or inner table of skull) hemato-
ma.

Bone Surface Bleeding

Calvarial, inner or outer layer, bleeding is seldom of any
real significance. However, clinical entities such as
highly vascular tumors, transcranial arteriovenous mal-
formations, and trauma may complicate the surgery by
periosteal bleeding from the skull surface. When the
bleeding is from the outer table, it is readily identified
and may be stopped with relative ease. When, however,
it comes from the inner table, it may be cryptic and
most difficult to stop. This is the unpleasantly surpris-
ing cause and location of postcraniotomy and postshunt
epidural hematoma. Bone edge bleeding is readily
stopped with bone wax. It is immediate and permanent.
Bone surface is less quickly stopped. However, the wax
must be warm, so that it may be applied readily, with-
out the need to exert force, so that it may penetrate the
vascular channels of the smooth surfaces of the outer or
inner tables. These tables are richly supplied by the
periosteum; hence the genesis of hematomas when the
bone and its periosteal covering, extracranial or intra-
cranial, have been separated. The wax should be applied
uniformly to the denuded surface of the skull, attaining
a minuscule layer that coats the bleeding surface and
penetrates the vascular channels. This is relatively easy
for the outer table of the skull, but is almost impossible
for bleeding into the epidural space, which comes from
the inner table. Hence, for inner table bleeding, one
must insert wet compressed strips of Avitene and then
immediately sew the outer layer of the dura to the peri-
osteum of the skull, thereby using the dura to tampo-
nade Avitene against the bleeding surface of the inner
table. If this is not done, the bleeding continues and
pools in the epidural space, allowing the dura to be-
come further dissected from the edges of the bone, pro-
ducing persistent and irritating oozing throughout the
operative procedure. It may even produce clinically sig-
nificant epidural hematoma.

Figure 2.26. Recommended technique for applying bone wax
to bleeding diploé. (A) The compressing fingertip is run along
the bleeding surface at an angle of about 10°, sliding the wax
(1) into the diploic (2) channels. (B) The pulp of the fingertip
is pressed perpendicularly against the diploé as it passes be-
yond the dural surface and inner table of the skull. This pre-
vents wax from being squeezed between dura and skull.

Diploic Bleeding (Figs. 2.26, 2.27)

The younger the child the more significant the diploic
bleeding and the more care which must be taken to stop
it. The diploé are relatively larger, and the outer layer of
the dura is only loosely adherent to the inner table of
the skull. Consequently, one may attempt to jam the
wax into the diplog, because of the degree of bleeding,
using wax which has not been adequately warmed. This
results in stripping the outer layer of the dura from the
inner table of the skull.

The correct procedure for applying wax to the di-
ploé, consequently, must be adhered to fastidiously.
This avoids packing wax between dura and bone. The
compressing finger is angled approximately 10° from it;
the tip will press most of the wax between dura and
bone. Similarly, if the finger is run along the edge of the
diploé, much of the wax will slip under the bone edges.

When wax slips between bone and dura and oozing
occurs, the surgeon should stop immediately, take the
wax from under the bone edges and tack the dura up to
the surrounding periosteum (as already described),
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Figure 2.27. Incorrect application of bone wax. When the com-
pressing finger is guided along the surface of the diploé, wax
is jammed between dura and inner table, separating one from
the other and adding to the degree of skull bleeding.

drawing the sutures tightly so as to stop the ooze. Be-
cause of the great vascularization of skull and perios-
teum in newborn and infants, delay in doing this may
result in the formation of a truly significant epidural he-
matoma.

Dural Bleeding
Arterial Dural Bleeding (Figs. 2.28, 2.29)

The smaller arterial dural bleeders may be coagulated
(under water)with bipolar forceps after they have been
transected during the dural opening, but larger bleeders
must either be clipped or ligated. Do not trust cautery
to stop large dural bleeders.

Dural Sinus Bleeding (Figs. 2.30-2.32)

Dural sinuses must be ligated if they are to be tran-
sected! Small, almost microscopic, openings in the dural
sinus may be occluded by using Avitene, but the use of
such topical hemostatic agents is to be avoided if the
opening is large enough so that a portion of the agent
may bulge into the lumen of the sinus, since this may
result in occlusion of the sinus.

If one encounters a large sinus opening in a location
that precludes transection and ligature, the bleeding
may be controlled by fashioning “sandwiches” made of
Surgicel with either Gelfoam or Avitene at the center.
The “sandwiches” are placed over the rent in the sinus.
They are then pressed onto the surface of the sinus,
using soaked cotton fluffies, which are immediately
sucked dry with a large suction tip. This draws the walls
of the sinus against the Surgicel “sandwich.” It generally
suffices to stop the bleeding. In the event this technique
does not succeed, one may prepare a larger “sandwich,”
large enough to extend at least 1 cm to either side of the
rent in the sinus, and anchor this into place with 4-0
sutures running from the dura on one side of the sinus
to the dura on the other side. If the bleeding persists, a
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Figure 2.28. Dural arterial bleeders. (A) The smaller ones are
coagulated between bipolar forceps, with the surgeon taking
care to pick up the full circumference of the transected artery
in both blades of the forceps. (B) Larger dural bleeders require
clipping or ligature. Here, a hemoclip has been applied to the
edge of the vessel (1). The clip may be applied by setting it ob-
liquely, occluding the transected intradural artery on the bias.
If this proves difficult, nicking (2) the dura parallel to the edge
of the artery prior to application of the clip perpendicular to
the long axis of the artery and parallel to the transected edge
(3) offers effective and safe access to both sides of the vessel.
Clips which are compatible with MRI must be used. The
author prefers ligatures.

“sandwich” may be anchored over the dural rent with a
pedicle (dural) patch graft swinging from one side of
the dura, over the “sandwich” and rent in the sinus, to
the other side of the dura, where it is anchored. In ex-
treme instances, it may be necessary to occlude tem-
porarily the sinus on either side of the rent (allowing
the surgeon the time and conditions to fashion a dural
pedicle graft), and then to sew the graft directly to the
edges of the torn sinus in a circumferential manner. Use
continuous or interrupted 4-0 or 5-0 suture material to
seal the dural opening. When the temporary clips are
removed, Avitene should be packed to the surface of the
anchored pedicle graft. A cotton “fluffy” is used to hold
it in place for a period of 5-10 min. This technique
stops the more severe sinus bleeders and does not sub-
ject the child to the risk of sinus occlusion by topical
hemostatic agents. It is the technique used to repair
traumatic lacerations of the sinus.
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Figure 2.29. Ligature of meningeal arteries. (A) Larger menin-
geal arteries that require ligature should be approached by
opening the dura distal to the artery (1) with the scleral hook
and a #15 blade, so as to insert a dural guide (2), which may
be passed beneath the dural artery to the opposite side of the
vessel (3). (B) After the dural guide has been positioned, a #15
blade is brought down upon the grooved dural guide, cutting
through the dura. (C) This allows one to open the dura to the
very edge of the intradural artery on either side. The surgeon
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may now pass the ligature along the grooved dural guide, be-
neath the artery, from one side to the other. In this drawing
the ligature is being passed backward, with the trailing edge of
the needle being led along the groove director beneath the
dural artery. (D) Cross section of what is illustrated in C. (E)
After two ligatures have been passed, separated from one an-
other by approximately 3 mm, they are tied down (1) and the
artery is transected (2).
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Figure 2.30. Ligature of dural sinus. (A) After the dura has
been opened to the very edge of the dural sinus and either the
falx or tentorium cerebri identified and exposed bilaterally, a
3-0 or 2-0 suture is passed beneath the apex of the dural si-
nus. The ligature is tied down (). A second ligature is passed
about 3-4 mm distal to the previous one (2), and it in turn is
tied down. The sinus is cut between the ligatures. Passage of
the round needle is illustrated from the surface of the sinus.
(B) Anatomical basis for passage of the round needle repre-
sented in a cross-sectional drawing. The SSS (1) is triangular
in shape, a result of the extension of the outer layer of the dura
(2) along the inner table of the skull (3) and of the inner layer
of the dura (4) into the falx cerebri (5). (C) After the dura has
been opened to the lateral surface of the SSS, Telfa strips (6)
are lain over the cortical surface and the convexities (7) are
allowed to fall away from the SSS. The needle (8) is now (vi-
sually) inserted through the falx (9), at the most inferior point
of the SSS. (D) The sinus (I) is transected after the ligatures
(2) have been tied.

Figure 2.31. A Surgicel-Avitene “sandwich”(1) has been lain
over the oozing or bleeding sinus (2) and then anchored into
place with sutures passing over it from the dura on one side to
that on the other (3).
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Figure 2.32. In this illustration, a dural flap (1) has been sewn
over an underlying Surgicel-Avitene “sandwich”(2), compress-
ing it against the sinus (3). The underlying cortex (4), cortical
bridging veins (5), and edge of dural donor site (6) are illus-
trated. The dural defect is then closed with a periosteal patch
graft.

Cortical Bleeding (Fig. 2.33)
Cortical Arterial Bleeding

Cortical arterial bleeding presents quite different prob-
lems from sulcal or cisternal arterial bleeding in that
the arteries are within the cortex, beneath or nestled
within the pia mater. They are also thin when compared
to sulcal or cisternal arteries. The best technique for
coagulating these vessels is to apply the bipolar forceps
to either side of the vessel, in a plane longitudinal to it,
and then to coagulate as a drop of saline is allowed to
fall over the interval between the blades of the bipolar
forceps. This gradually constricts and occludes the ar-
tery. However, there is commonly an open, though mi-
nuscule, channel remaining at the end of the coagula-
tion, so the vessel should be transected and then each
stump taken perpendicularly with the forceps and co-
agulated until the edges have been sealed completely.

Sulcal or Cisternal Arteries

Sulcal or cisternal arteries, on the other hand, bathe
freely within the cerebrospinal fluid, have no parenchy-
mal tissue adherent to them, and are thick-walled.
Therefore, the cautery forceps should be placed perpen-
dicular to the long axis of the artery, and the coagula-
tion effected with the cauterization beginning just as
the forceps touch the arterial wall, before they compress
it. This technique is extended over an area of approxi-
mately 3 mm before compressing slightly the artery
over the same distance. Lastly, the cauterization is car-
ried out with the artery occluded between the blades of

Figure 2.33. (A) The forceps (1) are placed parallel to the axis
of the vessel (2), without being closed completely. (B) The cor-
tical vessel is coagulated over a 3- to 5-mm length (arrows)
until it is converted into a yellowish band. This coagulated
strip should then be transected and each stump coagulated
until the edges have sealed.
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the forceps. This allows for gentle shrinkage of the ar-
tery before it is completely occluded and coagulated. If
this coagulation is carried out with the arterial surface
and the cautery forceps bathed in either cerebrospinal
fluid or a drop of saline, there will be no sticking of the
artery to the forceps. However, this latter point is moot,
since there are forceps presently available that adhere
only minimally to the vessel wall. Transection after co-
agulation allows for retraction of the artery and assures
permanent hemostasis, but one must take care to coag-
ulate the stumps until the vascular circumference has
sealed the lumen!

