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



All tao often, we get so lost in our work on Earth 
that weforget life is a transition hetween sea and sky. 
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"Better is a dinner with herbs where love is, than a 
stalled ox and hatred therewith." 

SOLOMON 

Kings- The Holy Bible 



Preface 

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

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

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

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

I chose to undertake this work alone, attempting always to remember 
Donald Matson's words when I asked his advice concerning wh at I 
should include in my book Pediatric Neuroradiology: "Tony, write only 
what you know and express it as you see it." Therefore, the reader 
will find some subjects and chapters that are strong, some that are 
weak, some that satisfy hirn and some that don't. He will encounter 
throughout the text a direct and consequential relationship between 
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diagnosis and surgical indications, between recommending surgery and 
knowing what result (quality oflife) one may reasonably expect, between 
surgical technique and attaining the desired therapeutic goal. 

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

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

Still, when everything is said and done, how does a book that hopes 
to be a humanistic treatment of a scientific discipline, one composed 
of theoretic and technical elements, co me 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 aPreface to what the reader 
will find as he encounters the scientific aspects put forth in words, illus
trations, and photographs. In holding myself out to treat diseases or 
injuries of a developing, and growing, brain, and to te ach these perspec
tives and arts to others, I have never ceased, not for amoment, to 
be overwhelmed by this awesome responsibility, this unique privilege
both having resulted in polarizing my conscious efforts to my life's 
work. These latter came from my love for my own children. My vow 
to dedicate myself to Pediatric Neurosurgery was made when I spent 
two months with my newborn son Marco on 2-East at Children's Memo
rial Hospital. Marco, Laura, and Paolo (my children) remain the most 
human, powerful, forces I have ever feIt; they ha ve given me the perspec
tive to see my parents, Vito Orazio and Leona, and the understanding 
that a child and his parents are one: neither dominates, neither may 
decide for the other without deciding for hirnself. Pediatric Neurosur
gery, sociologically, is Family Neurosurgery, and I have found that 
it cannot be practiced with equanimity without becoming a member 
of the Family. 
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"Old men that knowen the grounde weil yenoughe 
Ca!! it the batte!! of 0 tterburn: 
At the Otterburn began this spurne 
Upon a monnyn day. 
Ther was the daugghte Doglas siean: 
The Perse never went away." 

ANONYMOUS 

"Thysfraye bygan at the Otterborn 
Bytwene the nyghte and the day; 
Ther the Douglas lost his lyfe, 
and the Percy was lede away. " 

ANONYMOUS 

RELICS OF ANCIENT ENGLISH POETRY 

Two ballads sung by two different anonymous minstrels, rela
ting a "historie" single event whieh oeeured within the Iiving 
memory of the Iisteners ... 
with two very different issues. 



Introduction 

From working exclusively with patients less than 18 years of age through 
performing operations to treat eongenital diseases, first the pediatrie 
surgeon and most reeently the neurosurgeon identified the striking dif
ferenees between adults and ehildren, tailoring their eare to special dis
eases and anomalies. Subsequent speeialization in pediatrie neurosurgery 
has brought the student of this diseipline to defining the field in whieh 
he works, and to developing eoneepts and teehniques speeifie to the 
problems at hand. 

One approach to eolleeting all eurrent aspeets of pediatrie neurosurgi
eal problems into a single text, dealing with them as an holism 1, is 
to identify individual age eategories as anatomophysiologie phases dur
ing whieh eertain pathologie processes (eongenital, developmental, neo
plastie, ete.) oeeur, and then present these latter as integral clinieal enti
ties be fore proeeeding to suggest detailed surgieal indieations and teeh
niques. That is done in this text, whieh expresses the author's readings, 
experienees, perspeetives, and spatial (I like to refer to it as the use 
of the parietal lobe in formulating motor) eoneepts, as regards disease 
identifieation and surgieal teehnique. 

It is hoped that the reader will study this book-holistieally, even 
when using it as a reference souree to obtain an answer to a single 
question. To faeilitate the realization of two seemingly ineompatible 
goals, the presentation of both a eomprehensive text and a referenee 
source, the theory of eaeh entity is presented first, then the indieations 
for surgery and what one may expeet to aeeomplish by operating are 
deseribed. The details of surgieal teehnique embraee these theoretie eon
eepts spatially, initially with general prineiples and later, after eaeh 
pathologie entity is deseribed, with operative details speeifie to the dis
ease. 

The strueture of the book, designed to permit this transfer of perspee
tive, eonsists of seetions dedieated to the three age groups eneompassing 

1 The tendency in nature to form wholes that are more than the sum of the parts by 
creative evolution. (The Concise Oxford Dictionary o{ Currenl English, H.W. Fowler and 
F.G. Fowler, Eds. Oxford University Press, 1964.) 
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true Pediatric Neurosurgery: newborn, infant, and toddler. I do not 
see significant differences between the juvenile/adolesccnt on one hand 
and the adult on the other to justify particularization of these age cate
gories, either with regard to discretc neurosurgical pathologic entities 
or the execution of technical maneuvers. Of course, one may identify 
a factor, postulate a consideration, but there are not presently known 
generalities of sufficient moment to allow conclusions that apply only 
to the juvenile/adolescent. In fact, there are no isolated characteristics 
so specific as to defy effective transfer of concept and art from the 
realm of adult neurosurgery -other than in areas (cervical fractures 
or dislocations, scoliosis, etc.) universally managed by orthopedic sur
geons, or those (craniofacial anomalies) managed primarily by highly 
specialized teams directed by plastic surgeons. The juvenile/adolescent 
age category is characterized by linear and volumetric body growth, 
and by endocrine changes that prececd and accompany such structural 
changes as air sinus development, musculotendinous pull on bony inser
tions, and refinement of psychomotor skills. The infrastructure of a 
specialized surgical discipline--discrete anatomophysiopathologic char
acteristics of a specific organ system -does not exist. Therefore, the 
presence of juveniles/adolescents on a pediatric or adult neurosurgical 
unit is one of convenience: more comfortable and less difficult for juve
niles to be placed with younger children, adolescents with adults. Hence, 
in this work, the diagnosis and management of juvenile/adolescent neu
rosurgical c1inical entities reflects a Janus cffect, looking simultaneously 
in two directions: at adult pathology and the changing anatomical 
framework of a growing child. 

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

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

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

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

The reader will not have misunderstood me if he eoncludes that, 
within limits, total resection of craniopharyngioma is more a matter 
of the surgeon's perspective that a pathoanatomieal reality; histologi
cally favorable pineal region tumors are ideally managed with as com
pie te resection as possible and Röntgen therapy; arteriovenous anoma
lies of the Galenic system are very different clinieal entities in different 
age categories and their total obliteration is not essential to a very 
favorable outeome in children beyond six months of age. 

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

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

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

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

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

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

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

Chapter 1 

Positioning 

General Discussion 

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

The head of apremature newborn may be so small 
as to fit within the palm of the surgeon's hand 
(Fig. 1.1 A), whereas that of a term newborn rests com
fortably within the fully cupped adult hand (Fig. 1.1 B). 
The heads of the infant and toddler (Fig. 1.1 C, 0) are 
proportionately larger. The same hands are used in all 
four photographs. This change in volume occurs pari 
passu with changes in dermal (skin, connective tissue, 
and aponeurosis of the scalp) thickness, inversion of 
relative amounts of diploic and lamellar components 
of the skulI, diminution in volume of cisternal cerebro
spinal fluid and increase in cerebral volume, and closure 
of fontanels and narrowing of the sutures. 

Premature Newhorn 
For all intents and purposes, and with only the rarest 
exceptions, neurosurgery on the brain of the premature 
newborn is limited to placing an external ventricular 
drain or inserting a ventriculoperitoneal shunt. Conse
quently, the supine position, with the head turned to 



A 

2 Positioning 

either side, is all that is used in this age category. The 
exception is the prone position for posterior fossa hema
toma secondary to birth injury. 

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

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

suture may all be exposed with the newborn or infant 
supine and his head in the neutral position (Fig. 1.2A, 
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 hemi
spheral convexity (Fig. 1.3A, B, C). Elevation of the 
shoulder by a pillow or sandbag avoids both stretching 
and compression of the jugular veins, and intervertebral 
foramen impingement/compression/occlusion of the 
vertebral arteries. 

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

B 
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Figure 1.2. (A) The body is positioned supine, with the arms 
taped loosely aeross the thoraeoabdominal junetion. This per
mits ready aeeess to the ehest wall and avoids eompression 
of the abdomen. (B) This is a view of the head's position 
when the ehild is supine. The head is neutral. One may either 

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

flex or extend it for access to the anterior frontal or posterior 
parietal areas, respeetively. Turning the head slightly to one 
side or the other (either [rom the neutral position, flexed or 
extended) facilitates more direct access to the lateral surfaces 
of the hemispheres. 

B 

c 
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when performing a suboccipital craniectomy for decom
pressing the foramen magnum in children with the 
Chiari 11 malformation. One is never able to work effi
ciently, either in the superior cerebellar trianglefrJr poste
rior fossa masses or at the foramen magnum in Chiari II 
children, with the patient prone. It is also difficult to 
gain a direct line of vision to the superior cerebellar 
tri angle in the newborn because of the short posteroan
terior (clivus-squamous occipital) and the long su
peroinferior (tentorial opening-foramen magnum) dis
tances. These anatomical characteristics impair signifi
cantly the surgeon's ability to visualize the superior as
pect of the culmen monticuli by lowering and extending 
his head. 

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

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

of the superior cerebellar vermis, arteriovenous malfor
mations of the Galenic system, pineal tumors, arachnoi
dal cysts of the quadrigeminal and superior cerebellar 
cisterns, all occur with increasing frequency in this age 
category. Figure 1.6 illustrates relative positions of the 
surgeon and patient for midline occipital, some pineal, 
and superior cerebellar tri angle lesions in the new
born (Fig. 1.6A), toddler (Fig. 1.68), and juvenile 
(Fig.1.6C). 

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



Figure 1.5. The relative posItIons of the surgeon and the 
ehild's head, with the newborn prone, i11ustrate: (a) an exceZ
Zent line of vision to the eervieal spine; (b) an adequate line 
of vision to the foramen magnum (exeept in Chiari II ehil
dren), and the inferior eerebellar triangle; (e) an unacceptabZe 
line of vision to the superior eerebellar tri angle beeause of 
the ledge ofsquamous oeeipital bone and the transverse sinus; 
(d) a good line of vision to the oeeipitallobes. 

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

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

Prone Position 
By placing the child prone with the head in the neutral 
position, one may expose the lambdoidal sutures (the 
parietooccipital region) for immediate access to the oc
cipital lobes. Flexing the head and distracting it at the 
craniovertebral junction provides access to the squa-
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mous occipital, craniovertebral, and cervicothoracic re
gions. This position is used for occipital, inferior cere
bellar triangle, foramen magnum, and superior cervical 
cord lesions (Fig. 1.8A, B). When the child is prone, 
as when he is supine, particular care must be taken 
to distract the skull from the cervical spine prior to 
flexing it around the axis that runs through the auditory 
canals. 

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

* Codman, & Shurtleff, Ine., Johnson & Johnson Company, Ran
dolph, Massaehusetts 02368. 
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Figure 1.7. The head is drawn schematically, iIIustrating 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; (8) the head is 
flexed around the same axis and distracted prior to being 

Figure 1.6. Note the relative sizes of the surgeon's hands and 
the child's head as shown here with (A) the term newborn: 
the surgeon's hands, in the neutral position, must be held 
apart to permit visualization of the operative field between 
them, since the newborn head is so small that one may not 
look over them and into the posterior fossa; (8) the toddler; 
(C) the juvenile: the head size is such as to permit the surgeon 
to look over his hands, giving hirn a wider range to pronate 
and supina te them with wrist or elbow movement. With in
creasing age and body size, it becomes decreasingly necessary 
to look between one's hands, increasing considerably the oper
ative field to vision and manipulation. The head size of the 
toddler and juvenile are relatively the same, but the neck and 
body sizes are so different as to alter considerably the relative 
working space. 

secured in position (either onto a headrest or in pins), avoiding 
jugular vein compression; (e) the same as 8, but the head 
has not been distracted, resulting in compression ofthe vertical 
ramus and angle of the mandible against thc internal jugular 
vein. Diminished venous return and increascd intracranial 
pressure are the consequences of this compression. 
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Figure 1.8. The pro ne position as herein illustrated demon
strates the lamboidal (1), occipitomastoid (2), coronal (3), 
sagittal (4), and zygomaticofrontal (5) sutures; the mastoid 

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

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

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

At times one must adapt. It may be necessary to 
place the headholder very dose to the operative field 
in order to assure solid purchase, and then to use a 
jugular vein for a central venous press ure li ne (essential 
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(6) and the zygomatic arch(7); the rim of the foramen mag
num (8); and the squamous temporal (9) and grcater wing of 
the sphenoid (JO) bones. 

Figure 1.9. The sitting position (A) requires the surgeon to 
sit or stand in a more tiring and uncomfortablc posture than 
the prane or supine positions (8). 

A 

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

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

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

Figure 1.11. After distraction , the headholder is locked, main
taining head and neck position throughout the operation. In 
this child, one of the pins had to be set elose 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 (I), 
trans verse sinus (2), squamosal suture (3), superior sagittal si
nus (4), internal jugular vein (5), and horizontal plane of the 
squamous occipital bone (6) have been drawn on the scalp 
to provide orientation. 

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

All this must be done relatively quickly because the 
anesthetized child, especially the newborn and infant, 
loses body heat rapidly. 
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Positioning of the Child Vis-a-vis 
the Surgeon's Line of Sight 

The single most important consideration in positioning 
the child for surgery is not to complicate his al ready 
diseased or injured central nervous system. The second 
most important consideration is to position the child 
securelyon the operating table so that the surgeon may 
move hirn at will, bringing hirn into a variety of posi
tions throughout the procedure, so as to realize the 
primary goal of successfuJ positioning: bringing the tar
get areafor the specijic aspect of surgery being performed 
at that moment along the surgeon's line of vision. When 
this is accomplished, the operative exposure is optimal. 
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Figure 1.12. (A) Table top is level ; neutral po
sition; (B) the head of the table is elevated 
slightly: body " pitch"; (C) the table top is 
tilted, bringing one side higher than the other : 
body "rol1"; (D) the table is rotated around 
its axis, remaining in its original plane: body 
"yaw". 

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

In Figure 1.12A- D, the operating table is moved 
from neutral so as to provide body "pitch", "roll", 
and "yaw". In Figure l.13A- C, one appreciates the 
mobility of the headholder from neutral to elevation 



10 Positioning 

c 
Figure 1.13. The head is shown in the neutral position (A), 
elevated but not tlexed (8), and depressed but not extcnd
ed (C). 

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

Figure 1.14. (A) The surgeon's view ofthc frontal bone, which 
is provided by using body "pitch" or hcad lowering with 
the child supine. (8) The surgcon may change his target area 
(shown in A) without changing his own body position, simply 
by altering body .. pitch," lowcring, or elevating the head. 

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

A 

B 
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Figure 1.15. (A) The Universal Operating Table* has a tele
metrie, hand-held deviee for elevation, depression, piteh, roll. 
(8) The Universal Surgeon's Chair** may be provided with 
a motor unit that permits graduated elevation and depression, 
as weil as foot pedals to eontrol eoagulation, and shutter re
lease, eoarse and fine mieroscope focus magnifieation, and 
"roll " of the Universal Operating Microscope***. (C) This 
is the most convenient (least uncomfortable) position for 
transsphenoidal surgery. 

Positioning of the Operating Microscope 
and the Laser, Multivariant Evoked Potential, 
and Echoencephalography Units 
for Intraoperative Use 

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

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

Both the laser and echoencephalography units are 

* Universal Operating Table, Möller-Wedel, Hamburg, Federal Re
public of Germany. 
** Universal Surgeon's Chair, Möller-Wedel, Hamburg, Federal Re
public of Germany. 

*** Universal Microseope, Möller-Wedel, Hamburg, Federal Rc
public of Germany. 
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Figure 1.17. The eeiling-mounted microscope may be moved 
about in three dimensions to bring varying portions of the 

Figure 1.18. (A) is a photo graph of the hand-held device for 
direction of the laser beam, (8) of the micromanipulator for 
direction of the beam through the microscope lens. Note the 
relatively rigid and cumbersome coupling device (system of 

B 

Figure 1.16. (A) Thc surgeon sits comfortably 
in thc operating chair when its position con
forms to the normal anatomical sitting pos
ture. Foot controls pcrmit hirn complete indc
pendcnce for use of thermocautery, photo
graphie, and mieroscope regulators. (8) The 
limited degree of comfort wh ich one has when 
the surgeon's ehair is in maximum clevation, 
approaching that of a high-stool, may be ap
preciated by studying this photograph. 

operative field into view, with the patient cither horizontal (A) 
or sitting (8). 

mirrors) presently nceessary in ordcr to mount thc earbon 
dioxide laser to the operating microscope and to the hand-held 
devicc. 

B 
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Figure 1.19. (A) Visual evoked potential stimulators have 
been applied to patient's cIosed eyelids and the multivariant 
evoked potential monitoring system positioned. (B) Surface 
e1ectrodes have been applied over the median nerve. (C) A 

large, floor-mounted, awkward, and difficult to manip
ulate. However, the benefits each provides the surgeon 
are weil worth the encumbrance, fatigue, and effort. 
Each operating room and each procedure are so very 
different from one another as to render it meaningless 
to attempt to describe detailed guidelines for the use 
of these instruments. Very likely, advances in technolo
gy will simplify considerably the laser, echoencephalo
gram, and multivariant evoked potential (MEP) record
ings, allowing the laser to be used with ease through 
the operating microscope and resulting in the develop-

cIicking device and needle electrode have been inserted, respec
tively, into the external auditory canal and lobe of the ear. 
(D) A i-mm ball electrode has been applied to the cortical 
surface. 

ment of a much sm aller "head" for effective use of 
the MEP. They are all very expensive, delicate, highly 
technical instruments that require training for their use, 
and the MEP requires experienced neurophysiologists. 

Irrespective of whether one is using a carbon dioxide, 
argon, neodymium Y AG, or other laser, the beam may 
be delivered to the target area by using either a hand
held device (Fig. 1.18A) or by mounting a micromanip
ulator to the operating microscope (Fig. 1.18B). 

Intraoperative MEP's provide supportive data con
cerning functional integrity of the visual (Fig. 1.19 A), 
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somatosensory (Fig. 1.19B), or auditory and brainstem 
(Fig. 1.19 C) conductive pathways. Electrodes may be 
applied to the cortical surface (Fig. 1.19D) in order to 
identify more precisely the motor or sensory cortices. 

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

Positions of Surgeon, Assistants, 
and Nurse Around the Patient 

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

Figure 1.20. (A) Note the relatively large size of the handle 
and head of the eehoeneephalography unit and the monitoring 
sereen. (B) This is an echoencephalographie image of a eere
bell ar astroeytoma that contained a smalI, centrally located, 
cystic cavity. (C) The ultrasound head has been applied to 
the cortical surface. 

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

B 



Positioning 15 

A B 

Figure 1.21. (A) With two assistants (J , 2) there is little body 
room for the surgeon (3), and the nurse (4) is at an unaccept
able distance. (B) Without the assistants, the surgeon (1) has 
ample room and is immediately adjacent to the nurse (2). 
Note the draped operating microscope (3) and heating lamps 
(4), and fully draped frontal scalp (5). (C) This photograph, 
using a model, illustrates the surgcon, using the operating 
microscope, and seated in a surgeon's chair, without need 
of an assistant. Note that the micromanipulator for the laser 
has been attached to the operating microscope. 

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

In setting up the operating table and equipment 
around it, and then positioning the essential operating
room personneI, attention should be given to keeping 
the floor as clear as possible of such lines as electrical 
cords and suction tubing. A central, ceiling-mounted 
operating microscope or universal power outlet facili
tates this, as does placement of the auxiliary electro
surgical unit and suction hottles at the base of (and 
beneath) the operating tahle, so that the cords may go 

directly from the operative field to these outlets, rather 
than passing from the field and across the floor to wall
mounted outlets. 

Accommodating Anesthesia 

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

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

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

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

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

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

General Positions 

The three basic operating posltIOns-prone, supine, 
lounging- refer only to the body, not the head. After 
the body has been positioned , the anesthesiologist final
izes arrangement of his tubes to assure hirnself easy 
access to the face. The head is then positoned on the 
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Figure 1.23. (A) The juvenile is in the supine position and 
the Vi-drapes have been placed bordering the operative field. 
Preparation of the scalp, after Vi-drape has been applied and 
the eyes protected. The face is covered. (8) The infant is su-

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

In conceptualizing the operative procedure the sur
geon must "visualize" the lesion, or desired anatomical 
area, within the head for the operation: head extended 
on a supine body for performing a bifrontopterional 
craniotomy to expose the optic chiasm, head distracted 
and flexed at the craniovertebral junction with the body 
supine for exposure of the tentorial opening and pineal 
region, child's body in the lounging position with head 
distracted on C-l and slightly flexed, for visualization 
of lesions in the superior cerebellar tri angle, 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 weil 
as procedures demanding access to the craniocervico
thoracoabdominal areas (such as for ventriculojugular 
or ventriculoperitoneal shunts). The transmandibular, 
retropharyngeal approach to the c1ivus and sphenoid 
sinus may be performed when the patient is supine and 
should be considered when dealing with lesions of or 
about the anterior foramen magnum, the c1ivus, and 
the sphenoid body. The pure pterional approach has 
no place in pediatric neurosurgery, since the extraordi
narily rare aneurysm of the circle of Willis is best ap
proached through a frontal, abifrontal, or a fron totem
poral craniotomy: the small size of the frontal lobes 

pine, for conversion of an external ventricular drain into a 
ventriculoperitoneal shunt. Vi-drapes border the operative 
field, protecting the child from the cooling effects of pooled 
surgical soap and water. 

and very large basal ci sterns allow for immediate and 
sec ure access to the circle of Willis. 

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

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

Since slight extension of the head makes for some
what awkward hand positioning (Fig. 1.27 A-C) for the 
scalp flap, one may simply elevate the head of the table 
for the skin incision and the posterior burr holes. The 



18 Positioning 

A 

D 

Figure 1.24. The lounging child, with his head fixed, as his 
face is proteeted and endotracheal tube seeured, in progressive 
stages of draping. The anesthesiologist has full aecess to the 
face, neck, ehest, abdomen, and Iimbs. This is essential. 
(A) The head is locked in position, so the anesthesiologist 
may now pI ace his monitoring receivers and eleetrodes. Note 
that the head is distracted and flexed on the neck at the eranio
cervical junction. The Vi-drape is brought over the headholder 
to ass ure free access to the eyes and nose. (B) All Iines and 
tubes have been positioned. The Vi-drape has seen brought 
over the headholder to assure free access to the eye and nose. 
(C) This is a view of the ehild behind the headholder and 
monitoring devices, iIIustrating fully exposed abdomen: anes
thesiologist's view of trunk and extremities. (D) Anesthesio
logist's view of face after child has been positioned lounging 
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and completely draped. The eyes are covered, the esophageal 
thermister has been passed through the nose, and the endotra
cheal tube is secured by elastoplast. (E) Anesthesiologist's vicw 
of fully drapcd child in the lounging position. (F) Anesthesiol
ogist's view of fully draped child in the supine position. The 
same access exists when prone. (0) Placement of anesthesiol-

ogy equipment and intravenous poles. (H) Anesthesiologist's 
available working area after child has been draped. The warm
ing lamps (1), jointed mount for headholder (2), and micro
scope (3), draped and set in "park" position for immediate 
use. (I) Placement of TV monitor so anesthesiologist may ob
serve entire (macro and micro stages) operation. 
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Figure 1.25. The falling away of the frontal lobes results from 
extending the head around its interauricular axis, not by low
ering it beneath the level of the right atrium. On occasion, 
however, especially if apreoperative shunt has not been in
serted, it may become necessary to lower the head by manipu
lating the headholder or to pitch it inferiorly by manipulating 
the operating table. (A) The surgeon's view of the floor of 

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

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



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

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

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

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

Parasagittal and Parietal Areas 
The supine position also allows one to work effectively 
in the parasagittal and parietal areas for access to the 
superior sagittal sinus (SSS) either for head injuries or 
lowering the SSS in cases of chronic subdural collec
tions offluid. Parietal lobe and corpus callosum lesions, 

Positioning 21 

~ 
A 

B 

~
. __ . __ ., 

./ " 

, -' , -' 

Figure 1.27. (A) Head in neutral position, (H) extended, and 
(C) extended but elevated using table pitch. 

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

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

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

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

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

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

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

Figure 1.28. (A) Minimal body pitch is used to elevate head 
oftable for skin incision. (B) More accentua ted head elevation 
brings tbe most posterior portion of the parietal area into 
efficient working range. (C) Head lowered slightly, providing 
good hand positioning for anterior parietal and posterior fron
tal surface areas. (D) Head slightly elcvated providing good 
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hand positioning for midparietal surface areas. (E) Convenient 
body and arm posturing for posterior frontal burr holes is 
attained by lowering the head. (F) The head is at the same 
level as in E, which is inconvenient for glabellar burr opening, 
so (G) the head has been lowered to facilitate arm positioning 
for the glabellar opening. 
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Figure 1.29. (A) Roll to the right permits visualization of the 
left sphenoid wing from the pterion to the anterior c\inoid, 
internal carotid, and middle cerebral arteries after bifronto
pterional craniotomy has been performed. (B) Neutral posi
tion is best for planum sphenoidale, optic nerves and chiasm, 
carotids, and anterior cerebrals. (C) Roll to left permits expo
sure of right homonyms to those illustrated in A. 

c 

Figure 1.30. Unilateral frontopterional craniotomy. The 
ehild's head is positioned for unilateral craniotomy, showing 
the frontal eminence, coronal, and sagittal sutures. (A) Cor-

o 

" ', ;,. 

'" 

------

on al view of skull. (8) Surgeon's view of A. (C) Lateral view 
of A from the left. (D) Lateral vicw 01' A from the right show
ing pterional arca. 



Positioning 25 

A B 

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

c 

--
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Figure 1.32. Exposure of the orbital and malar areas, which 
may be attained by slightly extending the head. 

Figure 1.34. (A) Biparietal craniotomy. Slight flexion of the 
head on the neck rotates the superior surface of the skull 
into excellent position for the S shaped incision, and access 

Figure 1.33. The child is supine with the head flexed slightly, 
after having been rotated so as to bring the sagittal suture 
parallel with the coronal plane of the body, providing the 
surgeon a straight line 01' vision to the temporal lobe but 
not to the floor 01' the middle fossa. 

to the frontal and pa rietal areas bilatera lly. (8) A lateral pho
tograph of an infant with his head in this position, illustrating 
exposure of the inion. 
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Figure 1.35. (A) Anterooblique view. Supine child with head 
rota ted 90° to the left, bringing the coronal plane of skull 
parallel to the sagittal plane of the body. In this child, this 
position was used to remove a dermoid tumor, but it is ideal 
for a ventriculoperitoneal shunt (in which cvent, however, the 
head is lowered somewhat to put slight stretch in the neck). 
(B) The same child and position as in A, but viewed posterior
Iy to allow one to appreciate access to the parietal eminence. 

(C) The same child as in A and B. This is viewcd from thc 
vertex of the skull. (D) When a ventriculoperitoneal shunt is 
to be performed, a role should be placed under the neck so 
as to " unfold " it, permitting easy passage of the subcutaneous 
guide from the parietal eminence to the supraclavicular arca 
(arrow). In this child a shunt revision revealed ventriculitis, 
so it was converted to an external ventricular drain. 
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A 

Figure 1.36. (A) The head has been lowered slightly, approxi
mately 15°-20°, giving the surgeon a direct line of vision 10 

the squamous temporal area. (B) Surgeon's view of the opera
tive area. The bony landmarks are the superior (1) and inferior 

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

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

B 

(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 " keyholc" area (7). and the 
pterion (8). 

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

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

It is important to consider in detail the anatomy of 
posterior fossa lesions when deciding whether to oper
ate with the child in the prone or lounging positions. 
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Figure 1.37. 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 supraclavicular 
incision (4) is placed approximately 2.5 cm above the clavi
cle (5). The head of the humerus is drawn in (6) far orientation 
purposes, as is the costochondral arch (7). The abdominal 

Factors other than pooling of blood within the posteri
or fossa warrant consideration if one operates on the 
child prone. Since the surgeon has no choice but to 
work standing at the head of the patient, it is impossible 
Jor him to position himself so as to have a direct fine 
oJ vision to the region oJ the superior cerebellar triangle , 
the supracerebellar and quadrigeminal cisterns, the pineal 
gland, and the posterior portion oJ the III ventricle, when 
the child is prone (Fig. 1.38 A-C). Although he may have 
an adequate line of vision of the inferior portion of 
the IV ventricle and the vermis (from the fastigium in
feriorly to the pyramis and then anterosuperiorly to 
the nodulus); he is in no position to deal effectively 
with superior draining veins going to the transverse si
nuses and tentorium. Flexing the head upon the neck 
at the craniovertebral junction, and the neck on the 
thorax at the cervicothoracic junction, may increase 
somewhat the surgeon's visualization of the IV ventricle 
and posterior surface of the transverse sinuses. It offers 

incision (8) is made at McBurney's point. (B) Thc child as 
viewed from the posterior aspect of the skulI, the perspective 
one should have when inserting the proximal end of the shunt 
into the ventricular system. Note towel under neck. (C) The 
surgeon's view of the head of the child, illustrating that the 
midsagittal plane of the skull is parallel to the coronal plane 
of the body. (D) The same child, viewed en face. 

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

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

In 1974 Meridy and coworkers 1 reported complica
tions during neurosurgery in the prone position in chil
dren. They no ted 8% incidence of cardiac arrhythmias, 
3% incidence of respiratory complications (one of 
whom died) 2% incidence of cardiac arrests (two of 
whom died), and 1.6% incidence of air emboli. They 
state that "many anesthetists and neurosurgeons advo-
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Figure 1.38. With the child prone (A), the surgeon cannot 
position himsclf to view the superior ccrcbellar tri angle con
tents, the superior IV ventricle, or the aqueduct because he 
is obliged to work from the head of the patient. In order 
to obtain a line of vision to the tentorial opening, the surgeon 
would havc to clcvate his head and movc it caudad (B), or 

r 

B 

D 

bring the child's head so low as to have hirn alm ost in a 
"headstand" position (C). (0) In order to view completely 
the structures within the postcrior fossa, the surgcon should 
place thc child in the lounging position and placc himsclf so 
that his line of vision is 45° from thc horizontal. 



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

cate the sitting position for posterior fossa exploration. 
Such positioning provides an excellent view of the pos
terior cranial fossa with the operative si te situated at 
the surgeon's eye level. In this position gravity effective
ly drains spinal fluid and blood from the operative 
wound. It also facilitates venous return to the heart, 
relieving intracranial venous stagnation and so control
ling venous pressure and ooze, and ultimately brain 
swelling." They also state "many anesthetists and sur
geons are fully aware of the disadvantages of the sitting 
position. Such pitfalls include the risk of venous air 
embolism, cardiovascular instability leading to systemic 
hypotension and diminished cerebral blood flow, the 
possibility of a patient sliding down the table during 
operation and difficulty with temperature contro!." 
Analysis of their results, comparing them to work pub
lished by others, especially Michenfelder, reveal that 
there is no difference in the incidence of air embolism 
or hypothermia in the two groups, with the work reported 
by Michenfelder et al. 2 holding over 2000 patients stud
ied. 

The most experienced posterior fossa neurosur
geons 3 - 8 prefer the lounging position. Bucy 9 stated, 
"F or many years I operated in the posterior fossa with 
the patient lying prone and with the upper part of the 
body raised so that the long axis formed an angle of 
approximately 40° with the floor . I am now convinced 
that the sitting position is superior to this and less haz
ardous. Most of the risks of this position, principally 
those of air emboli sm and of arterial hypotension, can 
be avoided with care and are more than adequately 
compensated for by the advantages." 
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Figure 1.40. The head was not adeq uately distracted from C- t , 
so that the latter has come to rest within the foramen magnum. 

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

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

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

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

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

Figure l.4t. The prone position for suboccipital craniotomy, 
and exposure of inferior cerebellar triangle, with head distrac
tion, separating widely Cl from the foramen mangum, pro
vides maximum view of inferior cerebellar tri angle contents. 

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

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

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



Figure 1.43. (A) The table is at a height such 
that the line of vision is 8°-10° down ward 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. (8) This is a co ne-down 
view of the hand in the neutral position, illus
trating potential range of motion from pro na
tion to supination, from flexion to extension. 

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

Unfortunately, one often speaks ofthe "sitting" po
sition when, in fact, practically no neurosurgeon uses 
the sitting position. Rather, the patient, adult or child, 
is, in fact, put in the "Iounging" position. This dimin
ishes greatly the number of complications previously 
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observed with the patient in the sitting position. These 
include significant diminution of cerebral blood !low, 
hypotension, and air emboli. Controlled ventilation has 
resulted in further diminution of the incidence of air 
emboli and cardiac arrythmias, as have the routine in
sertion of central venous catheters. In fact, Marshalli 0 

reported that the incidence of air embolism dropped 
from 15% to 0% when positive/negative ventilation was 
used. Michenfelder and coworkers 2 reported only a 2% 
incidence of air emboli in 2002 neurosurgical proce
dures performed on patients who were positioned 
"upright". They also noted a significant difference in 
air emboli in those patients positioned "upright" for 
cervical laminectomy and temporal craniectomy (Iess 
than 0.1 %) when compared to those in the same posi
tion for suboccipital craniotomy (approximately 2%). 
When Michenfelder and his associa tes 11 used the 
doppler, they observed that the percentage of "air em
boli diagnosed" rose to 6%, although the incidence of 
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Figure 1.45. (A) The line of force extends from the shoulder 
through the bracing hand and perforator, with the turning 
hand moving circumferentially through this axis: maximum 

A B 

Figure 1.46. (A) The child is positioned sideways, with the 
vertical axis of his body perpendicular to the long axis of 
the table, so that his arms are resting on the backrest and 
his legs are extended perpendicular to the table. Then, pushing 

Figure 1.44. This photograph permits the 
reader to appreciate the strength and sureness 
of instrument control, which proper elevation 
of thc operating tablc pcrmits. 

strength and contro!. (B) The same as A but left-handed brace 
control and cone-down view. 

c 
the table down ward (B) brings the child into the horizontal 
position (C), without obliging the surgeon to stop his operative 
procedure. 