Larger Cisternal Arteries

Larger cisternal arteries demand clipping! Take time to
instruct the nurse to lubricate the jaws of the hemoclip
applicator before loading the clip, to minimize sticking.
The clips should be applied at a distance of approxi-
mately 4 mm from one another. If a large artery is
clipped in the middle of an operative procedure (such
as removal of a tumor or resection of an arteriovenous
malformation), one may expect the artery to be in the
field for a prolonged period of time. It is advisable, in
these instances, to apply two clips at either end of the
planned transection site, and to separate these clips
from one another by approximately 1 mm. This affords
the protection of an additional clip on a cut vessel that
may be manipulated repeatedly throughout the proce-
dure.

Application of the hemoclips should be done with
care, bringing the artery between the jaws of the hemo-
clip so as to see both sides of the clip, then gradually
closing the clip until the artery begins to be compressed
before locking it securely with a steady, not snapping,
motion. This avoids slippage of one blade by adhesion
of the clip to the applicator: an event that very com-
monly occurs. Therefore, before withdrawing the appli-
cator from the field, one should grasp the artery with a
pair of forceps and hold it snugly, providing counter-
traction. If the clip is stuck to the applicator, a fine-
pointed instrument suffices to slide it out of the jaw to
which it is adherent. Silver clips are not reliable.

Large Sulcal Arteries

Very large sulcal arteries, those the size of the middle or
posterior cerebral arteries, are occluded by applying a
temporary clip first (such as the Yasargil), and then ap-
plying the hemoclips. If one chooses, they may be oc-
cluded, by ligature. I discourage the use of ligature be-
cause the difficulty of tying the knot snugly, when
working in the depths of a very small infant’s intracra-
nial compartment, increases the risk of tearing the
floating artery from its parent vessel.

Venous Bleeding

Cortical veins, sulcal veins, and cisternal or bridging
veins require different techniques for rapid and precise
coagulation and transection.

Cortical Veins

The cortical veins are coagulated simply by applying
the bipolar forceps to the surface of the vein and sliding
it along the longitudinal axis, applying a drop or two of
saline. The vein coagulates quickly, and converts into a
yellowish fibrous band, which may either be transected
or left intact, depending upon the direction of the
planned dissection. It is seldom necessary to transect
these vessels after they have been coagulated.

Sulcal Veins

Sulcal veins, on the other hand, fish freely within a
small amount of cerebrospinal fluid in the subarach-
noid spaces and, consequently, should be coagulated by
applying the forceps perpendicular to the long axis of
the vein, but just so much as to touch the vein rather
than to attempt to occlude it completely (which very of-
ten results in adhesion of the vein to the cautery for-
ceps). Consequently, one risks tearing the veins as the
forceps are pulled away. Simply touching the wall as-
sures shrinkage and coagulation of the vein without the
risk of having it adhere to the forceps. It is preferable to
expose the sulcal vein over a distance of 3 or 4 mm be-
fore coagulating it.

Cisternal Veins

Cisternal veins (the deep middle cerebral vein, the sphe-
noparietal vein at its entrance into the cavernous sinus,
the superior petrosal vein) must be exposed over at
least 1.5 cm and should be coagulated with the regular
bipolar forceps, not the microforceps. The blades of the
forceps are applied to the surface of the vein, not com-
pressing it, and then slid along the desired length of
coagulation, preferably 3-6 mm, as drops of saline are
applied. The vein will gradually convert to a yellowish
band, which may then be compressed slowly, continu-
ing the coagulation. It is best to taper the coagulated
area from complete occlusion at the center to minimal
occlusion at either end, giving the coagulated vein an
hourglass appearance. Sharp demarcation lines between
normal vein and coagulated vein are to be avoided, for
this may result in rupture of the venous wall. The coag-
ulated cisternal vein must be cut, since the fibrous band
into which it is converted is dense and may be torn
from the vein to which it is tributary during surgical
manipulation.
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Figure 2.34. Coagulation and transection of a convexity (fron-
tal) bridging cortical vein entering the superior sagittal sinus.
(A) The medial dural trapdoor (1) has been reflected medially,
exposing the frontal lobe (2). The temporalis muscle (3) offers
a point of reference. The microbipolar forceps are placed
along the cortical surface of the bridging cortical vein (4). (B)
The suction is brought into the field at the time of the cut (in
the event there is bleeding). This controls the bleeding imme-
diately and helps to minimize the risk of air embolism.

Cortical Bridging Veins (Figs. 2.34, 2.35)

Cortical bridging veins present great challenges to the
surgeon. They pass for varying distances through the
cortex before entering the subarachnoid space, at which
point they may receive tributaries from other cortical
veins before they penetrate the dura, coming to lodge
between its two, inner and outer, layers. Their entrance
into the dural sinus is from anterior to posterior. The
surgeon has the impression that the vein is entering
perpendicular to the transverse sinus because the hemi-
sphere is retracted from the sinus, thus changing the
anatomical relationship between cortical bridging vein,
cortex, and sinus. Once the cortical bridging vein has
been dissected free and the point of its exit from the
cerebral hemisphere, as well as its entry into the sinus,
is identified, the coagulation is begun at the cortical
surface. It is preferable, actually safer, to coagulate at
the cortical vein or, still less desirable, at the entrance of
the cortical vein into the sinus. This does not damage
the cortex any more than occlusion of venous drainage.
Coagulation at the cortical surface is begun by applying
saline to the surface, and then the bipolar forceps to the
borders of the vein, without attempting to occlude the
vein. As the coagulation progresses, one notes that the
bridging vein shrinks by being turned into a yellowish,
fibrous structure. One must avoid continuing coagula-
tion at exactly the same point! Rather, the coagulation
should be extended over a surface area of approxi-
mately 3-6 mm, the constriction of the vein should be

Figure 2.35. Coagulation and transection of a frontopolar
bridging cortical vein. The vein (I) has the forceps blades
touching its surfaces. Note the frontal air sinus (2) and the
dural flap (3), as well as the tack-up sutures (4).
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observed as the coagulation progresses, and the uni-
form diameter of the shrinking cortical vein should be
maintained. Lastly, when the vein is still identifiable but
clearly patent, one may occlude it completely, always
coagulating under saline, and proceed to occlude the
vein over an area of 3-5mm. Once the vein is com-
pletely occluded it may be transected by using micro-
scissors.

Choroid Plexus (Fig. 2.36)

Choroidal tissue may be safely dissected from some
portions of the ventricular surface, as in the area of ad-
hesion of the tela choroidea of the III ventricle, along
the surface of the thalamus at the junction between the
lateral and III ventricle.

This is not true for choroid plexus because this tissue
is highly vascularized. Its vascular supply comes from
branches of the carotid and vertebrobasilar systems.
Also, the choroid plexus receives small perforating ar-
teries through ependymal substance. It is therefore ne-
cessary to identify and occlude the major choroidal ar-
teries (anterior choroidal, medial posterior choroidal,
choroidal branches of the posterior inferior cerebellar
artery) when planning to resect the entire choroid
plexus. One then effects the resection by coagulating
along the microvascular pedicle of the plexus, whether
it is located within the lateral ventricle, the roof of the
111 ventricle, or the roof of the IV ventricle.

Bleeding from the surface of the choroid plexus is
readily stopped by applying soaked (cotton) “fluffies”
and sucking them dry once they have been firmly
pressed against the bleeding site, or by coagulating the
plexus. Coagulation of the plexus offers no unusual
problems. It is performed by applying the forceps to
the plexus, again taking great care to avoid compressing
the blades snugly against one another. Rather, they
should be progressively approximated to one another
as, gradually and slowly, the plexus shrinks from the bi-
polar cautery. Every effort should be made to avoid
bleeding from the microvascular pedicle of the plexus.
This is difficult to stop because of retraction of the ves-
sel within either the cerebral substance or, worse still,
through the choroidal fissure and into the ambient cis-
tern.

Tissue Bleeding

Stopping bleeding from tissue calls for a different tech-
nique from that used in coagulating, clipping, or the
usage of the ligature to occlude identifiable bleeding
vessels. These techniques vary from tissue to tissue be-
cause of the differences in anatomical composition.

Galeal Bleeding

The Dandy and Kolodny clamps are too coarse and
large for use on a child’s scalp, especially in a newborn
or infant. The Rainey clips are made for the scalp of a
full-grown adult male. Also, the present plastic model is
unreliable. Therefore, arresting scalp bleeding coming
from the interstices of the dense connective tissue ne-
cessitates the use of lightweight, delicate-toothed scalp
clips, which may be applied directly to the very thin ga-
lea of an infant, grasping the galea between the teeth.
Reflecting these galeal clips over the scalp edge and
onto a gauze sponge compresses gently the vessels with-
in the loose connective tissue. This is the only safe and
reliable form of scalp (skin, dense connective tissue)
hemostasis recommended. The scalp flaps, peduncu-
lated and anchored, are then retracted by reflecting
them along their bases, using retention sutures strung
tautly by rubber bands, and sewn to the skin, respec-
tively. Retraction by the retention sutures, superiorly
on the pedunculated flap, and inferiorly only on the an-
chored portion, of the flap, exposes completely the de-
sired area of periosteum and skull.

Bleeders along the undersurface of the galea necessi-
tate coagulation, because (1) they cannot be trapped be-
tween galea and skin and (2) they bleed profusely. They
are identified by rolling the scalp over, so as to expose
the galea and the vessels along its internal surface.
Avoid overcoagulation of these vessels, especially in the
newborn, since one may penetrate or necrose the scalp.

Parenchymal Bleeding

Parenchymal bleeding is stopped, as already described,
by applying “fluffy” cotton, Gelfoam, Surgicel, or Avi-
tene to the bleeding surface.

Tumor Bleeding

It is best to make every effort to stop tumor bleeding
before it occurs, rather than attempt to do so on a raw,
bleeding, tumor surface. Consequently, identification of
bridging vessels from the surrounding tissue to the neo-
plasm should be undertaken by skirting the circumfer-
ence of the neoplasm, using fluffy and Telfa to dissect
parenchyma from neoplasm, and coagulating the bridg-
ing vessels as one proceeds. One should also coagulate
the visible vessels on the surface of the tumor as they
are seen. Once the parenchyma has been separated from
the neoplastic tissue, a wide-bladed forceps may be
used to coagulate the surface of the tumor, shrinking it
gradually. This may be painstaking and lengthy as a
procedure, but it definitely diminishes tumor bulk and
reduces considerably tumor vascularity, particularly of
ependymoma and medulloblastoma. Choroid plexus
papilloma, primitive neuroectodermal tumor, and sub-
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Figure 2.36. Coagulation of choroid plexus. (A) The forceps
(1) are applied to the surface of the glomus (2) and the coagu-
lation begun. One avoids coagulating the terminal vein (3),
running in the terminal sulcus. If the surgeon chooses, he may
extend the coagulation along the entire choroid plexus within
the lateral ventricle (4), up to the foramen of Monro (5). There
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is no choroid plexus in the occipital horn (6). (B) As the cho-
roid plexus shrinks, the bipolar forceps are closed with the
blades grasping it snugly between them. The coagulation is
continued until the bleeding stops, and a plane of coagulated
tissue may be identified for sectioning with microscissors.
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ependymal astrocytoma may also be dealt with effec-
tively in this manner.

The CO, laser is ideal for vaporizing these tumors al-
most bloodlessly when they are only minimally vascu-
lar, after the surface and bridging vessels have been
identified and coagulated. In this manner one reduces
considerably the bulk of the tumor, shrinking the intra-
tumoral vasculature as one proceeds. If the tumors are
moderately or highly vascular, CO, laser is an undesir-
able instrument. The Cavitron is unsurpassed for tumor
removal, but the claim made by many that it respects
the “integrity” of vascular structures is incorrect!

Figure 2.37. (A) At the time of closure, the frontal (bifrontal)
flap is put back into position, and the temporalis muscle re-
tention sutures are removed. The muscular (I) and bony (2)
edges of the cut temporalis insertion along the superior tem-
poral line will be used to anchor the frontal bone flap back
into place. (B) The muscular (I) and bony (2) edges of the
temporalis muscle are being sewn to one another at the pos-
terior rim of the zygomatic process of the frontal bone (3),
over the “keyhole” bur opening. (C) The last suture is being
placed through full thickness (all three layers) of the tempora-
lis muscle (I) and the periosteum adherent to the superior
temporal line (2).

Closure

Cranial Closure
Fascia and Muscle Closure (Figs. 2.37, 2.38)
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 musculofas-
cial layer, (2) an intermediate fascial layer, and (3) an
inner musculofascial layer. Bleeding from muscular tis-
sue and transected vessels located within either the in-
ner or outer muscular layers is a common occurrence.
One may assure adequate hemostasis only by being cer-
tain to include all three fascial layers of the temporalis
muscle in the suture.
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Figure 2.38. The erector capitis muscle masses have been reap-
proximated and sewn together in the area extending from over
the squamous occipital bone (I) 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 tissue 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.

Erector Capitis Muscles

After the suboccipital bone flap has been secured in po-
sition, one should extend slightly the head of the child
prior to closing the muscular layers in the suboccipital
area. This facilitates reapproximation of the erector
capitis fascia and muscular tissues that had been pre-
served at the time of opening (Figs. 2.23, 2.24). Since it
is not necessary to remove the erector cervicis muscle
from the spinous processes of C-2, C-3, and so on in or-
der to attain excellent exposure of the posterior fossa,
one has only to reapproximate the two cut edges or 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 (Fig. 2.39)

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 volume
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 un-
coagulated vessels lying along the undersurface of the
galea. When these have been individually coagulated,
the skin may be closed. Avoid coagulating bleeding ves-
sels 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, re-
movable 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. Re-
turn 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, we recommend com-
pleting the Cloward stitch and then continuing, bring-
ing the needle through epidermis from the anchored 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.
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Figure 2.39. Legend see p. 77.
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Figure 2.39. Technique for the Cloward suture, which closes
the galea and the skin without necessitating burial of suture
material. (A) The needle is brought through the full thckiness
of skin (1), dense connective tissue (2), and galea (3). (B) The
needle is brought only through the galea (1) of the opposite
side, penetrating 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 (1) 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 connec-
tive tissue, and skin, an addition to the Cloward suture we re-
commend for children. This series of drawings, taken directly
from the photographs illustrated herein, is presented step by
step only to make the technique used for inserting the Clow-
ard suture more readily understandable. Therefore, the reader
is advised to follow the legend of this figure comparing the
photographs with the drawings.
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Figure 2.40 (left). Postoperative kyphoscoliosis in a child who
had a laminectomy.

Figure 2.41 (right). Lateral cervical spine film of a child on
whom an extensive cervical laminotomy had been performed.
No malalignment is present.

Laminotomy (Figs. 2.40, 2.41)

Muscles and Fascia Closure

The paraspinous muscles are allowed to fall into place
by removing the self-retaining retractor. Then the mus-
cles are sewn down to the interspinous ligaments of the
anchored laminar flap as well as to those above and be-
low the laminotomy. This reapproximates the paraspi-
nous muscles, interspinous ligaments, spinous pro-
cesses, 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
spinal cord surgery, since it assures uniform muscular
pull on the spinal column after healing has been com-
pleted. Postoperative scoliosis is uncommon following
laminotomy.

Muscle Bleeding

Muscle bleeding is generally stopped by gentle com-
pression, no more. However, especially in the erector
capiti group, large arterial or venous bleeders retract
deeply into the muscle belly, rendering identification
and coagulation tedious and difficult. Those bleeders
that have retracted into the erector capiti and erector
cervicis muscle groups must be searched out and coag-
ulated. This is not true for temporalis muscle bleeders,
since the temporalis, a bipenniform muscle, has three
fascial planes entrapping the two bellies of the muscle
between them. Therefore, one may stop most of the
bleeders at the time of closure by taking care to pass the
suture material from the external fascial plane, through
the intermediate fascial plane, to the internal fascial
plane, before tying down the knot. This constricts the
bleeders. See section on temporalis muscle.

Skin Closure

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



3 Bur Holes and Flaps

Unfortunately, the terminology of anterior fossa or pos-
terior fossa craniotomy is too vague for descriptive pur-
poses in a text on operative technique. For example, an
anterior fossa craniotomy includes bifrontopterional,
medial and lateral frontal, and frontotemporal cranio-
tomies; the middle fossa craniotomy includes anterior
and posterior temporal craniotomies and temporopa-
rietal craniotomy; the posterior fossa craniotomy in-
cludes access to the superior and inferior cerebellar tri-
angles for medial lesions, and the pontocerebellar and
clival approaches for lateral lesions. The parietal, occip-
ital, and parasagittal nomenclature for craniotomies
finds no place in the anterior, middle, and posterior fos-
sa classification.

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 craniotomy
for access to a retrochiasmatic craniopharyngioma en-
tails exposure to 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 posterior
communicating arteries. Therefore, a bifrontal skin in-
cision permits reflection of a single bone flap, one
which allows placement of the operating microscope for
visualization along the floor of either 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

“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.”

JonN DONNE, Verse Letters: to Sir Henry Goodyere

along the SSS and falx cerebri may then be accom-
plished with ease.

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

Bur holes and either craniotome or Gigli saw are not
necessary in the newborn or very young infant, since
the fontanelles 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 scis-
sors and dangerous to use heavy instruments that re-
quire force for penetration or sawing. Consequently, in
very young children suturotomy and cutting of the
bone are effected with heavy scissors (see Chap. 4).
This, of course, does not invariably apply when an in-
fant has craniosynostosis. The techniques for these spe-
cific procedures are described subsequently.

The use of power instruments for making bur 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-
tive enough to guarantee release of the clutch in chil-
dren with thin skulls. Because it is possible to refill the
bur 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 “Bone Clo-
sure” (Figs. 3.49, 3.50), the surface area of the perforat-
ing instrument is only relatively important as a negative
factor. The rapid regrowth of bone in the infant makes
this size factor even more relative. However, the risk of
plunging and of failure of the clutch release mechanism
in younger children (as well as the very real compres-
sion of the underlying brain, which results from pres-
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Figure 3.1. (A) This computed tomography (CT) 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 clo-
sure, assuring perfect flap replacement and bone edge conti-

sure applied to the surface of the skull in order to dis-
engage the clutch) are very significant contraindica-
tions. It is unfortunate that adequate instrumentation,
in regard to size and sensitivity for cutting bone, is not
available for pediatric work.

All power craniotomes cut a large (2-4 mm) gutter 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 grave problem in hydrocepha-
lic children, whose underlying brain surface 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 being too wide to permit bony bridging
and the movement being such as to stimulate only the

nuity. (C) However, when a power craniotome is used, the gut-
ter is so wide that the flap sinks below the skull surface. (D)
Wire suture (to be avoided) placed through drill holes may
suspend the free flap, but still (except in infants) bony growth
across the gutter only rarely occurs. The defect is permanent,
and thereby susceptible to dislocation, impacting the underly-
ing cerebrum, and injury.

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 chil-
dren so that it will heal completely, providing the un-
derlying brain protection throughout life, whether the
craniotomy is supra- or infratentorial.
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Bur Holes: Frontoparietal
(So-Called “Diagnostic”) (Fig. 3.2)

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

Flaps

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

Figure 3.2. This drawing illustrates how frontotemporoparietal
bur holes (I, 2, 3) may be placed around an epidural clot (4),
so that the surgeon may not see the clot at the time of surgery
if he limits his procedure to bur holes. If the clot is not seen
when the bur holes are placed, one is obliged to proceed to re-
flect a flap so as to inspect completely the epidural, and/or
subdural, space.

Bifrontal Flap (Figs. 3.3, 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 the 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 seven bur holes of
the bifrontal flap are located at the glabella, immedi-
ately lateral to the SSS on either side, just posterior to
the zygomatic processes of the frontal bone (the “key-
hole”) bilaterally.

For early childhood, the frontal air sinuses are not
developed. The bur hole at the glabella runs no risk of
penetrating one of them. The two parasagittal bur holes
should be placed so that their medial aspects border
upon the lateral aspects of the SSS.

The two pterional bur 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 first
the perforator and then the bur 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 lacrymal gland) or the
middle fossa.

In children with craniosynostosis of the coronal su-
ture (plagiocephaly), the middle fossa is displaced so
far anteriorly that one almost cannot avoid entering it if
the bur hole is placed immediately behind the zygo-
matic process of the frontal bone. In these children,
consequently, one must place the keyhole 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 resected as far
medially as the superior orbital fissure, there is no pro-
blem 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 bur
hole to bur hole and the Gigli saw is brought into posi-
tion between the inner table of the skull and the guide,
the saw itself should be set snugly at the extreme pe-
riphery of each hole so as to connect their outer arcs
and thus assure maximum size of the bone flap. The ex-
ception to this technique is the osteotomy line between
the two parasagittal bur holes, which is placed at the
most central arc. The reason for this is to allow the pre-
sence of a spur of bone over the SSS, a spur that may be
removed in order to gain access to the proximal portion
of the sinus in the event its distal portion is damaged
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Figure 3.3. (A) Bur holes and osteotomy lines for bifrontal
bone flap with child in the anatomical position. The severe
bur holes are located at the “keyhole” (1), the pterion (2), the
parasagittal area (3), bilaterally, and at the glabella (4) in the
midline. (B) Illustration of bur holes and osteotomy lines for
bifrontal flap with child in the supine position, and projected
obliquely to put the “keyhole” (1) and pterional (2) holes into
relief. (C) The skin incision (broken line) for the bifrontal flap
follows the hairline. The glabella (1) and parasagittal (2) bur
holes are placed, respectively, over the most anterior inferior
portion of the superior sagittal sinus (3) and to either side of
this structure approximately at the coronal suture. Note the
craniotomy lines (4). They connect the bur holes along the

during reflection of the free bone flap. If this does hap-
pen, the surgeon need only use a rongeur (to bite away
the bony spur) to gain immediate access to the SSS.
This precaution is best taken because of the proximity
of the coronal suture to these parasagittal bur holes.

most peripheral arc of the bur holes with the exception of the
two parasagittal ones (5), where they connect the most medial
arcs. In (D) this cerebral angiogram of an infant with a calci-
fied craniopharyngioma, the intimate anatomical relationships
between the parasellar tumor and the anterior, middle, and
posterior cerebral arteries are shown. In addition to these one
has an opportunity to appreciate the remarkable alterations in
these vessels which result from the hypertensive biventricular
hydrocephalus caused by the occlusion of the III ventricle by
the calcified craniopharyngioma. Such a lesion golfball consis-
tency, which is embraced by the entirety of the anterior circle
vasculature, must be resected through a bifrontal pterional
craniotomy.