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

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

An extremely interesting variant of the "sitting" po
sition is one reported by Garcia-Bengochea and co
workers. 12 In brief, it consists of positioning the patient 
sitting, or, preferably, lounging, but seated sideways on 
the operating table (Fig. 1.46). Lowering of the table 

in the event of an air embolus, or other intraoperative 
complication necessitating positioning the patient hori
zontal, may be easily, safely, and immediately carried 
out. 

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

o 



36 Positioning 

2 3 

Figure 1.48. (A) The surgeon is seated, his arms on a rest, 
for skin incision, muscle dissection, craniotomy, and inferior 
ce rebell ar triangle work (1). Pitching thc operating table for
ward permits access to the IV ventricle and aqueduct (2) and 
superior cerebellar triangle (3), Notice that, as this is done, 
the child's head is progressively clcvatcd. (B) Photographic 
and diagrammatic demonstration of relative positions of sur
geon, child, and posterior fossa contents for opening and ex
posure of inferior cerebellar contents. (e) As the operating 
table is rotated forward, the surgeon's arms are somewhat 
extended to permit work within the IV ventricle. (D) Exposure 
of the superior cerebellar tri angle structures and the region 
of the quadrigeminal cistern necessitate further forward rota
tion of the child and extension of thc surgcon 's arms. 

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

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

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

Skin (Figures 2.1 and 2.2) 
The scalp is composed of skin, ( dense) connective tissue, 
aponeurosis (Galea), loose connective tissue, and peri
osteum. Hence the acronym scalp. In this text, "scalp" 
will be used to designate all of these anatomical layers 
as a single group, and each will be given its specific 
anatomical name (e.g., skin, dense connective tissue, 
Galea) when referred to as individual components of 
the scalp. 

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

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

put into relief the existence of thin scalp, the presence 
or absence of fontanel, and opened or closed sutures. 
The very thin scalp, open fontanels, and sutures are 
illustrated in Figure 2.1 A, thickening of the scalp and 
disappearance of the fontanels are illustrated in Fig
ure 2.1 B, and further thickening of the scalp with clo
sure of the sutures are illustrated in Figure 2.1 C. 

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

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

In the toddler, irrespective ofthe degree ofintracrani-

Figure 2.1. The relative thickness of sealp, 
presenee of fontanel, and state of the sutures 
in the newborn, infant, and toddlcr. Note that 
in the newborn the skin, eonnective tissue, and 
aponeurosis (Galea) are quite thin, whereas 
the fontanels and sutures are open. With pro
gressive age, the skull thickens, the sutures 
dose, 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, explaining the mo
bility of the outer layers of the scalp, the peri
osteum, and bone. (B) Infant: The connective 
tissue thickens and becomes more vaseular, the 
fontancls disappear, the sutures remain open 
though they are firmly adherent to one an
other. (C) Toddler: Both skin and connective 
tissue thicken, as does the aponeurosis (Ga
lea). The sutures dose, and the skull develops 
readily indentifiable tables (outer and inner) 
and diploe. 

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

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

Galea (Figures 2.3 to 2.7) 
The application of Kolodny and Dandy clips (to the 
Galea) for scalp hemostasis in the newborn and infant 
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Figure 2.2. (A) The incision line (1) has been drawn with a 
marking pen. The fuH force of the compressing distal phalan
ge's pulp is exerted at the top (2): desirable; the pressure 
and digital spread at the bottom (3) are not such as to assure 
maximal hemostasis: undesirable. (8) Simultaneous compres
sion and retraction with fingertips. Note that the fingers com
pressing the scalp at the reader's left are "cutting" into the 
skin, with the compression being exerted entirely by the finger
nail and fingertip. This is not as effective in occluding intrader
mal vessels as when the pulp of the surgeon's distal phalanx 
is used, as iHustrated on the reader's right. The distance be
tween fingers (at the right) is undesirable. 

Incisions 43 

Figure 2.3. (A) The lightweight (aluminum)-toothed Rai
mondi clip. Note that the curvature of thc tip is in the same 
plane as the rings ofthe shank. (8) A co ne-down view iHustrat
ing the serrated jaws with a toothed tip, designed to grip the 
Galea. 

B 
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Figure 2.4. (A) The clips are applied to the Galea as the tooth 
foreeps is used to re fleet the skin, dense eonnective tissuc, 
and Galea in such a manner as to expose the cut Galea cdgc. 
The interval between clips is approximately 4 mm. Note that 
the applied clips are gathered into clusters (which are held 
together with a rubber band). All of the clips have been ap
plied to the edges of an S-shaped ineision and collected into 
clusters. These are then splayed over a sponge whieh scrves 

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

* Codrnan (eatalogue * 30-1360), Codrnan & Shurtleff, !ne., Johnson 
& Johnson Cornpany, Randolph, Massaehusetts 02368. 

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

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

After the clips have been applied to the Galea, at 
approximately 4-mm intervals, and fastened to one an
other by a rubber band, they may be used to retract 
the scalp flap. Caution must be taken not to pull on 
them, since the Galea in the newbom and infant is al
most membranous and, consequently, may easily be 
tom, allowing bleeding to continue. The clips are ap
plied serially, at 4-mm intervals, and then fashioned 
into a retractor, as they splay the scalp flap over an 
underlying roll of gauze which both facilitates hemosta
sis and prevents kinking of the scalp flap, something 
that could result in devascularization of the flap. 
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Figure 2.5. The continuous overlapping suture is placed about 
1 cm from the planned li ne of the skin incision. Placing it 
obliquely provides greater vascular occlusion. (A-C) The pro
gressive suture placement. 
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Figure 2.6. The Rainey clips are placed so that they embrace 
the skin and Galea, constricting the vessels within dense con
nective tissue between their jaws. They have the advantage 
of being lighter in weight and less bulky than the Galea clips, 
permitting the surgeon to move more rapidly. Unfortunatcly, 
they are so designed as to be of value only in adolescents, 
not in younger children. 

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

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

Loose Connective Tissue and Periosteum 
(Figures 2.8 to 2.10) 
After the skin incision has been made, the separation 
of the Galea from the periosteum is quite easy and 

Figure 2.8. Thc loosc connective tissue (1) is cut with a * 15 
blade, preserving Galca (2) and periostcum (3). The frontal 
portion of abifrontal t1ap is being separated. 

should use the sharp (A), not the t1at (8), surfacc of the blade. 

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

One may save the frontal artery, nerve, and vein by 
using sharp dissection ofthe loose conncctive tissue that 
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Figure 2.10. A perioste al flap, large enough to be sewn over 
the frontal air sinus and onto the dura, so as to protect the 
epidural space form empyema, is being fashioned. (A) The 
perioste um has been incised. (B) A periosteal elevator is used 
to separate periosteum from skull without fraying the former. 
(C) The periosteal elevator is separating periosteum from the 
superior orbital ridge without damaging the superior orbital 
artery, nerve, or vein. (0) All of the periosteum has been in-

cised and stripped from the skull along the planned cranio
tomy line. (E) This is a view of the periosteal flap, illustrating 
the technique for sewing it up to the drapes so that it may 
be kept stretched-to avoid shriveling-throughout the opera
tion. (F) This illustrates the incorrect technique for reflecting 
the scalp flap: the perioste um should not be taken with the 
Galea, since the free bone flap then is complete1y denuded 
and healing impaired. 
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Figure 2.11. (A) Line of incision (1) in temporalis muscle (2), 
so as to minimize bleeding and facilitate anchoring bone flap 
into position at the time of closure. The fascia of the tempora
lis muscle has been cut about 3 mm from the superior temporal 
line (3) and then reflected to show fuH thickness of the bi penni
form temporalis muscle (4) . The cut fascial edges (5) wiH 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 ofthe zygoma (3) 
posteriorly across the zygomatic arch (4) to the pterion (5), 
and then superiorly to the superior temporal line (6). This 
brings the incision through the most vascular portions of the 

bridges the potential space between the periosteum and 
Galea. lf1 this is done, the preparation of a periosteal 
flap may be effected, since it is fully preserved. 

The periosteum should be cut with the sharp, not 
the flat, edge of the monopolar thermocautery unit. 
Specifically, the periosteum may be incised 4 or 5 mm 
distal to the supraorbital ridge and then stripped from 
the frontal bone down to the supraorbital ridge, taking 
care not to extend the dissection into the supraorbital 
groove. In children old enough to have a deve10ped 
frontal air sinus, the periosteal flap is extended from 

temporalis muscle, and, of stiH more negative and dangerous 
value, effectively devascularizes the mass of temporalis muscle 
adherent to the skul1. (C) Suggestcd technique for use of peri
osteal elevator (1) to strip the periosteum from the greater 
wing of the sphenoid (2) and squamous temporal (3) bones, 
so as to avoid fraying the periosteum: cutting edge held firmly 
and run paraHel to muscle insertion. (0) The bipenniform tem
poralis muscle (1) has becn dissected from the greater wing 
of the sphenoid (2) and the squamous temporal (3) bones, 
preserving the deep (4), intermediate (5), and superfical (6) 
fascial layers. One may now appreciate the ease with which 
a suture may be brought through the fuH thickness of the 
temporalis muscle, to anchor it to the lip of periosteal and 
muscular tissue 3 mm from the superior temporal line (7) at 
the time of closure. 

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

As will be described subsequently in the seetion on 
craniotomy, the craniotome is not to be used to cut 
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Figure 2.12. Technique for retraction of the temporalis muscle 
from the pterional region. (A) A suture is scwn through the 
fuH 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 fuH thickness of the temporalis (1) and over the 
zygomatic arch, it is drawn tautly to bring the flap of tempora-

bone because it pro duces a gutter that impairs healing 
and leaves the cranial vault weak. Frontal, bifrontopter
ional, temporal, and suboccipital flaps all necessitate 
incising fascia and separating it, at one point (along 
one line) or another from the periosteum with which 
it is continuous. This provides an adequate amount of 
tissue purehase for anchoring the free flap du ring the 
c1osure. 

Of great importance to healing and proteetion from 
infection is leaving the periosteum on the bone flap, 
since stripping it away with the Galea, dense connective 
tissue, and skin devitalizes the bone completely by sepa
rating it from all macro- and microvascular channels. 
Preserving the periosteum on the bone flap, and incising 
the fascia just before it passes into periosteum, assure 
purehase for future c10sure without resorting to drilling 

lis (2) away from bones bordering the pterional region (3). 
(D) Tying down the suture retracts the temporalis flap and 
provides hemostasis, as it exposes the posterior surfaces of 
the zygomatic process of the frontal bone (1), the frontal pro
cess of the zygoma (2), the greater wing of the sphenoid (3), 
the squamous temporal (4) and the pterion (5). For oricntation 
purposes, the zygomatic arch (6) is labeled. 

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

Temporalis Muscle (Figures 2.11 and 2.12) 
When soft tissue preparation for reflection of the bone 
flap entails incision of the temporalis musc1e, this latter 
may be performed in a relatively bloodless manner by 
using a unipolar cutting blade to incise the fascia and 
musc1e immediately posterior to the zygomaticofrontal 
suture. This cut should run superiorly for about 5 or 
6 mm, and then extend posteriorly. It is run posteriorly 
and parallel to the superior temporalline. If the incision 
is made at a distance of approximately 3 mm from the 
superior temporalline the bleeding will remain minimal. 
This provides the surgeon an adequate amount of fas
cial tissue on the free frontal bone flap for purehase 
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Figure 2.13. (A) After the skin incision is made and the Galea 
c1amps applied, the Bovie knife is used to cut through the 
ligamentum nuchae from C-2 (1) to the in ion (2). This permits 
one to separate bloodlessly the erector capitis muscles from 
one another. It is recommended that self-retaining retractors 
not be used throughout this stage of the procedure beca use 
they deform the normal anatomy and stretch cut blood vessels. 
This latter often results in providing temporary hemostasis, 
a distinct disadvantage, since the surgeon does not stop these 
potential bleeders until the end of the operative procedure. 
Those vessels that may have retracted into musc1e may not 
be completely clottcd . This is a source of postoperative hema-

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

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

Erector Capiti Muscle (Figures 2.13 and 2.14) 
Dissection of the erector capiti muscles and the trape
zius from the lowest and highest nuchal lines results 
in stripping the periosteum from the squamous portion 

toma. (B) After the dissecti on has been brought to the perios
teum and both the erector capitis and erector cervices musc1es 
(to the level of C-2) separated from one another. drapes are 
sewn to the skin edges and the self-retaining retractors are 
applied . (C) Oissection of erector capiti and trapezius musc1es 
from the oecipital bone: a monopolar thermocautery unit (1) 
is used to cut the musculotendinous tiss ue (2) just proximal 
to its bony attachment at the highest nuchal line (3); this is 
done vertieally first, and extended superiorly in the ligamen
tum nuehae (4) to the inion (5) before small incisions are made 
perpendicular to that cut (6). (0) The periosteal elevator is 
being used to free the left superolateral musculotendinous 

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



Incisions 51 

C D 

E 

flap (1) as high as the inferior portion of thc inion (2). The 
left (3) and right (4) inferolateral musculotendinous flaps have 
already been freed. (E) The periosteal elevator is being used 
to strip erector capiti muscles (1) from squamous occipital 
bone (2) as rar laterally as the digastric groove (3), exposing 
the rim of the foramen magnum (4) and the mastoid pro
ccss (5). (F) Four musculoperiosteal flaps have now been sepa
ratcd from the squamous occipital bone, exposing thc external 
occipital protuberance (1), rim of the foramen magnum (2), 
and digastric grooves bilatcrally (3). 

grooves on either side, preserving museulotendinous in
tegrity for eomplete anatomieal osteomuseular reeon
struetion at the time of closure. 

Periosteum-Suture Lines 
Within the limits imposed by the desired loeation and 
size of tbe bone flap in a toddler (and espeeially in 
an infant), it is preferable to disseet the perioste um 
aeross tbe sutures wben tbe line of earniotomy runs 
perpendieular to them, but to leave the suture intaet 
when tbe line of eraniotomy runs parallel. If the suture 

is left intaet, the eraniotomy edges of adjaeent bones 
(frontal-parietal, parietal-temporal, ete.) may simply be 
lifted from their attaebment to tbe suture line. Sinee 
the outer layer of the dura is eontinuous witb tbe perios
teum at the suture line, it is not possible to separate 
adjaeent squamous bones as a single unit aeross a suture 
line as one does in an adult. 

If the dissection is extended across the suture line, 
it should be blunt and performed with the use of a 
periosteal elevator. Sharp dissection should only be per
formed with a sharp-edged periosteal elevator (such as 
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Figure 2.14. The closure that may be attained by preparing 
four musculotendinous flaps. The line of closure is brought 
superiorly along the ligamentum nuchae (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. 

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

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

Specific Incisions for Surgical Approaches 

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

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

Bifrontal Incision (Figures 2.15 and 2.16) 
The bifrontal skin incision permits complete exposure 
of the frontal bone, as well as the squamous portion 
of the temporal and the greater wing of the sphenoid 
bones, a bifrontopterional bone flap. 
Draping. Draping the child for this bifrontal skin inci
si on should be such as to permit covering the supraorbi
tal ridges on either side, over the glabella in the midline, 
and down the lateral edges of the frontal processes of 
the zygomas as far inferiorly as the malar bones. One 
then proceeds posteriorly, along the inferior edges of 
the malar bones and the zygomatic arches, as far as 
the antitragus of each ear. A single drape may then 
be brought across the sc alp in the coronal plane, extend
ing from the antitragus on one side, around the attach
ment of the helix of the ear posteriorly, and then across 
from side to side (in the coronal plane) from the base 
of one mastoid process to that of the other. 

Before planning the skin incision, one should identify 
the sagittal plane and the significant bony, suture, and 
muscular landmarks. 
Incision. This bi frontal 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 (wh ich courses anteriorly and slightly 
inferomedially beneath and deep to the antitragus). Fol
lowing the hairline from the lateral to the superior sur
faces of the head gives the skin incision a smooth poste
rior curvilinear swing, which then turns anteriorly as 
the sagittal plane is approached. This incision permits 
preservation of the main trunk of the superficial tempo
ral artery and its anterior branch, as weil as the frontal 
nerve. I t allows the surgeon to reflect the scalp anteroin
feriorly as far forward as the zygomatic processes and 
supraorbital ridges of the frontal bone, exposing com
pletely the glabella, and as far inferiorly, on either side, 
as the zygomatic arches, so as to expose both the squa
mous temporal and greater wing of the sphenoid bones. 
After dissecting the Galea from the periosteum, one 
may reflect the scalp posterior to the coronal suture. 
Thus, the entire frontal bone may be lifted off, en bloc, 
with both pterional areas coming away with the single 
bone flap. 
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Figure 2.15. (A) If the skin incision (1) is made a few milli
meters behind the hairline (2), it both hides the scar and, 
bccause of the horseshoe form it takes in approaching the 
sagittal plane (3), assures complete exposure of the frontal 
bone and the pterional regions bilaterally. Extending the bi
frontal skin incision from one antitragus (4) to the other per
mits exposure of the pterional region (5), the zygomatic 

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

Frontal Incision (Figure 2.17) 
The frontal skin flap is used for medial and lateral fron
tal craniotomies, permitting equally desirable access to 
the glabella, zygomatic process ofthe 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 
opposite side if the need arises and he chooses to pro
ceed with abifrontal craniotomy. 
Incision. The frontal skin incision is identical to the 
bifrontal incision, with the exception that it is extended 
only to the parasagittal plane running through the 
center of the opposite orbit. 

Frontoparietal Skin Incision for 
Frontoparietal Burr Holes (Figure 2.18) 
If one considers that it is often necessary to reflect a 
frontotemporoparietal skin flap so as to perform a fron
toparietal craniotomy after frontoparietal burr holes 
have been placed, the desirability o[ planning skin inci
sions[or Jrontoparietal burr holes wh ich may be extended 
into a skin jlap becomes clear. Therefore, curvilinear 
skin incisions for frontoparietal burr holes are prefera
ble because they may serve as either limb of the fronto
temporoparietal flap if this becomes necessary. 

Figure 2.18. Tbe ineisions for the frontal and parietal burr 
boles are marked with tbe solid lines. The interrupted lines 
indieate extension of the skin incision to permit reflection of 
a frontotemporoparietal flap if the operative findings suggest 
this to the surgeon. The superficial temporal (1) and small 
branehes of the oecipital (2) arteries are included in tbe flap 
to ass ure healing without neerosis along tbe flap's edges. 

Draping. The draping for frontoparietal burr holes 
should be such as to permit parietal, temporoparietal, 
and frontotemporoparietal craniotomies. One drape is 
placed with its edge along thc sagittal plane, from the 
glabella to the inion. The other is placed across the 
side of the scalp, from postcrior to anterior, extending 
from the base of the mastoid bone, around the insertion 
of the helix of the ear, over the zygomatic arch to the 
malar bone, and then along the zygomatic process of 
the frontal bone and over the supraorbital ridge to the 
glabella. 
Incision. The anterior skin incision is curvilinear, with 
convexity facing anteriorly; the posterior incision is also 
curvilinear, but with convexity facing posteriorly. This 
curvilinear incision permits placement of the self-retain
ing retractor so as to expose the underlying skull for 
the burr holes. In the event the surgeon finds it desirable 
to reflect a parietal flap, the superior aspects of the 
anterior and posterior incisions are simply connected. 
The skin incision is then extended inferiorly along either 
limb to the proper level, depending upon how low one 
finds it necessary to proceed. Since the incisions may 
readily be brought posterior to the occipital artery and 
anterior to the superficial temporal artery, onc need 
not be concerned about scalp necrosis, even if he 
chooses to go as far inferiorly as the zygomatic arch 



in order to perform a temporal craniotomy/craniec
tomy. 

Frontoparietal Incision for Posterofrontal 
or Anteroparietal Lesions (Figure 2.19) 
Lesions within the posterior frontal or anterior parietal 
areas are approached through a frontoparietal flap. 
Incision. The skin incision extends from approximately 
1 cm anterior to the antitragus superiorly and medially 
behind the hairline, to just across the midsagittal plane. 
It is then run posteriorly to the midcoronal plane of 
the head: the plane running through the external audi
tory canals, not the coronal suture. (The awake patient 
may be tested for the location of this plane simply by 
using a pinwheel and asking hirn to tell you when he 
feels the pin in front and when he feels it in back.) 
It is then curved broadly back to the original side and 
extended as far inferiorly as the superior temporal line. 

Parietallncision Figure 2.20) 
The parietal skin incision permits access to the entire 
parietal bone, from coronal to lambdoid and from 
sagittal to parietotemporosphenoidal sutures. Thus one 
may reflect a medial (superior) parietal bone flap for 
access to the superior sagittal sinus and the falx, or 
a lateral (inferior) parietal flap for access to the convex
ity of the parietal lobe and posterior portion of the 
Sylvian fissure. 
Draping. The draping should ex te nd in a sagittal plane 
from the contralateral zygomatic process of the frontal 
bone, first superiorly, then posteriorly, and finally infe
riorly to the base of the mastoid. It should be brought 
across the operative side, extending along the highest 
nuchal line to the base of the mastoid. From here it 
is run horizontally, over the ear, to the zygomatic pro
cess of the frontal bone, before proceeding over the 
frontal eminence on the operative side to the frontal 
eminence and zygomatic process of the frontal bone 
on the contralateral side. 
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Figure 2.19. For frontoparietal flaps the anterior limb of the 
skin incision is identical to that for frontal flaps, but the medial 
limb curves posteriorly (contralateral to the midsagittal plane) 
to the midcoronal plane of the head, where it is redirected 
inferiorly and then back over the original side (1). This incision 
is extended posteroinferiorly to the superior temporal line. 
A trapezoid al bone flap (2) is marked off and a posterior fron
tallesion (3) is drawn in. 

Incision. The skin incision preserves both the superficial 
temporal and occipital arteries. It extends behind the 
hairline from just above the pterion to 1 cm across the 
midsagittal plane, where it turns posteriorly, always 
running parallel to the midsagittal plane, before being 
swung back to the operative side behind the parietal 
eminence and then extended inferiorly and posteriorly. 
This incision provides a wide pedic1e, access to the en
ti re parietal bone, and exposure of the sagittal suture. 

Parasagittallncision (Figure 2.21) 
The parasagittal incision offers excellent exposure of 
the superior surface of the posterior portion of the fron
tal bone, and the entirety of the medial aspects of the 
two parietal bones. Thus, the sagittal suture and the 
medial third of the coronal and lambdoidal sutures may 
be exposed. 
Draping. Draping for the para sagittal incision should 
consist of laying towels across a !ine drawn from one 
frontal eminence to the other anteriorly, from the fron
tal to the parietal eminences on either side, and from 
the base of one mastoid process to the other posteriorly. 
Incision. The parasagittal incision is convenient for bi
parietal craniotomies and sagittal suture resection. 
(Lowering of the superior sagittal sinus, however, ne
cessitates an extension from the convex portion of the 
anterior limb of the S-shaped parasagittal incision, as 
indicated in Figure 2.23 B by the broken line.) The sur
geon should take care to assure the gentle curvilinear 
course of the parasagittal incision, rather than cutting 
sharp angular routes: the former guarantees adequate 
blood supply to both aspects of the flap; the latter puts 
the extremities of the flap at risk to necrosis. The flap 
itself is begun behind the hairline at a point posterior 
to the frontal eminence on one side, and then extended 
gently toward the contralateral side before being turned 
back on itself and extended across the midline. Finally, 
it is brought onto the contralateral side. 
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Figure 2.20. The parietal skin incision, as viewed from the 
lateral (A) and posterior oblique (B) perspectives, shows the 
frontal (1), parietal (2), and mastoid (3) eminences, the superi
or temporal line (4) and zygomatic arch (5), the superficial 
temporal (6) and occipital arteries (7), and the coronal (8) 
and sagittal (9) sutures. (C) This perspective, from the vertex 
of the skulI, illustrates extension of the medial Iimb of the 
skin incision (1), which has been extended onto the contralat
eral side of the sagittal plane (2). (D) For an inferior parieto
temporal flap, the incision begins about 2 cm above and 
1.5 cm anterior to the antitragus. It then remains behind the 
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hairlinc as it is cxtcndcd supcriorly to a level 2 cm above the 
superior temporal Ii ne and is run posteriorly behind the parie
tal eminence and then infcriorly to the base of the mastoid . 
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Figure 2.21. (A) This shows the !ine of the sinusoidal para
sagittal skin incision with the child in the supine position, 
as he would be during the operative procedure. The broken 
!ine 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 
sagittal suture in ehildren with sagittal synostosis. It also illus
trates the extension (2) that must be made if one wishes ade
quate exposure to lower the superior sagittal sinus. (C) The 
placement of towels beneath the child's shoulders and neck 
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(so as to bring the inion into easy working distance), the co
ronal (1) and lambdoidal (2) sutures, and the open anterior 
fontane1 (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 parietal eminence 
on the left, from whenee another curve is begun. This latter 
brings the incision across the inion and beneath the lambdoi
dal suture on the right. (D) This perspective permits one to 
identify the coronal suture and the anterior fontanel, so as 
to appreciate the course of the anterior Iimb of the skin inci
sion and the swinging of the posterior limb beneath the in ion 
and lambdoidal suture. The labcling is the same as in C. 
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Temporal Incision (Figure 2.22) 
Temporal incisions are used to expose the temporal 
lobe, either in its entirety or, separately, its anterior, 
medial, or posterior portions. The temporal skin flap 
may be placed anteriorly if one wishes to expose only 
the anterior portion of the temporal lobe, or posteriorly 
for its posterior portion. A greater space between the 
anterior and posterior limbs of the incision permits full 
exposure of the temporal lobe. The important consider
ation is that the temporal skin incision must bring the 
surgeon over the fuH fan of the temporalis musc1e, per-

B 

Figure 2.22. Relative location of extra- and intracranial ~ 
branches of thc 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. (Cl 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 oceipital artery. for exposure of the 
middle portion of the temporal lobe. This incision preserves 
both the superficial temporal and occipital arteries within the 
flap pedicle. (E) This incision 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. 

mitting him to reflect on osteoplastic instead of a free 
temporal bone flap. It is injudicious to reflect a free 
flap when given the option of reflecting an osteoplastic 
flap, since the latter affords greater protection against 
physical and bacterial noxae. Exposure of the greater 
wing of the sphenoid, the squamous portion of the tem
poral bone, the inferior portion of both the frontal and 
parietal bones, is possible through temporal skin inci
SlOns. 
Draping. Draping for a temporal flap should include 
placement of a towel in the sagittal plane, from the 
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frontal to the parietal eminences. The inferior drape 
extends from the frontal process of the zygoma, along 
the zygomatic arch to the antitragus. Then it runs 
around the insertion of the helix of the ear onto the 
scalp, down to the mastoid process and across the base 
of the skull to the superiorly placed drape. 

Integrity of flap vascularization is assured by respect
ing the superficial temporal and anterior branch of the 
occipital arteries. The illustration shows the incision 
line, reflected flap, temporalis muscle, superficial tem-
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poral and occipital arteries, permitting one to visualize 
the difference between free and osteoplastic bone flaps: 
portions of the frontal, parietal, squamous temporal, 
and greater wing of the sphenoid bones may be seen 
beneath the temporalis muscle as they would be re
flected with an intact muscular insertion. 
Incision. The incision runs from the zygomatic arch, 
8 mm anterior to the posterior spur of the antitragus, 
behind the hairline superiorly and anteriorly with a gen
tle posterosuperior curvature, along the superior tempo-
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ral line, to just beneath the parietal eminence, where 
the ineision turns inferiorly onee more, extending to 
the base of the mastoid bone. In this manner, both 
the superfieial temporal and occipital arteries may be 
spared. Small and large temporal skin incisions may 
be made with the former by eutting anteroinferiorly 
to the oecipital artery, and with the latter by cutting 
posteroinferiorly behind the occipital artery. 

Occipital Incision (Figure 2.23) 
The occipital skin incision is placed for exposure of 
the posterior portion of the parietal bone and the most 
superior portion of the squamous oecipital bone, as weil 
as the inion, the posterioinferior portion of the sagittal 
suture, and the entirety of the homolaterallambdoidal 
suture. There are medial and lateral incisions, depend
ing upon wh ether one wishes access to the fa Ix and 
pineal region, or to the eonvexity of the occipitotem
porallobes. 
Draping. Draping for either incision should parallel the 
incision line and extend aeross the base of the skin flap, 
allowing approximately 3 cm on all sides of the skin 
flap. 
Incision. The medial incision extends from the inion: 
first, superiorly across the contralateral side of the sagit
tal suture, and then, horseshoe fashion, to the parietal 
eminenee, before proeeeding inferiorly to the base of 
the mastoid bone. This assures integrity of the occipital 
artery. One lateral incision extends from just lateral to 
the torcular Herophili superiorly, and parallel to the 
superior sagittal sinus to over the parietal eminence. 
It is then extended inferiorly and anteriorly to just 
above the helix. 

Suboccipital Incision (Figures 2.24 and 2.25) 
Suboecipital skin flaps may be either medial (midiine) 
or lateral, depending upon whether one must refleet 
the squamous portion of the oecipital bone for a vermis 
tumor (medial), a cerebellar hemisphere or pontocere
bellar angle tumor (lateral). The medial incision permits 
exposure of either the inferior cerebellar triangle (be
neath the great horizontal fissure of the cerebellum) 
or the superior cerebellar triangle (above the great hori
zontal fissure of the cerebellum). The lateral incision 
permits a craniotomy, exposing the most lateral portion 
of the cerebellar hemisphere and the pontocerebellar 
angle. 
Draping. Draping for both the midline and lateral inci
sions should allow for exposure of the skin to approxi
mately 3 cm to either side of the incision. 
Incision. The midline skin incision extends from ap
proximately 1 em 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 
proeess. 

Combined Supra- and Infratentorial Incision 
(Figures 2.26 and 2.27) 
Draping. The draping is for a lateral suboccipital inci
sion beneath the horizontal line of the base of the mas
toid, and for an occipital incision above this line. 

For such tumors as meningioma, acoustic neuroma, 
and glomus jugulare, which may grow within the supra
and infratentorial spaces as independent tumors, dumb
bell tumors growing on either side of the tentorium, 
or partieularly large extraparenchymal tumors extend
ing into the supratentorial compartment from the pon
tocerebellar angle or into the posterior fossa from the 
rim 01' the tcntorium, one o/, {wo comhined supra- and 
infratentorial incisions may be used: 

1. For lesions involving the tentorium, a question-mark 
incision can bc uscd, whose vertical limb extends su
periorly from approximately the level 01' C-4 to the 
inion, and whose curvilinear limb extends anterior 
to the parietal eminence and then inferiorly to over 
the temporalis musclc. It is not necessary for the verti
cal limb to be located in the midline. In fact, sinee 
tumors that extend into both the supra- and infraten
torial compartments either grow from the tcntorium 
or from the pontocerebellar angle, much is in favor 
of the vertical limb being located midway between 
the midsagittal plane and the apex 01' the mastoid 
bone. 

2. Access 10 glomusjugulare tumors also requires consid
eration of a supra- and infratentorial flap. However, 
since the glomus jugulare tumor begins within the 
temporal bone, it is essential to pi ace the skin incision 
so as to have access to the mastoid, petrous, squamo
sal, and styloid portions 01' the temporal bone. A 
"sine-wave" incision is used. 

Hemispheral Incision (Figure 2.28) 
The hemispheral skin incision permits the surgeon to 
expose half of the frontal and occipital bones and the 
entirety of the parietal bone, as weil as portions of the 
greater wing 01' the sphenoid and the squamous tempo
ral bones. This incision is used for hemispherectomies 
or hemicranial decompression. 
Draping. The draping runs in a sagittal plane from the 
center of the contralateral supraorbital rim posteriorly 
to the highest nuchal line, then along this line to the 
base of the mastoid process on the operative side. From 
here, it is run around the insertion 01' the helix 01' the 
ear to the zygomatic arch, then along the lateral and 
superior rims 01' the orbit, medially, over to the opposite 
side. 
Incision. The incision extends from the zygomatic arch 
approximately 8 mm anterior to the posterior spur 01' 
the antitragus, behind the hairline, and across the mid-
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Figure 2.23. (A) The medial occipital skin mClSlon, viewed 
posteriorly. The inion (1), torcular Herophili (2), transverse 
sinus (3), and oceipital artery (4) are shown beneath the skin 
incision. (B) A child in whom the incision depicted in A was 
made. The electrodes for MEP's have been placed (1) . 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 
ofincision anterior to the sigmoid sinus (1) 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). 
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Figure 2.24. (A) The significant landmarks for a suboccipital 
craniotomy have been drawn in. They are the torcular Hero
phili (1), the transverse sinus (2), the superior sagittal sinus (3), 
the lambdoidal suture (4), the rim ofthe foramen magnum (5), 
and the projection of the occipital condyles (6). Visual concep
tualization of these landmarks permits one to plan appropri
atcly for exposure of foramen magnum and inferior and supe
rior cerebellar tri angle lesions. (B) The skin incision (broken 
line) has been drawn in. 1t extends from the inion to the level 
ofC-7. (C) The skin incision (black line) is shown in this trans
parency drawing of the skull and cervical vertebral column, 
as seen from the surgeon's point of view. The incision's center 
is at the rim of the foramen magnum (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 eapi-

B 

tis and cerV1C1S musclcs, as far laterally as the digastric ~ 
grooves (5), exposes the entire squamous occipital bone (6), 
the atlantooccipital membrane (7), the arch of C-l (8), and 
the bifid spinous process of C-2 (9). The retracted skin and 
erector capitis muscles are indicated (-e- ), as is the retracted 
skin (---) inferior to the level of the foramen magnum. It 
is not necessary to dissect the erector cervicis muscles from 
C-2, C-3, C-4, etc. (D) This oblique transparency drawing per
mits 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 Figure 2.27 C. The vertebral artery, and the entrance of 
Batson's plexus into the dural sinuscs is at the most lateral 
cxposure of the field (arrows). 
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Figure 2.25. The lateral suboccipital skin incision is illustrated 
diagrammatically, here from an oblique view, in a transpar
ency drawing. The incision extends from above the transverse 
sinus (1), across the junction of horizontal and vertical seg
ments of the squamous occipital bone (2), and down to the 
level ofthe base ofthc neck (3). The incision is placed midway 
between the posterior rim of the foramen magnum (4) and 
the mastoid process (5). 
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Figure 2.26. (A) The question-mark skin incision for com
bined supra- and infratentorial approach to the tentorial ring 
at the anterior clinoid and the pontocerebellar angle is herein 
illustrated, photographed from the anterior lateral perspective. 
Note that the verticallimb ofthe skin incision (1) runs midway 
between mastoid eminence (2) and the posterior rim of the 
foramen magnum (3). It crosses the transverse sinus (4), arid 

then curves anterior to the parietal eminence (5), to end at 
the pterion (6) . (B) The temporoparietooccipital portions of 
the scalp flap have been retlected inferiorly, and retracted frorn 
the ficld with the usc of retention sutures (1). A self-retaining 
rctractor (2) has been placed between the cut segments of 
the erector cervicis and erector capitis muscIes. The coronal 
suture (3) and parietal eminence (4) are already exposed. 