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 su-
ture may be both tedious and dangerous.
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Figure 3.4. The Gigli saw guide has been passed from the para-
sagittal (1) to the pterional (2) bur holes and the saw subse-
quently brought into place. On the right the saw is positioned
properly, at the peripheral arc of the bur hole (3), whereas on
the left it is positioned improperly, at the central arc of the bur
hole (4).

Frontal Flap (Figs. 3.5, 3.6)

Unilateral frontal flaps may be placed medially or later-
ally, depending upon whether the surgeon wishes to ap-
proach the parasellar area along the falx from only one
side (in which case the medial frontal flap is preferable),
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 excep-
tion is that the medial osteotomy incision extends to
the parasagittal bur hole on the homolateral side of the
flap, so that the SSS is exposed only at its most ante-
roinferior point (where it originates within the falx cer-
ebri, extending from the crista galli of the ethmoid).
The lateral frontal flap differs from the bifrontal cra-
niotomy in that the anteromedial bur hole is not located
over the glabella, but over the medial aspect of the su-
praorbital ridge. In this instance, no portion of the SSS
is exposed.

Approaches to the Orbit

As general information, without any intention to pre-
sent specific surgical technique for the performance of
approaches to the orbit other than the transcranial, we
describe the transethmoidal, superior lateral, lateral or-
bitotomy (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

Figure 3.5. Medial frontal flap, illustrating placement of infero-
medial bur hole at glabella. Note that the craniotomy lines ex-
tending from one bur hole to the other pass from the most
distal arc of the bur hole’s circumference. This gives maxi-
mum surface area exposure. Compare A, the recommended
opening, with B, undesirable placement of craniotomy lines,
to appreciate how much difference in exposure is obtained if
the Gigli saw is properly placed.
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Figure 3.6. (A) Lateral frontal flap, illustrating placement of
inferomedial bur hole over medial aspect of supraorbital ridge
(1), lateral to the glabella (2). (B) Exposure of the frontal (1)
and temporal (2) lobes as well as the pterion (3) and lesser
wing of the sphenoid (4), which is attained when one reflects a
lateral frontal flap (as illustrated in A).

of the orbital apex and in the superior orbit are best ap-
proached through a transfrontal craniotomy. Ophthal-
mic, plastic, and otorhinolaryngologic surgeons, how-
ever, all have occasion to operate on tumors either pri-
marily 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 lacrymal
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.

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 lacrymal 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 perios-
teum separated superiorly and inferiorly along the en-
tire line of the incision, taking care to incise the perios-
teum well superior to the exit of the frontal nerve from
the supraorbital groove (or foramen). Two bur holes
are placed, one at the “keyhole” and the other above the
supraorbital rim at the most medial skin incision open-
ing, with attention being given to avoid the frontal si-
nus. They are connected to one another with the use of
a Gigli saw, before the use of a high-speed drill to per-
form 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 for the trans-
frontal approach.

Lateral Orbitotomy (Kronlein Approach) [1]

For the Kronlein approach, a horizontal skin incision is
made from the external canthus posterolaterally for a
distance of approximately 5 cm, prior to performing a
canthotomy to expose the lateral wall of the orbit. The
temporalis muscle and fascia are stripped from the lat-
eral wall of the orbit and then incised in a plane parallel
to, and immediately beneath, the skin incision, expos-
ing 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 lacrymal gland and the anterolateral
portion of the orbit are exposed. Further exposure may
be gained by use of a rongeur to nibble away the neces-
sary amounts of the lateral orbital wall. The use of the
Stryker drill is discouraged because it may damage un-
derlying periorbita, whereas a high-speed bur (though
more time consuming) permits a relatively precise
opening with minimal risk of damaging underlying soft
tissue.
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Extended Lateral Orbitotomy of Jones [2]

For Jones’s extended lateral orbitotomy, a skin incision
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 malar
bone. Then another incision is made, perpendicular to
this, extending from the outer canthus to a point ap-
proximately 1.5 cm aunterior to the base of the antitra-
gus, along the zygomatic arc. 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 orbitot-
omy 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
has been dissected free, the bony opening is extended
with a cut that dissects the zygomatic arch. This per-
mits reflection of an osteoplastic flap attached to the
temporalis 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 [3]

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. Bur holes are placed at the glabella and the
“keyhole,” and then a craniotomy is used to perform an
osteotomy extending posteriorly from the glabella, 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 opening. The Gi-
gli 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
(Figs. 3.7-3.12)

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,

Figure 3.7. As we shall see in the following illustrations su-
praorbital and transfrontal approaches to the orbit permit the
surgeon to operate effectively those tumors which occupy the
superior half of the orbit, whether superior to the levator pal-
pebrae or between the superior rectus and the optic nerve.
However, diffusely infiltrating tumors, especially lymphangio-
matous or angiomatous in nature, most often expand within
the adnexa, displacing superiorly the superior rectus and the
globe. In fact, the optic nerve often bows over the superior
bulging of these tumors. Such an example is illustrated in this
figure, an MRI study on a 1-month-old child with a progres-
sively growing lymphangioma. 1deal access to these tumors,
and certainly the simplest and safest since one may wish to
limit oneself to a biopsy, is obtained either through the lateral
orbitotomy (Kronlein approach) or the extended lateral orbi-
totomy of Jones.

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.
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Figure 3.8. (A) The surgeon’s view of the anterior fossa of a
bifrontal craniotomy is followed by an extradural dissection of
the orbital roof, with opening of the latter but leaving the su-
praorbital rim intact (arrows). (B) The supraorbital rim has
been removed en bloc, after the dura was separated from the
roof of the orbit during an approach down the lesser wing of
the sphenoid (from the pterion to the anterior clinoid pro-

cess). The roof of the orbit was then resected, using rongeurs
posteriorly, to include the anterior clinoid process exposing
the intact periorbita (1) 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 it is wished to fol-
low the optic nerve into the optic chiasm. (C-D) see p. 87.
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Figure 3.8. (C) The periorbita has been removed, bringing into
relief the extraocular muscles, lacrymal gland (I) and 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
supraorbital rim is removed and the orbital roof is resected to
the optic foramen posteromedially and the superior orbital

fissure posterolaterally. (D) Both the levator palpebrae super-
ioris (1) and the superior rectus (2) have been transected and
reflected from the globe and muscular cone, exposing comple-
tely the intraconal contents, the exit of the optic nerve from
the globe, and the insertion of the superior oblique muscle (3)
onto the globe.
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Figure 3.9. 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 it 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, su-
praorbital rim, zygomatic process of frontal bone, and orbital

roof. (C) Separation of the periorbita from the orbital surface
of the orbital roof. A Penfield #4, or #2, dissector is quite ade-
quate for performing this procedure. One should feel the bone
of the roof of the orbit with the dissector at all times. This
photograph illustrates the technique for osteotomizing the su-
praorbital rim. On the left (1), the osteotomy has already been
performed with a high-speed drill. On the right (2) the high-
speed drill is being used to cut the frontal bone. Subsequent to
this, a Penfield #3 or 4 dissector is placed between periorbita
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 protec-
tion against tearing the periorbita or orbital contents. (Contin-
ued on p. 89).
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< Figure 3.9. (D) Once the osteotomy has been performed, the

Penfield dissector 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 remaining orbital roof posteriorly. (F) This is bit-
ten away with a Leksell rongeur. At this time, one has excellent
visualization of the intraorbital contents, still covered by the
periorbita.

Figure 3.12. Compare resected side (left) with intact side
(right). Anatomical representation of unroofing of the most
posterior portion of the orbit (1), removing the anterior clin-
oid 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 or-
bital fissure. This latter structure and the inferior orbital fis-
sure (5) are in direct continuity with one another along the lat-
eral 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.
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After the orbital roof has been exposed, one may
choose only to unroof the orbit if one is certain that the
intraorbital tumor is located posteriorly, at the apex of
the cone, or to remove the supraorbital rim if more
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 lacrymal gland or the trochlear region, and pre-
cludes 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 mater but remembering that it is only half as thick
(since it is the periosteal layer of the dura mater), fat in-
sinuates itself quickly through the incisional line. An-
choring 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 ex-
ample, when beginning resection of a nerve sheath tu-
mor, an angioma, and so on, one may expose the apex
of the cone by transecting the levator palpebrae supe-
rioris and the superior rectus muscles, sewing them out
of the way, and proceeding to work within the base and
the 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, restor-
ing anatomical continuity and function. The orbital
roof and supraorbital rim are now replaced and an-
chored.

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 optic chiasm, after the extraocular
muscles have been removed. A view of the unroofed or-
bit, with the osteotomy extending into the superior or-
bital fissure, and with the anterior clinoid removed and
optic canal opened, is illustrated in Fig. 3.12. This al-
lows the reader to understand that unroofing the orbit
posteromedially, that is, resecting the lesser wing of the
sphenoid, is to remove the superior border of the supe-
rior orbital fissure and expose the inferior orbital fis-
sure [4].

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 orbital strut so as to expose com-
pletely the optic nerve.

Parietal Flap (Figs. 3.13-3.16)

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 bur hole does not exist. Parietal flaps allow access
to the convexity of the parietal lobe or to the SSS and
falx cerebri. Also, one may continue the dissection
down the falx cerebri to the corpus callosum for tumors
within this structure, or split the corpus callosum for
access to tumors (almost invariably pineal tumors) be-
tween it and the roof of the III ventricle. Because of the
presence of the internal cerebral veins in the roof of the
III ventricle, this approach along the falx cerebri for en-
trance into the III ventricle is not recommended. The
parasagittal approach to the corpus callosum offers rel-
atively immediate access to the entirety of this commis-
sure from the genu to the splenium. Although the dis-
section 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 arachnoidal granulations binding the
arachnoid to the dura, the bridging cortical veins, and
the SSS.

Immediately beneath the body of the corpus callo-
sum one finds the roof of the III 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 ar-
teriovenous malformations of the galenic system in
which the tributary vessels enter this anomaly along its
superior surface.



Parietal Flap 91

Figure 3.13. (A) This figure illustrates a pentalateral parietal
flap, with the most anterior limb extending across the coronal
suture, into the frontal bone. (B) The pentalateral flap is an
ideal optional for subependymal glioma of the III ventricle, in
this case occluding both foramina of Monro because of its very

Figure 3.14. (A) A quadrilateral parietal flap offers exposure of
the parietal convexity, parasagittal area, corpus callosum, and
III ventricle. (B) This MRI scan is slightly different from that
illustrated in the previous figure in that the subependymal
glioma is located superior and posterior to the foramen of
Monro, only partially obstructing that on the right, and ex-
tending posteroinferiorly to obstruct the aqueduct of Sylvius.

anterior location, and probably resting upon the lamina termi-
nalis. Consequently a frontoparietal pentalateral flap permits
one access to the homolateral foramen of Monro, the septum
pellucidum, and a parasagittal descent in the event a transcal-
losal approach is also desired.

Therefore, a large frontal component to the parietal flap is not
indicated, a quadrilateral parietal flap suffices to permit the
surgeon entrance into the homolateral ventricle opening of the
septum pellucidum and the peeling away of the choroid plexus
with the fornix from the region of the lamina affixa of the tha-
lamus for complete exposure of the III ventricle.
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Figure 3.15. (A) This is an anatomical representation, depict-
ing diagrammatically, in three dimensions, the access a quad-
rilateral bone flap affords to the corpus callosum (1), III ven-
tricle (2), septum pellucidum (3), optic chiasm (4), midbrain
(5), and pineal gland (6). (B) By referring to the schematic

Figure 3.16. The III ventricle (1) is projected into its anatomi-
cal position in this three-dimensional drawing to illustrate ac-
cess to it through a parietal flap. Either transventricular or
parasagittal approaches may be used. The splenium (2) and
genu (3) are shown at the posterior and anterior surfaces of
the III ventricle. (B) The chorioid plexus papilloma of the 111

drawing superimposed upon the skull as illustrated in (A),
one may place anatomically this colloid cyst of the I1I ventricle
in a 5-year-old child. For its resection, the pentalateral parietal
flap illustrated in Fig. 3.13 is preferable.

ventricle drained directly into the internal cerebral veins in
the roof of the III ventricle, providing clear indications for a
transcallosal approach: the transforaminal approach does not
permit one to isolate microsurgically the internal cerebral
veins from the dome of the papilloma.
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Parietotemporal Flap (Figs. 3.17, 3.18)

The parietal flap may easily be extended into a parieto-
temporal flap, if the parietal lesion also invades the
superior or the middle temporal convolutions poste-
riorly (in correspondence to the supramarginal and an-
gular gyri). Similarly, one may place the bur holes more
laterally on the convexity, exposing only the inferior
portion of the parietal lobe and, with this, the posterior
superior portions of the temporal lobe. This entails pla-
cing the superior bur holes at (1) the parietal eminence,
(2) the coronal suture, (3) the pterion, and (4) just
above the base of the mastoid bone.

Biparietal Craniotomy (Figs. 3.19, 3.20)

The biparietal craniotomy is used for resection of the
sagittal suture (really a craniectomy), to gain access to
the SSS or both sides of the falx cerebri, to attain com-
plete exposure of the great vein of Galen for arteriove-
nous fistulae, and to lower the SSS for chronic subdural
hematoma.

Depending upon whether the target area is located
entirely behind the coronal suture or whether, for ex-
ample, 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 fron-
tal bone, one may reflect either quadrilateral or penta-
lateral flaps. Although the skull may be lifted from the
SSS safely, especially in infants with sagittal synostosis,
reflecting 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 intraoperative precautions to be taken when re-
flecting a biparietal 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 poste-
riorly, immediately after the bone has been removed
from over the SSS, on either side, to minimize the risk
of intraoperative kinking of the SSS.

Temporal Flaps

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

Figure 3.17. One may gain access to the supramarginal and
angular gyri as well as the superior temporal convolution
through a superior parietotemporal flap, by placing the infe-
rior bur holes below the superior temporal line (arrows).

Figure 3.18. Inferior parietotemporal bone flap.
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Figure 3.19. Biparietal quadrilateral bone flaps, placed one on
either 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.

Anterior Temporal Flaps (Figs. 3.21, 3.22)

The anteroinferior bur hole is placed at the pterion so
that the surgeon may have immediate access to the tem-
poral 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 tem-
poral fossa. Since this is a common site for dural sarco-
ma, aplasia of the temporal lobe, arachnoidal cysts of
the sylvian fissure, and dermoid tumors, it is of impor-
tance to take care to assure access to the inferior por-
tion of the temporal fossa during the preparation of the
craniotomy for an anterior temporal approach. The
superior bur holes are placed immediately beneath the
superior temporal line, the posteroinferior bur hole
above the base of the mastoid process.

Temporal flaps (anterior, posterior, middle) permit
access to varying portions of the temporal lobe, the en-
tirety of the sylvian fissure, the temporal horn and tri-
gone, the lateral portion of the circle of Willis, the pos-
terior cerebral and superior cerebellar arteries, the ten-
torial edge and ambient cistern, and the surface of the
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.

Figure 3.20. Bilateral frontoparietal (pentalateral) bone flaps
may be extended across the coronal suture, leaving bone over
the superior sagittal sinus.

Figure 3.21. Anterior temporal craniotomy. The anteroinferior
bur hole is placed at the key hole so as to assure exposure of
the temporal pole. Note that the inferior craniotomy line ex-
tends through the squamous temporal (1) and greater wing of
the sphenoid (2). Rongeuring these bones gives access to the
floor of the middle fossa.
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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

Posterior Temporal Flaps (Fig. 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 bur
hole is placed at the superior temporal line, directly
above the external auditory canal, and the inferior bur
hole is placed at the base of the mastoid process. The
anterior and posterior bur holes are placed within the
parietal bone, posterosuperior to the pterion and di-
rectly inferior to the parietal eminence, respectively.
This flap does not permit access to the floor of the mid-
dle 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.

Mid-temporal Flap (Fig. 3.24)

The mid-temporal flap incorporates the anterior and
posterior temporal bur holes so as to permit access to
the entire temporal lobe, from the temporal pole as far
posteriorly as the temporo-occipital 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 ap-
proached through this flap. Also, one may approach, in
the infant and the toddler, the superior cerebellar and
posterior cerebral arteries, in their course around the

muscle insertion. (B) The bipenniform temporalis muscle has
been dissected from bone, preserving its three layers: (1) deep,
(2) intermediate, (3) superficial.

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

midbrain, for occlusion of inferior tributaries to an ar-
teriovenous malformation of the galenic system, brain-
stem, superior surface of the cerebellum, or medial sur-
face of the occipitotemporal lobes.

The mid-temporal flap is generally pentalateral. The
anteroinferior bur hole is placed at the pterion, the
anterosuperior bur hole direcly above it at the superior
temporal line. The posterosuperior bur hole is placed
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Figure 3.24. (A) Midtemporal flap showing the quadrilateral
form of the bone flap and illustrating the greater wing of the
sphenoid (I) and the squamous temporal bones (2). The
superior bur holes are all just beneath the superior temporal

immediately beneath the parietal eminence, and the
posteroinferior bur hole just anterior to the lamboidal
suture in a line above the digastric groove. The infero-
intermediate bur hole is placed at the floor of the mid-
dle fossa within the squamous portion of the temporal
bone. Stripping the temporalis muscle (as just de-
scribed) from the greater wing of the sphenoid and 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 Flaps (Fig. 3.25)

Medial Occipital Flap

A medial occipital flap permits access to the convexity,
tentorial and falx surfaces of the occipital lobe. The oc-
cipital 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 quad-
rigeminal cistern, the pineal region, and the torcular
Herophili.

This approach to the pineal region is ideal for tumors
expanding within the quadrigeminal cistern and the
posterior portion of the III ventricle (as indicated an-

line; the anteroinferior bur 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.

giographically by elevation of the posterior portion of
the internal cerebral vein). It allows the surgeon control
of the supraculminate vein and the great vein of Galen,
as well as the possibility of separating the III ventricular
portion of the tumor from the inferior surfaces of the
internal cerebral veins.

The most important bur 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 sinuses.
It is essential to have access both to the falx and the ten-
torium if one wishes to expose the quadrigeminal cis-
tern and the pineal region. If, however, the convexity of
the occipital lobe is the target area, then the inferome-
dial bur hole need not - and probably should not - be
placed in such a critical area. Setting it slightly supe-
riorly and laterally, a few millimeters from the superior
sagittal and transverse sinuses, respectively, is quite
adequate. Similarly, for access to the falx cerebri, the
superomedial bur hole must be placed over the superior
sagittal sinus, with its medial surface just touching the
sagittal suture. The superolateral and inferolateral bur
holes are placed, respectively, just behind the parietal
eminence and over the lambdoidal suture (only slightly
above the point where the transverse sinus turns infe-
riorly to extend into the sigmoid sinus).
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Figure 3.25. (A) Medial occipital bone flap, illustrating loca-
tion of bur 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 the medial osteotomy
follows the sagittal suture. The inferior osteotomy line should
be at, or below, the transverse sinus if one wishes to work
along the medial and the lateral occipitotemporal gyri or with-
in the pineal region. (B) Lateral occipital bone flap as viewed
in a postero-oblique line, illustrating the location of the lateral
(superior and inferior) bur holes.

Lateral Occipital Flap

The lateral occipital bone flap has the inferomedial bur
hole just superolateral to the torcular Herophili, the in-
ferolateral hole above the sigmoid sinus. The superior
holes are placed medial and lateral to the parietal emi-
nence.

Suboccipital Flaps

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 the inferior cerebellar
triangles (Figs. 3.26, 3.27).

The superior cerebellar triangle has the horizontal fis-
sure of the cerebellum as its base, the culmen monticuli
its apex, and the (inferolateral coursing) superior sur-
faces of the cerebellar hemispheres its sides. The apex
of the superior cerebellar triangle points upward.

The inferior cerebellar triangle also has the great hor-
izontal fissure as its base, but its apex, the interval be-
tween the tips of the two cerebellar tonsils, points
downward. The lateral surfaces of the inferior cerebellar
triangle consist of the (superolateral coursing) cerebel-
lar hemispheres.

Lesions within the superior triangle are tumors of
the culmen monticuli and culmen declive, pineal tu-
mors, and those arteriovenous malformations of the ga-
lenic system (whose tributaries enter the great vein of
Galen posteriorly). Inferior triangle lesions include me-
dulloblastoma, cerebellar hemisphere astrocytoma,
ependymoma of the IV ventricle, foramen magnum tu-
mors, arachnoid cysts of the cisterna magna, and other
space-occupying lesions of the inferior vermis or cere-
bellar hemisphere.

Suboccipital Craniotomy Versus Craniectomy

The suboccipital craniotomy is preferable to the cra-
niectomy! 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 posterior
fossa to the very thin muscle layers at the base of the
skull. It eliminates completely the all-too-common sub-
occipital 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 craniect-
omy and of not closing the dura should be avoided!
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Figure 3.26. Superior cerebellar triangle.

Figure 3.28. Suboccipital craniotomy at time of closure, illus-
trating replacement of the bone flap (I) and filling of the bur
holes with bone plugs (2) and bone chips (3). One notes an in-
tact arch of C-1 (4) and erector cervicis muscles (5) still at-
tached to C-2 (6).

Figure 3.27. Inferior cerebellar triangle.