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

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

Laminotomy (Figure 2.29) 
Multiple-Ievellaminectomies are an acceptable surgical 
approach to spinal cord lesions in adults, not young 
children. In most adult patients the procedure is not 
followed by instability of the spine. In children, how
ever, multiple-level laminectomies may cause kyphosis, 
scoliosis, anterior subluxation, and instability of the cer
vical, thoracic, or lumb ar spines. The development and 
physiological anatomy oflaminectomy and laminotomy 
are discussed later, under those headings. 
Draping. The draping is simple, paramedian, exposing 
the sagittal plane, and 2 cm laterally on either side. 
Incision. The skin incision is midline, extending the fuH 
length of the planned laminotomy plus 4 cm cephalad 
and 4 cm caudad. If one is operating on a neuroma 
that extends into both the spinal canal and either the 
retropleural or retroperitoneal spaces, a "hockey stick" 
incision is ideal. Its short limb is placed over the spinous 
processes, the long limb extended, with a curvilinear 
arch, over the rib cage or abdominal wall. 

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

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

Musc1e and ligamentous attachments are separated 
from the spinal arches, leaving the periosteum and in
terspinous ligaments intacL The dissection is carried 
laterally to just beyond the articular facets, with care 
being taken not to open into the joint or strip the capsu
lar ligaments. The closure is fa ci li ta ted if one leaves 
a ruffle ofmuscle and ligament on the spinal apophyses. 
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Figure 2.29. (A) The skin incision has been made and elips 
applied to the subcutaneous tissue. The very thin paraspinous 
musele mass (1) is incised at ils point of attachment to the 
midline of the posterior vertebral arch (from which the spinous 
processes will develop), laking care to incise along the full 
width of the spinous processes (2). (B) The periosteal elevator 
has been used to strip the paraspinous museles from the spi
nous arch of an infant (note thc very small spinous processes). 
There is almost no rcsistance to the usc of the pcriostcal eleva
tor, since the paraspinous muscles attach along the median 
plane, not to the laminae. (C) The thoraeic (I) and lumbar 
(2) .. hockey stick " incisions permit acccss to the costotrans
verse and transverse processes, respectively, as weil as the spi
nal canal, retropleural, or retroperitoneal spaces. Single stage 
resection of dumbbell ncurofibromas is possible with these 
hockey-stick ineisions. 
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Figure 2.30. (A) At thc time of closure, the frontal (bifrontal) 
flap is put back into position, and the temporalis muscle reten
tion sutures are removed. The muscular (1) and bony (2) edges 
of the cut temporalis insertion along the superior temporal 
line will be used to anchor the frontal bone flap back into 
place. (8) The muscular (1) and bony (2) edges of the tempora
lis musclc are bcing sewn to one another at the posterior rim 
of the zygomatic process of the frontal bone (3), over the 
" kcyhole" burr opening. (e) The last suture is being placed 
through full thickness (all three layers) of the temporalis mus
cle (1) and thc periostcum adherent to the superior temporal 
line (2). 

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

Closure 

Cranial Closure 
Fascia and Muscle Closure (Figures 2.30 and 2.31) 
Temporalis Muscle 
The temporalis muscle is abipenniform structure, con
sisting of two muscular bundles and three fascial planes. 
Specifically, there are (1) an outer musculofasciallayer, 
(2) an intermediate fascial layer, and (3) an inner mus-

culofascial layer. Bleeding from muscular tissue and 
transected vessels located within either the inner or out
er muscular layers is a common occurrence. One may 
assure adequate hemostasis only by being certain to 
include aB three fascial layers of the temporalis muscle 
in the suture. 

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

c 
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Figure 2.31. The erector capitis muscle masses have been reap
proximated and sewn together in the area extending from ovcr 
the squamous occipital bone (1) 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 t1ap (5) 
to be sewn to the fascia on the left. 

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

Skin Closure (Figure 2.32) 
The skin closure should proceed one seetion at a time, 
taking care nol to remoue all the Galeal clips al one 
time because this results in e xcessive bleeding, which, for 
the younger child, may cause an unacceptably large vol
urne of blood loss in a hriefperiod. A section of approxi
mately 4 cm at a time is quite safe. After the Galeal 
clips have been removed, a search should be made for 
noncoagulated vessels Iying along the undersurface of 
the Galea. When these have been individually coagu
lated, the skin may be closed. A void coagulating bleed
ing vessels within the dense connective tissue, since this 
may result in necrosis of the skin edges. 

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

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

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

Laminotomy (Figures 2.33 and 2.34) 
Muscles and Fascia Closure 
The paraspinous muscles are allowed to fall into place 
by removing the self-retaining retractor. Then the mus-
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Figure 2.32. Technique for the Cloward suture, wh ich closes thc Galca and the 
skin without necessitating burial of suture material. (A) The needle is brought 
through the fuH thickness of skin (1), dense connective tissue (2), and Galea (3). 
(B) The needle is brought only through the Galea (1) of the opposite side, pcne
trating the dense connective tissue (2), but not the skin (3). (C) Thc needlc is 
brought back to the original side and inserted through the dense connective 
tissue (1) and fuH 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 densc conncctive 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, den se connective tissue, and skin, 
an addition to the Cloward suture I recommend for children. 
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Figure 2.33. Postoperative kyphoscoliosis in a child who has 
had a laminectomy. 

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

Figure 2.34. Lateral eervical spine film 01' a child on whom 
an extensive (see Fig. 2.7) cervica l laminotomy had been per
fo rmed . No malalignment is present. 

spinal cord surgery, since it assures uniform muscular 
puH on the spinal column after healing has been com
pleted. Postoperative scoliosis is uncommon followin g 
laminotomy. 

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



"Who makes the Past, a patternefor next yeare, 
Turnes no new leafe, hut still the same things reads, 
Seene things, he sees againe, heard things doth heare, 
And makes his life, hut like a paire olheads." 

JOHN DÜNNE 

Verse Letters: to Sir Henry Goodyere 



Chapter 3 

Burr Holes and Flaps 

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

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

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

aging the internal cerebral veins, if it is carried out 
through a medial parietal craniotomy. This entails a 
medial parietal skin incision with a horseshoe flap ex
tending slightly to the contralateral side, a quadri- or 
pentalateral free bone flap, and medial reflection of the 
dura over the superior sagittal sinus (SSS). Dissection 
along the SSS and falx cerebri may then be accom
plished with 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 various 
steps in the operative procedure as the surgeon proceeds 
from skin incision to craniotomy to target area, are 
used in this text to illustrate this manner of conceptu
alizing the lesion and approaching it. 

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

The use of power instruments for making burr holes 
and craniotomy is also to be avoided in toddlers, juve
niles, and adolescents, since the size of the clutch-con
trolled perforator is for an adult! The tool is not sensi-
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Figure 3." (A) This computerized transmission tomography 
(CTT) scan shows the unaceeptable degree of flap depression 
that occurs when the power craniotome is used. The Gigli 
saw permits adequate beveling, so that the flap nestles into 
pi ace irrespective of placement of sutures through the sk ull 
or a functioning shunt system. (8) Using the Gigli saw permits 
one to bevel the cut, so that the free flap may be solidly 
seated at the time of closure, assuring perfect flap replaeement 

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

All power craniotomes cut a large (2-4 mm) gutter 
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Beveled surface 
prevents impaction 
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Wide gutter prevents bony healing, exposes 

brain to post- traumatic impaction 
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and bone edge continuily . (C) However, when apower cranio
tome is used , thc guttcr is so wide that the flap sinks below 
the skull surfacc. (0) Wire sutures placed through drill holes 
may suspend the free t1ap, but still bony growth ac ross the 
gutter only rarely occurs. The defect is permanent, and thereby 
susceptible to disloeation , impaeting the underlying cerebrum 
from injury. 

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



Burr Holes: Frontoparietal 
(So-Called "Diagnostic") (Figure 3.2) 

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

Flaps 

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

Bifrontal Flap (Figures 3.3 and 3.4) 
The bifrontal (bifrontopterional) bone flap permits ac
cess to the entire anterior fossa (ethmoid and orbital), 
the parasellar area, both orbits, the circle of Willis (with 
the exception of the basilar fundus and mesencephalic 
portion of the posterior cerebral artery), and both mid
dIe cerebral arteries from their origin to their ramifica
tion over the insula. Consequently, it is an ideal flap 
for surgery for parasellar tumors, access to both orbits, 
and anterior circle aneurysms. The 7 burr holes of the 
bifrontal flap are located at the glabella, immediately 
lateral to the superior sagittal sinus (SSS) on either side, 
just posterior to the pterion on either side, and immedi
ately posterior to the zygomatic processes of the frontal 
bone (the "keyhole") bilaterally . 

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

The two pterional burr holes need no comment, but 
we will discuss the two "keyhole" perforations (those 
located immediately behind the zygomatic processes of 
the frontal bone). Because of the anatomical fact that 
the anterior fossa, the orbit, and the middle fossa are 
in immediate contact with one another at this point, 
it is essential to make the keyhole opening by directing 
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Figure 3.2. This drawing illustrates how frontotemporoparie
tal burr holes (1, 2, 3) may be placed around an epidural 
dot (4), so that the surgeon may not sec the dot at the time 
of surgery if he limits his procedure to burr holes. lf the dot 
is not seen when the burr holes are placed, one is obliged 
to proceed to reflect a flap so as to inspect completely the 
epidural, and/or subdural, space. 

first the perforator and then the burr in a superior, 
a slightly posterior, and a medial plane so as to assure 
entering the anterior fossa and to avoid entering either 
the orbit (specifically, the region of the lacrimal gland) 
or the middle fossa. In children with craniosynostosis 
of the coronal suture (plagiocephaly), the middle fossa 
is displaced so far anteriorly that one alm ost cannot 
avoid entering it if the burr hole is placed immediately 
behind the zygomatic process of the frontal bone. In 
these children, consequently, one must place the key
hole opening slightly superior to the zygomatic process 
of the frontal bone in order to enter the anterior fossa. 
However, since the lesser wing of the sphenoid is re
sec ted as far medially as the superior orbital fi ssure, 
there is no problem if one enters the middle fossa, other 
than that it renders reflecting the frontal flap difficult. 

After the Gigli saw guide has been passed from burr 
hole to burr hole and the Gigli saw is brought into 
position between the inner table of the skull and the 
guide, the saw itself should be set snugly at the extreme 
periphery of each hole so as to connect their auler ares 
and thus assure maximum size of the bone flap . The 
exception to this technique is the osteotomy line be
tween the two parasagiual burr holes, wh ich is placed 
at the most cenlral are. The reason for this is to allow 
the presence of a spur of bone over the SSS, a spur 
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Figure 3.3. (A) Burr holes and osteotomy lines for bi frontal 
bone flap with ehild in the anatomieal position. The seven 
burr holes are loeated at the .. keyhole" (1), the pterion (2), 
the parasagittal area (3), bilaterally, and at the glabella (4) 
in the midline. (B) Illustration 01' burr holes and osteotomy 
lines for bifrontal tlap with ehild in the supine position, and 
projeeted obliquely to put the .. keyhole" (1) and pterional 
(2) holes into relief. (C) The skin ineision (broken line) for 
the bifrontal f1ap follows the hairline. The glabella (1) and 
parasagittal (2) burr holes are plaeed, respeetively, over the 
most anterior inferior portion of the superior sagittal sinus 
(3) and to either side of this strueture approximately at the 
eoronal suture. Note the eraniotomy lines (4). They eonneet 
the burr holes along the most peripheral are of the burr holes, 
with the exeeption of the two parasagittal ones (5), where 
they eonneet the most medial ares. 

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

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

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

Frontal Flap (Figures 3.5 and 3.6) 
Unilateral frontal tlaps may be placed medially or later
ally, depending upon whether the surgeon wishes to 
approach the parasellar area along the falx from only 
one side (in which case the medial frontal tlap is prefera
ble), or whether he wishes access to the frontal lobe 
(in which ca se the lateral frontal tlap is preferable). 

One notes immediately that the medial frontal tlap 
is almost exactly half of the bifrontal flap. The sole 
exception is that the medial osteotomy incision extends 
to the parasagittal burr hole on the homolateral side 
of the tlap, so that the SSS is exposed only at its most 
anteroinferior point (where it originates within the falx 
cerebri, extending from the crista galli of the ethmoid). 
The lateral frontal flap differs from the bifrontal cranio-

maximum surface area exposure. Compare A, the recom
mended opening, to B, undesirable placement of craniotomy 
lines, to appreciate how much difference in exposure is ob
tained if the Gigli saw is properly placed. 

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

Approaches to the Orbit 
As general information, without any intention to pres
ent specific surgical techniq ue for the performance of 
approaches to the orbit other than the transcranial, I 
will describe the transethmoidal, superior lateral, lateral 
orbitotomy (of Krönlein), extended lateral orbitotomy 
of Jones, and the supraorbital approach of Jane. 

The indications for the transfrontal approach are giv
en in the section dedicated to the description of that 
operative technique. It is generally assumed that tumors 
at the orbital apex and in the superior orbit are best 
approached through a transfrontal craniotomy. Oph
thalmie, plastic, and otorhinolaryngologie surgeons, 
however, all have occasion to operate on tumors either 
primarily within or extending into other orbital borders. 
Consequently, it has been suggested that tumors located 
along the inner wall of the orbit are best approached 
through the transethmoidal route, those of the lacrimal 
region through the superior lateral route, and tumors 
of the posterior lateral and inferior portions of the orbit 
through either the lateral orbitotomy of Krönlein or 
the extended lateral orbitotomy of Jones. 
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Transethmoidal Approach 
The skin incision extends from just distal to the inner 
canthus, along the side of the no se and over the frontal 
process of the maxilla, inferiorly to the superior surface 
of the alar cartilage. The lacrimal sac is displaced later
ally after the periorbita has been opened , before resect
ing the internal walls of the ethmoids. Tumors, primar
ily osteomas, located within this region are immediately 
visualized. 

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

LateralOrhitotomy (Krönlein Approach) 
For the Krönlein approach,l a horizontal skin incision 
is made from the external canthus posterolaterally for 
a distance of approximately 5 cm, prior to performing 

Figure 3.6. (A) Lateral frontal flap , illustrating placement of 
inferomedial burr hole over medial aspect 01' supraorbital 
ridge (1), lateral to the glabella (2). (B) The exposure of the 
frontal (1) and temporal (2) lobes as weil as the pterion (3) 
and lesser wing of the sphenoid (4), which are attained when 
one reflects a lateral frontal flap (as illustrated in A). 

a canthotomy to expose the lateral wall of the orbit. 
The temporalis musc1e and fascia are stripped from thc 
lateral wall of the orbit and then incised in a plane 
parallel to, and immediately beneath, the skin incision, 
exposing the bony structures of the lateral wall, which, 
in turn, is opened with a high-speed drill in order to 
gain access to the periorbita. After the periorbita is 
opened , the region of the lacrimal gland and the antero
lateral portion of the orbit are exposed. Further expo
sure may be gained by use of a rongeur to nibble away 
the necessary amounts of the lateral orbital wall. The 
use of the Stryker drill is discouraged because it may 
damage underlying periorbita, whereas a high-speed 
burr (though more time-consuming) permits a relatively 
precise opening with minimal risk of damaging underly
ing soft tissue. 

Extended Lateral Orhitotomy 0/ Jone~; 
For Jones's extended lateral orbitotomy,2 a skin inci
sion is made from the center of thc supraorbital rim 
(in the brow) along the zygomatic process of the frontal 
bone and the frontal process of the zygoma, to the ma
lar bone. Then another incision is made, perpendicular 
to this, extending from the outer canthus to a point 
approximately 1.5 cm anterior to the base ofthe antitra
gus, along the zygomatic arch. The underlying perios
teum is dissected free, as are the temporalis fascia and 
musc1e, exposing the entire lateral surface of the orbit. 
The bony opening is the same as for the lateral orbito
tomy of Krönlein, 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 bisects the zygomatic arch. This permits 
reflection of an osteoplastic flap attached to the tempo
ralis muscle. Further opening ofthe floor and the lateral 
wall of the orbit may be obtained with the use of a 
LekseIl rongeur. 

Supraorbital Approach 01 Jane 3 

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

TransIrontal Approach to Orbit(s) 
or Cribriform Plate (Figures 3.7 to 3.12) 
If abifrontal bone flap is reflected and then an extra
dural dissection is performed, one has excellent expo
sure of the orbital roofs, the planum sphenoidale, and 
the cribriform plate. The extradural dissection may ex
tend directly posteriorly or from lateral to medial, along 
the lesser wing of the sphenoid, in order to expose com
pletely the anterior fossa on one side. This approach, 
along the lesser wing of the sphenoid, ass ures complete 
exposure of the roof of the orbit and brings the surgeon 
safely to the anterior clinoid and planum sphenoidale. 
The bilateral exposure, with coagulation of the rootlets 
of the olfactory nerve at their exit from the olfactory 
bulb, is used in craniofacial procedures and in repair 
of cerebrospinal fluid leaks through the cribriform plate 
(resulting from basilar skull fractures). A medial frontal 
(unilateral) flap may be reflected if one wishes access 
only to the cribriform plate, the intraorbital contents, 
or the orbital roof on one side. It is adequate for access 
to the planum sphenoidale, ideal for exposure of one 
anterior clinoid or optic nerve. Indeed, for intraorbital 
surgery a medial frontal craniotomy is recommended. 

After the orbital roof has been exposed, one may 
choose only to umoof the orbit if he is certain that 
the intra orbital tumor is located posteriorly, at the apex 
of the cone, or to remove the supraorbital rim if more 
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complete access to the globe and medial portion of the 
orbital co ne is desired. Leaving the supra orbital rim 
in place limits considerably the exposure of the intra
and extraconal contents, does not permit exposure of 
either the lacrimal gland or the trochlear region, and 
inhibits "rolling" the globe over itself to inspect the 
region where the inferior oblique and inferior rectus 
muscles insert onto it. When the periorbita is reflected 
to either side of the midline, opening it exactly as one 
would the dura matter but remembering that it is only 
half as thick (since it is the periosteal layer of the dura 
mater), fat insinuates itself quickly through the in
cisional line. Anchoring of the reflected periorbita is 
advisable after it is opened, since it allows the surgeon 
to work freely within the orbit, without having flaps 
of periorbita repeatedly falling back into the field. 

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

On occasion, when dealing, for example, with optic 
nerve tumors that involve the intraorbital and intracra
nial portions of the optic nerve but spare the optic 
chiasm, one may choose to perform a combined extra
dural approach to the orbit (in order to resect the in
traorbital portion of the tumor) and an intradural ap
proach to the parasellar area (so as to follow the tumor 
through the optic foramen and resect it at the point 
of entrance of the involved optic nerve into the optic 
chiasm). Figure 3.11 illustrates the relative anatomical 
positions of the globe, intraorbital optic nerve, intracra
nial optic nerve, and the optic chiasm, after the extra
ocular muscles have been removed. A view of the un
roofed orbit, with the osteotomy extending into the su
perior orbital fissure, and with the anterior clinoid re
moved and optic canal opened, is illustrated in Fig
ure 3.12. This allows the reader to understand that un
roofing the orbit posteromedially, that is, resecting the 
lesser wing of the sphenoid, is to remove the superior 
border of the superior orbital fissure. This umoofing 
completely opens the superior orbital fissure and ex
poses the inferior orbital fissure. 4 

The opening of the optic canal is accomplished by 
ta king the anterior clinoid from the superior surface 
of the internal carotid artery and the optic nerve, and 
then resecting the lateral optic strut so as to expose 
completely the optic nerve. 
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Figure 3.7. (A) The surgeon's view ofthe ante
rior fossa if abifrontal eraniotomy is followed 
by an extradural disseetion of the orbital roof, 
with opening of the latter but leaving supraor
bital rim intact (arrows). (H) The supraorbital 
rim has been removed en blac, after thc dura 
was separated from the roof of the orbit dur
ing an approach down the lesscr wing of the 
sphenoid (from the pterion to thc anterior clin
oid process). The roof of the orbit was then 
resected, using rongeurs posteriorly, to includc 
the anterior clinoid proccss exposing the intact 
periorbita (1) and the optic nerve both within 
the optic canal (2) and at its cntry into the 
optic chiasm (3). One must open the dura at 
the optic foramen if he wishes to follow the 
optic nerve into thc optic chiasm. (C) Thc peri
orbita has been removed, bringing into relief 
the extraocular muscles, lacrimal gland (1), 
medial wall of the orbit. This is the exposure 
one has of the globe (2), cone, optic canal, and 
thc inferior orbital fis sure (3) if the supraorbi
tal rim is removed and the orbital roof is re
sec ted to the optic foramen posteromedially 
and the superior orbital fissure posterolater
ally. (D) Hoth the levator palpebrae superioris 
(1) and the superior rectus (2) have been tran
sec ted and reflected from the globe and muscu
lar cone, exposing completely thc intraconal 
contents, exit of optic nerve from the globe, 
and the insertion of the superior oblique mus
cle (3) onto the globe. 

A 
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~ Figure 3.8. The technique for unroofing the supraorbital rim . 
(A) One notes the technique for preserving the frontal nerve. 
After the periosteum has been reflected onto the Galea and 
sewn down, one identifies the supraorbital groove (sulcus or 
foramen) and then isolates the frontal nerve, ta king care to 
separate it from the bone. Allow it to remain adherent to 
the periosteum peripherally. Respect its integrity at the point 
where is perforates the periorbita. (B) The periosteum has 
been stripped from the supraorbital rim, reflected anteriorly, 
and sewn to the Galea of the frontal scalp flap so as to keep 
it stretched. The dura has been stripped from the inner surface 
of the frontal bone and roof of the orbit, isolating glabella, 
supra orbital rim, zygomatic process of frontal bone, orbital 
roof. (C) Separation of the periorbita from the orbital surface 
of the orbital roof. A Penfield * 4, or * 2, dissector is quite 
adequate for performing this procedure. One should feel the 

A 
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bone of the roof of the orbit with the dissector at all times. 
This photograph illustrates the technique for osteotomizing 
the supraorbital rim. At the left (1), the osteotomy has already 
been performed with a high-speed drill. At the right (2), the 
high-speed drill is being used to cut the frontal bone. Subse
quent to this, a Penfield * 1 dissector is placed between perior
bita and roof of the orbit, along the hne of desired osteotomy 
in the roof of the orbit. This serves as both a guide and a 
protection against tearing the periorbita or orbital contents. 
(0) Once the osteotomy has been performed, the Penfield dis
sector is swept posteriorly, stripping all of the periorbita from 
the orbital surface of the roof. At this time, the supraorbital 
rim may be hfted away en bloc. (E) One then notes some re
maining orbital roof posteriorly. (F) This is bitten away with 
a LekseIl rongeur. At this time, one has excellent visualization 
of the intraorbital contents, still eovered by the periorbita. 

Figure 3.9. The periorbita is opened exaetly as one would the 
dura mater, using a * 15 blade, with or without a dural hook. 
The periorbita is being ineised with the assistance of a dural 
(scleral) hook. 

Figure 3.10. At the end of the proeedure, one simply reap
proximates the orbital roof and supraorbital rim (A) and then 
anehors it into plaee (B) . 

B 
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Parietal Flap (Figures 3.13 to 3.16) 
The parietal bone flap may be penta- or quadrilateral, 
depending upon the convexity of the skull, the specific 
location of the flap with regard to its extension across 
the coronal suture, or its limitation entirely to the pari
etal bone. The pentalateral flap permits a craniotomy 
that extends weil anterior to the coronal suture and, 
consequently, one with greater curvature. The quadri
lateral flap is almost complete1y limited to the parietal 
bone so that the curvature is less and the need for the 
fifth burr hole does not exist. Parietal flaps allow access 
to the convexity of the parietal lobe or to the superior 
sagittal sinus (SSS) and falx cerebri. Also, one may con
tinue the dissection down the falx cerebri to the corpus 
callosum for tumors within this structure, or split the 

Figure 3.1 L Anatomical representation of the 
relative size, location , and course of thc optic 
nerve, diagrammatically exposed by rcmoving 
thc cxtraocular muscles and adnexa. 

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

corpus callosum for access to tumors (almost invariably 
pineal tumors) between it and the roof of the III ventri
c1e. Because of the presence of the internal cerebral 
veins in the roof ofthe III ventric1e, this approach along 
the falx cerebri for entrance into the III ventric1e is 
not recommended. The para sagittal approach to the 
corpus callosum offers relatively immediate access to 
the entirety of this commissure from the genu to the 
splenium. Although the dissection around the medial 
surface of the parietal lobe is tedious, owing to the 
presence of bridging cortical veins, it is not as difficult 
as it is in aduIts. Children do not have adherent arach
noidal granulations binding the arachnoid to the dura, 
the bridging cortical veins, and the SSS. 

Jmmediately beneath the body ofthc corpus callosum 



Figure 3.13. This illustrates a pentalateral parietal flap, with 
the most anterior limb extending across the coronal suture, 
into the frontal bone. 

Figure 3.15. This is an anatomical representation, depicting 
diagrammatically, in three dimensions, the access a quadrilat
eral bone flap affords to the corpus callosum (1), III ventricle 
(2), septum pellucidum, (3) optic chiasm (4), midbrain (5), pi
neal gland (6). 
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Figure 3.14. A quadrilateral parietal flap offers exposure of 
the parietal convexity, parasagittal area, corpus callosum, and 
III ventricle. 

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. 
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Figure 3.17. One may gain access to the supramarginal and 
angualar gyri as weil as the superior temporal convolution 
through a superior parietotemporal flap, by placing the inferi
or burr holes below the superior temporalline (arrows). 

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 
arteriovenous malformations of the galenic system in 
which the tributary vessels enter this anomaly along 
its superior surface. 

Parietotemporal Flap (Figures 3.17 and 3.18) 
The parietal flap may easily be extended into a parieto
temporal flap, if the parietal lesion also invades the 
superior or middle temporal convolutions posteriorly 
(in correspondence to the supramarginal and angular 
gyri). Similarly, one may pi ace the burr holes more lat
erally on the convexity, exposing only the inferior por
tion of the parietal lobeand, with this, the posterior 
superior portions of the temporal lobe. This entails 
placing the superior burr holes at (1) the parietal emi
nence, (2) the coronal suture, (3) the pterion, and (4) 
just above the base of the mastoid bone. 

Biparietal Craniotomy (Figures 3.19 and 3.20) 
The biparietal craniotomy is used for resection of the 
sagittal suture (really a craniectomy), to gain access to 
the superior sagittal sinus (SSS) or both sides of the 
falx cerebri, to attain complete exposure of the great 

Figure 3.18. Inferior parietotemporal bone flap. 

vein of Galen for arteriovenous fistulae , and 10 lower 
SSS for chronic subdural hematoma. 

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

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



Figure 3.19. Biparietal quadrilateral bone flaps, plaeed one on 
cither side of the sagittal plane, leaving the bone over the 
superior sagittal sinus (SSS) intaet. In tbe event access to the 
SSS beeomes desirable, tbis strip of bone may be quiekly re
moved. 

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

Anterior Temporal Flaps (Figures 3.21 and 3.22) 
The anteroinferior burr hole is placed at the pterion 
so that the surgeon may have immediate access to the 
temporal pole. Dissection of the temporalis muscle 
should be extensive, exposing the greater wing of the 
sphenoid and the squamous portion of the temporal 
bone. This allows for craniectomy of these two latter 
bones in the event one wishes to gain access to the 
floor of the temporal fossa. Since this is a common 
site for dural sarcoma, aplasia of the temporal lobe, 
arachnoidal cysts of the Sylvian fissure, and dermoid 
tumors, it is of importance to take care to assure access 
to the inferior portion of the temporal fossa during 
preparation of the craniotomy for an anterior temporal 
approach. 

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

Temporal flaps (anterior, posterior, middle) permit 
access to varying portions of the temporal lobe, the 
entirety of the Sylvian fissure, the temporal horn and 
trigone, the lateral portion of the circle of Willis, the 
posterior cerebral and superior cerebellar arteries, the 
tentorial edge and ambient cistern , the surface of the 
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Figure 3.20. Bilateral frontoparietal (pentalateral) bone f1aps 
may be extended aeross the eoronal suturc, leaving bone over 
thc superior sagittal sinus. 

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

Posterior Temporal Flaps (Figure 3.23) 
Posterior temporal flaps do not necessitate anteroinfe
rior dissection into the bulk of the temporalis muscle 
and are, consequently, much easier to reflecL Similarly, 
since the posterior temporal lobe is considerably higher 
than the temporal pole, it is not necessary to dissect 
the temporalis muscle from the squamous temporal and 
greater wing of the sphenoid bones. The superior burr 
hole is placed at the superior temporal line, directly 
above the external auditory canal, and the inferior burr 
hole is placed at the base of the mastoid process. The 
anterior and posterior burr holes are placed within the 
parietal bone, posterosuperior to the pterion and direct
ly inferior to the parietal eminence, respectively. This 
flap does not permit access to the floor of the middle 
fossa. Rather, it is for exposure of the temporal lobe 
(from the temporal operculum posteriorly) or for access 
to the trigone of the lateral ventricle. 

Midtempora/ Flap (Figure 3.24) 
The midtemporal flap incorporates the anterior and 
posterior temporal burr holes so as to permit access 
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Figure 3.22. (A) Suggested teehnique 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 perioste um : eutting edge to be held firmly and run parallel 

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

Figure 3.21. Anterior temporal craniotomy. The anteroinfe
rior burr hole is plaeed at the key hole so as to assure exposure 
of the temporal pole. Note that the inferior eraniotomy line 
extends through the squamous temporal (1) and greatcr wing 
of the sphenoid (2). Rongeuring these bones gives access to 
the floor of the middle fossa. 

to muscle insertion. (H) The bipenniform temporalis musclc 
has been dissected from bone, preserving its three laycrs: (I) 
deep, (2) intermediate, (3) superfieial. 

system, brainstem, superior surface of the cerebellum, 
or media! surface of the occipitotemporal!obes. 

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

B 



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

A 

Figure 3.24. (A) Midtemporal flap showing the quadrilateral 
form of the bone flap and illustrating the greater wing of 
the sphenoid (1) and the squamous temporal bones (2). The 
superior burr holes are all just beneath the superior temporal 
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line, the anteroinferior burr hole is at the pterion. One may, 
with this flap, have exposure permitted by both anterior and 
posterior temporal flaps, reflecting a pentalateral craniotomy. 
(B) Enlarged temporal bone flap. 
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A 

Figure 3.25. (A) Medial oeeipital bone flap, illustrating loea
tion of burr holes and osteotomy lines, as viewed by the sur
geon, in a straight posteroanterior view. Note that the lamb
doidal suture is within the flap, and that the medial osteotomy 
follows the sagittal suture. The inferior osteotomy line should 

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

Occipital Flap (Figure 3.25) 
Medial Occipital Flap 
A medial occipital flap permits access to the convexity, 
tentorial, and fa Ix surfaces of the occipital lobe. The 
occipital pole presents at the inferomedial aspect of this 
flap, at the tentorial junction. The culmen monticuli 
of the cerebellar vermis mayaiso be exposed through 
this flap (after the tentorium has been incised and its 
cut edges reflected medially and laterally), as may the 
quadrigeminal cistern, the pineal region, and the torcu
lar Herophili. 

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

B 

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

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

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



Figure 3.26. Superior cerebellar triangle. 

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

Suboccipital Flap 
Suboccipital bone flaps may be midline or lateral. 

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

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

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

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

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

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

The practice of performing a suboccipital craniec
tomy and of not closing the dura should be avoided! 
Failure to close the dura mater results in herniation 
of the posterior fossa contents into the dead space be
neath the erector capitis and trapezius muscles, with 
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Figure 3.28. Suboccipital craniotomy at time of closure, illus
trating replacement of the bone flap (1) and filling of the burr 
holes with bone plugs (2) and bone chips (3). Onc notes an 
intact arch of C-l (4) and erector cervicis muscles (5) still 
attached to C-2 (6). 

6 

Figure 3.29. Periosteal disseetion for suboccipital craniotomy. 
The periosteal disseetion (1) has been brought above the high
est nuchal line (2). This drawing shows both the intermedi
ate (3) and lowest (4) nuchallines. Lambda (5) and the squa
mosal suture (6) are superior to the torcular Herophili (7) and 
the transverse sinus (8) medially, but the squamosal suture 
is at the same level as the sigmoid sinus (9) laterally. 