Failure to close the dura mater results in herniation of
the posterior fossa contents into the dead space beneath
the erector capitis and trapezius muscles, with resultant
adhesions of the cerebellar surface to muscular tissue
and prolonged postoperative morbidity. The perfor-
mance of craniectomy precludes replacement of the
bone flap, resulting in the formation of a dense scar tis-
sue between muscle and dura, and in a high incidence
of suboccipital bulging. This leaves the child with a
weakened area over one of the most vital portions of
the brain. Craniectomy should be performed only when
the craniotomy, for technical reasons, proves impossi-
ble 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, jugular foramen,
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
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Figure 3.29. Periosteal dissection for suboccipital craniotomy.
The periosteal dissection (1) has been brought above the high-
est nuchal line (2). This drawing shows both the intermediate
(3) and lowest (4) nuchal lines. Lambda (5) and the squamosal
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.

(Fig. 3.29). However, the stripping is not complete be-
cause it is limited to the highest and lowest nuchal lines,
the insertion of the erector capitis and trapezius mus-
cles. Above and below the highest and lowest nuchal
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 sig-
moid sinus. This is also the area where the parieto-oc-
cipital (lambdoidal), occipitomastoid, and parietomas-
toid sutures meet.

Midline Suboccipital Craniotomies
Inferior Suboccipital Craniotomy (Figs. 3.30, 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.

Figure 3.30. (A) Inferior suboccipital craniotomy as viewed in
a straight posteroanterior line, illustrating the bur holes and
osteotomy lines outlining the free (squamous occipital) bone
flap. (B) Inferior suboccipital craniotomy as viewed in a pos-
tero-oblique line.
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Figure 3.31. (A) Placement of bur hole (1) just at the highest
nuchal line (2). (B) This drawing illustrates insertion of the
Gigli saw guide into the epidural space and then rotating it
around the bur-hole axis to separate the dura from the inner
surface of the skull, especially along the midline where there is
very often a keel-like bony protuberance extending from the
line of the transverse sinus inferiorly to the opistion of the
foramen magnum (C) In passing the Gilgi saw guide (1) from
one bur hole to another, across the midline, it is advantageous
to direct it inferiorly, towards the rim of the foramen magnum
(2), first, and then to sweep it superiorly toward the opposite
bur hole (3). This facilitates separating dura from the internal
occipital crest and free dura from the inner surface of the flap
area. (D) Completion of passage of Gigli saw guide across the
midline. (E) The Gigli saw guide has been brought through the
subdural space from one superior bur hole to the other. This
drawing permits one to identify the “keel-like” bony protuber-
ance in the midline extending from the region of the torcula
Herophili internally down to the opistion. (F) The Gigli saw,
hooked into the guide, has been passed through the epidural
space from one bur hole to another and is now being freed
from the guide. On the reader’s left the saw has already been
brought to the superior arch of the bur hole and to the right is
still resting inferiorly. Once it is brought to the superior arch
of the bur hole it is in position for the sawing. (G) The Gigli
saw guide is left in place, and the Gigli saw is used to make the

superior (horizontal) osteotomy, beveling superiorly only after
the saw is fully within bone so as to avoid damaging the torcu-
lar Herophili or transverse sinus. Note intact C-1 (1) and un-
disturbed attachment of erector cervicis muscles to laminae
and spinous process of C-2 (2). (H) After the superior osteo-
tomy has been completed, the craniotome is used to make the
lateral osteotomies, bringing them to (arrow), not across, the
rim of the foramen magnum. The lateral osteotomy on the
right has been completed; the one on the left has yet to be
brought to the rim of the foramen magnum. Note the wide
gutter made by the craniotome (1), and compare it to the bev-
eled cut which the Gigli saw achieves (2). (I) Holding the squa-
mous occipital bone flap with a Kocker and gradually lowering
it facilitates dissection of dura and prevents the flap from fall-
ing. As the flap is depressed, it should be pulled from the an-
nular (marginal) sinus so as to avoid jamming the bony pos-
terior rim of the foramen magnum into the sinus. (J) The final
dissection stage consists of freeing the dura/periosteum from
the rim of the foramen magnum, a point of danger where cau-
tion 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 hav-
ing inserted a ventriculoperitoneal shunt (in this child with a
medulloblastoma and severe triventricular hydrocephalus)
10 days before the midline suboccipital craniotomy.
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Care should be taken to dissect the periosteum from
the outer (posterior) rim of the foramen magnum, but
not to extend the dissection around the rim of the fora-
men magnum, since use of periosteal elevators in this
area may cause damage to the annular (marginal)
sinus, causing profuse venous bleeding or air emboli.

The Gigli saw guide is passed horizontally from one
bur hole to the other, and the Gigli saw used to connect
the bur holes with the linear osteotomy. Passage of the
saw guide horizontally presents no difficulties, though
care must be taken at the midline, where there is often a
spine of occipital bone extending into the dural groove
at the fissure between the cerebellar hemispheres. Mold-
ing of the tip of the Gigli saw guide, if obstruction is en-
countered at the midline, and dissecting first from the
right and then from the left, always feeling the tip of the
guide against bone and dura, eases the guide across the
midline into the contralateral bur hole. If it proves to be
difficult to pass the guide directly horizontally from one
bur hole to the other, the tip should be directed infe-
riorly, 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 mid-
line.

The saw guide is then used to dissect the dura from
the inner surface of the occipital bone toward the fora-
men magnum, by advancing it in that direction, re-
membering that the opening of the posterior rim of the
foramen magnum is extraordinary small (measuring
2.0 cm) and that its lateral surfaces consist of thick
bony struts which lead to the occipital condyles. There-
fore, an attempt to pass the Gigli saw guide directly in-
feriorly from the bur holes will result in the guide en-
countering the bone struts along the superior surface of
the occipital condyles, and then being deflected medial-
ward.

It is not advisable to attempt to pass the saw guide
from a bur hole downward across the rim of the foramen
magnum, in the epidural space, since this, too, puts the
annular (marginal) sinus at risk. Rather, the guide
should be advanced inferiorly as far as the rim of the
foramen magnum, 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 (pericranium) at all
foramina of the skull. This dural duplication within the
foramen magnum forms the annular sinus.

A craniotome is used to connect the lateral surface of
each bur 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 use of a Penfield #3 dissec-
tor or an Oldberg periosteal elevator, gradually lowering
the base, as the dissection proceeds, until the dural-
periosteal transition point at the rim of the foramen
magnum is visualized. Now the 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 #15 blade. This exposes the point at which the
dura mater, atlanto-occipital membrane and perios-
teum/pericranium join. This now redundant 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 craniocervical junc-
tion. If one wishes a bit more lateral exposure at the
rim of the foramen magnum, a rongeur may be used to
nibble away 2 or 3 mm of bone, extending the bites to-
ward the occipital condyles.

Superior Suboccipital Craniotomy (Fig. 3.32)

The superior suboccipital craniotomy is one performed
by placing four bur 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

Figure 3.32. (A) Superior suboccipital craniotomy as viewed
from the straight posteroanterior line. The upper bur 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-E) see p. 103.
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Figure 3.32. (B) Superior suboccipital craniotomy as viewed
from a postero-oblique line. (C) The osteotomies have been
completed, the free flap is being lifted away. (D) Photograph
of the suboccipital area, showing dura after superior subocci-
pital craniotomy, and the craniovertebral junction. Note that
the erector cervicis muscles remain attached to the vertebrae.
(E) Pineal region tumors extending into the third ventricle are
very well resected through a superior suboccipital craniotomy
as illustrated diagramatically in (A) and (B), and photographi-
cally from surgery in (C) and (D). Studying this MRI scan per-
mits one to see how such a flap allows the surgeon to work
through the space between the top of the cerebellum and ten-
torium, looking directly into the cavity of the III ventricle after
the tumor has been removed.
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inferior suboccipital craniotomy are taken in passage of
the Gigli saw guide across the midline. The Gigli saw is
recommended for connecting the bur holes to one an-
other, since one will not be crossing the foramen mag-
num. Once the Gigli saw guide has been passed hori-
zontally across the midline, it may be swept in an arc
from the opposite superior to the opposite inferior bur
hole in one direction first, then in the opposite direc-
tion. This frees all of the dura, and permits safe osteo-
tomies.

Lateral Suboccipital Craniotomy (Fig 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 cer-
ebellar hemisphere is excellent. It is the only flap that
permits one to work effectively in the pontocerebellar
angle, the jugular foramen, or along the lateral surface
of the medulla oblongata and pons. A craniectomy is
neither necessary nor advisable.

Because these flaps are very small, measuring ap-
proximately 4 X 4 cm in surface area, one should use a
single bur hole. This is placed in the squamous occipital
bone, immediately beneath the point at which the trans-
verse sinus passes into the sigmoid sinus. The linear os-
teotomy 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
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 at-
tempted passage of the Gigli saw guide dangerous.

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 sub-
occipital 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 horizontal
structure inferiorly. Note that the flap does not extend to the
midline. At times, one may find it advantageous to place two
bur holes, as illustrated here.
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Supra- and Infratentorial Craniotomy (Fig. 3.34)

A lateral suboccipital and parietotemporal craniotomy
are preferable for a combined approach, irrespective of
whether the supra- and infratentorial lesion begins at
the pontocerebellar angle or the tentorial opening, 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 cere-
bellar hemisphere.

Hemispherical Craniotomy (Fig. 3.35)

The hemispherical craniotomy is used primarily for
hemispherectomy and, when bilateral, for lowering of
the SSS. In the latter instance, the craniotomy does not
come to the midline. The bone over the SSS is not re-
moved. Rather, it is advanced in the sagittal plane so as
to accomplish the lowering of the SSS onto the cerebel-
lar hemispheres and to advance it, restoring normal
anatomical relationships between bridging veins and
the SSS. Maintaining the strip of bone over the SSS pre-
vents kinking-obstruction of this channel. When the
hemispherical craniotomy is being used for lowering
the SSS, the medial bur holes are brought to the para-
sagittal plane with their medial surfaces bordering upon
its lateral extremity. This allows for a median strip of
bone and the anterior fontanelle to remain in the sagit-
tal plane. The strip of bone is subsequently osteoto-
mized at the inion and at the glabella, so that it may be
lowered onto the underlying parasagittal surfaces of the
cerebral hemispheres when the vault of the skull is re-
constructed and molded over the atrophic hemispheres.

The placement of the bur holes for the hemispherical
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 the vein of Labbé
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 sutures meet, one along the
parietosquamosal suture just superior to the external
auditory canal, and one at the “keyhole.”

Figure 3.34. Supra- and infratentorial craniotomies. The pari-
etotemporo-occipital (I) and lateral suboccipital (2) bone
flaps have been reflected.