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

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

As has already been described, dissection of the soft 
tissue for exposure of the squamous portion of the oc
cipital bone entails stripping of the periosteum from 
it (Fig. 3.29). However, this stripping is not complete 
because it is limited to the highest and lowest nuchal 
lines, the insertion of the erector capitis and trapezius 
muscles. Above and below the highest and lowest nu
challines the periosteum may be preserved. In planning 
either a superior or an inferior midline occipital flap, 
one must remember that the lambdoidal suture runs 
weil superior to the transverse sinus medially, but that 
it becomes superimposed on the venous sinuses at the 
point where the transverse sinus passes into the sigmoid 
sinus. This is also the area where the parietooccipital 
(lambdoidal), occipitomastoid, and parietomastoid su
tures meet. 

Midline Suhoccipital Craniotomies 
Inferior Suboccipital Cranio{omy (Figures 3.30 and 3.31) 
Suboccipital craniotomy for access to the inferior cere
bellar triangle consists of reflecting a triangular bone 
flap whose base is located beneath the transverse sinus, 
along the highest nuchal line, and whose (Hat) apex 
is the rim of the foramen magnum. Care should be 
taken to dissect the periosteum from the outer (pos/eri
or) rim of the foramen magnum, but not /0 ex/end /he 
dissection around the rim of the foramen magnum, since 
use o{periosteal elevators in this area may cause damagc 
10 the annular sinus, causing profuse venous hleeding or 
air emboli. 

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

then from the left, always feeling the tip of the guide 
against bone and dura, eases the guide across the mid
line into the contralateral burr hole. If it proves to be 
difficult to pass the guide direct1y horizontally from 
one burr hole to the other, the tip should be directed 
inferiorly, toward the rim of the foramen magnum 
(where the inner occipital spine is least prominent) and 
then to sweep it superiorly once the tip has crossed 
the midline. 

The saw guide should then be used to dissect the 
dura from the inner surface of the occipital bone toward 
the foramen magnum, by advancing it in that direction, 
remembering that the opening of the posterior rim of 
the foramen magnum is extraordinarily small (measur
ing 2.0 cm) and that the lateral surfaces of the foramen 
magnum consist of thick bony struts which lead to the 
occipital condyles. Therefore, an attempt to pass the 
Gigli saw guide direct1y inferiorly from the burr holes 
will result in the guide encountering the bone struts 
along the superior surface of the occipital condyles, and 
then being deflected medialward. 

It is not advisible 10 attempt to pass the saw guide 
from a burr hole down ward across the rim of theforamen 
magnum, in the epidural space, since this, too, puts the 
annular sinus at risk. Rather, the guide should be ad
vanced inferiorly as far as the rim of the foramen mag-

bone flap. (B) Inferior suboccipital craniotomy as vicwcd in 
aposteroblique line. 

num, removmg 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 01' 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 outcr layer 01' the dura mater 
(which is, indeed, the inner periosteum of the skulI) 
is continuous with the periosteum (pericranium) a! all 
foramina 01' the skull. This dural duplication forms the 
annular sinus. 

A craniotome is used to connect the lateral surface 
of each burr hole to the rim of the foramen magnum, 
hut it must not he hrough t all the way through the hone 
lest it tear the annular sinus. The triangular, free bone 
flap is separated from the dura by usc of a Penfield * 3 dissector or an Oldberg periosteal elevator, gradu
ally lowering the base, as the disseetion proceeds, until 
the dural-periosteal transition point at the rim of the 
foramen magnum is visualized. Now, dura-periosteum 
may be dissected from the rim of foramen magnum, 
within the free flap , under direct visual control, either 
with a sharp periosteal elevator or by cutting it from 
the bone with a * 15 blade. This exposes the point 
at which the dura mater, atlantooccipital membrane, 
and periosteumjpericranium join. This now redundant 
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Figure 3.31. (A) Placement of burr hole (1) just at the highest 
nuchal line (2). (B) In passing the Gigli saw guide (1) from 
one burr hole to another, across the midlinc, it is advantageous 
to direct it inferiorly, towards the rim of the foramen mag
num (2), first, and then to sweep it superiorly toward the op
posite burr hole (3). This facilitates separating dura from the 
internal occipital crest and frees dura from the inner surface 
of the f1ap area. (C) Completion of passage of Gigli saw guide 
across midline. (D) The Gigli saw guide is left in place, and 
the Gigli saw is used to make the superior (horizontal) osteo
tomy, beveling superiorly only after the saw is fully within 
bone so as to avoid damaging the torcular Herophili or trans
verse sinus. Note intact C-1 (1) and undisturbed attachment 
of erector cervicis muscles to laminae and spinous process 
of C-2 (2). (E) After the superior osteotomy has been com
pleted, the craniotome is used to make the lateral osteotomies, 
bringing them to (arrow), not across, thc rim of the foramen 
magnum. The lateral osteotomy at the right has been com
pleted, the one at the left has yet to be brought to the rim 
of the foramen magnum. Note the wide gutter made by the 
craniotome (1), and compare it to the bevcled cut which the 
Gigli saw accomplishes (2). (F) The lateralosteotomies have 
both been brought to the rim of the foramen magnum, so 
that one now separates squamous occipital bone f1ap from 
the underlying dura, cracking the thin slip of bone leftat 
each border of the foramen magnum by gently depressing 
the base of the bone f1ap. (G) Holding the squamous occipital 
bone f1ap with a Kocker and gradually lowering it, facilitates 
dissection of dura and prevents the f1ap from falling. As the 
f1ap is depressed, it should be pulled from the annular sinus 
so as to avoid jamming the bony posterior rim of the foramen 
magnum into the sinus. (H) The final dissection stage consists 
of freeing the durajperiosteum from the rim of the foramen 
magnum, a point of great danger where caution must be taken 
not to open the annular sinus. A Penfield dissector, or * 15 
blade, may be used, always working from the bony surface 
of the rim. Note the sunken dura, a result of having inserted 
a ventriculoperitoneal shunt (in this child with a medulloblas
toma and severe triventricular hydrocephalus) 10 days before 
the midline suboccipital craniotomy. 

A 

B 
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Figure 3.32. (A) Superior suboccipital craniotomy as viewed 
from the straight posteroanterior !ine. The uppcr burr holes 
are inserted along the highest nuchal !ine, the bottom two 
along the lowest nuchal line. The middlc nuchal !ine, when 
present, runs across the center of the free flap. (B) Superior 
suboccipital craniotomy as viewed from a posteroob!ique !ine. 
(C) The osteotomies have been completed, the frcc flap is be
ing !ifted away. (0) Photograph of the suboccipital area, 
showing dura after superior suboccipital craniotomy, and the 
craniovertebraljunction. Note that the erector ccrvicis muscles 
remain attached to the vcrtebrac. 

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

Superior Suboccipital Craniotomy (Figure 3.32) 
The superior suboccipital craniotomy is performed by 
placing four burr holes in a quadrilateral fashion, the 
upper two along the highest and the lower two along 
the lowest nuchal lines. The same precautions as for 
the inferior suboccipital craniotomy are taken in pas
sage of the Gigli saw guide across the midline. The 
Gigli saw is recommended for connecting the burr holes 
to one another, since one will not be crossing the fora
men magnum. Once the Gigli saw guide has been passed 
horizontally across the midline, it may be swept in an 
are from the opposite superior to the opposite inferior 
burr hole in one direction first, then in the opposite 
direction . This frees all of the dura, and permits safe 
osteotomies. 
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Figure 3.33. (A) Lateral suboccipital craniotomy for removal 
of asolid cerebellar hemisphere astrocytoma. Transverse sinus 
(1), foramen magnum (2), midline (3), and incision line (4) 
have been marked off. Subsequent to this, the area for the 
suboccipital craniotomy (5) was drawn on the skin. (B) Lateral 
suboccipital craniotomy as viewed along a posterior oblique 
line, showing the flap in relationship to the transverse sinus 
superiorly, the sigmoid sinus anteriorly, the point at which 
the squamous occipital bone passes from a vertical to a hori
zontal structure inferiorly. Note that the tlap does not ex te nd 
to the midline. At times, one may find it advantageous to 
place two burr holes, as illustrated here. 

Lateral Suboccipital Craniotomy (Figure 3.33) 
The lateral suboccipital opening is placed entirely with
in the squamous portion of the occipital bone, at its 
most extreme lateral portion (immediately inferior to 
the transverse sinus and posteromedial to the jugular 
bulb). 

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

Because these flaps are very small, measuring approx
imately 4 x 4 cm in surface area, one should use a single 
burr hole. This is placed in the squamous occipital bone, 
immediately beneath the point at wh ich the trans verse 
sinus passes into the sigmoid sinus. The linear osteo
tomy is then performed with a craniotome, since it is 
not possible to use the Gigli saw properly for such a 
small flap. Also, the beveling of the squamous occipital 
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Figure 3.34. Supra- and infratentorial Craniotomies. The pa
rietotemporooccipital (1) and lateral suboccipital (2) bone 
flaps have been reflected. 

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

Supra- and Infratentorial Craniotomy (Figure 3.34) 
A lateral suboccipital' and parietotemporal 2 cranio
tomy are preferable for a combined approach, irrespec
tive of whether the supra- and infratentorial lesion be
gins at the pontocerebellar angle or the tentorial open
ing, or grows through the dura (dumbbell fasion). A 
wider or narrower strip of bone may be left over the 
transverse sinus, or the bone flap may be lifted in a 
single piece from over the transverse sinus, occipital 
lobe, and cerebellar hemisphere. 

Hemispheral Craniotomy (Figure 3.35) 
The hemispheral craniotomy is used primarily for hemi
spherectomy and, when bilateral, for lowering of the 
superior sagittal sinus (SSS). In this latter instance, the 
craniotomy does not come to the midline. The bone 
over the SSS is not removed. Rather, it is advanced 
in the sagittal plane so as to accomplish the lowering 
of the SSS onto the cerebellar hemispheres and to ad
vance the SSS, restoring normal anatomical relation
ships between bridging veins and the SSS. Maintaining 
the strip ofbone over the SSS prevents kinking-obstruc
tion of this channel. When the hemispheral craniotomy 
is being used for lowering the SSS, the medial burr 
holes are brought to the parasagittal plane with their 
medial surfaces bordering upon the lateral extremity 
of the SSS. This allows for a median strip of bone and 
the anterior fontanel to remain in the sagittal plane. 
This is subsequently osteotomized at the inion and at 
the glabella, so that it may be lowered onto the underly
ing parasagittal surfaces of the cerebra I hemispheres 

Figure 3.35. Placement of burr holes and osteotomy lines for 
hemispheral craniotomy are illustrated in this anatomic illus
tration. The placement 01' the burr holes permits access to 
all hemispheral vascular structures and to thc entirety of the 
hemisphere. The superior holes arc placed to thc contralateral 
side of the sagittal suture so as to expose completely the SSS. 

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

The placement of the burr holes for the hemispheral 
craniotomy is such as to permit access to the frontal, 
temporal, and occipital poles; to the internal carotid 
and posterior cerebral arteries ; to the deep middle cere
bral and cortical bridging veins; to the vein of Labbe 
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 wh ich 
the sagittal and lambdoidal sutures meet, one along 
the parietosquamosal suture just superior to the exter
nal auditory canal, and one at the "keyhole." 

Laminotomy (Figures 3.36 to 3.45) 
Laminectomy is a destructive procedure that is indi
cated when there are intraspinal metastases compressing 
the cord or cauda equina. When the intraspina! patho!o
gy is traumatic, henign neop!astic, or congenita! ma!For
mation (e.g., diastematomyelia, dip !omyelia , dermoid si
nus tract) , !aminectomy may further weaken the spinal 
co!umn. Decompressive laminectomy for the drainage 
of epidural tuberculous abscess makes subsequent fu
sion, the treatment of choice, difficult or impossible. 



A 

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

Scoliosis and kyphosis were described following mul
tiple-level laminectomies in children in 1965 by Tachd
jian and Matson,5 and then confirmed in 1967 by Cat
tell and Clark. 6 In 1955 Bette and Englehardt 7 were 
the first to point out that anterior intervertebral body 
sub luxation and kyphosis occurred following lam
inectomy. Since these changes have not been observed 
in adults, one must conclude that there is a fundamental 
anatomical, physioanatomical, difference between the 
fully developed and completely grown vertebral spine 
on the one hand, and the developing, nonossified spine 
of younger children (infants, toddlers, juveniles) on the 
other. In addition to this, one must take into considera
tion the completed development of the paraspinal mus
cle masses in the adult, and both the undeveloped and 
nonfunctional erector spinae masses in the infant. 

In their 1967 paper, Cattell and Clark 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 kyphosis 
at the thoracic and lumbar levels following multiple 
laminectomies in 115 children. This concerned Cattell 
and Clark, who were particularly interested in the fact 
that the cervical spine, the most mobile segment of the 
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Figure 3.36. This child's kyphoscoliosis developed progres
sively over an 18-month period of time following multiple 
level thoraeie lamineetomy. 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 struetures, after rem oval. 

B 
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Stage 1 Stage 2 

Stage 3 
Stage 4 

Figure 3.38. (A) Infant: Note that there is almost no spinous 
process. The laminotomy is made at the same, paraspinous, 
position. (B) Toddler: The spinous process of the toddler is 
forming. (C) Juvenile: The four stages of exposure and osteo
tomy are illustrated in a juvenile to represent reflection of 
the skin flap and paraspinous muscIes as weil as the location 
and direction of the laminar osteotomy. 

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

Following the work by Raimondi and coworkers in 
1976,8 concluding that deformities (kyphosis, scoliosis, 

Figure 3.39. The crcctor spinac museIe masscs ofa 10-year-old 
child have been strippcd from thc laminac and spinous pro
cesses. 

accentuated lordosis) of the vertebral column in child
hood result from laminectomy, and recommending that 
laminotomy be substituted for laminectomy, Yasuoka 
and colleagues 9 in 1981, reported that "postlaminec
tomy spinal deformity can develop in children without 
irradiation or facet injury." It was their conclusion that 
the deformity results from a wedging transformation 
of the cartilaginous component of the vertebral bodies, 
and that the increased viscoelasticity of children's mus
culoligamentous structures is a significant contributing 
factor. Their attention was directed primarily to the 
treatment of postlaminectomy deformities of the verte
bral column in childhood, not to abandoning the lamin
ectomy and adapting laminotomy as the procedure of 
choice for access to the spinal canal in childhood. 

An extremely interesting, and very important, contri
bution to the literature of this subject was made by 
Barbera and colleagues 10 in their 1978 paper concern
ing the "laminectomy membrane," previously described 
in 1974 by LaRocca and Macnab. 11 Specifically, the 
"laminectomy membrane" was found to be patho
genetic in producing or reproducing signs and symp
toms of spinal cord compression following a laminec
tomy procedure. The "laminectomy membrane" is 
nothing more than scar tissue. Barbera and his asso
ciates 10 recommended using either an acrylic plastic or 
kiel bone graft over the dura mater to prevent "expan
sion of the scar tissue inside the spinal canal and adhe
sions between the dura and the cicatricial overlying 
muscles." They concluded that this type of solid materi
al, or tissue, is necessary to prevent the formation of 
the "laminectomy membrane." 

Laminotomy, as herein described, consequently 
1. restores bony protection to the spinal cord; 
2. prevents or significantly diminishes postoperative spi

nal column deformity (kyphosis, accentuated lordo
sis, scoliosis); and 
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Figure 3.40. (A) Thc general anatomical characteristics of the 
posterior spinous portion of the cervical canal are herein rcpre
sented as is the caudocephalad osteotomy. (B) Laminar osteo
tomy being performed. One notes that the osteotomy is per
formed in lateromedial and dorsoventral directions along the 
line of the pars interarticularis. 

3. eliminates the formation of a " laminectomy mem
brane." 

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

Several structures provide for the stability of the spi
nal column: intervertebral joints, laminae, ligamentum 
flavum, spinous processes, interspinous and supraspi
nous ligaments, and paraspinal museIes. In the adult, 
stability depends mostly on the intervertebral joints, 
while the role of the other structures of the posterior 
arch is relatively less important. The vertebrae of the 
child are developing structures, for which balanced me
chanical stimulations are necessary to assure normal 
growth. Spinal deformity and/or instability result from 
conditions in which bone, ligamentous deficiencies, or 
neuromuscular imbalance occur. Such a condition re
sults from multiple laminectomies, which destroy grow
ing bony structures (laminae and spinous processes), 
separate interlaminar and interspinous ligaments from 
adjoining vertebral arches, and substitute scar tissue for 
insertion of paraspinal museIe masses onto the laminae 
and spinous processes. 

Facet 

Inferior ---.,....~'"
articular 

C 
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Ventral 
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Figure 3.41. (A and B): The fourth cervical vertebra is (dia
grammatically) shown cut at two levels, in horizontal section. 
(C) The line of section, not of recommended osteotomy. This 
line of section is used to illustrate the inferior level of the 
vertebra at the left, the superior level at the right. 

B 
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Dorsal 
branch 

Figure 3.42. (A) The third thoracic vertebra is shown, dia
grammatically cut at lower and higher levels to illustrate thc 
different anatomical characteristics of the laminae and to illus
trate shingling. (B) The course of the nerves in the lateral view 

The reflection of a free laminar flap 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-l through 
T-3, T-5 through L-3, L-2 through L-5), thereby allow
ing surgical removal of the most extensive lesions, with
out weakening permanently the vertebral column or 
destroying the growth center in the posterior portion 
of the spinal arch. 

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

is shown. (e) This illustratcs the exposed spinal cord and 
arachnoid, the opcned and reflccted dura mater. (D) This de
piets the Iines of seetion, superior and inferior. 

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

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



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

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

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

overlapping laminae protect completely the dura and 
cord. 

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

Using power instruments, the finest drill blade avail
able, one incises the laminae in a caudocephalad direc
tion under the operating microscope, or loops, using 
a minimum of3 x (preferably 10 x) magnification, with 
constant but minimal irrigation and suction. The author 
uses a high-speed drill, not a craniotome. The osteo
tomy should be made in a dorsoventral direction, pro
ceeding along a lateral medial plane so as to provide 
maximum possibility of beveling, not with the expecta
tion to obtain an osteotomy which is wedge-shaped, 
but with the hope of minimizing the size of the gutter 
and, thus, facilitate nestling it back into normal position 
at the time of closure. If one uses a very thin cutting 
blade on the power instrument « 1 mm), bridging of 
the interval by bony tissue during the healing phases 
is greatly facilitated. (Some neurosurgeons use the cra-
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Figure 3.44. CA) Laminar flap being reflected after the osteo
tomies have been performed . (B) Sagittal section illustrating 
technique for reflecting the free laminar flap. (C) A single spi
nous process and a portion of the lamina are diagrammatieally 
represented as being free from the ventral aspeet of the spinal 
canal. 

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

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

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

c 

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

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



Figure 3.45. An osteotomizied thoraeie spine is diagrammati
cally represented, illustrating the desired inclination of laminar 
cut (1); the epidural fat (2) and venous plexus (3), reflected 
dura mater (4), and, deeper, the enclosed arachnoid (5) and 
neural elements (6). 

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

In freeing the laminar flap the yellow ligaments are 
cut individually, on each side, at each level, preferably 
with a # 15 blade mounted on a long handle, with 
the direction of cut being ventrodorsal so as to minimize 
risk of damage to the epidural structures and the dura 
mater. The epidural fat is stroked away from the ventral 
surface of the laminae with either a Penfield # 4 or 
# 3 dissector, with care being taken not to compress 
the dura and underlying spinal cord and/or lesion. 
Bridging vessels are identified, coagulated individually 
with bipolar cautery, and then sectioned with micro
scissors. As each laminar segment is freed, the laminar 
flap is drawn dorsally and elevated slightly cephalad 
so as to avoid buckling at the fu1crum, thus eliminating 
the risk of compressing the underlying dura and cord. 

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

Bone Closure 

Craniotomy Closure (Figures 3.46 to 3.49) 
As already discussed, when a craniotome is used to 
free the bone flap from the surrounding skulI, a large 
gutter (varying in width from 2 to 4 mm!) is created, 
thereby rendering it impossible to attain bone to bone 
approximation when either a free or an osteoplastic 
bone flap is reinserted into position. It is disadvanta
geous to use power instruments of any make to cut 
the bone between burr holes, since healing-bone to 
bone healing-seldom occurs (except in the newborn 
and very young infant) across these gutters. In fact. 
the flap sinks (Fig. 3.1 A) varying depths beneath the 
level of the skulI, fibrous tissue bridges across from 
skull to flap, and one has a moveable, albeit more or 
less limited, free bone flap . Use of the Gigli saw, on 
the other hand, permits immediate solid seating of the 
flap, like a cork in a bottle, since the cut may be beveled, 
and thus creates a wedge-shaped plug (Fig. 3.1 B). Bony 
regrowth occurs across the osteotomy lines made by 
the Gigli saw. Although the vendors of power cranioto
mies may demonstrate techniques for obtaining a bev
eled cut, this is neither gene rally possible on an older 
child nor ever possible on an infant or young toddler 
(because of the thin skulI). 

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 agauze 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 sec ure 
purehase to 4-0 and 3-0 suture material, respectively. 
Similarly, throughout the procedure, one must periodi
cally irrigate the operative site so as to maintain ade
quate hydration of the periosteum and muscle. 

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

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

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

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

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

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

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

Laminar Closure (Figures 3.50 and 3.51) 
The laminotomy flap is brought into the operative area, 
removing it from the moistened gauze sponge in which 
it was stored. If the laminar flap has been stored com
pletely moistened, the interspinous ligaments will not 
have dried and shriveled. If it is stored dry, shrinkage 
occurs (rendering reapproximation of the laminar flap 
difficult or impossible). 

A high-speed drill is used to perforate each of the 
laminae at the caudal and cranial ends of the laminar 
flap, and the portion of the laminae which remained 
in the vertebral body. With the flap brought back into 
its anatomical position, the surgeon passes sutures 
through the openings made in the most caudallaminae, 
and then ties them securely to one another, using 2-0 
suture. This is done, from caudad to cephalad, at each 
level. These sutures are tied down individually and at 
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Figure 3.48. Preparation of bone plug. (A) The high-speed 
drill is being used to fashion a plug from the inner table of 
the bone flap. (B) After the cut has been made through the 
inner table and into the diploic layer, a periosteal elevator 
is used to pry it free, taking care not to crack it. (C) This 

eaeh level, first on one side then the other. The tying 
down of the laminar sutures one at a time from eaudal 
to rostral unfolds the flap as an open aeeordion, and 
brings eaeh of the laminae to rest at its appropiate ana
tomieal level. 

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

The paraspinous muscle masses are then allowed to 
fall into their normal position by removing the self
retaining retraetors. They are sewn to the respeetive 
interspinous ligaments in two layers, deep and superfi-

is a photo graph of the freed plug and bone flap from which 
it was taken. (D) The bone plug is being held in the burr 
hole defect it will be used to dose-in this case the glabellar 
hole for abifrontal flap. 

eial, and the faseia over the paraspinous muscles is sewn 
to the supraspinous ligaments. This brings muscle mass, 
spinous proeesses, and interspinous ligaments into ana
tomieal juxtaposition, and prevents the laminar flap 
from moving or sinking into the spinal eanal. The sub
eutaneous tissue and skin are then closed. 

Postoperative Treatment and Follow-Up 0/ Laminotomy 
The postoperative treatment for laminotomy eonsists 
of appropriate immobilization of the patient, whieh is 
obtained through a thoraeie on lumbosaeral eorset for 
the eorresponding spine segments, and a "fourposter" 
eervieal eollar or "halo" for the eervieal spine. Serial 
x-ray eontrols are performed from the first days after 
surgery, and biweekly thereafter far 6 weeks. Onee there 
is x-ray evidenee of healing aeross the osteotomy site, 
no further x-rays are taken and the ehild may resurne 
normal aetivity. 



108 Burr Holes and Flaps 

A B 

Figure 3.49. Bone chips taken from the burr holes during the 
opening should be placed into the burr hole sites after the 
bone flap has been securely anchored in position. Packing 
of the chips into the hole offers a base upon which the bone 
plug may rest. (A) Abifrontal free bone flap has been reposi
tioned, and the bone plug (1) placed into the burr hole opening 
along with the bone dust. The reflected periosteal flap (2) will 
be sewn over the plug and dust, onto the periosteum (3) which 
had been left on the frontal bone flap. (B) The periosteal flap 
is now being brought over plugged burr hole and craniotomy 
line, as it is sewn to periosteum which had been left on the 
free bone flap. (C) The periosteal flap (1) has been anchored 
(2) to the periosteum of the bone flap (3), and the fascial 
layers of the temporalis muscIe (4) anchored along the superior 
temporal line (5). Bone dust and plugs (6) are used to fill 
the parasagittal burr hole openings. 

A 

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

ally, proceeding in a caudoccphalad direction. (8) Thc anchor
ing sutures are shown penetrating the laminae through pre
viously placed perforations. 

c 



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

Suturotomy for Various Flaps 
in the Newborn and Infant 

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

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

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

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

from the suture line. The periosteum is reflected from 
the bone edge, over a linear distance of approximately 
1.5 cm. The highly vascularized bone and the interos
seus portion of the suture are then exposed before using 
a sharp periosteal elevator, such as the Oldberg or a 
sharpened Penfield *4 dissector, to separate the suture 
li ne 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 
*20r *4 dissector and stripping the former from the 
latter. It is not possible to run the dissector across the 
suture line, so the surgeon separates the outer layer 
of the dura from the inner table of the skull on either 
side, bringing the separation up to the suture line. This 
is done through the small opening already described. 

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

Reflection of the free or osteoplastic flap, after sutur
otomy, exposes the underlying dura and suture lines. 
One may choose to reflect any combination of unilateral 
frontal, bifrontal, biparietal, frontoparietal, and tem
poroparietal flaps for access to the desired area. 
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Figure 4.1. Anatomical drawing of the infant's neurocranium, 
illustrating the bones ofthe calvarium and thc sutures continu
ous with it. The sagittal (1), coronal (2), and metopic (3) su
tures are continuous with the anterior fontanel (4). The COf

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) bon es 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 appropriate bone, therefore. 
suffices to expose the underlying lobe of the hemispherc. 
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Figure 4.3. (A) First stage of suturotomy, stripping of the 
periosteum across the suture !ine, and the second stage, sepa
rating the dura from the inner surface of the skulI, are herein 
illustrated. Inferiorly, along the coronal suture, one notes that 
the periosteum has been separated from the suture !ine (1) 
over a !inear distance of approximately 1.5 cm and lateralward 
for approximately 2.5 mm. Superior to this, the technique for 
inserting a dissector between the inner table of the skull and 
the dura, extending distally from the suture !ine, is illustrated 
(2). The dissector is swept over the outer layer of the dura, 
within the epidural area, converting this from a potential to 
a virtual epidural space. (B) This is a photo graph ofthe perios
teum stripped from the bone at the suture !ine. (C) The perios
teal elevator has been inserted into the epidural space, and 
is being used to separate the inner layer of the dura from 
the inner table of the skulI. 

B 

c 
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Figure 4.4. The periosteum (1) has been stripped from the 
coronal sutllre (2), and the outer layer of the dura (3) from 
the inner table of the skull. 

Figure 4.5. Thc scissors have becn inscrtcd so as to cut along 
thc line of junction betwecn thc parietal bone and the coronal 
suture. The bladc betwecn the sklill and the dura serves as 
a dissector. 
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Figure 4.6. (A) The eoronal and metopie suturotomies have 
been performed, refleeting the right frontal bone (1) inferiorly 
along the !ine extending from the glabella to the zygomatie 
proeess of the frontal bone. The periosteum (2) remains at
taehed to the outer table of the skulI. The left parietal bone 
(3) has been freed from the eoronal (4), sagittal (5), and lamb
doidal sutures. It may be !ifted away after the parietotemporal 
(squamosal and mastoid) sutures are cut. (8) The right frontal 
and left parietal bones have been removed, exposing the supe
rior sagittal sinus (1). The osteotomy along the supraorbital 
ridge (2) was performed with heavy seissors. 

B 



"There is no joy like the conquest (~ld(fflculties welf 
within one's powers-she shook the dust olthe place 
off her feet." 

CHARLOTTE BRONTE 

lane Eyre 



General Comments (Figure 5.1) 

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

A scleral hook is ideal for grasping the outer layer 
of the dura and elevating the intact dura from the sur
face of the underlying brain so that it may be incised 
with a # 15 blade. Either Adson or Adson-Brown for
ceps is then used to grasp the dura mater, elevating 
this structure from the surface of the brain, be fore pro
ceeding to cut it with tenotomy scissors. 

For medial dural openings (frontal, parietal, occipi-
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Dural Flaps 

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

Dural Openings 

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

Frontal Dural openings 
Medial Frontal Dural Opening (Figure 5.2) 
Dural opening and reflection of the medial dural flap 
for a medial frontal craniotomy is somewhat different 
from a lateral frontal craniotomy. In essence, reflecting 
the dura in a medial frontal craniotomy entails exposing 
the bridging cortical veins, something that is not done 
in a lateral frontal craniotomy, since the superior sagit
tal sinus is not exposed in this latter procedure. After 
the dura has been incised with a # 15 blade, it is opened 
in a single trapdoor fashion, and then the dural flap 
is reflected medially over the osteotomy line and sewn 
down to the periosteum. This flap should be sewn out 
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of the way, in a line that does not kink or stretch the 
bridging cortical veins. The cut anterior, inferior, and 
posterior edges of the dura are, in turn, sewn around 
the osteotomy line and to the periosteum. This prevents 
the frontal dural flaps from falling continuously into 
the operative field, and further minimizes the risk of 
stripping dura from the inner surface of the skull. 

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

B 
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Figure 5.1. (A) The dura has bccn opcncd by 
using a scleral hook inserted into its outcr 
laycr, clevating it, and then nicking it with a 
# 15 blade. Once both layers of the dura have 
been opened and the underlying arachnoid 
identified, a right-angled groovc director is in
serted between thc arachnoid and inner laycr 
of the dura. A # 15 blade is uscd to start thc 
dural opening. Here, 4-0 sutures (arrows) werc 
sewn from thc outcr layer of the dura to thc 
periosteum prior to opening thc dura. (B) One 
notcs arachnoid bulging through thc dural 
opcning, which is now bcing complctcd with 
the use of Adson-Brown forceps to elevate thc 
dura and tcnotomy scissors to cut it. Insertion 
of the scissors should be such as to usc thc 
blade placed bctween arachnoid and inncr 
laycr of thc dura as a dissector, taking eare 
to angulate the seissors in such a manner as 
to point the lip of the bladc upward against 
the dura. This avoids cutting the undcrlying 
arachnoid or cortex. 

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

Bifrontal Dural Opening (Figurc 5.4) 
The bifrontal (bifrontopterional) craniotomy exposes 
the superior sagittal sinus (SSS) and the intradural por
tion of the bridging dural veins bilaterally. 

The dural opening differs from that used in either 
the medial on lateral frontal craniotomy in that trap
door openings are not used. Rather, a single hockey
stick incision is made on either side, extending from 
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Figure 5.2. (A) Medial dural opening. The dura is opened 
(single trapdoor) along a line running parallel to the cranio
tomy, at a distance of about 1.0 cm (to facilitate c1osure), 
except along the parasagittal plane. This opening is fast, and 
minimizes damage to the bridging cortical veins (arrows). (B) 

A 

Figure 5.3. (A) The dura is incised in a single trapdoor fash
ion, and cuts are made at the posterolateral (1) and anterolat
eral (2) edges . The craniotomy is weil lateral to the superior 
sagittal sinus, so the intradural portion of tbc bridging veins 
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Medial dural opening. Tbe dural flaps are sewn (over the cran
iotomy edge) to the periosteum. Note that the sutures are 
placed parallel (arrows) to the cut surfaccs of thc dura and 
periosteum. This avoids the suture tearing through these struc
tures when the knot is lied . 

B 

is not visible. (B) The single trapdoor and three peripheral 
edges of dura have been sewn to the periosteum, exposing 
the brain and securing (and stretching) tbc dura out 01' tbc 
field. 
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Figure 5.4. (A) The bilateral hockey-stick dural opening is 
photographed from the surgeon's line of vision. The dural 
opening is extended to the superior sagittal sinus (SSS), but 
not into it. Both right and left anterior dural falps (1 and 
2, respectively) have been sewn over the supraorbital ridge 
to the periosteum, to prevent them from falling continuously 
into the operative field. (B) Clips have been placed across 
the SSS on either side. They are angulated in such a manner 
as to form a diamond. Their hilts are separated from one 
another by at least 2 mm, permitting one to cut across the 
dura of the SSS between them. Clips are unreliable in that 
they may not be successfully extended across the SSS. Also, 
they tend to slip from the sinus during the operative proce
dure. SurgiceI has been placed over the SSS. (C) The bilateral 
hockey-stick incisions (1) have been made and the bordering 
edge cut at the zygomatic process of the frontal bone (2). 
Suture, preferable to clips, is being passed through the falx 
(3), to Iigate the SSS. The child is in the anatomical position. 
(0) With the child supine, one notes the hockey-stick incisions, 
and the suture being passed through the falx cerebri. The 
head has been positioned obliquely to illustrate the full extent 
of the hockey-stick dural incision. (E) Supine position. This 
illustration permits one to appreciate how the frontal lobes 
(1) and dura (2) fall away, together, from the floor of the 
anterior fossa (3) as the head is lowered. Also, one notes that 
the edges of dura anchored to the peristeum of the orbital 
rim (4) and to that over temporosphenoidal bones (5) are 
thereby prevented from falling continuously into the operative 
field . (F) Supine position. The SSS has been transected be
tween the two ligatures, and the falx cerebri has been cut 
from the crista galli. The dural flaps have been sewn to the 
periosteum, and a tel fa placed over the right frontal lobe. 
Note that the dura (shown on the left) falls away from the 
orbital roof with the left frontal lobe after the falx cerebri 
is cut. This is extremely important, since it ass ures the surgeon 
that there will be no stretching or tearing of frontal bridging 
veins, minimizing risk of frontal lobe edema or infarction. 
The orbital roofs have co me into view with the cribriform 
plate. (0) Right medial frontal dural opening. One can com
pare the difference in exposure (with regard both to extent 
of exposure and surgery) between a unilateral and bilateral 
frontal flap. 

A 
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medial to lateral, along a plane parallel to the supraor
bital ridge, with the angulation located at the zygomatic 
process of the frontal bone. The incision is then ex
tended posteriorly to the pterion. The peripheral edge 
of the dura is incised to the base of the zygomatic pro
cess of the frontal bone. Subsequent to this, clips or 
sutures are placed across the SSS down to the falx cere
bri, separated from one another by a distance of ap
proximately 2 mm. The most anterior portion of the 
SSS is ligated before it is transected. The falx cerebri 

is cut from its insertion onto the crista galli, allowing 
the dura mater to be retracted with the frontal lobes. 
This prevents stretching or kin king of the bridging cor
tical veins. 

Parietal Dural Openings (Figures 5.5 to 5.8) 
The parietal dural openings may be superior parietal, 
parietotemporal (inferior parietal), biparietal, and pa
rietofrontal. 

G 
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Figure 5.5. (A) Superior quadrilateral parietal flap as seen 
from straight lateral perspectivc, in order to visualize the rela
tionship betwccn the posteriOf cxtrcmity of the flap and thc 
parietal eminence. The dura has becn incised but not reflected. 
Note that only the superior portion of the dura (1) may bc 
reflected ovcr thc superior sagittal sinus without opening thc 
inferior trap dOOf (2), or the inferior trap dOOf may be opencd 
for greatcr access to the parictallobc. (B) Posteroobliquc vicw 
of the dural opening in a quadrilateral bone flap to illustrate 

access to thc parictal convexity. (C) Postcrooblique view, with 
the split superior trapdoOf eleft and scwn over the superior 
sagittal sinus and anchored to thc pcriostcum. (D) The dura 
beneath this quadrilateral parietal flap is reflected at all 4 
corners and sewn into position after it has bcen stretched. 
The medial (1) and latcral (2) flaps havc been eleft at thcir 
center to avoid dural buckling and to providc fuH visualization 
of the sagittaL parictal, and temporoparictal areas. 
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Figure 5.6. (A) This inferior parietotemporal flap, as seen 
from the lateral perspective, permits an opening that extends 
into the squamous temporal bone and to the pterion. The 
incised double trapdoor has a shorter medial leaf (1), and 
a longer lateral one (2). (B) Superior parietotemporal flap 
has a bivalved medialleaf that is reflected superiorly. (C) All 
41eafs have been reflected over the bony margins ofthe cranio
tomy, exposing the underlying parietal and superior temporal 
cortices. The anterior and posterior leaves have not been do
yen, but could be if one desired more complete access to the 
underlying brain. 

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

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

Biparietal Dural Opening 
The bilateral dural openings may be either parietal or 
parietofrontal. They permit access to the convexities 
of both parietal (or parietofrontal) lobes, to both sides 
of the falx cerebri, and to the splenium of the corpus 
callosum. The parietofrontal flap permits access to the 
genu, as weIl as the body and splenium of the corpus 
callosum. It also allows the surgeon to perform indepen
dent cerebrotomies in the frontal and parietotemporal 
areas for access to the frontal horn and trigone, respec
tively, for these choroid plexus papillomas extending 
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Figure 5.7. Biparietal dural flaps with the dura completely 
incised. (A) The durotomies have been made in double trap
door fashion, so that one may expose the medial, lateral, or 
entire parietal lobe on both sides. (B) Opening only the medial 
trapdoors gives access to the sagittal area and medial parietal 
lobes, while affording dural protection to the lateral parietal 
surface. The medial flaps are sewn over the strip of bone 
bordering the sagittal suture. (C) This photograph of a biparie
tal dural opening was taken during the performance of a low
ering of the superior sagittal sinus (SSS) for chronic subdural 
effusion. The right medial dural flap has been scwn over the 
SSS to the dura on the left, which will subsequently be sewn 
medialward onto the right dural flap. One may appreciate 
the extensive exposure of the underlying brain this type of 
dural opening provides. The dural opening has not been com
pleted, so one notes tenting of the superior and lateral flap 
segments. (D) The dura has been reflected over the free edges 
of the parietal craniotomy and anchored into position. The 
medial trapdoors have each been brought over the midline 
and anchored to one another, keeping them stretched over 
one another when the sagittal strip of bone has not been re
moved and sewing both to suspend and protect the SSS sinus 
when it has. 

c 

D 



A 

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

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

Temporal Dural Openings (Figure 5.9) 
Anterior Temporal Dural Opening 
Particular attention is given to studying the anterior 
opening of the dural flap, as it extends inferiorly across 
the posterior branch of the middle meningeal artery 
but remaining posterior to the middle meningeal 
proper. This opening must be reflected over the lesser 
wing of the sphenoid in two or more folds, to avoid 
tenting and, consequently, converting the dural opening 
into a tube. 
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Middle Temporal Dural Opening 
The middle opening reflects the dura over the craniecto
mized squamous temporal and greater wing of the sphe
noid bones, giving the surgeon a straight line of vision 
to the floor of the middle fossa, unimpeded by a ledge 
of temporal squama. This minimizes, or eliminates, the 
need to elevate significantly the temporal lobe for access 
to the tentorial edge and ambient cistern. 

Posterior Temporal Dural Opening 
The posterior opening is designed for access to the supe
rior and middle temporal convolutions, the terminal 
portion of the Sylvian fissure. The angular and supra-
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Figure 5.9. (A) The anterior temporal dural incision and re
flections are illustrated. The middle meningeal artery is ligated 
by passing a 4-0 suture through both layers of the dura and 
then tying them down securely. This prevents bleeding from 
the dural edges. The dura is then opened by making a semi
lunar incision (1), convexity downward, and perpendicular in
cisions posteriorly (2) and anteriorly (3). This opening mini
mizes bleeding and maximizes exposure. (B) Midtemporal 
dural incision and reflections. In this craniotomy, the middle 
meningeal artery (1) is located at the anterior extremity of 
the bone flap, dural exposure. It is essential that it be identified 

marginal gyri are most conveniently approached 
through a parietotemporal flap. 

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

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

Occipital Dural Openings (Figures 5.10 and 5.11) 
The medial and lateral occipital dural openings permit 
one, respectively, to work along the junction of the falx 
and the tentorium to reach the culmen monticuli and 
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and securely Iigatured before proceeding to open the dura. 
A ligature should also be put around its anterior branch (2). 
The semilunar durotomy is then made (3) and perpendicular 
cuts extended anteriorly (4) and posteriorly (5). The terminal 
posterior branch(es) may be ligated, or coagulated, since 
bleeding is only retrograde: the middle meningeal will already 
have been occluded. (C) Posterior dural incision and reflec
tions. A single ligature around the main trunk of the posterior 
branch of the middle meningeal artery (arrow) suffices to pre
vent all bleeding from the cut dural edges. The dura is then 
opened in a double trapdoor fashion. (D) The enlarged tempo-

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

Medial Occipital Dural Opening 
In the medial occipital craniotomy the dura is opened 
in a double trapdoor fashion, bringing the line of inci
sion parallel to the superior sagittal sinus, at a distance 
of approximately 3 cm from it. The incision is extended 
inferiorly to approximately 5 mm above the transverse 
sinus, then cut inferomedially to approximately 2 mm 
lateral to the torcular Herophili. This allows one to 
reflect the medial trapdoor over the sagittal plane, and 
the inferior dural skirt over the transverse sinus. One 
may then approach the pineal region either along the 
fa Ix or the tentorium, with the option to retract the 
occipitallobe superolaterally beneath the unopened lat
eral dural trapdoor. This affords it protection, under 
a dural covering, and keeps it from bulging through 
the craniotomy as retraction in the depths exposes the 
lesion. 
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ral dural incisions are illustrated in this drawing. The middle 
meningeal artery (1) is generally exposed at the junction of 
the anterior and posterior two thirds of the dural exposure. 
After it is liga ted, two additional ties (2) should be placed 
around its anterior branch (3). The dura is then opened in 
a double trapdoor fashion. (E) The middle meningeal artery 
is illustrated exiting from the diploe, inferior to the pterion, 
and bridging the epidural space to enter the dura mater. The 
surgeon may choose not to transect it electively, but to extend 
the durotomy posterior to the middle meningeal proper. This 
is not recommended. 

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

Posterior Fossa: Suboccipital Dural Openings 
The opening of the dura in the posterior fossa is both 
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tedious and delicate because the cerebellar hemispheres 
rest snugly upon it when the child is in the sitting posi
tion. Also, dural sinuses are in the midline and immedi
ately beneath the rim of the foramen magnum. They 
are variable in size and location. The entire dura cover
ing the inferior cerebellar hemispheres may be con
verted into one sinus (especially in Chiari 11 children). 
There are medial and lateral suboccipital dural open
mgs. 

E 
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Figure 5.10. (A) The dural opening is marked off, permitting 
reflection of a double trapdoor within the medial occipital 
craniotomy osteotomy lines. Note that the superior sagittal 
(1) and transverse (2) sinuses are within the craniotomy, as 
is the torcular Herophili (3). (B) Dural flaps reflected over 
the occipital cortex. This photograph of a medial occipital 
craniotomy illustrates the underiying dura, as weil as the ex
posed superior sagittal sinus (1), the torcular Herophili (2), 
and the transverse sinus (3). (C) The medial trapdoor of the 
dural opening has been made, and eleft into superior (1) and 
inferior (2) segments, which in turn are being reflected over 
the superior sagittal sinus at its posterior third. One anchoring 
suture (3) has been placed. Three more will be placed before 
proceeding to retract the occipitallobe laterally under the dura 
(4). Inferioriy, thc dura has been opened to the transverse 
sinus (5) and the torcular Herophili has been cxposcd (6). 

c 



Medial (Midiine) Suboccipital 
Dural 0 pening (Figures 5.12 to 5.14) 
Medial suboccipital openings permit exposure of either 
the inferior or superior cerebellar triangles, with the 
former being used either for inferior vermian/IV ventri
cle lesions or for lesions within the foramen magnum, 
and the latter for superior vermian and pineal region 
tumors. 

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

portion of the dura. Such a sling serves to suspend the 
inferior ce rebell ar hemispheres and tonsils, preventing 
them from herniating into the operative field, and to 
avoid potentially damaging traction on the brainstem. 

The dura is cut inferomedially from the point of 
opening (which is best made at approximately the junc
tion of the superior and inferior thirds of the dura ex 
posed by the suboccipital craniotomy). A cut across the 
midline from right to left, connecting the two inferome
dially coursing durotomy incisions, is made with teno
tomy scissors. The cut across the midline may have 
to be made with heavier scissors because of the dural 
reduplication at the annular and ce rebell ar sinuses. If 
a dural sinus is encountered it may either be coagulated 
with the bipolar forceps or clipped. This latter technique 
is discouraged, since the clips may come dislodged at 
the time of closure. The result may be bleeding into 
the posterior fossa, which, unfortunately, may occur 
without the surgeon being able to identify it. Also, and 
of more immediate danger, opening dural sinuses sub
jects the child to air embolism. Immediate, or incom
plete, closure (often the ca se when clips are used) of 
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Figure 5.12. (A) Dural f1aps for access to the inferior triangle. 
The lines of the two U-shaped dural f1aps are indicated. They 
permit opening the dura so as Lo fashion a sling to suspend 
the ce rebell ar tonsils and minimize traction on the cerebellar 
pedunclcs. The horizontal dural cut (1) is placed weil above 
the rim 01' the foramen magnum (2). (B) The dura is ref1ected 
laterally over each side and supcriorly over thc base of the 
tri angular craniotomy. The sling (1) is shown supporting the 
tonsils (2) in thc postcrior fossa. This latter point is illustrated 
to much better advantage in C. (C) The sling (1) gives support 
to the tonsils (2) and, eonsequently, to the inferior cerebellar 
vermis (3) and medial portions of the eerebellar hemispheres 
(4). The ligatures suspending it (5) are sewn to the erector 
eapiti musc1e faseia. 
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Figure 5.13. (A) This is the recommended durotomy for le
sions within, or cxtending into, the foramen magnum. There 
is a vertical durotomy (1) across the level of the foramen 
magnum (2). (B) The dura is reflected superiorly over the 

these dural sinuses may present continued risk of air 
embolism throughout the operative procedure. 

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

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

Superior Cerebellar Triangle DuralOpening 
Superior cerebellar tri angle exposure and access to the 
pineal region, through a quadrilateral craniotomy flap, 
is attained by a double trapdoor durotomy. This per
mits one to reflect the upper trapdoor superiorly, if 
the culmen mon ti cu li and pineal region are the target 
area(s), and the lower trapdoor inferiorly, ifthe superior 
portion of the cerebellar hemispheres is the target area. 

Lateral Suboccipital Dural Opening (Figure 5.15) 
For access to the lateral cerebellar hemisphere or the 
pontocerebellar angle, a double trapdoor durotomy 
with the superior trap door being larger than the inferi
or, is reflected. The advantages of a larger superior seg
ment rest in ease of identification of the superior cerc
bellar veins and the lateral sinus to which they are tribu
tary. 
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Figure 5.14. The double trapdoor durotomy for access to the 
superior ce rebell ar triangle permits the surgeon the option of 
reflecting only the superior trapdoor, or both. (A) The duro
tomy Iines are depictcd for complete exposure of the superior 
cerebellar triangle. (B) Posterooblique perspective of the dou
ble trapdoor durotomy. (C) This photograph illustrates the 
"hockey-stick " durotomies (1) made on either side. Also, one 
notes the transverse sinus (2) indicated along the superior mar
gin of the craniotomy, the dural tack-up sutures (3), the drill 
hole (4) made in the sqamous occipital bone (for anchoring 
the lug of the DeMarteIl retractor) superolateral to the rim 
of the foramen magnum (5), and the posterior spine of C-l 
(6). (0) The horizontal durotomy has been completed. (E) 
The superior dural flap has been sewn to periosteum, exposing 
the tentorial surface of the ccrebcllar hcmispheres and the 
vermis. 

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

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



Hemispheral Dural Opening (Figure 5.16) 
The dural opening for hemispherectomy must be such 
as to permit one access to the entirety of the superior 
sagittal sinus, the torcular Herophili and the transverse 
sinus, the tentorial surface and greater wing of the sphe
noid (floor of the middle fossa), and the orbital roof. 

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

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

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

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

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

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

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

The scleral hook is used to pick up the dura, a * 15 
blade to incise it. It is recommended that the dura not 
be opened only in the midsagittal plane, but rather that 
cuts perpendicular to the midsagittal opening be ex
tended from both the superior and inferior extremities 
of the durotomy. This technique assures minimal dam
age to the spinal cord. In essence, if a simple linear, 
sagittal, incision is made in the dura and the dura is 
then either sewn back or retracted, it will suspend the 
spinal cord, elevating it from its resting place within the 
ventral portion oI the bony spinal canal. On the other 
hand, if perpendicular cuts are put in the dura at the 
upper and lower extremities of the sagittal durotomy, 
the result is abilateral trapdoor dural opening. No sus
pension of the spinal cord or elevation of it from its 
bed at the ventral aspect of the bony spinal canal re
sults. 
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Figure 5.18. The epidural compartment has been cleared of 
fat and the venous plexus. Expansion of the intradural con
tents distends the (single layer) dural sac (arrow) to fill the 
spinal canal after the epidural veins and fat have been re
moved. 
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Figure 5.19. (A) The area of dural incision is marked off 
to show the durotomy lines. (B) The sagittal durotomy has 
been made and the perpendicular cuts are being extended. 
One may use eithcr a # 15 blade or a tenotomy scissors.Notc 

the lateral reflection of the trapdoor flap on the reader's Icft. 
a technique that avoids " suspension " and possible damage 
10 the spinal cord. 



c 
Figure 5.20. (A) Midsagittal durotomy only. A horizontal cut 
across the ventral aspect of the bony spinal canal, illustrating 
the suspension of the spinal cord (1) by the tented dura (2), 
thus lifting it from the ventral portion of the spinal canal 
(3). This is a potential cause of spinal cord damage. (B) With 
a double trapdoor durotomy incision and flap, as illustrated, 
the spinal cord (1) rests within its bed in the ventral aspect 
of the bony spinal canal (2). There is no compression of the 
spinal cord by stretching dura. (C) Midsagittal (1) and circum
ferential perpendicular (2) durotomies made on both the right 
and left. (D) Incorrect technique for opening and retracting 
the dura over the spinal cord. Suspension sutures putting trac
tion on the dura and, consequently, causing it to compress 
the ventral surface of the spinal cord. 
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Cranial Closure 
Dural Closure (Figures 5.21 and 5.22) 
The dural closure is greatly facilitated when it has been 
kept stretched-by having sewn it back tautly
throughout the operative procedure (from the moment 
of the dural opening), and by keeping it moist so that 
it does not shrivel during the hours of intracranial sur
gery. 

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

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

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

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

Use ofthe Periosteum and Fascia to Reconstruct 
the Dura (Figure 5.23) 
When it is not possible to close the dura, or doing it 
demands so inordinate stretching, insertion of a perios
teal graft is preferable. The periosteal graft is taken 
from the periosteum of the bone flap for intracranial 
dural repair, fascia is used to repair spinal dura. For 
this reason, when the cranial bone flap is reflected, care 
should be taken to keep the periosteum and the bone 
moist. One should moisten the dural flap periodically 
throughout the surgery. Erector spinae muscle fascia 
suffices as a donor source for spinal dura repair. 

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

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



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

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

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

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

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

Cerebral Retraction 

Cistern Openings (Figures 6.1 to 6.13) 

Approximately 1300 years passed between the time that 
Galen first described the cerebra I cisterns, concluding 
that they represented an interval between the pachy
meninges and the leptomeninges, and the time Varoli 
first described the arachnoid membrane. Another 100 
years were to pass before this membrane was named 
(Vesalius, ca 1670) and another 145 years before Co
tugno (ca 1815) discovered the cerebral spinal fluid and 
identified the subarachnoid spaces. Magendie in 1827,1 
described cerebral cisterns, which he called confluents. 
The identification of subdural spaces, however, was not 
made until Key and Retzius2 published their work in 
1875. 

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

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

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

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

Use of Gravity 

The least traumatic and most efficient technique for 
achieving cerebral retraction is the use of gravity (to 
allow the cerebrum to fall away from the desired area), 



142 Cerebral Retraction 

asslstmg this by glvmg egress to cerebrospinal fluid 
from sulei or cisterns. This technique is employed when 
operating on the parasellar or Sylvian fissures, the am
bient eistern, and ventricular, pineal, or posterior fossa 
areas. 

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

Figure 6. t. Olfactory, prechiasmatic, and op
tic cisterns. The dura has been opened and 
the right frontal lobe is being retracted, expos
ing the right olfactory nerve (1) after the 
eistern has been opened with bipolar forceps 
and the arachnoid incised. The crista galli (2), 
anterior c1inoid (3), and optic nerve (4) are 
exposed. The olfaetory cistern, around the 01-
factory nerve, has been opened. The preehias
matie cistern (5) is still c1osed, as is the optie 
cistern. 

Figure 6.2. The right optic nerve (1), optic 
chiasm (2), and arachnoid covering the left op
tic nerve (3) are weil shown, as is the arachnoid 
bridging from the left optic nerve to the left 
temporal lobe (4). This arachnoid, along the 
interval between the optic nerve and the tem
poral lobe, has been coagulated with bipolar 
forceps opening into the subarachnoid space 
(5), thus providing entry for one of the blades 
of the microscissors so that the optie cistern 
may be opened, exposing the underlying optic 
nerve and the internal carotid artery immedi
ately beneath it. The prechiasmatic eistern (6) 
has been opened, exposing the pituitary stalk. 

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

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



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

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

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

Pineal Lesions 
For pineal lesions, the use of gravity is to be avoided 
when one approaches the tumor through a parietal flap 
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Figure 6.4. Chiasmatic eistern. Both optic nerves (1 , 2) are 
exposed after the prechiasmatic and optic eisterns have been 
opened, allowing one to expose the optic chiasm (3) after lift
ing the arachnoid from over it. 
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Figure 6.5. The left optic nerve (1), olfactory nerve (2), and 
gyrus rectus (3) are exposed, as are the right gyrus rectus 
(4) and right olfactory nerve (5). The prechiasmatic cistern 
has been opened, exposing the pituitary stalk (6). The arach
noid bridging from the left gyrus rectus to the right gyrus 

rectus (7), at the tip of the sucker, is encIosing the interhemi
spheral ci.~tern. Arachnoid (8) stretches from the posterior or
bital gyrus (9) to the optie nerve (10), encIosing the optic 
eistern (11), and from the lateral orbital gyrus (12) to the 
temporal lobe (13), encIosing the deep Sylvian cistern (14). 

Figure 6.6. The left optic nerve (1) and anterior cIinoid (2) 
are visible. The arachnoid has been taken from the lateral 
surface of the left internal carotid artery (3) but not from 
the posterior orbital gyrus of the left frontal lobe (4). One 
sees the arachnoid over the Sylvian fissure (5) lateral to the 
posterior cIinoid process. The arachnoid of the medial third 
of the Sylvian fissure has been opened, so that one may sec 
the internal carotid artery. 

Figure 6.7. The lateral Sylvian fissure. The superior medial 
surfaee of the left temporal lobe (1) is not covered by arach
noid, but the inferior lateral surface of the left frontal lobe 
(2) iso The arachnoid covering the lateral third 01' the Sylvian 
fissure has been opened so one may sec its edges (3). 



Figure 6.8. Ambient and interpeduncular ci sterns. The ten
torial edge (1), pons (2), basilar artery (3), III cranial nerve 
(4), and internal carotid artery (5), are weil visualized. The 
ambient cislern runs along the tentorial edge (6). Lillequist's 
membrane (7) has been opened, allowing one to look into 
the interpeduncular cislern (8). 
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Figure 6.9. Pericallosal cistern. The falx cerebri (1), inferior 
longitudinal sinus (2), supracallosal gyrus (3), corpus callosum 
(4), and pericallosal artery (5) are all identifiable. The perical
losal cistern (6) is located between the corpus callosum and 
the arachnoid (7), and contains the pericallosal artery. 

Figure 6.10. (A) Supracerebellar eistern. This child has a pineal tumor. 
The tentorium (1), falx cerebri (2), and isthmus of the hippocampus 
(3), have been exposed, and the arachnoid (4) along the posterior surface 
of the supracerebellar cistern opened, exposing the tumor (5) which occu
pied the entirety of this eistern. (B) In this photograph one notes the 
cerebellar hemispheres (1), the tentorial opening (2), the superior cerebel
lar vermis (3), and the arachnoid bordering the posterior portion of 
the superior cerebellar cistern (4). 

B 
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and along the parasagittal route! If one approaches the 
corpus callosum with the cerebral hemisphere inferior 
and the falx cerebri superior, he does, indeed, gain great 
exposure advantages in that the cerebral hemisphere 
follows gravity. A remarkable space opens between the 
parasagittal surface of the parietal lobe and the falx 
cerebri, eliminating the need for self-retaining retrac
tors. However, this is extraordinarily disadvantageous 
because it puts stretch on the parietal (anterior and pos
terior cortical) bridging veins, stagnating venous blood 
within them and the parietal lobe (Fig. 6.14). This in
creases the risk of venous infarct. 

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

Figure 6.11. Quadrigeminal eistern . The ten
torial opening (I) has been exposed and the 
culmen monticuli of the cerebellar vermis re
tracted downward, after the posterior and an
terior arachnoidal membranes of the supracer
ebeUar cis/ern had been coagulated and 
opened. This exposed the great vein of Galen 
(2), and both veins of RosenthaI (3) within 
the quadrigemina/ cis/ern . 

Figure 6.12. Ci sterna magna. The cerebellar 
hemispheres (1) and cerebellar vermis (2), as 
weil as the inferior vermian veins (3) may be 
seen beneath the arachnoid of the cis/erna 
ma/?na (4). This eistern has been opened (5) 
but most of the cerebrospinal fluid remains 
within it, permitting one to appreciate how 
much fluid the cisterna magna may contain. 
One may aIso see the point at which the arach
noid of the cisterna magna becomes adherent 
to the cerebellar hemispheres and vermis (6) . 

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



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

Figure 6.15. Separation of parietal lobe from 
arachnoidal granulations. This child, who also 
had a right para sagittal approach to his pi ne al 
tumor, was positioned with his left parietal lobe 
recumbent. Consequently, retraction of the right 
parietal lobe entailed elevating it, thus eliminating 
unwanted stretching of the bridging cortical veins 
at either end of the opening between retracted 
parietal lobe and falx cerebri. The right parietal 
lobe (1) is being elevated with use of a fluffy cot
ton (2), exposing the Pacchionian granules (3) in 
this 14-year-old boy. Note that the dura (4) has 
been bivalved and sewn over a Surgicel roll (5), 
protecting the superior sagittal sinus from com
pressive occlusion. 
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larger telfas are lain along the falcian surface of the 
parietal lobe as this latter is lifted with a wide spatula, 
exposing gradually the parietal lobe convexity and me
dial surface, inferior sagittal sinus, pericallosal cistern, 
pericallosal artery, and corpus callosum. The spatula 
blade of the self-retaining retractor is locked into posi
tion repeatedly and progressively, avoiding any attempt 
to accomplish complete exposure with one insertion. 

Self-retaining retractors (using broad bl ades) placed 
over the telfa thus elevate the parietal lobe and allow 
the surgeon to monitor carefully the amount of stretch 
and narrowing ofbridging cortical veins. By angulating, 
or molding, the wide-bladed De Martel retractors as 
the pericallosal cistern is approached, one may limit 
stretching and risk of damaging the bridging veins to 
an absolute minimum. When the cistern is opened there 
is an outpouring of cerebrospinal fluid, rendering the 
retraction easier, often allowing the surgeon to permit 
the retracted parietal lobe to approximate a bit more 
the falx. After splitting the splenium, or body, of the 
corpus callosum, the quadrigeminal andjor superior 
cerebellar cisterns are opened. The exposure of the pine
allesion is now completed (Fig. 6.16). One must not 
split more of the corpus callosum than is absolutely 
necessäry and never more than one third of its length. 
Take care not to damage the body and crus of the 
fornices! 

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

Intraventricular surgery is greatly facilitated if the 
surgeon carefully reviews the contrast studies to identify 
encysted ventric1es, the result of an obstructive lesion 
either at the trigone (obstructing the occipital andjor 
temporal horns) or the foramen of Monro (obstructing 
one or both lateral ventric1es). If an encysted ventric1e 
is identified, the surgeon may puncture it while perform
ing the cerebrotomy, attaining excellent exposure, and 
minimizing any risk of brain shift resulting from the 
combined pressure vectors of the space-occupying le
sion and the encysted ventric1e(s). In instances when 
an intraventricular (III ventric1e) tumor occ1udes one 

or both foramina of Monro, the surgeon attains his 
"retraction" preoperatively by inserting bilateral ven
triculoperitoneal shunts. A single ventriculoperitoneal 
shunt is sufficient if the obstruction is at the aqueduct 
of Sylvius within the posterior III ventric1e. 

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

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

Cotton fluffies, prepared simply by soaking absorbent 
cotton in saline after it has been fashioned into the 
desired size and form, provide excellent protection dur
ing the exposure of such vital and delicate structures 
as the cranial nerves, normal or pathological vascula
ture, the intraventricular (ependymal) surfaces, or the 
nuc1ei in the floor of the III or IV ventric1es. 

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

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



Figure 6.16. The retracted parietal lobe per
mits exposure of the falx cerebri (1) down to 
the pericallosal cistcrn (2). Splitting the corpus 
callosum (3) cxposcs thc pincal tumor (4), 10-
cated betwccn thc roof of the III ventricle and 
the inferior surface of the body of the corpus 
callosum. 
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Figure 6.17. Cotton fluffies should be pu lied into thc desired 
form and then soaked immediately before applying them to 
the brain or a bleeding vessel. They should not be left soaking 
in a basin prior to use, for this makes them dense. 
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Figure 6.18. (A) Telfa (1) has been placed over the cerebral 
cortex (2) and the redundant portion (3) allowed to flop over 
the dura (4) at the point of reflection over this laUer structure. 
(B) With use of two instruments, commonly the suction and 
forceps, the redundant portion (1) is gradually slid over the 
unexposed portion of cerebral cortex by gliding it along re
flected dura (2). In advancing the redundant telfa, the surgeon 
retracts the underlying brain by compressing the telfa. He 
must continuously inspect the interval between cortical surface 
and dura, looking for bridging veins. (C) The tel fa has now 
been lifted from the bone edge, readying it for insertion along 
the parenchymal face of the dural surface. (0) This illustrates 
sliding the telfa strip along the parenchymal face of the dura 
using forceps and suction tip, without moving or sliding the 
telfa over the cerebral hemisphere. This laUer abrades the cor-

E tical surfaces, causes minute subarachnoid or intrapial hemor
rhages. (E) The telfa has been lain over the frontal pole, expos
ing the dura over the orbital roof. 
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Figure 6.19. (A) In this drawing, the !ine of vision is oblique 
so as to allow one to appreciate the advancement of telfa 
by sliding it along the dura (1) and not over the surface of 
the cortex (2). (B) Later stage in advancement of the telfa, 

Self-Retaining Retractors (Figure 6.20) 

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

Because of the fact that retraction of the brain exerts 
a physical force that may result in destruction of gray 
and white matter, one is advised to retract the brain 
with the least force possible, and for the briefest time 
necessary to accomplish the intended procedure. Inves
tigators have applied strain gauges to cerebral retractors 
in order to quantify time/force factors. Forces of 
350 mmH 20 ,3, 20 torr,4 and 30 g continuous5 have 
been reported. Many have noted that the effects of 
brain retraction are different from what results when 
the brain is compressed by other expansile masses. 6 

- 11 

Of no me an significance is the fact that there is areal 
difference in damaging effects resulting from continu
ous as compared to intermittent retraction, with inter
mittent retraction being much less damaging. "The brain 
tolerates about 70% more intermittent retraction than 
continuous retraction from a morphological stand
point, while electrophysiologically the difference is 
about 40%."5 

Self-retaining retractors which take purchase from 
the skull (as the Oe Martell retractor) are of no value 
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to allow the reader to appreciate advancement of telfa along 
the surface of reflected dura (1), as the portion (2) over the 
brain (3) is held in place. 

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

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

Take a great deal of time to position the self-retaining 
retractors. This minimizes cerebral compression and the 
risk of tearing (by stretch) a bridging cortical vein, a 
potentially disastrous event. Ir it is necessary to keep 
the lock-nuts fastened to maintain exposure, release the 
retractor for 3-5 minutes every 5- 10 minutes. 
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Figure 6.20. (A) Mounted Oe Martel self-retaining retracto r, 
illustrating the mounting lug (I ), universal joint (2), extension 
rod (3), retractor bl ade (4). (8) Allowing the frontal lobes 
to gravitate from the anterior fossa, before proceeding to ap
ply the retraetor and blades to the tclfa-covered brain mini
mizes considerably the risks 01' cerebral damage. In this photo
graph, the frontal lobes (eovered with telfa) have fallen from 
the dura and frontal bone. (C) Application of two self-retain
ing retractor blades, parallel to one another, over telfa placed 
on the frontal lobes, permits one to expose the entire anterior 
fossa , parasellar area, and pterional regions. Minimal, if any, 
retraction is necessary if one patiently aspirates cerebrospinal 
fluid from the basal eisterns and allows time for gravity to 
permit the frontal lobes to settle. 
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" Then out spoke brave H oratius, 
The captain of the Gate: 

'To every man upon this earth 
Death cometh soon or late. 
And how can man die better 
Thanfacingfearfulodds, 
For the ashes ofhisfathers 
And the temples of his Gods,' ... " 

THOMAS BABINGTON MACALAY 

Horatius. Lays of Ancient Rome 



Exposure of intraparenchymal or intraventricular tu
mors necessitates opening the cerebrum (cerebrotomy). 
Classically, there are two techniques for performing 
cerebrotomy: (1) going through a gyrus; (2) going 
through a sulcus. Proponents of each sustain that their 
particular procedure of choice affords easier access to 
the cerebral substance or ventricle, and causes less dam
age. This, indeed, is a moot point, since cortical tissue 
at the gyral and sulcal levels is equally damaged when 
cut. Retraction of a cortical cerebrotomy may result 
in extension of the opening and, consequently, increase 
the risk of damage, just as retraction of a su1cal cerebro
tomy may cause tearing of sulcal vessels and also in
crease the risk of cerebral damage. For matters purely 
of habit, the author prefers the sulcal cerebrotomy, but 
herein describes both. Also, the use of laser to incise 
cerebral substance is described, as is the technique for 
surface thermocoagulation and parenchymal spreading. 

Whichever of the two cerebrotomy procedures, corti
calor su1cal, is used, it is essential for the surgeon to 
coagulate, with bipolar forceps or laser, the pia-arach
noid and underlying vessels prior to advancing through 
grey matter and then using spatulae to separate the 
bundles ofaxons. 

Microforceps are used for bipolar coagulation, with 
the surface coagulation extending the full length of the 
desired cerebrotomy incision. This coagulates the corti
cal vessels and "bums" an opening through the arach
noid. Generally, one attains coagulation of the arach
noid in places, its destruction in others. All vessels along 
the line of cerebrotomy must first be coagulated and 
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then cut, with no attempt being made to dissect them 
to either one side or the other since these vessels receive, 
and give off, a multitude of perpendicular collaterals. 
Attempts to work around them are futile, lengthen the 
procedure, and result very often in the tearing of per
pendicular collaterals relatively remote to the site of 
the cerebrotomy. This amplification necessitates extend
ing the area of cerebral damage in order to coagulate 
the retracted, tom vessel. Every effort should be made 
to keep the line of coagulation as narrow as possible! 
The finest bipolar blades available are preferable to the 
CO 2 laser. 