Figure 3.35. Placement of bur holes and osteotomy lines for
hemispherical craniotomy are shown in this anatomical illus-
tration. The placement of the bur holes permits access to all
hemispherical vascular structures and to the entirety of the
hemisphere. The superior holes are placed to the contralateral
side of the sagittal suture so as to expose completely the SSS.
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Laminotomy (Figs. 3.36-3.43)

Laminectomy is a destructive procedure that is indicated
when there are intraspinal metastases compressing the
cord or cauda equina. When the intraspinal pathology is
traumatic, benign neoplastic, or congenital malforma-
tion (e.g., diastematomyelia, diplomyelia, dermoid sinus
tract), laminectomy may further weaken the spinal col-
umn. Decompressive laminectomy for the drainage of
epidural tuberculous abscess makes subsequent fusion,
the treatment of choice, difficult or impossible. When-
ever a limited or extensive laminectomy (two or more
levels) is performed on a child, kyphosis and scoliosis
may develop and become difficult clinical problems, ne-
cessitating spinal fusion. Kyphosis, anterior subluxa-
tion, and instability of the spine are postoperative com-
plications of multiple-level laminectomies in children.
The surgical procedure of multiple level-laminotomies
is the preferable alternative.

Scoliosis and kyphosis were described following mul-
tiple-level laminectomies in children in 1965 by Tach-
djian and Matson [5], and then confirmed in 1967 by
Cattell and Clark [6]. In 1955 Bette and Englehardt [7]
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.

Figure 3.36. This child’s kyphoscoliosis developed progres-
sively over an 18-month period following multiple level tho-
racic 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.

v
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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 osteot-

Figure 3.39. The general anatomical characteristics of the pos-
terior spinous portion of the cervical canal are represented
here as is the caudocephalad osteotomy.

>

omy 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.
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Figure 3.40. (A,B) The fourth cervical vertebra is (diagram-
matically) 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
on the left, the superior level on the right.

<

Figure 3.41. (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
is shown. (C) This illustrates the exposed spinal cord and
arachnoid, the opened and reflected dura mater. (D) This de-
picts the lines of section, superior and inferior.
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In their 1967 paper, Cattell and Clark [6] noted that
Tachdjian and Matson [5] 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 kypho-
sis at the thoracic and lumbar levels following multiple
laminectomies in 115 children. This concerned Cattell
and Clark, who were interested in the fact that the cervi-
cal spine, the most mobile segment of the vertebral col-
umn, is particularly subject to the destabilizing effects

Figure 3.42. (A) Laminar flap being reflected after the osteo-
tomies have been performed. (B) Sagittal section illustrating
technique for reflecting the free laminar flap. (C) The laminar
flap has been removed, exposing the epidural fat at three lev-
els. Note that the yellow ligament has also been removed
superiorly and inferiorly. (D) A single spinous process and a
portion of the lamina are diagrammatically represented as
being free from the ventral aspect of the spinal canal.

of laminectomy. They illustrated several cases, accentu-
ating the fact that skeletal, ligamentous, neuromuscular,
and progressive bony growth (with ossification of the
centrum) are all, to a greater or lesser degree, responsi-
ble for vertebral column deformity following laminect-
omy. One of the most important points these authors
make is that the vertebrae in children are dynamic,
growing, and ossifying structures, which offer purchase
to developing muscle masses. It is their conclusion that
abnormal growth patterns and greater elasticity of mus-



110  Chapter 3. Bur Holes and Flaps

Figure 3.43. (A) An osteotomized thoracic spine is diagram-
matically represented, illustrating the desired inclination of
laminar cut (1); the epidural fat (2) and venous plexus (3), re-
flected dura mater (4), and, deeper, the enclosed arachnoid (5)
and neural elements (6). (B) This axial drawing complements
the vertical plane sectional drawing, with the former putting
into relief the diffuse epidural venous plexus (in the spinal

culoligamentous structures in children are responsible
for the rapid and severe deformities of the vertebral col-
umn, especially the cervical column, which result fol-
lowing laminectomy.

Following the work by Raimondi and coworkers in
1976 [8], concluding that deformities (kyphosis, scolio-
sis, accentuated lordosis) of the vertebral column in
childhood result from laminectomy, and recommending
that laminotomy be substituted for laminectomy, Ya-
suoka and colleagues [9] in 1981, reported that “post-
laminectomy spinal deformity can develop in children
without irradiation or facet injury.” It was their conclu-
sion that the deformity results from a wedging transfor-
mation of the cartilaginous component of the vertebral
bodies, and that the increased viscoelasticity of chil-
dren’s musculoligamentous structures is a significant
contributing factor. Their attention was directed pri-
marily to the treatment of postlaminectomy deformities
of the vertebral column in childhood, not to abandon-
ing the laminectomy 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 Bar-
bera and colleagues [10] in their 1978 paper concerning
the “laminectomy membrane,” previously described in

dura there is only one layer, that which corresponds to the in-
ner layer of the dura over the surface of the brain, so that there
are no dural sinuses). Also it makes clear the circumferential
distribution of epidural fat, which is very abundant in chil-
dren. One readily identifies the two concentric rings beneath
the epidural fat, the outer one being the single layer of dura
mater and the inner one being the membrane.

1974 by La Rocca and Macnab [11]. Specifically, the
“laminectomy membrane” was found to be pathoge-
netic in producing or reproducing signs and symptoms
of spinal cord compression following a laminectomy
procedure. The “laminectomy membrane” is scar tissue.
Barbera and his associates [10] recommended using
either an acrylic plastic or kiel bone graft over the dura
mater to prevent “expansion of the scar tissue inside
the spinal canal and adhesions between the dura and
the cicatricial overlying muscles.” They concluded that
this type of solid material, or tissue, is necessary to pre-
vent 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 spinal column
deformity (kyphosis, accentuated lordosis, scoliosis),
and (3) eliminates the formation of a “laminectomy
membrane.”

The criteria for performing a laminotomy include
the extent of the surgical procedure, the age of the pa-
tient, and the nature of the lesion. In children under
1 year of age the surgeon should perform a laminotomy
even if only one level is to be exposed; in children be-
tween 1 and 15 years for two or more levels; and in pa-
tients older than 15 years, when three or more levels are
to be exposed. Independent of the age of the patient or
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the extent of the intraspinal lesion, laminotomy should
be performed in all patients with trauma, syringomy-
elia, hydromyelia, or tuberculosis. No attempt should
be made to perform laminotomy in children with exten-
sive epidural metastases.

Several structures provide for the stability of the
spinal column: intervertebral joints, laminae, ligamen-
tum flavum, spinous processes, interspinous and su-
praspinous ligaments, and paraspinal muscles. In the
adult, stability depends mostly on the intervertebral
joints, while the role of the other structures of the pos-
terior arch is relatively less important. The vertebrae of
the child are developing structures, for which balanced
mechanical 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 lam-
inae and spinous processes.

The reflection of a free laminar flap [12, 13] 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 allowing
surgical removal of the most extensive lesions, without
weakening permanently the vertebral column or de-
stroying 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 lami-
nae and yellow ligaments with precision.

Performance of a laminotomy instead of a laminect-
omy 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 postlaminect-
omy 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 ligamentous
attachments are separated from the vertebral arches,
leaving the periosteum and interspinous ligaments in-
tact. 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 clo-
sure is facilitated if one leaves a ruffle of muscle and lig-
ament 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 approxi-
mately 6-10 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 chil-
dren 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 performed. Its use in the 5- to 10-year range is to
be decided upon only after careful review of the com-
puted tomography (CT) scans and X-rays of the spinal
column reveal that the spinous processes are completely
formed and that the laminae are thick and overlap one
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another. This care must be taken, since the laser beam
may penetrate the yellow ligament and dura as the sur-
geon is dissecting the muscles from the laminae, with
resultant risk of damaging spinal nerves or the spinal
cord. Since the newborn and infant have yellow liga-
ments which are almost as wide as the laminae, one
readily understands the risk. In the older child thick
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 osteo-
tomies. 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 car-
ried out from below (caudad) upward (cephalad).

Using power instruments and the finest drill blade
available, one incises the laminae in a caudocephalad
direction under the operating microscope, or loops,
using a minimum of 3 X (preferably 10 xX) magnifica-
tion, with constant but minimal irrigation and suction.
The author uses a high-speed drill, not a craniotome.
The osteotomy should be made in a dorsoventral direc-
tion, proceeding along a lateral medial plane so as to
provide the maximum possibility of beveling, not with
the expectation of obtaining an osteotomy which is
wedge shaped, but with the hope of minimizing the size
of the gutter and, thus, facilitating 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 dur-
ing the healing phases is greatly facilitated. (Some neu-
rosurgeons use the craniotome footplate as a guide. per-
forming the laminotomy 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 as well to re-
member that the individual laminae are thinner cau-
dally where the yellow ligament is thickest and on their
ventral (spinal canal) surface, whereas they are thicker
cephalad where the yellow ligament is thinnest and on
the dorsal surface. 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 infe-
rior, 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 (Pen-
field #3) beneath the laminae assists the surgeon in

identifying the medial surface of the pedicle, and may
be used to protect the epidural vessels when the lami-
notomy 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 extend-
ing through the full thickness of the lamina each time.
This latter technique is dangerous, the former 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 lamina 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-
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 di-
rection of cut being ventrodorsal so as to minimize risk
of damage to the epidural structures and the dura ma-
ter. The epidural fat is stroked away from the ventral
surface of the laminae with either a Penfield #4 or #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 bi-
polar cautery, and then sectioned with microscissors.
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 freshly soaked fluffy cotton or pre-cut cotto-
noid 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 immedi-
ately put into normal saline where it is left until the in-
traspinal operative procedure is finished. Figure 3.43A
illustrates the exposure one attains and visualization of
epidural fat and venous plexus, dura and arachnoid,
and cord or cauda equina.
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Bone Closure

Craniotomy Closure (Figs. 3.44, 3.45)

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 approxi-
mation when either a free or an osteoplastic bone flap is
reinserted into position. It is disadvantageous to use
power instruments to cut the bone between bur 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. 3.1A) varying
depths beneath the level of the skull, fibrous tissue
bridges across from skull to flap, and one has a move-
able, albeit more or less limited, free bone flap. Use of
the Gigli saw, on the other hand, permits immediate sol-
id seating of the flap, like a cork in a bottle, since the

Figure 3.44. Preparation of the 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 is a photograph

cut may be beveled, and thus creates a wedge-shaped
plug (Fig. 3.1B). Bony regrowth occurs across the os-
teotomy lines made by the Gigli saw. Although the ven-
dors of power craniotomes may demonstrate techniques
for obtaining a beveled 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-

of the freed plug and bone flap from which it was taken. (D)
The bone plug is being held in the bur hole defect it will be
used to close - in this case the glabellar hole for a bifrontal
flap.
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Figure 3.45. Bone chips taken from the bur holes during the
opening should be placed into the bur 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 repositioned,
and the bone plug (1) placed into the bur 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 the plugged bur hole and craniot-
omy line, as it is sewn to periosteum which had been left on
the free bone flap. (C) The periosteal flap (1) has been an-
chored (2) to the periosteum of the bone flap (3), and the fas-
cial layers of the temporalis muscle (4) anchored along the
superior temporal line (5). Bone dust and plugs (6) are used to
fill the parasagittal bur hole openings.

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 indicated! Indeed, now that we are in the CT and
magnetic resonance imaging (MRI) era, 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 always be closed, either directly or with the
insertion of a fascia lata graft) offers a protective layer
against: (1) compression of the cerebellum by the bone
flap; (2) adhesions between the cerebellum, bone flap,
periosteum. and muscle tissue; and (3) herniation of
the posterior fossa contents into the deadspace between
posterior fossa and muscle.

Bone chips taken from the bur holes during the
opening should be placed into the bur 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 re-
fill of the bur holes. The regrowth of bone and its ossifi-
cation is provided for by the underlying outer (perios-
teal) layer of the dura and the conserved periosteum
which, at this stage of the procedure, lies over the bone
plug. In the newborn or infant, fashioning of similar
bone plugs and the use of bone chips are not necessary,
since the skull regrows rapidly and completely. How-
ever, 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 bur hole defect at the glabella and behind the
zygomatic process of the frontal bone (“keyhole”).

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

Laminar Closure (Figs. 3.46, 3.47)

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-
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Figure 3.46. (A) Illustration of the suggested technique for re-
placing the free laminar flap by reapproximating it into its
normal position and then anchoring the flap bilaterally, pro-
ceeding in a caudocephalad direction. (B) The anchoring su-
tures are shown penetrating the laminae through previously
placed perforations.

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 at each
level, first on one side then the other. The tying down of

Figure 3.47. (A) The paraspinous muscle masses have been al-
lowed 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 interspinous lig-
ament. (B) Lastly, just before closing the skin, the fascia of the
paraspinal muscle masses is sewn to the ruffle of ligament left
on the supraspinous process.

the laminar sutures one at a time from caudal to cepha-
lad unfolds the flap as an open accordion, and brings
each of the laminae to rest at its appropriate anatomical
level.

Since it is not always possible to perform an osteot-
omy in a medial/lateral, dorsal/ventral, 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
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into their normal position by removing the self-retain-
ing retractors. They are sewn to the respective interspi-
nous ligaments in two layers, deep and superficial, and
the fascia over the paraspinuos muscle is sewn to the su-
praspinous ligments. It is our opinion that sewing the
paraspinous muscle masses to their appropriate interspi-
nous ligaments is the most important single factor in
laminotomy as a prevention of kyphoscoliosis: it prevents
uneven postoperative pull of muscles from one myotome
on those of the other. This brings muscle mass, spinous
processes, and interspinous ligaments into anatomical
juxtaposition, and prevents the laminar flap from mov-
ing or sinking into the spinal canal. The subcutaneous
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 ob-
tained through a thoracic on lumbosacral corset for the
corresponding spine segments, and a “four-poster” cer-
vical 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 nor-
mal activity.
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4 Suturotomy for Various Flaps
in the Newborn and Infant

In the newborn and infant for reflection of frontal, bi-
frontal, parietal, and other flaps the use of the perfora-
tor and either Gigli saw or craniotome is unnecessary
and potentially dangerous, since the skull thickness
measures less than 3 mm, and each of the membranous
bones rides freely over the underlying brain, suspended
and moored, as it were, from the membranous 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 resistance to the
pressure of a perforator or bur (see Figs. 4.1-4.6).

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 appro-
priate 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
squamosal suture is located well above the transverse
sinus.

The anterior fontanelle and the three 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 postero-
superiorly to the anterior fontanelle. Consequently, at
the time of birth one may encounter bony union at the
glabella.

The suturotomy is performed by stripping the peri-
osteum 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 approxi-
mately 1.5 cm. The highly vascularized bone and the in-
terosseus 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

“Nothing may fail like success.”
VARE, Italian Diplomat

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 fontanelle to the glabella if
one wishes to open the metopic suture. To separate the
parietal bone from the sagittal suture, it is best to pro-
ceed from the anterior fontanelle to the posterior fonta-
nelle, taking care to cut along the junction of bone and
suture, so as to avoid damage to the superior sagittal si-
nus or the bridging veins.

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 tempo-
roparietal 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 sutures contin-
uous with it. The sagittal (1), coronal (2), and metopic (3) su-
tures are continuous with the anterior fontanelle (4). The cor-
onal suture extends anteroinferiorly in the coronal plane, to
the pterional area (5), where the parietal (6), frontal (7), sphe-
noid (8), and squamous temporal (9) bones fuse. The metopic
suture extends anteroinferiorly, in the sagittal plane, past the
glabella (10) to the frontonasal (11) sutures, where it is joined
by the frontal processes of the maxillae (12).

Figure 4.2. Membranous bony plates, seen in transparency,
overlying the respective lobes (frontal, parietal, temporal) of
the brain. Suturotomy around the appropriate bone, therefore,
suffices to expose the underlying lobe of the hemisphere.
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Figure 4.4. The periosteum (1) has been stripped from the cor-
onal suture (2) and the outer layer of the dura (3) from the in-
ner of the skull.

Figure 4.3. First stage of suturotomy, stripping of the perios-
teum across the suture line, and the second stage, separating
the dura from the inner surface of the skull, are illustrated
here. 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 in-
serting 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.

<

Figure 4.5. The scissors have been inserted so as to cut along
the line of junction between the parietal bone and the coronal
suture. The blade between the skull and the dura serves as a
dissector.
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5 Dural Flaps

General Comments (Fig. 5.1)

After the craniotomy has been performed, and before
the dura is opened, one should tack the dura to the peri-
osteum of the skull. Because of the remarkably high de-
gree of vascularization of the skull and the relatively
loose adherence between outer layer of the dura and in-
ner table of the skull, it is essential to sew the outer
layer of the dura to the periosteum along the craniot-
omy line before proceeding to open the dura in order to
minimize risks of epidural hematoma formation (4-0
sutures set at 3-4 cm from one another suffice to per-
form this). It is not necessary to perforate the skull to
anchor these sutures because the periosteum is strong
enough to offer adequate purchase, and it serves no
purpose to bring sutures from the center of the dural
flap through the center of the overlying bone flap (at
the time of closure). However, one should place the dur-
al needle through the periosteum along a line parallel to
the cut edge of the periosteum (skull), not perpendicu-
lar to it, since this avoids fraying or tearing of the peri-
osteum at the time the knot is tied. One need not sew
the dura to the periosteum along the region of the ante-
rior or posterior fontanelles, across a cranial suture, or
at the superior sagittal or transverse sinuses, since at
these points outer layer of dura, cranial suture, and
periosteum are one continuous structure in the new-
born and infant: there is no risk of dura stripping itself
from the inner table of the skull.

A scleral hook is ideal for grasping the outer layer of
the dura and elevating the intact dura from the surface
of the underlying brain so that it may be incised with a
#15 blade. Either Adson or Adson-Brown forceps are
then used to grasp the dura mater, elevating this struc-
ture from the surface of the brain, before proceeding to
cut it with tenotomy scissors.

For medial dural openings (frontal, parietal, occipi-
tal) care should be taken to look beneath the dura prior

“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

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 (Fig. 5.2)

Dural opening and reflection of the medial dural flap
for a medial frontal craniotomy is somewhat different
from that for a lateral frontal craniotomy. In essence, re-
flecting 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 sagittal sinus is not exposed in this latter pro-
cedure. After the dura has been incised with a #15
blade, it is opened in a single trapdoor fashion, and
then the dural flap is reflected medially over the osteot-
omy line and sewn down to the periosteum. This flap
should be sewn out of the way, in a line that does not
kink or stretch the bridging cortical veins. The cut ante-
rior, inferior, and posterior edges of the dura are, in
turn, sewn around the osteotomy line and to the perios-
teum. This prevents the frontal dural flaps from falling
continuously into the operative field, and further mini-

mizes the risk of stripping dura from the inner surface
of the skull.
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Lateral Frontal Dural Opening

The dural opening for a lateral frontal craniotomy
(Fig. 5.3) is different from that for the medial frontal
craniotomy only in regard to exposure of the bridging
cortical veins.

Bifrontal Dural Opening (Fig. 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 or lateral frontal craniotomy in that trap-

Figure 5.1. (A) The dura has been opened by using a scleral
hook inserted into its outer layer, elevating it, and then nick-
ing it with a #15 blade. Once both layers of the dura have been
identified, a right-angled groove director is inserted between
the arachnoid and inner layer of the dura. A #15 blade is used
to start the dural opening. Here, 4-0 sutures (arrows) were
sewn from the outer layer of the dura to the periosteum prior
to opening the dura. (B) One notes 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. Insertion 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 angulate the scissors in such
a manner as to point the tip of the blade upward against the
dura. This avoids cutting the underlying arachnoid or cortex.

door openings are not used. Rather, a single hockey-
stick incision is made on either side, extending from
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 su-
tures are placed across the most anteroinferior portion
(beneath the glabella) of 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 is
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Figure 5.2. (A) Medial dural opening. The dura is opened (sin-
gle trapdoor) and retracted along a line running parallel to the
craniotomy, at a distance of about 1.0 cm (to facilitate clo-
sure), except along the parasagittal plane. This opening is fast,
and minimizes damage to the bridging cortical veins (arrows).
(B) Medial dural opening. The dural flaps are sewn (over the
craniotomy edge) to the periosteumn. Note (1) that the sutures

Figure 5.3. (A) Lateral dural opening. The dura is incised in a
single trapdoor fashion, and cuts are made at the posterolat-
eral (1) and anterolateral (2) edges. The craniotomy is well lat-
eral to the superior sagittal sinus, so the intradural portion of

are placed parallel (arrows) to the cut surfaces of the dura and
periosteum, avoiding the suture tearing through these struc-
tures when the knot is tied; (2) the entrance of the bridging
cortical veins into the dura; and (3) the tacking down of each
to prevent the flap from following into the field and to hold it
fully stretched throughout the procedure.

the bridging veins is not visible. (B) Lateral dural opening.
The single trapdoor and the three peripheral edges of dura
have been sewn to the periosteum, exposing the brain and se-
curing (and stretching) the dura out of the field.
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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 cortical
veins.

Parietal Dural Opening (Figs. 5.5-5.8)

The parietal dural openings may be superior parietal,
parietotemporal (inferior parietal), biparietal, and par-
ietofrontal.

Superior Parietal Dural Opening

Superior parietal flaps are reflected so as to offer access
to the hemispherical convexity, superior sagittal sinus,
falx, and corpus callosum. Consequently, an asymmetri-
cal, double trapdoor dural opening is fashioned. This

Figure 5.4. (A) The bilateral hockey-stick incisions (1) have
been made and the bordering edge cut at the zygomatic pro-
cess 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. (B) 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. (C) This is a schematic representation of a sagittal
cross section at the region of the glabella, illustrating the bone
defect produced by the craniotomy, the underline anterior
sagittal sinus with the outer layer of the dura represented as a
continuous line and the inner layer represented as a broken
line. (D) Telfa, the heavy continuous line passing from the sur-
face of the skull across the dura and then between the falx and
the cerebral cortex, lain in place to protect the brain. (E) The

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 area
and to permit the option of a more extensive cerebral
exposure.

curved needle is passed from one medial extremity of the dur- B>

al opening through the falx to the other medial extremity, well
below the superior sagittal sinus. (F) The ligature is tied down
slowly using a two-handed knot. (G) A second ligature has
been brought into place and tied down, and a #15 blade is
being used to cut across the superior sagittal sinus bet<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>