If the laser is available it provides an opportunity 
to perform a cortical cerebrotomy of acceptable width, 
sealing those vessels less than 1 mm in diameter as weIl 
as the arachnoid to the cortex, as it cuts. Larger caliber 
vessels, of course, must be coagulated with the bipolar 
before they are transected with the laser. For surface 
vaporization of the pia-arachnoid and underlying corti
cal microvasculature, a defocused beam of five W, in 
the continuous mode, is used. It is best to use the micro
manipulator to obtain the thinnest and straightest line 
of coagulation possible: a line of 2 mm in width. After 
the pia-arachnoid and cortical surface have been coagu
lated, one passes to using a focused beam, without 
changing wattage or mode, to incise the cortical surface, 
stopping to coagulate opened vessels when bleeding 
starts: the use of the CO2 laser in a bloody field accom
plishes nothing. After the cortical mantle has been 
crossed and the white matter entered, the laser may 
still be used, but it is both time-consuming and ineffi-
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Figure 7.1. Gyral eerebrotomy. (A) After the araehnoid and 
adjaeent mierovaseulature have been eoagulated over the full 
extent of the eerebrotomy ineision, and abipolar foreeps has 
been used to "burn" an opening in the araehnoid, miero
seissors are inserted into the opening so as to take only the 
araehnoid and its adherent mierovaseulature between the 
blades. (B) As the eutting of the araehnoid and its adherent 
mierovaseulature proeeeds, one may identify larger eortieal 
vessels, arteries and veins, running perpendieular to the line 
of desired eerebrotomy. At this time, the vessel should be 
taken in the mieroforeeps by applying the bl ades to its sides 
and eoagulating, adding a drop of water. This teehnique pre-

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

Gyral Cerebrotomy (Figure 7.1) 

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

B 

vents the coagulated vessel from adhering to the microbipolar 
forceps. (C) Onee the vessels running perpendieular to the 
line of eerebrotomy are eoagulated (1) over a distance 01' ap
proximately 4 mm, the eutting 01' eoagulated arachnoid (2) 
and adjacent microvaseulature is extended first to the very 
edge of the eoagulated vessel (3). (D) Then the scissors are 
advaneed so as to take the vessel fully in its blades at the 
time of the cut. (E) Adjacent gyri (1) are being opened for 
the eerebrotomy. The arachnoid and underlying cortical sur
face (2) have been coagulated as has a suJcal vein. (F) The 
eoagulated suJcal vein is being transeeted with microseissors. 

noid and cortex, sealing the arachnoid and any micro
vessels adherent to it. The completely coagulated arach
noid is then cut with a microscissors and the underlying 
cortex inspected (using ti ny wet fluffly cottons to dry 
the field) for uncoagulated microvasculature. 

Pia-arachnoid and cortical vessels, arteries or veins, 
running perpendicular to the line of cerebrotomy should 
be coagulated and cut. This technique for transecting 
vessels, especially arteries, prevents one [rom cutting 
a vessel only partially, an event which results in bleeding 
that is particularly difficult to stop. It also assures tran
secting a vessel completely, so that in the event it has 
not been fully coagulated one may stop the bleeding 
quickly by taking the full circumference of the vessel 
in the forceps, constricting it, and then coagulating. 
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This is followed along the line of desired cerebrotomy. 
One then brings the dissection through the full thickness 
of the cortex, by coagulating cortical surface between 
microbipolar forceps held with the blades 1 mm apart, 
but not into the underlying white matter: there is no 
need to coagulate the white matter, since it is avascular. 
Small cortical vessels present no problems if one stops 
to coagulate and transect each as it is identified. 

Sulcal Cerebrotomy (Figure 7.2) 

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

F 
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Sm all vessels at the Depth of the SuIcus 
or Gyrus (Figure 7.3) 

The small vessels at the very depth of the sulcus or 
gyrus are coagulated individualty. Generally, they with
draw and may be pul1ed apart with the bipolar forceps 
since they are tiny. Occasionalty, however, it may be
co me necessary to cut them with the microscissors. In 
either event one should coagulate completely alt vessels 
at the depth of the sulcus. Then, he may insert a long, 
thin fluffy cotton into the now created gutter. Rolling 
this fluffy from one end to the other, permits one to 
identify vessels in the path of the cerebrotomy, so that 

they may be coagulated before proceeding. Once the 
gutter of the sulcus has been completely c1eared of 
bridging vessels, one may either continue the dissection 
through the cortex with bipolar forceps and fluffy cot
ton or, preferably, a narrow spatula. 

Cerebrotomy Through White Matter 
(Figures 7.4 and 7.5) 

In extending the cerebrotomy down to either a deep
seated lesion or the intraventricular compartment, one 
need no longer worry about bleeding: there is no vascu-
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Figure 7.2. Sulcal cerebrotomy. (A) The identified sulcus (1), 
generally along one side or the other of a sulcal vessel (2), 
is entered by first coagulating the arachnoid, taking care not 
to coagulate the adjacent vessel!! It is quite easy to coagulate 
the arachnoid over the sulcus because there is cerebrospinal 
fluid beneath it. Similarly, one may insert the blades of the 
bipolar forceps through the opening in the arachnoid, and 
extend them along the sulcus, coagulating adherent vessels 
as one proceeds. (B) The surgeon may cut along the sides 
of large sulcal vessels. (C) After all sulcal microvasculature 
have been coagulated and cut, the malleable thin-bladed spat
ula is inserted to perform the dissection down to the white 
matter. (D) An extensive, circumferential, sulcal cerebrotomy 
(in which it was necessary to transect a cortical vein), illustrat
ing the opening to the junction of grey and white matter. 
The Penfield # 1 dissector is retracting the cortical cerebro
tomy. 

Figure 7.3. (A) Whether a gyral or sulcal cortical cerebrotomy 
is performed, the bleeders within the cortex are managed in 
identically the same way. A sm all fluffy cotton (1) is inserted 
into the depth of the cerebrotomy (2) to identify bleeding 

vessels large enough to coagulate, and to occlude those so 
small that they will stop spontaneously. (B) After the bleeding 
vessel has been identified. it is drawn into the microsuction 
(1) and then occluded with the bipolar forceps (2). 

B 
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Figure 7.4. Extension of dissection through fuH thickness of 
cortex. Once all cortical vessels have been coagulated one may 
choose to continue the dissection into and through the white 
matter with bipolar forceps and fluffy cotton. However, it 
is less traumatic and more precise to do this with the narrow 
spatula already used to open the gutter in either the gyrus 
or sulcus. (A) Thc cerebrotomy opening is cxtended by using 
one blade first, as shown in this drawing and in the blowup 
of the cerebrotomy area (inset). (B) The second bladc is slid 
over the first. (C) Then the blades are extendcd to thc desired 



F 

depth and the parenclyma retracted . (0) The subcortical white 
matter is exposed by using the two spatulae to open the full 
length of the cortical portion of the cerebrotomy, from one 
end to the other, to inspect the depth. (E) The superior spatula 
has reached the ventricular wall (1), which is covered on either 
side by white matter (2). (F) The second spatula has been 
brought into place and the subependymal covering (arrow) 
of the periventricular parenchyma exposed. 

Cerebrotomy t 61 
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lature within the white matter. Consequently, it is well 
to proceed direct1y with the dissection by extending the 
already placed spatula from the junction between cortex 
and white matter to the desired depth, preferably rang
ing from 3 to 5 mm. This is extended longitudinally 
from one end of the cerebrotomy to the other, rather 
than proceeding direct1y to a greater depth, an undesir
able technique that results in creating a cone rather 
than the desired cylindrical opening. After this has been 
done on one side, a spatula is inserted on the opposite 
side and the process repeated. Each insertion should 

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

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



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

THOMAS BABINGTON MACAULAY 

Horatius. Lays of Ancient Rome 
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Cerebral Resection 

Biopsy 

An adequate brain biopsy consists of approximately 
a l-mm2 surface area and a full thickness plug of cere
bral parenchyma containing cortex and white matter, 
generally 11 to 2 cm in length. This gives the pathologist 
between 1.30 and 1.45 cc of tissue. 

The biopsy should be taken from a gyrus. The pia
arachnoid over the gyrus is coagulated circumferen
tially, leaving intact leptomeninges, vascular structures, 
and cortex at the center. A * 11 blade is then inserted 
through leptomeninges, cortex, and white matter, pre
cisely along the arch of coagulation, and a plug of cor
tex and white matter cut from the surrounding cerebral 
parenchyma. The freed plug is lifted away with a pitu
itary biopsy forceps, and the bed irrigated with saline 
and then filled with a fluffy cotton. The bleeding is 
stopped with bipolar cautery, Avitene, or fluffy cotton 
and aspiration. One should wait approximately ten min
utes after all of the bleeding has been stopped before 
proceeding with the c1osure. 

Lobectomy 

Lobectomy is a procedure which may be used for the 
treatment of epilepsy (temporal), subtotal resection of 
glioma (frontal, temporal, occipital, cerebellar), or, very 
rarely, arteriovenous malformations. Parietal lobec
tomy is not described because the resultant neurological 
deficit, irrespective of the operative indications or 
pathological condition, is so severe as to prec1ude its 

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

After, and only after, the vascular structures have 
all been exposed and coagulated, may one proceed to 
the cerebrotomy stage of the operation, extending it 
from inferior to superior, because arterial supply to the 
frontal, temporal, occipital, and inferior triangle of the 
ce rebell ar lobes extends from inferior to superior. For 
example, the frontal lobe is fed by branches of the ante
rior and middle cerebral arteries, extending from the 
bifurcation of the internal carotid arte ries upward. Sim
ilarly, the temporal lobe is fed primarily by branches 
of the middle cerebral artery but also by the anterior 
inferior temporal branch of the posterior cerebra I artery, 
both systems extending from inferior to superior. The 
occipital lobe, nourished exc1usively by the terminal 
branches of the posterior cerebral artery, also follows 
this rule, as does the inferior cerebellar triangle, being 
fed by the anterior and posterior inlerior cerehellar arter
ies. The pericallosal artery runs a superior course 
around the corpus callosum. Almost all (with the one 
exception being the frontobasal artery) of its branches 
run superiorly over the pericallosal and medial frontal 
gyri, to drape over the cerebral convexity. Though the 
Sylvian branches of the middle cerebral artery follow 
a superoinferior course as they loop over the temporal 
operculum and superior temporal gyrus, their main di-
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rection is from inferior to superior, since their insular 
course is no more than a hairpin curve around the over
lapping temporal lobe. Only the superior cerebellar tri
angle is fed by an arte rial system that courses from 
above downward (the three branche,l' ofthe superior cere
bellar arteries ). 

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

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

Frontal Lobectomy (Figure 8.1) 
The bifurcation of the internal carotid artery is identi
fied by retracting posteriorly this frontal lobe from the 
orbital roof, following this dissection posteriorly to the 
olfactory trigone. The olfactory nerve remains intact 
from the olfactory bulb to the trigone. The suprachias
matic and optic cisterns are entered and the optic nerve 
is dissected from the internal carotid artery, opening 
the interopticocarotid space and stripping the arach
noid membrane from these structures. The dissection 
then proceeds along the lateral surface of the internal 
carotid artery, as far posterosuperiorly as its bifurcation 
into the anteromedially coursing A-l segment of the 
anterior cerebral artery, and posteromedially coursing 
M-l segment of the middle cerebral artery. Care must 
be taken not to put traction on the perforating branches 
coming from the bifurcation, for these arteries nourish 
the anterior perforated substance, basel ganglia, and 
anterior limb of the internal capsule. The A-l segment 
is then followed anteromedially, taking care to avoid 
damage to the vessels going from A-1 to the chiasm, 
as far as the anterior communicating artery. 

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

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

One now proceeds to the region of the tri angular 
operculum, and begins to coagulate and transect the 
cortical arteries, one at a time, as he identifies them. 
This allows entrance into that portion of the insular 
cortex beneath the olfactory, triangular, and frontal 
operculae (all segments 01' the frontal lobe), permitting 
the surgeon to identify those branches of the Sylvian 
system (middlc cerebral artery) which nourish the fron
tal lobe. The dissection into the region of the opercu
lum, and then into the Sylvian fissure, should be carried 
out with the surgeon proceeding anteromedially until 
he identifies the main trunk of the middle cerebral ar
tery, taking care not to damage those branches of the 
Sylvian system that nourish the insula, the parietal 
operculum, the temporal operculum, and the anterior 
portion of the temporal lobe. Only by identifying the 
main trunk of the middle cerebral artery may one attain 
this degree of precision. Take care not to run the lobec
tomy incision through the central sulcus. This results 
in a contralateral hemiplegia and subjects the child to 
a risk of loss of parietal sensory perception. Rather, 
the line of cerebrotomy should run parallel and approxi
mately 1.5-2.0 cm anterior to the fissure 01' Rolando. 
This line 01' cut is brought through the sulcus, separat
ing the frontalfrom the triangular operculae, and then 
into the limbus of the insula on the right. 

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

At this stage all major arterial trunks and cortical 
draining veins have been coagulated and severed. Indi
vidual bleeding vessels are dealt with in the usual man
ner. The dissection is followed inferiorly to the roof 
01' the orbit and medially to the arachnoid adjacent 
to the falx cerebri, identifying the frontobasal, fronto
polar, and sulcomarginal arteries. They should be left 
adherent to the arachnoid. This line of cut brings the 
surgeon to a plane which runs along the anterior surface 
01' the genu 01' the corpus callosum, exposing at the 
base the intact olfactory trigone, the optic nerve, and 
the suprasellar portion 01' the interna I carotid artery. 

Finally, approximately 0.5 cm distal to the origin 01' 
the pericallosal artery, one coagulates the frontobasal, 
frontopolar, and sulcomarginal arteries. They are then 
clipped and transected, cutting the arachnoid with 
them. 



Figure 8.1. (A) After the cortical bridging veins at the convex
ity (1) have all been coagulated and transected, the middle 
cerebral artery branches (2) feeding the lateral surface of the 
frontal lobe are coagulated. (B) When this is accomplished, 
a cerebrotomy incision is extended from the frontal operculum 
(1) posteroinferiorly, along a plane running through the anteri
or surfacc of thc genu of the corpus callosum (2), to tbe con
vexity superiorly. Tbe arachnoid is taken from tbe orbital roof 
(3), but spared along tbe falx cerebri (4). (C) Lastly, tbe fronto
basal (1), frontopolar (2), and sulcomarginal (3) arteries are 
coagulated and transccted approximately 0.5 cm from the 
pericallosal artery (4). The arachnoid is removed from tbe 
falx and from over the olfactory bulb (5) and nerve (6). 
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Temporal Lobectomy (Figure 8.2) 
The temporallobectomy is described here as a full tem
poral lobectomy, recognizing that the surgeon may 
choose to amputate only the temporal pole, the anterior 
two thirds of the temporal lobe, or the entire lobe, de
pending upon the specific indications for the procedure. 
The vascular supply to the temporal lobe comes primar
ily from the middle cerebral artery, whose Sylvian 
branches course through the Sylvian fissure and the 
limen of the insula to the mid portion of the insular 
cortex. They then splay out over the long and short 
insular gyri, curving around the temporal operculum 
to descend immediately, passing posteroinferiorly and 
sending some branches posterosuperiorly to the posteri
or portion of the temporal lobe. This supplies all of 
the convex surface of the temporal lobe. The tentorial 
and medial surfaces of the temporal lobe, however, are 
nourished by the anterior and posterior inferior tempo
ral arteries (branches of the posterior cerebral artery). 

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

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

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

the terminal portion of the vein of Labbe and coagulate 
it at the corticallevel rather than adjacent to the trans
verse sinus. 

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

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

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

Occipital Lobectomy (Figure 8.3) 
Exposure for an occipital lobectomy entails a cranio
tomy, which permits access to the superior sagittal sinus 
medially, the torcular Herophili inferomedially, the 
transverse sinus inferiorly. The flap must extend lateral
ly around the convexity of the posterior aspects of the 
skull, allowing the surgeon access to the occipital pole. 
The cortical arte ries and veins are then coagulated, one 
at a time, extending first from inferolateral to superola
teral and then from superolateral to superomedial, be-



Figure 8.2. (A) The arteries of the temporal lobe are drawn 
in a Iighter shade (1). The vein of Labbe (2) is seen to extend 
from the region of the temporal operculum, along the Sylvian 
fissure, over the convexity of the temporal lobe following a 
posterolateral course to the transverse sinus (3). (B) The dis
section and coagulation of the temporal branches of the mid
dIe cerebral system are then carried out, working from anterior 
to posterior along the superior surface of the temporal lobe. 
(C) After thc temporal lobe has been removed, one sees the 
anterior (1) and inferior (2) temporal branches of the middle 
cerebra I artery over the surface of the preserved arachnoid 
(3), along the floor of the middle fossa. The arachnoid from 
the convexity of the temporal lobe (4), reflected superiorly 
over the parietal and frontal opereulae, is also visible. The 
insula (5) now comes almost fully into view. 

fore proceeding inferiorly along the sagittal aspect of 
the occipital pole. The draining veins at the cortical 
surface are coagulated as they are encountered. Finally, 
the arte ries along the tentorial surface of the occipital 
lobe, in the coronal plane of the cerebrotomy, are coa
gulated, proceeding from lateral to medial. The cerebro
tomy is completed by passing through the most posteri
or portion of the trigone of the lateral ventricle. The 
occipital horn, when present, is included in the occipital 
lobectomy. It is not necessary to coagulate the glomus. 
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Cerebellar Lobectomy (Figures 8.4 and 8.5) 
It is safest to reflect an occipital-suboccipital bone flap 
for a cerebellar lobectomy in order to have access to 
the entirety, supratentorial and infratentorial, of the 
trans verse sinus. The inferior portion of the craniotomy 
should extend to the point at wh ich the squamous occi
pital bone passes from a vertical to an horizontal struc
ture. After the dura has been opened in the double 
trap-doOf fashion and the bridging cortical veins, which 
extend from the superior portion ofthe cerebellar hemi-
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sphere to the inferior sagittal sinus and tentorium, have 
been coagulated and transected, the cerebellar hemi
sphere falls into the horizontal portion of the squamous 
occipital bone. This exposes the superior surface of the 
cerebellum. One may then proceed fron anterior to pos
terior in the coagulation and transection of the medial 
and lateral branches of the superior ce rebell ar artery. 
The medial branches of this artery course over the ver
mis. They need not be exposed. The surgeon may now 
begin the lobectomy at the desired point, proceeding 
to coagulate the superior and inferior cerebellar arteries, 
dealing first with the superior cerebellar arteries, as he 
proceeds from posterior to anterior. The inferior cere-

Figure 8.3. (A) Right occipital craniotomy. Exposurc of the 
superior sagittal (1) and transverse (2) sinuses as weil as the 
toreular Herophili (3), is neeessary in order to have complete 
aecess to the bridging cortical veins (4) entering the superior 
sagittal sinus and, in exceptional ca ses, the torcular Herophili 
and/or transverse sinus. (B) Right occipital lobectomy. The 
arteries (1) and bridging cortical veins (2) are eoagulated and 
transeeted. (C) Right oeeipital lobeetomy. After eoagulating 
and transeeting the arteries and bridging eortieal veins, one 
proeeeds with the eerebrotomy through the hne of demarea
ti on of the parietooeeipital and temporooeeipital junetions, 
entering the lateral ventricle (1) at the posterior border of 
the trigone and exposing the glomus of the choroid plexus 
(2). The dura (3) has been ref1eeted. When the oeeipital pole 
has been reseeted, one sees the junetion of the tentorium (4) 
and the falx (5). 

c 

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

Because ofthe uniformly small arteries and veins over 
the surface of the cerebellar hemispheres (and vermis), 
block resection of a portion of the cerebellum may most 
effectively be performed with use of the laser (Fig. 8.5). 
This may be done with great ease using the handheld 
CO 2 laser, or the micromanipulator if one has already 
brought the operating microscope into the field. 
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Figure 8.4. Ccrebellar lobectomy. (A) The craniotomy should 
permit visualization of the transverse sinus (1), the superior 
sagittal sinus (2), the torcular Herophili (3), the occipitallobe 
(4), and the cerebellar hemisphere (5). (B) After the superior 
bridging veins (1) coursing from the superior cerebellar trian
gle to the transverse sinus (2) and tentorium (3) have been 
coagulated and transected, the cerebellum falls into the hori
zontal portion of the squamous occipital bone. (C) The sur
geon then proceeds to coagulate the arachnoid along with 
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the superior and inferior cerebellar arteries. Once these arteries 
are transected the cerebellar lobectomy is completed, allowing 
one to see the VII, VIII, IX, X, and XI cranial nerves (if 
only the most lateral tip of the cerebellar hemisphere is rc
sected). (D) These nerves, plus the lateral surface of the pons 
(1) and the medulla oblongata (2) are exposed if the entirc 
cerebellar hemisphere is resected. In either case, the under 
surface of the tentorium (3) is also exposed. 
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Figure 8.5. (A) The hand-held laser (1) is being used to per
form a block resection of a 2-cm surface area of the lateral 
cerebellar hemisphere for access to asolid astrocytoma. The 
larger (> 3 mm) vessels have already been coagulated with 

Hemispherectomy (Figure 8.6) 

Exposure of the entire hemisphere is essential for the 
performance of a hemispherectomy, since one must 
have access to the anterior, middle, and posterior cere
bral arteries, as well as the superior sagittal sinus, the 
vein of Labbe, the vein of Trolard, the deep middle 
cerebral vein, the sphenoparietal sinus, and all of the 
bridging cortical veins going to the SSS. 

It is preferable to identify and coagulate the arteries 
and veins by proceeding from the frontal pole, dealing 
with the vessels of the frontal lobe in exactly the same 
manner as in the performance of a frontal lobectomy, 
over the sagittal surface of the parietal lobe and the 
occipital lobe to the torcular Herophili. Then, by dis
secting along the lesser wing of the sphenoid, one may 
expose the sphenoparietal sinus and the main trunk of 
the middle cerebral artery, coagulating and transecting 
first the artery and then the sphenoparietal sinus. 

the bipolar forceps (2). but the smaller surfacc vessels (3) are 
effectively coagulated with CO z laser in a defocused beam. 
(B) The completed cerebellotomy (arrows). 

The bifurcation ofthe internal carotid artery is identi
fied. The A-l segment of the anterior cerebral artery 
is followed over the optic chiasm to the anterior com
municating artery, where the A-2 segment of this artery 
courses superiorly, at which point it is coagulated and 
transected. The main trunks of the frontobasal. fronto
poIar, and sulcomarginal arteries are identified, coagu
lated, and transected, approximately 0.5 cm from their 
point of origin from the pericallosal artery. The inferior 
temporal branches of the posterior cerebral and the an
terior choroidal arteries are the only remaining arterial 
structures. The vein of Labbe is the only remaining 
venous structure. The anterior choroidal artery is iden ti
fied at the ambient cistern (where it perforates the cho
roidal fissure), coagulated and transected. 

The dissection is extended posteriorly, by following 
the tentorial edge and retracting the hemisphere super
iorly and slightly laterally so as to expose the inferior 
temporal branches of the posterior cerebral artery. They 
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Figure 8.6. (A) When the craniotomy for a hemispherectomy 
has been completed, one has fun visualization of the hemi
sphere from the frontal (1) to the occipital (2) poles, and from 
the superior sagittal sinus (3) to the lateral surfaces of the 
anterior (4) and middle fossae (5). (B) After rem oval of the 
hemisphere, one has a view of the olfactory bulb (1) and nerve 

are coagulated and transected approximately 0.5 cm 
from their individual points of origin from the posterior 
cerebral artery. Lastly, the vein of Labbe is coagulated 
and transected on the cortical surface from whence it 
bridges to enter the transverse sinus. This completely 
devascularizes the cerebral hemisphere, which is then 
allowed to flop within the hemicranium, exposing the 
corpus callosum from the genu to the splenium. The 
cerebrotomy is extended through the forceps minor and 
then along the parasagittal plane of the body of the 
corpus callosum posteriorly to, and through, the forceps 
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(2), the optic chiasm (3), and the internal carotid artery (4). 
The thalamus (5), head (6) and body (7) of the eaudate nucle
us, and choroid plexus (8) an are in view. This is the time 
to coagulate the choroid plexus. The anterior fossa (9), lesser 
wing of the sphenoid (10), middle fossa (11), and tentorium 
(12) are exposed. 

major. This brings the surgeon into the right lateral 
ventricle, which also falls away, leaving the hemisphere 
attached to the brainstem anteriorly at the amygdala, 
and posteriorly at the isthmus of the hippocampus. The 
cerebrotomy is extended posteroanteriorly from the lat
eral surface of the amygdala (coagulating and transect
ing the arachnoid at the choroidal fissure), to the isth
mus of the hippocampus at the posterolateral surface 
of the thalamus. The freed cerebral hemisphere may 
be lifted from the right hemicranium. 



"Know thou, who 'er with heavenly power contends , 
Short is his date, and soon his glory ends, ... " 

HOMER 

The Iliad 



Techniques for Stopping Bleeding 

The technique for stopping bleeding varies not only 
from artery to vein to sinus, but also with the location 
of the artery or vein (cortical, sulcal, cisternal, etc.) and 
the nature of the sinus (sagittal, cavernous). 

Use of Cotton Fluffies (Figure 9.1) 
Irrespective of whether one has minimal bleeding from 
an arterial or venous structure, or whether this structure 
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 con
trolling or considerably limiting the bleeding. It almost 
invariably controls bleeding long enough for the sur
geon to gather hirnself, his assistants, and his instrumen
tation 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 a 
forceps before bringing it down onto the bleeding sur
face. 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. 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 com
presses the underlying bleeding surface. One may, from 
time to time, remove the suction, leaving the dried fluffy 
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in place, in order to see whether a spot of blood appears 
or whether the entire fluffy becomes red immediately. 
This gives information concerning degree of bleeding 
and specific bleeding site. Two, three, four, or more 
fluffy applications may be necessary to stop the bleed
ing. After this has occurred, it is advisable to leave 
the fluffy in place and to proceed with another part 
of the operation, returning within three or five minutes 
to remove the dried fluffy with a 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 
(Figure 9.2) 
If this does not suffice to stop the bleeding, one uses 
the same technique, but applies either Gelfoam, Surgi
cal, or Avitene,* applying one of them to the bleeding 
surface (from wh ich the blood is being aspirated) and 
then immediately applying the fluffy over the hemo
static substance. The chronological order of availability 
of these substances was Gelfoam, Surgicel, A vitene. 
This is the inverse order of effectiveness. In fact, Gel
foam may be forgotten, Surgicel is only of value in 
preparing the "sandwiches," which will be discussed 
in detail in the section on dural sinus bleeding, where 
one can appreciate its effectiveness. Avitene is absolute
ly essential! The proper techniq ues for its usage should 
be mastered. At the present time Avitene may be ob
tained either as a loosely packed mass or in densely 

* Avitene: microfibrillar collagen hemostat. 
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Figure 9.1. 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. 

compressed strips. The loosely packed Avitene must be 
lifted from the bottle and then applied dry to the bleed
ing surface. This is quite a "sticky" undertaking, since 
when the A vitene is put against the brain or touches 
an instrument, it tends to adhere to them and become 
unmanageable. Consequently, one should apply the 
mass to the bleeding area and then cover it immediately 
with a fluffy cotton, which is used to pack the A vitene 
into the bleeding area. An alternative to this is to lay 
the fluff of A vitene 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 com
pressed strips of Avitene do not stick to instruments, 
they do adhere snuggly to the bleeding area. These are 
very easy to use. Both the loosely packed and solid 
strips of A vitene are helpful in sealing cerebrospinal 
fluid leaks at bony and dural levels. 

Specific Types of Bleeding 

Bone Bleeding 
Bone bleeding differs considerably, whether the blood 
comes from the diploe, or the surface of the skull after 
the periosteum or dura (internal periosteum) has pulled 
away. The child's skull is highly vascularized because 
of its continuous growth. Consequently, there is a great 
disproportion in bone bleeding from adult to adoles
cent, adolescent to juvenile, juvenile to toddler or in
fant. The infant and neonate bleed a great deal from 
bone and periosteum, hence the high incidence of sub
periosteal and epidural (diploic or inner table of skulI) 
hematoma. 

Bone Surfaee 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. 

Bone bleeding is readily stopped with bone wax. lt 
is immediate and permanent. However, the wax must 
be warm, so that it may be applied rcadily, without 
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 skulI, attaining 
a minuscule layer that coats the bleeding surface and 
penetrates the vascular channels. This is relatively easy 
for the outer table of the skulI, 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 A vitene and then 
immediately sew the outer layer of the dura to the peri
osteum of the skull thereby using the dura to tampon
ade 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 become 
furt her dissected from the edges of the bone, producing 
persistent and irritating oozing throughout the opera
tive procedure. It may even produce clinically signifi
cant epidural hematoma. 

Diploie Bleeding (Figures 9.3 and 9.4) 
The younger the child the more significant the diploic 
bleeding and the more care which must be taken to 
stop it. The diploe are relatively larger, and the outer 
layer of the dura is only loosely adherent to the inner 
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Figure 9.3. Recommended technique for applying bone wax 
to bleeding diploe. (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 finger 
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Figure 9.2. Use of Avitene. (A) The loosely packed masses 
of Avitene may be lifted directly from the sterile container. 
(B) If one wishes, the mass may be comprcssed within a soaked 
sponge. 

8 

tip is pressed perpendicularly against the diploe as it passes 
beyond dural surface and inner table of the skulI. This pre
vcnts wax from being squeezed between dura and skulI. 

B 
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Figure 9.5. Dural arte rial bleeders. (A) The sm aller ones are 
coagulated between bipolar forceps, with the surgeon taking 
care to pick up the full circumference of the transectcd artery 
in both blades of thc forceps. (B) Larger dural bleeders rcquire 
clipping or ligature. Here, a hemoclip has been applied to 
the edge of the vessel (1). The clip may be applied by setting 

table of the skull. Consequently, one may attempt to 
jam the wax into the diploe, 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 diploe, 
consequently, must be adhered to fastidiously. This 
avoids packing wax between dura and bone. The com
pressing finger is angled approximately 10° from the 
edge of the bone as it is withdrawn, pressing the soft 
wax into the diploe. If the finger is parallel to the edge 
of the bone, or angled 10° away from it, the tip will 
press most ofthe wax between dura and bone. Similarly, 
if the finger is run along the edge of the diploe, much 
of the wax will slip under the bone edges. This causes 
serious problems. 

When wax slips between bone and dura and oozing 
occurs, the surgeon should stop immediately, take the 

Figure 9.4. Incorrect application of bone wax. When the com
pressing finger is guided along the surfacc of the diploe, wax 
is jammed bctwecn dura and inner tablc, separating one from 
the other and adding to thc degree of skull blecding. 
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it obliqucly, occluding thc transcctcd intradural artery on thc 
bias. If this provcs difficult, nicking (2) thc dura parallel to 
thc edge of thc artery prior to application 01' the clip pcrpen
dicular to thc long axis 01' the artcry and parallcl to thc tran
sectcd edgc (3) offers cffective and safc acccss to both sidcs 
of the vesscl. 

wax from under the bone edges and tack the dura up 
to the surrounding periosteum (as al ready described), 
drawing the sutures tightly so as to stop the ooze. Be
cause of the great vascularization of skuJl and perios
teum in newborn and infants, delay in doing this may 
result in the formation of a truly significant epidural 
hematoma. 

Dural Bleeding 
Arterial Dural Bleeding (Figures 9.5 and 9.6) 
The sm aller arterial dural bleeders may be coagulated 
with bipolar forceps after they have been transected 
during the dural opening, but larger bleeders must ei
ther be clipped or ligated. 00 not trust cautery to stop 
large dural bleeders. 

Dural Sinus Bleeding (Figures 9.7 to 9.11) 
Dural sinuses must be ligated if they are to be tran-
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Figure 9.6. Ligature of meningeal arteries. (A) Larger men
ingeal arte ries 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), wh ich 
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 may now pass the ligature along the grooved 
dural guide, beneath the artery, from one side to the other. 
In this drawing the ligature is being passed backward, with 

sected ! SmalI, 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 transeetion 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, wh ich are immediately 
sucked dry with a large suction tip. This draws the walls 
of the sinus against the Surgicel "sandwich. " I t general
ly suffices to stop the bleeding. In the event this tech-
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trailing edge of the needle being led along the groove director 
beneath the dural artery. (D) Cross section of what is illus
trated in C. (E) After two ligatures have been passed, sepa
rated from one another by approximately 3 mm, they are tied 
down (1) and the artery is transected (2). 

nique 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 "sandwich" may be anchored 
over the dural rent with a pedicle (dural) patch graft 
swinging from one side of the dura, over the "sand
wich" and rent in the sinus, to the other side of the 
dura, where it is anchored. In extreme instances, it may 
be necessary to occlude temporarily the sinus on either 
side of the rent (allowing the surgeon the time and con
ditions to fashion a dural pedicle graft), and then to 
sew the graft directly to the edges of the tom sinus 
in a circumferential manner. Use continuous or inter
rupted 4-0 or 5-0 suture material to seal the dural open-
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Figure 9.7. Ligature of dural sinus. (A) After the dura has 
been opened to the very edge of the dural sinus ancl either 
the falx or tentorium eerebri identified and exposed bilaterally, 
a 3- 0 or 2- 0 suture is passed beneath the apex of the dural 
sinus. The ligature is tied down (1). A second ligature is passed 
about 3 to 4 mm dista l to the previous one (2), and it in 
turn is tied down. The sinus is cut between the ligatures. Pas
sage of the round needle is illustrated from the surface of 
the sinus. (8) Anatomieal basis for passage of the round needle 
represented in a cross-seetional drawing. The superior sagittal 
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sinus (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 
fa Ix cerebri (5). (C) After the dura has been opencd to the 
lateral surface of the SSS, tclfa strips (6) are lain over the 
eortical surfaee and the convexities (7) are a llowcd to fall away 
from the SSS. The needle (8) is now (visually) inserted through 
the falx (9), at the most inferior point of the SSS . (D) Thc 
sinus (1) is transected after the ligatures (2) have been tied. 



ing. 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 
aperiod of 5 to 10 minutes. This technique stops the 
more severe sinus bleeders and does not subject the 
child to the risk of sinus occlusion by topical hemostatic 
agents. It is the technique used to repair traumatic lacer
ations of the sinus. 

Cortical Bleeding (Figure 9.12) 
Cortical Arterial Bleeding 
Cortical arterial bleeding presents quite different prob
lems from sulcal or cistemal arte rial 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 cistemal 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 ofthe 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 coagu
lation, 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 cis te mal 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 coagu
lation effected with the cauterization beginning just as 
the forceps touches the arterial wall, before they com
press it. This technique is extended over an area of 
approximately 3 mm be fore compressing slightly the ar
tery over the same distance. Lastly, the cauterization 
is carried out with the artery occluded between the 
bl ades of the forceps. This allows for gentle shrinkage 
of the artery before it is completely occluded and coagu
lated. If this coagulation is carried out with the arterial 
surface and the cautery forceps bathed in either cerebro
spinal 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 coagulation allows for retraction of the artery and 
ass ures permanent hemostasis, but one must take care 
to coagulate the stumps until the vascular circumference 
has sealed the lumen! 

Larger Cisternal Arteries 
Larger cistemal arte ries demand clipping! Take time 
to instruct the nur se to lubricate the jaws of the hemo
clip applicator before loading the clip, to minimize 
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sticking! The clips should be applied at a distance of 
approximately 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 
great care, bringing the artery between the jaws of the 
hemoclip so as to see both sides of the clip, then gradu
ally closing the clip until the artery begins to be com
pressed before locking it securely with astready, not 
snapping, motion. This avoids slippage of one blade 
of the clip over the other. Removal may be complicated 
by adhesion of the clip to the applicator: an event that 
very commonly occurs. Therefore, before withdrawing 
the applicator from the field, one should grasp the ar
tery with a forceps and hold it snugly, providing coun
tertraction. 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 
applying the hemoclips. If one chooses, they may be 
occluded, by ligature. I discourage the use of ligature 
because the difficulty of tying the knot snugly, when 
working in the depths of a very small infant's intracrani
al compartment, increases the risk of tearing the float
ing artery from its parent vessel. 

Venous Bleeding 
Cortical veins, sulcal veins, and cistemal 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 tran
sected 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 subarachnoid 
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Figure 9.8. The various steps in double ligature and transec
tion of the superior sagittal sinus (SSS) at the crista galli. 
(A) In this series one also notes that the left frontal air sinus 
(1) is already developed, so a flap of periosteum (2) was pre
pared to wall it off from the epidural space at the time of 
the c1osure. The dura (3) is tacked (4) to the periosteum (5) 
before proceeding to Iigating the SSS (6). (B) One ligature 
(7) has already been tied, and the other (8) passed through 
the falx cerebri immediately beneath the SSS. (C) Both liga
tures have been tied and telfa (9) lain over the frontal lobes. 

(D) A * 15 blade is used to cut ac ross the ligatured SSS, 
as gentle traction is exerted upon the ligatures. (E) Thc SSS 
has been transected. (F) The falx ccrebri (10) is identified and 
then cut, with either tenotomy or Metzenbaum scissors, from 
its attachment to the crista galli, freeing dura and SSS so 
that they may follow thc cerebra I hemispheres. The dural in
sertion Ol1to the crista galli is then coagulated with bipolar 
forceps. (G) Once the falx cerebri is separated from its attach
ment to the crista galli , the dura (I) follows the frontal lobes 
(2) as these latter settle inferiorly. 
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Figure 9.9 Repair of sinus: sandwiches of Surgicel and cotton 
fluffies. (A) A Surgicel "sandwich" (arrows) has been lain 
over the oozing SSS. (B) Soaked fluffy (1) is compressed over 
the "sandwich" and is being held firmly against it with spread 
bipolar forceps (2), taking care to lay them parallel to the 
sinus. (C) The soaked fluffy is sucked dry, applying the sucker 
between the flatly placed blades of the bipolar forceps. (D) 
Once the bleeding has stopped, the dried fluffy is removed 
by rolling it away from the underlying "sandwich." This al
lows the surgeon to assure adherence of the Surgicel (or A vi
tene) to the underlying sinus (arrow). (E) Small sinus bleeders 
may be stopped with abipolar forceps by sucking the blood 
directly from the bleeding site and coagulating the rent with 
the forceps laid, blades slightly opened, over it. 



Figure 9.10. A Surgicel-Avitene "sandwich" (1) has been laid 
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). 

Figure 9.12. (A) The forceps (1) are placed parallel to the 
axis of the vessel (2), without being closed completely. (B) 
The cortical vessel is coagulated over a 3- to 5-mm length 
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Figure 9.11. In this illustration, a dural flap (1) has been sewn 
over an underlying Surgicel-A vitene "sandwich" (2), com
pressing it against the sinus (3). The underlying cortex (4), 
cortical bridging veins (5), and edge of dural donor site (6) 
are illustrated. 

(arrows) until it is converted into a yellowish band. This coag
ulated strip should then be transected and each stump coagu
lated until the edges have sealed. 
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spaces and, consequently, should be coagulated by ap
plying 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 often 
results in adhesion of the vein to the cautery forceps). 
Consequently, one risks tearing the vein as the forceps 
are pulled away. Simply touching the wall assures 
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 
sphenoparietal 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 regu
lar bipolar forceps, not the microforceps. The blades 
of the forceps are applied to the surface of the vein, 
not compressing it, and then slid along the desired 
length of coagulation, preferably 3 to 6 mm, as drops 
of saline are applied. The vein will gradually convert 
to a yellowish band, which may then be compressed 
slowly, continuing 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 demar
cation lines between normal vein and coagulated vein 
are to be avoided, for this may result in rupture of 
the venous wall. The coagulated cisternal vein must be 
cut, since the fibrous band into which it is converted 
is dense and may be tom from the vein to wh ich it 
is tributary during surgical manipulation. 

Cortical Bridging Veins (Figures 9.13. to 9.15) 
Cortical bridging veins present great challenges to the 
surgeon. They pass for varying distances through the 
cortex be fore entering the subarachnoid space, at which 
point they may receive tributaries from other cortical 
veins. Their entrance into the dural sinus is from anteri
or to posterior. The surgeon has the impression that 
the vein is entering perpendicular to the trans verse sinus 
because the hemisphere is retracted from the sinus, thus 
changing the anatomical relationship between cortical 
bridging vein, cortex, and sinus. Once the cortical bridg
ing 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 surface rather than run the 
risk of attempting the coagulation either over the main 
segment of 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 at
tempting to occlude the vein. As the coagulation pro
gresses, one notes that the bridging vein shrinks by be
ing turned into a yellowish, fibrous structure. One must 
avoid continuing coagulation at exactly the same point! 
Rather, the coagulation should be extended over a sur
face area of approximately 3 to 6 mm, the constriction 
of the vein should be observed as the coagulation pro
gresses, and the uniform diameter ofthe shrinking corti
cal vein should be maintained. Lastly, when the vein 
is still identifiable but clearly patent, one may occlude 
it completely, always coagulating under saline, and pro
ceed to occlude the vein over an area of 3 to 5 mm. 
Once the vein is completely occluded it may be tran
sec ted by using microscissors. 

Choroid Plexus (Figure 9.16) 
Choroidal tissue may be safely dissected from some por
tions of the ventricular surface, as in the area of adhe
sion of the tela choroidea of the III ventricle, along 
the surface of the thalamus at the junction between 
lateral and III ventricle. 

This is not true for the choroid plexus because this 
tissue is highly vascularized. I ts vascular supply comes 
from branches of the carotid and vertebrobasilar sys
tems. Also, the choroid plexus receives small perforat
ing arte ries through cerebral substance. It is therefore 
necessary to identify and occlude the major choroidal 
arte ries (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 ca re to avoid compressing the blades 
snugly against one another. Rather, they should be pro
gressively approximated to one another as, gradually 
and slowly, the plexus shrinks from the bipolar 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 vessel within either 
the cerebral substance or, worse still, through the cho
roidal fissure and into the ambient cistern. 

Tissue Bleeding 
Stopping bleeding from tissue calls for a different tech
nique from that used in coagulating, c1ipping, or the 



Hemostasis 187 

A B 

C D 

Figure 9.13. 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 ofreference. The microbipolar forceps are placed along 
the cortical surface of the bridging cortical vein (4). (B) The 
bridging cortical vein (5) has been coagulated, converted into 

a fibrous band. (C) Microscissors are used to transect the 
coagulated bridging cortical vein. The bl ades are placed on 
either side of the vein. (D) Then the suction is brought into 
the field at the time of the cut (in the event there is bleeding). 
This controls the bleeding immediately and hel ps to minimize 
the risk of air embolism. 
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Figure 9.14. Coagulation and transection of a frontopolar 
bridging cortical vein. (A) Thc vein (1) has thc forceps bl ades 
touching its surface. Note the frontal air sinus (2) and the 
dural flap (3), as weil as the tackup sutures (4). (B) The bridg
ing vein has been coagulated into a fibrous band (5). (C) Mi
croscissors, curved, cut the coagulated vein at its center (6). 
One must always see both tips of the scissor blades while 
placing them and when cutting!! 
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Figure 9.15. Coagulation of a bridging frontobasal vein. (A) 
The dura (1) has been sewn to the periosteum (2), and the 
most anterior portion of the anterior fossa (3) is visible. (B) 

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 (Figures 9.17 and 9.18) 
Bleeding from the Galea may be stopped by using a 
continuous interlocking full-thickness skin suture pre
operatively, running it approximately 1 to 1.5 cm distal 
to the planned suture line (as already described). This 
has the disadvantage of also occluding the Galeal ves
sels. Consequently, at the time of closure Galeal vessels 
must be identified and coagulated. If this is not done, 
they may retract out of site and only temporarily oc
clude themselves with an intraluminal clot, which may 
subsequently come free and cause hemorrhage. 

The Dandy and Kolodny c1amps 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 sc alp of 
a full-grown adult male. Also, the present plastic model 
is unreliable. Therefore, arresting scalp bleeding coming 

the biopolar forceps (4) are applied to the surface of the bridg
ing frontobasal vein (5). Telfa (6) protects thc surfacc of thc 
frontal lobe. 

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 
Galea of an infant, grasping the Galea between the 
teeth. Reflecting these Galeal clips over the scalp edge 
and onto agauze sponge compresses gently the vessels 
within 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, respective
ly. Retraction by the retention sutures, superiorlyon 
the pedunculated flap , and inferiorly only on the an
chored portion of the flap , exposes completely the de
si red area of periosteum and skulI. 

Bleeders along the undersurface of the Galea necessi
ta te coagulation, because (1) they cannot be trapped 
between Galea and skin and (2) they bleed profusely. 
They are identified by rolling the scalp over, so as to 
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Figure 9.16. 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) 

expose the Galea and the vessels along its internal sur
face. A void overcoagulation of these vessels, especially 
in the newborn, since one may penetrate or necrose 
the scalp. 

Muscle Bleeding 
Muscle bleeding is gene rally stopped by gentle compres
sion, no more. However, especially in the erector capiti 
group, large arterial or venous bleeders retract deeply 
into the muscle belly, rendering identification and coag
ulation tedious and difficult. Those bleeders that have 
retracted into the erector capiti and erector cervicis 
muscle groups must be searched out, found, and coagu
lated. This is not true for temporalis muscle bleeders, 
since the temporalis, abipenniform muscle, has 3 fascial 

running in the terminal sulcus. Ir the surgeon chooses, he 
may extend the coagulation along the entirc choroid plexus 
within the lateral ventriclc (4), up to the foramen of Monro 

planes entrapping the 2 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. 

Parenchymal Bleeding 
Parenchym al bleeding is stopped, as already described, 
by applying fluffy cotton, Gelfoam, Surgicel, or Avitene 
to the bleeding surface. 

Tumor Bleeding 
1t is best to make every effort to stop tumor bleeding 
be fore it occurs, rather than attempt to do so on a 
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(5). There is no choroid plexus in the occipital horn (6). (B) 
As the choroid plexus shrinks, the bipolar forceps are closed 
with the blades grasping snugly the choroid plexus between 

raw, bleeding, tumor surfaee. Consequently, identifiea
tion of bridging vessels from the surrounding tissue to 
the neoplasm should be undertaken by skirting the eir
eumferenee of the neoplasm, using fluffy and telfa to 
disseet parenehyma from neoplasm, and eoagulating 
the bridging vessels as one proeeeds. One should also 
eoagulate the visible vessels on the surfaee of the tumor 
as they are seen. Onee the parenehyma has been sepa
rated from the neoplastie tissue, a wide-bladed foreeps 
may be used to eoagulate the surfaee of the tumor, 
shrinking it gradually. This may be painstaking and 
lengthy as a proeedure, but it definitely diminishes tu
mor bulk and reduees eonsiderably tumor vaseularity, 
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them. The coagulation is continued until the blecding stops, 
and a plane of coagulated tissue may bc idcntificd for scction
ing with microscissors. 

partieularly of ependymoma and medulloblastoma. 
Choroid plexus papillorna, primitive neuroeetodermal 
tumor, and subependymal astroeytoma may also be 
dealt with effeetively in this manner. 

The CO2 laser is ideal for vaporizing these tumors 
almost bloodlessly when they are only minimally vaseu
lar after the surfaee and bridging vessels have been iden
tified and eoagulated. In this manner one reduees eon
siderably the bulk of the tumor, shrinking the intratu
moral vaseulature as one proeeeds. If the tumors are 
moderately or highly vaseular, CO2 laser is an undesir
able instrument. 



192 Hemostasis 

A B 

C 0 

E F 

Figure 9.17. Galea. (A) Fine-toothed clips (1) have been ap
plied to the cut Galea (2) along the edge (3) of the scalp 
flap. (B) The cutaneous surface of the scalp flap is now ready 
to be folded over itself. (C) A roll of sponges (*) are laid 
along the supra orbital ridge. (D) Then the scalp flap is rolled 
over it, resulting both in compression of small scalp vessels 
and prevention of scalp necrosis. (E) After bleeding from both 
edges (1, 2) of the reflected Galea has been stopped, the peri
osteal bleeders are coagulated. (F) Retention sutures (1) are 
placed into the dense connective tissue and Galea (2), and 
then a "dead knot" is tied (3), thus leaving a loop in the 

suture (4) through which a rubber band may be passed. (G) 
The retention suture (1) has been engaged by a rubber band 
(2), stretching the pedunculated scalp flap (3). A second reten
tion suture (4) has been placed, but not tied. (H) Retention 
sutures (1) are passed through the Galea into the den se con
nective tissue of the anchored flap (2) and then downward 
through the sc alp (3). When tied down, the anchored edge 
of the flap is retracted inferiorly (4). (I) The retention sutures 
(1) sewn into the pedunculated flap (2) and the anchored flap 
(3), when retracted in opposite directions, exposc thc entirety 
of the frontal bone (4). 
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Figure 9.18. Identification and coagulation of bleeders along 
the undersurface of the Galea. (A) The bleeder is identified, 
and its location confirmed by the use of irrigation. (B) The 
bieeding vessel is aspirated into the sucker. (C) The sucker 
is removed after the bipolar forceps have been used to occlude 
the vessel. If thefe is no bleeding, the coagulation is activated 
and the bleeding vessel occluded. 



"Hands, hold you poison or grapes?" 

DYLAN THOMAS-

Ears in the Turrets Hear 



Chapter 10 

Tumors: 
Approach and Removal 

Bone Tumors 

The younger the child the more true the maxim "skull 
tumors may not be c1assified anatomically as outer 
table, diploic, or inner table, since the thickness of the 
skull is such that all three tables are invariably in
volved. " The pediatric neurosurgeon never sees patients 
with skull metastases ; the meningioma is not a tumor 
of the newborn, infant, or toddler, though it may occur 
in a juvenile with von Recklinghausen's disease; dural 
chondroma has not been reported in childhood; the 
osteoma rarely grows from the inner table of the skull 
into the intracranial compartment, almost invariably 
expands from the outer table of the skull as a re1atively 
smooth, broad-based, bony-hard excresence and is a 
c1inical oddity in childhood. 

Dermoids (the most common skull tumors seen in 
childhood), epidermoids, neurofibroma, and lipoma are 
associated with a central radiolucency on the skull x
rays, and an intact layer of ossified tissue on either 
the inner table or the outer table, or both. Dermoid, 
epidermoid, teratoma, and hemangioma may all be 10-
cated entire1y within the subgaleal space, may destroy 
one or more layers of the skull, or may have varying 
degrees of primary or secondary calcification associated 
with them. The eosinophilic granuloma and aneurysmal 
bone cyst, as fibrous dysplasia, involve all three layers 
of the skull and may be tender to touch. The histologie 
diagnosis of bone tumors is always a long time coming 
because of the difficulties inherent in processing the tis
sue, and the preoperative diagnosis is only conjectural 
since it is purely radiologie. Therefore, once a bony 

"tumor" is diagnosed, one makes adecision to operate 
or to observe. The following description relates to oper
ative observations and management. 

Dermoid and Epidermoid Tumors (Figure 10.1) 
The dermoid and epidermoid tumors are removed by 
incising the periosteum along the limbus of the tumor, 
where the skull flutes out at its junction with the neo
plastic expansion. This frees the intraosseous mass from 
the overlying periosteum and permits one to dissect the 
inner surface of the mass from the inner table of the 
skull or the dura, if the inner table of the skull is eroded. 
When these tumors are located along the midline, cau
tion should be taken lest the superior sagittal sinus be 
damaged. When they are located along the lateral sur
face of the skull, they may be limited to the skull and 
sutures or they may communicate with the meninges. 

Eosinophilic Granuloma 
The eosinophilic granuloma is removed with either a 
rongeur or a high-speed drill armed with a burr tip. 
Once the thin, osseous, outer table of the skull has been 
removed, the granulomatous tissue may be taken away 
either with a curet or dissected out with an Oldberg 
periosteal elevator. 

Aneurysmal Bone Cyst 
Aneurysmal bone cysts bleed inordinate1y! If one en
counters very bloody tissue after opening into the tu
mor, it is best to stop the bleeding with bone wax and 
to desist. X-ray therapy is curative; surgical rem oval 
is unnecessary. 
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Figure 10.1. This dermoid tumor, growing within the region 
of the pterion, consisted of fibrocollagenous tissue which was 
semisolid. When the extruding material herein shown was re
moved, a cartilaginous, intradiploic, portion was excised in 
toto. 

Fibrous Dysplasia 
There is no curative surgical treatment for fibrous dys
plasia when it is polyostotic. However, the unsightly 
excrescences that often extend across suture lines should 
be removed with the use of a high-speed burr, brushing 
the protuberances away until a smooth contour results. 
As the outer table is breached, one notes that the diploe 
have a cavernous appearance and that bleeding is mod
erate. One may chisei the surface and the diploe without 
fear of weakening the skull. Monostatic fibrous dyspla
sia should be treated when it involves the sphenoid bone 
and constricts the optic nerve or occludes the superior 
orbital fissure, threatening vision, exophthalmos, or 
cranial nerve palsy. Treatment consists of using a burr 
to remove the hyperostotic bone from the neural struc
tures it is compressing. Once these have been freed, 
nothing may be gained by continuing to resect the bony 
overgrowth, unless this is done for cosmetic purposes ! 
Plastic surgery literature holds reports of ca ses of fi
brous dysplasia which have, over the years, undergone 
malignant changes, so that some plastic surgeons rec
ommend their radical removal. One wonders whether 
the reported cases were not osteogenic sarcomas. 

Osteoma 
The excresence of the osteoma is simply shaved away 
with a burr, until the normal contour of the skull has 
been restored. It is not necessary to perform a craniec
tomy, though doing so offers no particular disadvan
tages : no bone needs to be grafted if the defect is small, 
and rib is excellent as donor tissue if the defect is large. 

Dural Sarcoma (Figure 10.2) 

Though the meningioma does not occur in the newborn 
or infant, and is extremely rare in the toddler and juve-

nile, except in the occasional child suffering neurofibro
matosis, the dural sarcoma is, in the infant and toddler, 
relatively common, occurring as often as the primitive 
neuroectodermal tumor (PNET). On computed trans
mission tomography (CTT) scan this tumor presents 
as a parenchymal mass, occupying one or more lobes, 
gene rally the frontotemporal area extending deeply into 
the anterior and middle fossae. The diagnosis of dural 
sarcoma, consequently, is seldom expected. Angio
graphically these tumors appear to be highly vascular
ized lesions, centered at the pterion or lesser wing of 
the sphenoid, taking arterial supply from the external 
and internal carotid systems. At surgery, the tumors 
give the surgeon the impression that he is dealing with 
a glial sarcoma, an invasive, highly malignant, tumor 
of white matter, cortex, dura, and, in the infant, bone. 

Despite the malignant histological appearance, every 
effort should be made to resect these tumors totally, 
since their biological activity is not reflected by histolog
ical appearance. Therefore, the surgical approach 
should consist of resection of parenchyma and dura. 
If one attempts to remove the tumor with standard neu
rosurgical technique, all of the feeding vessels should 
be isolated before entering into the main mass of the 
neoplasm. This should be done circumferentially, work
ing at the periphery of the mass, separating it from 
the surrounding brain. This presents no difficulties as 
long as one is working along the frontal or temporal 
lobes, but subsequent descent along the lesser wing of 
the sphenoid brings the surgeon into a highly vascular
ized area, prolonging the operative procedure and ren
dering complete resection increasingly difficult. A void 
the temptation to move into the center of the tumor 
with cautery and suction because of the significant 
blood loss wh ich may occur. The CO2 laser is ideal, 
providing it is used with the beam defocused, at 15 
to 20 W, to vaporize the tumor without cutting through 
or around it. If the beam is focused, it will cut into 
the myriad ofvessels this tumor holds, resulting in unac
ceptable bleeding. Individual bleeding areas should be 
stopped immediately so that the laser may be used effec
tively, without the formation of a layer of carbonized 
blood . 

Since resection of the tumor entails resection of pa
renchyma and dura, one finds himself exposing bone. 
This complicates the c10sure and increases greatly the 
risk of cerebrospinal fluid fistulae, since it is impossible 
to attain a dural c1osure. In addition to this, the bone 
flap may be approximated only over a portion of the 
remaining cerebral tissue, so that the only barrier be
tween subarachnoid spaces and the environment is the 
skin. Periosteal grafts are ineffective, so fascia tala 
grafts may be used if extensive defects remain . A vitene 
strips, lain along the surface of the skull and then 
packed onto it by using soaked fluffy cotton, are most 
useful in sealing possible leakage, diminishing the risks 
of cerebrospinal fluid rhinorrhea or otorrhea. Postoper-
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Figure. 10.2. Dural sarcoma. (A) The CTT study reveals an 
enhancing lesion (1) originating from the dura (2) with thick
ening of the ovcrlying calvarium (3). The mass extends deeply 
into the cerebra I parenchyma, and is characterized by a rela
tively well-delimited border. (B) Operation on an invasive 
dural sarcoma (arrows), extending into the cerebral parenchy
ma. It was nccessary to usc tenotomy scissors for thc dissection 
because of the thickness of the tumor. (C) This dural sarcoma 
(1), on the other hand, was so weil encapsulated that it could 
bc removed with a Penfield # 2 dissector (2). 

ative roentgen therapy should not be begun until there 
is complete healing of the skin and no indication of 
cerebrospinal fluid leak. 

Orbital Tumors 

General Comments: Periorbital Tumors 
Some mention should be given to nonorbital tumors, 
which both impinge upon and change the size of the 
orbit, which occur after the bony sinuses have devel
oped, such as the mucocele. The interesting aspect of 
this tumor is that it results from accumulation of fluid 
secondary to the obstruction of the sinus ostium. As 
the mucocele expands, it thins the bony walls of the 
skull around it, pushing into the orbit, causing proptosis 
and resulting in diminished orbital volume. Other 
masses expanding around the orbit and impinging upon 
it, which may, as the mucocele, result in diminished 
orbital volume, are fibrous dysplasia, edentulous max-

illary cyst, adamantinoma papillary tumors ofthe para
nasal region. 

The intraorbital tumors which a neurosurgeon may 
encounter are neurofibroma (especially the plexiform 
type), retinoblastoma, rhabdomyosarcoma, lacrimal 
gland tumors, the hemangioma (which, incidentally, is 
the second most common cause for unilateral exoph
thalmos), and dermoid and epidermoid tumors. 

The most superficial tumors, and the most common, 
are the dermoid and epidermoid tumors (and the lacrimal 
gland tumors, which they closely resemble in appearance 
and location). They are located in the superolateral por
tions of the orbits, at times deepening the lacrimal gland 
fossa. The dermoid and epidermoid tumors of the orbi
tal wall are removed with the same technique as those 
of the skull. 

It would be misleading to suggest that there are dif
ferent techniques for histologically different intraorbital 
tumors, as indeed there are for such intracranial tumors 
as medulloblastoma, solid astrocytoma, papillorna, 
craniopharyngioma, and so on. In fact, very likely the 

c 
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Figure 10.3. (A) The hemangioma has caused an hemorrhagic 
conjunctivitis, so that thc eye is nonfunctional. (B) This is 

great attention given to histological classification of hu
man brain tumors resulted from the distinctly different 
techniques used in resecting the individual histological 
tumor types, with the exception of the gliomas. 

Whereas the surgeon attempts to remove as com
pletely as possible such malignant intracranial tumors 
as medulloblastoma, ependymoma, and primitive neu
roectodermal tumors, no such attempt is made for in
traorbital tumors: it is impossible to resect them com
pletely without irreparably damaging the globe, optic 
nerve, orbital vasculature, or extraocular muscles, any 
of which results in severe visual disturbances. 

By and large, the general neurosurgical principle for 
intraorbital tumors is that malignant tumors (rhabdo
myosarcoma, retinoblastoma, neuroblastoma) need nei
ther biopsy nor resection. Some intraorbital benign tu
mors (hemangioma) should be observed for a prolonged 
period of time, to see whether they disappear spontane
ously be fore attempting to operate upon them. Others 
(meningioma, dermoid, epidermoid, hamartoma) 
should be operated and resected completely. Diffuse, 
invasive, deforming tumors such as the plexiform neu
rofibroma are tragedies which should not be com
pounded by surgical intervention. Periorbital tumors 
(fibrous dysplasia, osteoma, mucocele, some dermoid 
and epidermoid tumors) should be removed immediate
ly they are diagnosed, and the resection accompanied 
by decompressing the orbital rim, orbital roof, greater 
wing of the sphenoid, superior orbital fissure, or optic 
foramen. These tumors damage by compressing, so an 
adequate decompressive procedure is indicated. A radi
cal resection of a11 neoplastic tissue, irrespective of 
whether it is compresing structures related to vision, 
is not indicated. 

Hemangioma (Fig. 10.3), the most common primary 
intraorbital tumor, is very prominent in younger chil
dren, most often disappears spontaneously, tends to in
vade the adnexa of the orbit and the lids, and commonly 

a closeup shot of the conjunctiva and sclera, illustrating the 
wceping hemangioma. 

causes orbital enlargement and proptosis. These tumors 
often originate primarily within the muscular cone, dif
fusely spread throughout the contents of the cone, the 
extraocular muscles, and the periocular fat. Conse
quently, they have a rather invasive nature, though they 
are seldom malignant. They also tend to calcify, as do 
all hemangiomas or arteriovenous malformations. Sur
gical removal is extraordinarily difficult to accomplish 
without producing unacceptable deficits, and is to be 
discouraged unless the tumor progresses in volume (as 
the child ages) and threatens vision. If it produces un
sightly vascularization of the sclera and lids along with 
such severe impairment of vision as to render it useless , 
and the eye cosmetically unacceptable, radical resection 
and implantation of a prosthesis is a positive alterna
tive. More often, the tumor bleeds, causing an intraorbi
tal hematoma or calcified mass. These should be re
moved. 

The pie xi form neur(~fibromas are invasive, slowly 
growing, and destructive. They, also, most unfortunate
ly, may result in unsightly deformities of the orbit and 
periorbital region. They are not resectable, and are ex
traordinarily difficult tumors to deal with even if one 
wishes to attain only an agreeable cosmetic result. Here, 
restraint is advised since the tumor is highly vascular
ized, diffusely invasive, and entirely without definable 
confines. 

Retinoblastoma and rhabdomyosarcoma are both 
highly malignant tumors, with the former tending to 
grow along the optic nerves into the intracranial com
partment and, at times, to expand within the optic 
chiasm. The rhabdomyosarcoma, on the other hand, 
is a very invasive tumor, extending uniformly into the 
orbital adnexa, eroding and destroying bone. Neither 
of these tumors is operable. 

Neuroblastoma may actually present clinically as a 
primary orbital tumor, when, in fact, the orbitaliesion 
is a metastasis. 



Orbital Tumors 
Intracranial Approach to Orbital Tumors (Figure 10.4) 
The intracranial approach to orbital tumors may be 
more correctly termed transcranial, since the technique 
entails the reflection of a frontal flap, an extradural 
approach to the roof of the orbit and its rim. In fact, 
the dura is dissected from the roof of the orbit, wh ich 
is exposed from the pterion, laterally, the lesser wing 
of the sphenoid, posteriorly, and the cribriform plate, 
medially. One should expose the base of the anterior 
clinoid and the most medial portion of the planum 
sphenoidale. The anterior medial dissection of the dura 
from the orbital roof to the ethmoid bones should allow 
for complete visualization of the intraorbital contents, 
once the orbit is unroofed, without risk of stripping 
rootlets of the olfactory nerve from the perforations 
of the cribriform plate. Retraction of the frontal lobe 
beneath the dura mater should be carried out slowly 
and gently, since no cerebrospinal fluid is being aspi
rated. If this disseetion appears difficult or if the sur
geon wishes to assure minimal retraction of the frontal 
lobe, then either Lasix or mannitol may be given to 
provide temporary diminution of cerebral volume. 

The orbital roof and supraorbital rim are then re
moved in the manner already described. The periorbita 
is opened and the frontal nerve identified on the superi
or aspect of the superior rectus. The levator palpebrae 
and superior rectus muscles are dissected along the lat
eral and medial surfaces of their bellies. They are then 
tran sec ted and reflected out of the operative field, ex
posing the orbital cone from the globe to the optic fora
men. 

Disseetion of the contents of the cone is always diffi
cult because of the abundant amounts of fatty tissue, 
the volume of the glübe, the rapidly tape ring bony con
fines of the orbit itself, and the unpredictability of dis
placement of intraorbital arteries and veins. The use, 
consequently, of self-retaining retractors is mandatory 
if one wishes apreeise and complete dissection of the 
tumor, which may, in its broadest terms, be located 
freely within the cone, between optic nerve and its 
sheath, or entirely within the optic nerve. It is important 
to remember the course of the optic nerve in the orbit. 
Tumors involving or invading muscle, adnexa, or bone 
are highly malignant and, consequently, nonresectable. 

The instrumentation for resection of an intraorbital 
tumor has classically consisted of suction, microdissect
ing instruments, and bipolar cautery. The technique is 
directed toward isolating the tumor from the surround
ing tissue and then removing it, either en bloc or in 
fragments. This requires maintaining a clean plane of 
cleavage between the tumor surface and neural or ad
nexal elements. Modern technique allows for the use 
of the laser to vapürize the tumor in situ, avoiding com
pletely the need for teasing tumor away from healthy 
neural or muscular tissue. The optic nerve, ophthalmie 
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artery, lachrymal gland, and globe should be covered 
with telfa strips before the laser micromanipulator is 
used, with settings of 4-6 Wand intermittent beam. 
Planes of cleavage may be dissected more precisely if 
the laser is used and tumor traction is minimized. Re
traction, however, is mandatory, so one must apply self
retaining retractors. The DeMartel unit is ideal. 

Anterior Cone Tumors (Figure 10.5) 
Those tumors which occupy the anterior cone, and 
which are not excrescences from the globe or optic 
nerve, nestle between the four rectus muscles externally, 
the optic nerve centrally, and the posterior surface of 
the globe anteriorly. The lachrymal gland is well out 
of the tumor area. Fibrous bands, very similar in ap
pearance to arachnoidal tissue, bridge the space be
tween tumor and globe. They may be dissected free 
by using a cotton fluffy or, preferably, the tumor may 
be shrunken with bipolar cautery or vaporized with the 
laser. Either ofthese two latter techniques are preferable 
to attempts at en bloc removal because of the minimiza
tion, or elimination, of traction, and because both tech
niques provide progressively greater exposure of the 
area as the tumor diminishes in volume. As the tumor 
is taken from the surface of the globe, one may follow 
this latter structure directly into the optic nerve, main
taining a clean plane of separation between tumor and 
the neural tissue as the former is taken from the latter. 
If the tumor is located on the ventral surface of the 
optic nerve, it is necessary to take it from the globe 
and lateral surface of the nerve first. One may then 
move on to the globe and medial surface of the nerve. 
Resection of tumor from the inferior surface of the 
nerve is to be reserved for the very end ofthe procedure, 
since this avoids the need to displace tumor and nerve 
from side to side, and to work constantly on the fuH 
bulk of the tumor while manipulating the optic nerve. 

Though every care is taken to avoid cümpression, 
or excessive displacement, of the optic nerve, one must 
not think that gentle and firm retraction of the nerve 
is to be avoided at all costs. The optic nerve is a robust 
structure, one with a high degree of mobility. Cover 
it with tiny strips of telfa and, if necessary, retract it. 

Nerve Sheath Tumors (Figure 10.6) 
One may separate space-occupying lesions that cause 
an enlargement of the optic nerve sheath into those 
located between the sheath and the nerve, and those 
located entirely within the optic nerve. The deformity 
of the nerve sheath appears the same in both instances, 
so that the surgeon may not be certain of what he is 
dealing with until he has incised the perineurium. Even 
then, on occasion, the optic nerve glioma may be an 
excrescence from the optic nerve, fungating out of a 
given point of the nerve only to be reflected back into 
it by the nerve sheath. 
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Figure 10.4. (A) The orbital roof and supraorbital rim have 
been removed, exposing the superior (1), latcnt! (2), and me
dial (3) rectus muscles, as weil as the globe (4) and lachrymal 
gland (5). The optic nerve (6) and ehiasm (7), as weil as the 
anlerior (8) and middle (9) cerebra I arteries arc included for 
anatomieal oricntalion. (B) Transecling lhe levator pallpebrae 
(1) and superior rectus (2) exposes lateral reetus (3), superior 
oblique (4), globe (5), and optie nerve (6). (C) All musc\es 
have been removed to illustrale the eourse of the optie ncrve 
in the unroofed orbit. lt follows a posteromedial course from 
the globe to lhe optie foramen, gradually approaehing the 
orbital roof. 
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Incision of this sheath with a *' 11 blade gives egress 
to tumor tissue, allowing the surgeon to inspect it be fore 
proceeding with a resection. The sheath should be 
opened from the globe to the optic foramen before the 
dissection is undertaken. If the tumor is independent 
of the optic nerve, it may be dissected from its adhesions 
to the nerve by extending the dissection from anterior 
to posterior, lifting the tumor from the nerve as one 
proceeds. If a laser is used, extreme care must be taken 
to protect the optic nerve by continuously placing telfa 
or fluffy cotton between the tumor and the nerve as 
the former is vaporized. 

Oplic Nerve Tumor (Figure 10.7 and 10.8) 
If the tumor is entirely within the optic nerve, it may 
be confined to the orbit, but it mayaiso extend through 
the optic canal and into the subarachnoid portion of 
the optic nerve and chiasm. Removal of these tumors 
is obviously incompatible with vision, so the only indi-

Figure 10.5. The tumor is nestlcd within the 
base of the cone, betwccn the globe and the 
optic nerve. Reflection of thc lcvator (1) and 
superior rcctus (2) musclcs exposcs completely 
thc tumor (3) within thc anterior portion of 
the cone. The intraorbital fatty tissue has bccn 
rcmovcd. 

cation for excision is an unsightly exophthalmos in a 
blind child who has an optic nerve tumor which is en
tirely intraorbital. 

If the proptosis is so severe as to result in corneal 
damage, the tumor should be removed irrespective of 
whether it is confined to the orbit, unless one chooses 
orbital exenteration and implantation of a prosthesis. 
Ifthese criteria are met, then the optic nerve is sectioned 
at the globe and at the optic foramen, isolating the 
neoplastic nerve so that it may be lifted from the field. 
There is no indication for extending the dissection intra
durally since preoperative orbital computed transmis
sion tomograms (CTT) will already have revealed that 
the optic foramen is normal. An enlarged optic foramen 
on computed transmission tomograms (CTT) and met
rizamide cisternography will already have informed the 
surgeon whether there is extension of tumor into the 
subarachnoid portion of the optic nerve. 
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Figure 10.6. (A) This child had a meningioma 
growing from the optic nerve sheath. The 
globe (1) has been exposed after the levator 
palpebrae and superior rectus musc1es (2) were 
transected and reflected anteriorly. The wi
dened optic nerve (3) is exposed between the 
two Penfield dissectors. It is not possible at 
this time, before opening the nerve sheath, to 
be certain as to whether this tumor is an optic 
nerve glioma or a nerve sheath tumor. The 
zyomatic process of the temporal bone (4) and 
retracted temporalis musc1e (5) are labeled. (B) 
Once the sheath has been opened, however, 
the mesenchymal nature ofthe tumor becomes 
c1ear and one is able to dissect it from the 
underlying optic nerve. (C) This is a drawing 
of a mesenchymal tumor (1) located between 
the optic nerve (2) and its sheath (3). 

c 
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Figure 10.7. An optic nerve glioma (*) grow
ing entirely within the intraorbital portion of 
the optic nerve does not extend through the 
optic foramen. 

Figure 10.8. An optic glioma (I) extcnding 
through thc optic foramen (2) and up thc optic 
chiasm (3). 



Hemispheral Tumors 

Solid Hemispheral Tumors 
The solid hemispheral tumors in childhood range from 
the extraordinarily vascular ependymoma and optic 
pathway glioma, which extends into the temporal lobe 
from the optic tracts, to the totally avascular hamar
toma and astrocytoma diffusum. Different from the 
adult, who may have a highly vascular tumor which 
does not show vascular pattern or stain on the angio
gram, the child's solid tumor vascularity may invariably 
be predicted with angiography. Identical to the adult, 
CTT characteristics permit no insight into the vascular
ity of the tumor nor does enhancement on CTT studies 
offer incontrovertible proof that the lesion is neoplastic. 

The cerebral hemisphere glioma has a very bad prog
nosis: only 20% survive more than five years. Radical 
resection does not alter the course of this tumor, irre
spective of its histological appearance! Consequently, 
one is not justified in attempting to remove all tumor 
tissue. Unfortunately, radiation therapy is as ineffective 
in curing these tumors as are surgery or chemotherapy. 

Highly Vascular Hemispheral Tumors 
(Figures 10.9 and 10.10) 
The operative procedure and, indeed, decision whether 
to operate or to proceed directly with roentgen therapy, 
is to a great extent made on the basis of the vascularity 
of the tumor: highly vascular intraparenchymallesions 
in children, in general, but infants, in specific, are malig
nant, moderately sensitive to roentgen therapy, and im
possible to resect completely. 

Another characteristic of highly vascular intraparen
chymal tumors is their tendency to take blood supply 
directly from the circle of Willis or the main trunk of 
the posterior cerebral artery. This renders resection all 
the more difficult, because it necessitates isolation of 
the main trunks of the feeding vessels to the tumor 
prior to the initial cerebrotomy for lobectomy. To pro
ceed directly with cerebral incision before isolating and 
occluding the feeding vessels is ill-advised. 

The craniotomy and dural opening selected for a 
highly vascular hemispheral tumor should be such as 
to provide access to all main-trunk arterial and venous 
systems without the need to approach them in a trans
cerebral manner. A frontal or occipital lobe vascular 
tumor would necessitate, respectively, a medial frontal, 
or a temporoparietooccipital flap, so as to isolate imme
diately the anterior cerebral or posterior cerebra 1 arter
ies and the cortical bridging veins. These tumors are 
approached from the far end, that is to say from the 
surface more remote to the convexity of the hemisphere. 
Any other approach results in an unacceptable blood 
loss. The efferent vessels to the tumor are dealt with 
one at a time, coagulating, or (clipping and transecting) 
them until the tumor is completely devascularized of 
arte rial blood. 
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Figure 10.9. Solid vascular hemispheral tumor. This study re
veals the superimposition of the anterior (1), middle (2), fron
tobasal (3), and sulcomarginal (4) artcries upon the tumor 
stain, allowing one to appreciate extension of the tumor within 
the rostrum, genu, and body of the corpus callosum as weil 
as into the septum pellucidum and III ventriclc. 

Figure 10.10. This highly vascularized, well-circumscribed 
mass was resected by working around the periphery of the 
tumor, at its confine with normal cerebral tissue, after having 
occluded the main feeding vcssels. The bridging vascular struc
tures between the tumor and surrounding tissue were coagu
lated and transected as the dissection proceeded, freeing the 
tumor (1) completely from the surrounding cortcx and white 
matter (2). 
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Different from a lobectomy or hemispherectomy, one 
does not take the venous channels prior to performing 
the cerebrotomy: the neoplasm also draws blood from 
the surrounding healthy brain tissue. Shunting of oxy
genated blood into venous channels is common. If this 
were to be done the neoplastic lobe would swell up 
immediately, forcing an impromptu resection. Rather, 
it is preferable to proceed to the cerebrotomy, working 
at the periphery of the neoplasm, by coagulating arach
noid, pia, gray matter, white matter, through an exten
sive linear plane, tediously stopping each minute bleeder 
as it is encountered. Though these vessels, especially 
within the white matter, appear thin-walled, they ne
cessitate transection. Simple coagulation results in their 
being tom along their course through healthy white 
matter, with parenchym al outpouring of blood in a 
spongelike fashion. Extension of the cerebrotomy from 
the gray into the white matter proceeds only after the 
overlying arachnoid and pia have been coagulated and 
transected. Once all of the cerebrotomy has been com-

Figure 10.11. (A) A relatively well-circumscribed avascular tu
mor. The neoplasm has invaded the gray matter, and there 
is a clear line of demarcation between tumor (1) and apparent
ly normal gray matter (2). The dural opening has allowed 
the remarkably swollen underlying neoplastic brain tissue to 
deliver itsclf, whereas the normal brain remains beneath the 
level of the dura mater (3). (B) Performing a cerebrotomy 
over the excrescences of neoplastic parenchyma permits the 
delivery of a relatively well-eircumscribed primitive neuroecto
dermal tumor (1). Cotton telfas (2) are used to separate the 
tumor from the surrounding brain. (C) After the tumor has 
been completely removed, its bed (1) is dried by irrigation 
and insertion of relatively large cotton fluffies (2). Residual 
tumor, which may be rcadily identified as distinct from sur
rounding normal tissue (3), is resected with laser, providing 
clean edges. 

pleted and the involved lobe isolated, the bridging veins 
are coagulated and transected. 

It is not unusual for the tumor to receive vascularity 
from the dura mater, falx, and tentorium. It is common 
for abnormal venous channels to drain into the dura 
at the orbit, the ethmoid plate, the sphenoparietal sinus, 
the tentorium. When the vascularity of the neoplastic 
cerebral parenchyma is such as to reveal a uniform 
granular blush with a paucity of vascular lakes, and 
without arteriovenous shunts or neoplastic vessels, one 
may resect the tumor in a complete and bloodless man
ner by using the laser. This permits vaporization of 
the neoplastic cells and coagulation of the microvascu
lature. 

Avascular Hemispheral Tumors 
(Figures 10.11 and 10.12) 
Avascular intraparenchymal tumors are removed either 
with the cerebrotomy or lobectomy techniques, depend
ing upon the size and extent of the mass. It is unusual 



Figure 10.12. This is an interesting and unusu
al case: hamartoma (1) of the temporal lobe. 
In this, the surgeon's view of the hamartoma 
of the left temporal lobe, one notes the frontal 
operculum (2), the parietal operculum (3) and 
the exit of the vein of Trolard (4) from the 
insular region. A complete temporal lobec
tomy was performed. 

for a glioma in childhood to occupy only a portion 
of a lobe. The rule is for these tumors to be quite large, 
to extend into one or more additional lobes : frontopari
etal, frontotemporoparietal. Also, they extend into the 
internal capsule and basal ganglia. The lobectomy tech
nique affords maximum tumor removal, it is not di
rected toward "internal decompression." The cerebro
tomy technique is reserved for the unusual, well-circum
scribed, smaller tumors. One must not resect parietal 
lobe, basal ganglia, or thalamic tumors. Roentgen ther
apy is the treatment of choice for tumors in these struc
tures since it is associated with a minimum morbidity, 
resulting in a far better quality of survival. 

Cystic Hemispheral Tumors (Figure 10.13) 
Cystic tumors of the hemispheres may be approached 
along the convexities, since vasculature is not a problem 
and one need not concern hirnself with isolating the 
main trunks of the carotid or terminal basilar systems. 
These tumors also ass urne enormous proportions but, 
different from the solid tumor, more often cause re
markable transfalcical herniation. Cerebral decompen
sation, when it occurs, is precipitous. Cystic tumors 
have identifiable limits, displace other structures rather 
than invade them, and their resection is followed by 
clinical improvement (the compressive damage of SUf

rounding structures is alleviated). 
Apart from adequate exposure of the cortical surface 

for removal of the cystic neoplasm, three primary char
acteristics of these tumors warrant consideration: the 
capsule, the cystic fluid, and the nodule. 

Capsule (Figures 10.14 and 10.15) 
After the cerebrotomy has been performed and the sur-

Tumors: Approach and Removal 209 

geon comes upon the capsule, he should dissect along 
its surface but only enough to provide hirnself adequate 
surface area to enter the cavity and drain the fluid. 
En bloc resection is discouraged. Most glioma and all 
congenital (dermoid, epidermoid) capsules are thick en
ough to permit surface exposure if one is gentle. Fluffy 
cottons, which have been kept moist, facilitate exposure 
of the dome of the capsule, then its separation from 
the surrounding cerebral parenchyma, allowing the SUf

geon to open his working space between capsule and 
gliotic tissue. 

Once the capsule has been exposed, one may use first 
a Penfield 4101 dissector, then a #2, resting the tips 
on and parallel to the capsule, to separate gliotic tissue 
from capsule. Slight compression upon the cystic mass 
by the tip minimizes entrance into parenchyma. One 
should not attempt to isolate the entire cyst in this man
ner until after the contents have been drained, since 
it unavoidably compresses cyst against brain (liquid is 
noncompressible ). 

After the dome of the cyst wall has been delivered 
into the field, telfa is placed over the surrounding hemi
sphere in a circumferential manner, laying the individ
ual strips over the capsule by brushing them over the 
cyst, thus isolating the tumor. The telfa should not be 
forced along the brain surface because this results in 
opening a plane within the substance of the white mat
ter, not in separating cleanly the cyst capsule from the 
white matter. The spatulae are brought along the dome 
of the cyst between it and the telfa strips. As the spatu
lae are advanced, new telfa strips may be positioned 
by sliding them over the spatulae, then withdrawing 
the spatulae, once more repositioning the spatulae be
tween tel fa and tumor, and so on. 
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Figure 10.13. (A) This cystic astrocytoma is located in the 
frontal lobe, anterior to the central (Rolandic) sulcus and su
perior to the Sylvian sulcus. The A-1 portion of the anterior 
cerebral artery is displaced posteriorly, as is the M-1 portion 
of the middle cerebral artery. The tumor nodule is displacing 
Sylvian branches (arrows). There is remarkable transfalcical 
hemiation of the A-2 portion of the anterior cerebral artery. 
(B) The centrencephalic location of a cerebra I hemisphere cys-

Cystic Fluid 
The cystic fluid is never crystal dear. It ranges in color 
from yellow through amber to chocolate brown. Cysts 
associated with developmental tumors (teratoma) may 
contain emerald green fluid, or material which looks 
like liquefied fat. Dermoid and epidermoid cysts may 
contain ectodermal derivatives as weil as, or in place 
of, fluid. The liquid content, except in cysts associated 
with dermoid sinus tracts, is sterile. It may, however, 
produce a chemical meningitis or irritate the cortex. 
Consequently, care should be taken in removing it, pre
ferably performing this by inserting a needle into the 
cyst cavity and aspirating some fluid before entering 
the cavity. After the cyst cavity has been drained of 
fluid, the puncture site is extended into an incision large 
enough to permit complete visualization of the cavity 
wall and nodule. Telfa should be placed between gliotic 
tissue and the cyst wall be fore entering the cavity. Once 
the cavity has been emptied, one notes relaxation of 
the surrounding brain, collapse of parenchyma into the 
void left by the evacuation of cyst contents. At this 
time, bridging cortical veins may be stretched or tom, 
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tic tumor (1) and, in this particular child, the location of thc 
tumor nodulc (2). The drawing puts into relief the inferomc
dial displacement of thc thalamus (3), the medial displacement 
of the head and body of the caudate nucleus (4), and thc 
remarkable transfalcical herniation expressed by displacement 
of the lateral ventricles (5) to thc contralateral side, beneath 
the falx cerebri (6). 

so one should support, with self-retaining retractors, 
the surrounding brain, holding the cyst cavity open for 
the completion of the surgery and diminishing the risks 
of tearing vascular structures. Telfa should be placed 
between the retractor and the brain. 

Nodules 
Nodular masses within cystic tumors are not common. 
When present, they may be avascular (the majority) 
or vascular (the minority). The nodules are best re
moved by coagulation or, preferably, vaporization with 
laser, whether they are vascular or avascular. Either 
technique destroys the nodule without subjecting the 
surrounding brain to the stretching damage, which is 
unavoidable when the nodule is pulled away with a 
pituitary forceps or a sucker. If laser is not available, 
a Takahashi (biopsy) forceps may be inserted into the 
cavity to grasp the mural nodule. The nodule is then 
withdrawn. As this occurs one notes that the walls of 
the capsule strip away with the nodule, though portions 
become frayed. One may use a Penfield *' 1 dissector 
to separate the fraying portions ofthe cyst capsule from 

8 
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Figure 10.14. Surgery, tumor, and cystic fluid from three chil
dren with intraparcnchymal epidermoid tumors. One notes 
the surface of the brain (A), and (pearly appearing) epider
moid tumor after rcmoval (B). After the cystic fluid was re
moved, thc tumor bulk was diminished considerably so that 
removal of the pearly tissue became quite simple. (C) The 
solid component of another epidermoid, from a third child . 

the surrounding tissue, though this is seldom necessary 
if the surgeon has already dissected the cyst capsule 
from the surrounding white matter with telfa and spatu
la. 

Ventricular Tumors 

Apart from the choroid plexus papilloma-and the ex
traordinarily rare meningioma-intraventricular tumors 
are either ependymal or glial in origin, with the ependy
mal tumors taking origin from the ependymal lining 
of the ventricles and the glial tumors from the subepen
dymal astrocytes. Tubers are enormous masses of giant 
astrocytes which may collect into tubercle appearing 
structures which line the ventricular surface, or giant 
tumors extending from the central white matter into 
the ventricle. Though the ependymomas may occur in 
either the lateral or IV ventricles, the subependymal 
gliomas are found only in the lateral and III ventricles. 
The choroid plexus papilloma occurs more frequently 
in the lateral ventricles, less frequently in the III ventri-

cle, and is extremely rare (in childhood) in the IV ventri
cle. This latter observation is quite the opposite of what 
one notes in the adult, where the choroid plexus papil
loma is most common in the IV ventricle and least com
mon in the lateral ventricles. Intraventricular meningio
mas have been reported in children, but are exceptional 
occurrences, even wben one considers the high incidence 
of meningioma in children with Von Recklinghausen's 
disease. 

The primary surgical considerations in approaching 
intraventricular tumors have to do with the presence 
and type of hydrocephalus (mono-, bi-, triventricular), 
the extent and vascularization of tbe pedicle, the entrap
ment of either a ventricular horn or an entire ventricle, 
extension of the tumor into another ventricle, and neo
plastic invasion of such vital structures as the bypotha
lamic or pontomedullary nuclei. Extension of the tumor 
into the basal ganglia is rare, whereas thalamic tumors 
often fun gate into a ventricle. 

As the intraventricular tumor expands, the ventricles 
dilate, either from complicating hydrocephalus or tu
mor expansion in and of itself. Ependymomas, for ex-
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c 
Figure 10.15. (A) The cerebrotomy has been performed and 
the surface of the tumor exposed, so that its dome (1) delivers 
itself through the opening. Telfa strips (2) are laid over the 
capsule, separating it from the surrounding brain. Spatulae 
(3) may be insinuated along the tumor surface after the cyst 
has been opened and the fluid drained . (B) The spatulae (1) 
have been positioned over the tumor capsule, with the telfa 
(2) protecting the cerebral surface. Micropituitary forceps (3) 

B 

o 
are used to remove the tumor nodule (4), taking care to work 
within the cyst cavity. (e) Gentle rctraction of the tumor nod
ule (1) by the forceps (2) generally strips much of the capsule 
(3) from the surrounding brain. This " classical" technique 
is acceptable, but the use of laser to vaporize the tumor nodule 
and capsule is much prefcrable! (0) A Penfield * 4 dissector 
may be used to separate the frayed portions of the cyst capsule 
from the surrounding tissue. 



ample, may expand within the entire lateral ventricular 
system, taking on the form of the ventrieles (plastic 
ependymomas) as they grow, gradually replacing the 
cerebrospinal fluid. The glioma, teratoma (typical or 
atypical), and papilloma, on the other hand, tend to 
expand circumferentially, displacing neural structures 
and obstructing cerebrospinal fluid flow. These charac
teristics influence the surgical approach and operative 
technique for removal, since alesion which expands 
to fill uniformly and snugly a single lateral ventriele 
is quite different from one which expands into the In 
andjor the opposite lateral ventriele. Similarly, a plastic 
ependymona entails different surgical and microsurgical 
technique for total rem oval than a papilloma expanding 
at the trigone and oceluding the temporal and occipital 
horns. Teratomas of the pineal region, extending into 
the In and lateral (at the trigones) ventrieles, necessitate 
a much more extensive and versatile craniotomy than 
a pineal tumor occupying only the In ventriele, or sim
ply extending along the qudrigeminal plate and pushing 
into the posterior fossa. Consequently, preoperative 
evaluation of intraventricular tumors is extraordinarily 
demanding: it obliges the surgeon to conceptualize the 
anatomical confines of the ventricular system and the 
extent to which the tumor either expands to occupy 
them or breaches their walls and extends into the cere
bral parenchyma. 

Lateral Ventricle Tumors: General 
(Figures 10.16 to 10.19) 
Conceptualization of lateral ventricular tumors is facili
ta ted greatly if one first envisions the craniofacial region 
from the three basic anatomical projections (coronal, 
sagittal, axial), and then the basal ganglia and thalami 
within the center of the intracranial compartment. The 
thalami border both the lateral surfaces of the In ven
triele and the posteroinferomedial surfaces of the lateral 
ventrieles. The caudate nuelei make up the anteromedial 
and posterolateral surfaces of the frontal horns and 
bodies of the lateral ventrieles, and the entire medial 
surfaces of the temporal horns. This anatomical config
uration is particularly fortuitous because it allows the 
surgeon access to the ventricular chambers, without the 
risk of entering the nuelei of the basal ganglia and thala
mus. Thus, one may, in approaching the superior sur
face of the lateral ventriele, penetrate the ventricular 
wall through either the frontal, the anterior temporal, 
or the occipital horns without any risk of causing neu
rological deficit. Entrance into the body of the lateral 
ventriele may be gained anywhere along the corpus cal
losum, from the genu to the splenium, simply by dissect
ing la te rally from the midline (along the indusium 
grisium and within the pericallosal sulcus). This latter 
route is ideal if one wishes to expose the entire lateral 
ventriele, or any portion of the lateral ventriele along 
with the In ventriele. It must be remembered, however, 
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that we still do not have definitive evidence concerning 
neurologic deficit, right-Ieft disorientation, which result 
from sectioning the corpus callosum. It is, consequently, 
advisable to breach only a limited portion of this com
missure, never to split all of it from the genu to the 
splenium. In fact, one really never should split more 
than a third of it! 

When a lateral ventriele tumor obstructs the foramen 
of Monro, there ensues remarkable dilation of the ho
mo lateral ventriele, with shift to the opposite side, re
sulting from the combined pressure vectors of the tumor 
and the asymmetrical hydrocephalus. Though this com
bination of forces aggravates drastically, and acutely, 
the elinical situation, it provides the surgeon with an 
enlarged ventricular chamber through which he may 
work in resecting the tumor. It is intuitive that shunting 
from the side opposite the tumor (and dilated ventricle) 
would only aggravate the shift, and that shunting from 
the side in which the tumor is located demands great 
caution in avoiding puncturing the tumor and, thereby, 
causing hematoma to develop within the very ventriele 
one wishes to decompress. For these reasons, direct at
tack upon intra- (lateral) ventricular tumors is prefera
ble to attempting to shunt for the (complicating) hydro
cephalus first. This is particularly true if the tumor is 
a choroid plexus papilloma, because of their tendency 
to be highly vascularized and to grow along the choroid 
plexus from the choroidal fissure in the temporal horn, 
past the trigone, to the foramen of Monro. 

Lateral Ventricle Ependymal Tumors 
Lateral ventriele ependymal tumors are soft, gelatinous 
in consistency, and highly vascular. Those portions of 
the tumor that extend into the brain substance change 
in consistency, but not in vascularity. 

One of the most important surgical eonsiderations 
in this tumor is the matter of identifying precisely the 
area of attachment, since the ependymoma tends to 
have a rather sessile base from which it extends into 
the cerebral parenchyma, sulci, and cisterns. Therefore, 
one is confronted with a tumor which has all the charac
teristics of a glioma within the cerebral substanee, and 
which lobulates with great redundancy upon itself with
in the intraventrieular chamber. 

Since this tumor may expand freely within the ventri
cle, it generally grows without eausing focal neurologie 
deficit and presents elinically with an increase in intra
cranial pressure. The gradual increase in intracranial 
pressure is aecepted well by the child until the midline 
syndrome! becomes evident. Consequently, the tumor 
may grow from one lateral ventricle to the foramen 
of Monro and into the In ventriele. On occasion, it 
may actually extend through the contralateral foramen 
of Monro, to fungate within the opposite lateral ventri
ele, resulting in a tumor mass which assumes the form 
of the ventricular system: plastic ependymoma. No ef-
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Figure 10.16. In evaluating the location, extent, and compli
cating ventricular dilation in a child with an intraventricular 
tumor, it is best to conceptualize the craniocerebrum in anteri
or-posterior, axial, and lateral projections. (A) The lateral ven
trieles are drawn in three basic projections, allowing the reader 
the opportunity to study the general size and spatial orienta
tion of each ventriele in each of these projections. (B) The 
thalami have been drawn in, to allow appreciation of their 
location at the most inferomedial portions of the cerebral 
hemispheres. (C). The head, body, and tail of the caudate 
nueleus have been drawn on the thalami, permitting one to 
appreciate the anatomical and spatial rclationships between 
these two structures. (D) The lateral and III ventrieles, tha
lami, and caudate nuelei permit one to appreciate the details 
of how the tail of the caudate nueleus (1) extends into the 
temporal horn (2), but the head of the caudate nueleus (3) 
is located along the medial surface of portion 2 of the lateral 
ventriele, and its body (4) courses over the top ofthe thalamus. 
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Figure 10.17. How disscction along the parasagittal surface 
of the corpus callosum (1) allows one to entcr the body, por
tion 3, of the lateral ventricle (2). For orientation purposes, 
the falx cerebri (3), septum pellucidum (4), head of the caudate 
nucleus (5), and m ventricle (6) are also labeled. The slightly 
curved arrow indicatcs the parasagiual approach to thc corpus 
callosum and ventricular system . 

fort should be made to follow this tumor through the 
foramen of Monro and into the III ventricle, or the 
contralateral ventric1e. The natural history of ependy
moma is not affected favorably by radicalor" total " 
resection! 

As the ventric1e is entered and the surface of the tu
mor exposed, one may extend the opening of the ven
tricular wall, from anterior to posterior, exposing the 
entire tumor. Telfa is then placed along both the lateral 
and medial ependymal surfaces ofthe floor ofthe lateral 
ventricle, taking ca re to bring its edges to the pedic1e 
of the tumor prior to beginning the resection. No nor
mal ependyma should be left uncovered unprotected). 

Preferably, the tumor resection is performed with the 
laser. Before beginning to "lase " the tumor, fluffy cot
tons are rolled from one edge of the neoplasm to the 
other, continuously wetting them, changing them, and 
sucking them dry so as to draw the vascular portion 
of the pedicle up into the fluffy. Attempts to identify 
individual bleeding vessels and coagulate them are fu-

l .~) 

Figure 10.18. The obstructing lesion (I), at thc foramen of 
Monro, dams the ccrebrospinal fluid in the lateral ventricle. 
causing it to dilatc (2) and resulting in a shift of the septum 
pellucidum (3) and corpus callosum (4) to the opposite side. 
In children, the interhemispheral fissure (5) is often shifted 
because thc falx tends to be hypoplastic. 

tile. This results only in extending the area of dissection 
into the brain substance, generally the basal ganglia 
or thalami, and efforts to stop the bleeding are in vain. 
As the entire insertion of the pedic1e is separated from 
the underlying brain and the fluffy cottons, gradually 
extended around the tumor's edges, along the pedic1e, 
the mass is lifted somewhat. Fluffies and tel fa embrace 
the pedic1e and protect the surrounding ependyma. 

One begins to vaporize the tumor with the laser, start
ing at 5 or 6 W, pulsed, and progressing gradually to 
the most effective wattage and continuous wave. The 
vaporization should extend, in broad sweeps, over the 
entire surface of the tumor, taking care not to work 
in one limited area, producing gutters or craters. Any 
bleeders should be immediate1y coagulated, otherwise 
blood covers the surface of the tumor and is carbonized 
by the laser. This diminishes the vaporizing effect of 
the laser. 

Because of the biologically malignant nature of epen
dymoma that borders on the ventricular or subarach-



Figure 10.19. An intraventricular tumor, in this case a choroid 
plexus papi11oma (1), causing dilation of the entire lateral ven
triele (2). For orientation purposes, the straight sinus (3), tor
cular Herophili (4), and transverse sinus (5) are illustrated. 

noid surfaces, irrespective of its histological appearance, 
excessive efforts to attain a complete resection are to 
be avoided. The surgeon does best by limiting hirnself 
to as complete a resection as possible, given the limita
tions of controlling the bleeding and following the tu
mor into the brain substance. Therefore, the temptation 
to resect an ependymoma en bloc should be resisted: 
the tumor is so soft, so friable, so lobulated that it 
is impossible to accomplish this, and the expense of 
the effort is an excessive blood loss. 

Glial Tumors (Figure 10.20) 
Though glial tumors of the hemisphere, or the corpus 
callosum, may bulge into a lateral ventricle, compress
ing it completely as the neoplastic hemisphere shifts 
beneath the falx, clinically significant excrescences into 
a ventricle are not such as to justify classifying these 
as intraventricular gliomas. 

Subependymal Gliomas 
The subependymal glioma expands almost exclusively 
within the ventricle from either the superolateral wall 
of the ventricle or the septum peHucidum. Such tumors 
behave in a manner indistinguishable from ependy
moma or choroid plexus papilloma, in that they present 
clinically with the midline syndrome and neuroradiologi
cally as enhancing, intraventricular masses, which may 
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Figure 10.20. Giant subependymal astrocytoma, which occu
pied the entirety of the left lateral ventriele. The tumor (1) 
is seen through the cerebrotomy opening (2), allowing one 
to appreciate both its mass and density, which were most likely 
responsible for the gliotic appearance of the overlying cerebral 
hemisphere (3). 

cause symmetrical or asymmetrical biventricular hydro
cephalus. 

Although those gliomas arising from the inferior and 
lateral surfaces of the ventricle expand only within the 
body of the lateral ventricle, those arising from the sep
tum pellucidum may expand into one or both lateral 
ventricles, as weH as the III ventricle inferiorly or the 
pineal recess posteriorly. The intraventricular glioma 
is glistening in appearance, greyish yellow, and has an 
irregularly lobulated contour. One finds that subepen
dymal gliomas are quite dense. They do not obliterate 
the normal subependymal veins. Therefore, the surgeon 
may get the incorrect impression that the tumor is, in 
essence, a deformed turne faction of the ventricular wall. 

These are benign tumors, they seldom invade the bas
al ganglia or thalamus, and they are not radiosensitive ; 
consequently, the treatment is surgical. It should be di
rected to removing only the intraventricular portion of 
the tumor and, at that, just enough to guarantee open
ing of the cerebrospinal fluid pathways. The clinical 
symptomatology these children suffer is a result of the 
complicating hydrocephalus. This does not mean to im
ply that a simple shunting procedure would be prefera
ble: shunting from the contralateral ventricle would ag
gravate the transfalcical shift, and shunting from the 
homo lateral ventricle results in repeated shunt obstruc
tions because of compressive occlusion of the proximal 
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end of the shunting system by the intraventricular tu
mor. 

Since the laser represents the ideal instrument for re
moval of intraventricular glioma, techniques using 
sharp dissection, suction, or cautery loops are accept
able only when a laser is unavailable. Sharp dissection 
is awkward and imprecise within the ventricles, aspira
tion technique is incomplete because of the density of 
the tumor, and electrocautery loops suffer the definite 
disadvantages of potential sectioning of deep-seated 
vessels within the tumor mass. The laser permits the 
surgeon precise dissection ofthe tumor without the need 
of retraction, and the ability to shave away the neoplas
tic cells, layer by layer. 

Those intraventricular gliomas that take origin from 
the inferolateral surface of the ventricle are best ap
proached through a cerebrotomy performed within a 
silent cortical area. This brings the surgeon into the 
lateral ventriele along a plane that gives hirn direct ac
cess to the tumor pedicle. Once the ventricle is entered 
and opened, so as to expose completely the tumor pedi
ele from anterior to posterior, wet telfa is slid over the 
intraventricular tumor excresence, separating it from 
normal ependyma. The surgeon proceeds from the supe
rior surface of the tumor to its medial aspect, taking 
care to identify the terminal and anterior septal veins 
be fore retracting the tumor from the surface ofthe fora
men of Monro. This permit~ the surgeon to "dome" 
the lesion: to work around its surlace to its base. At 
times, neoplastic adbesions may bridge across tbe ven
triele from tumor surface to tbe foramen of Monro. 
Fluffy cotton may tben be used to dissect tbe medial 
extension of tumor from tbe foramen of Monro, mov
ing cautiously along tbe terminal and anterior septal 
veins. In tbe event tbere are adbesions, or it appears 
one of tbese veins may be oceluded or at risk of rupture, 
one may coagulate eitber without concern. 

Witb tbe superior and medial surfaces of tbe tumor 
freed, tbe surgeon may pass a telfa along the inferior 
intraventricular portion of tbe tumor, from anterior to 
posterior, so as to separate it from tbe superomedial 
and inferomedial ventricular surfaces. Tbis frees tbe su
perior and medial surfaces, allowing tbe surgeon to turn 
tbe tumor toward bis line of vision. Bringing tbe medial 
surface superior is not advisable, since it puts tbe base 
of tbe tumor on the stretcb and augments tbe risk of 
tearing subependymal veins. 

Witb tbe pediele of tbe tumor visualized completely 
along its superior surface, and walled off from tbe un
derlying inferomedial wall of tbe ventricle along its infe
rior surface, tbe surgeon is prepared to cut along an 
imaginary line separating tumor from tbe inferolateral 
surface of tbe ventricle. Tbis permits en bloc rem oval 
of tbe glioma. Occasional bleeders may be encountered 
along tbe surface of tbe tumor bed, but tbis is rare 
and tbe bleeders are sm all and easy to occlude. No 
effort is made to remove any glioma located witbin 

the cerebral parencbyma because of the risk of extend
ing tbe dissection into the internal capsule, or of causing 
edema of tbis and surrounding structures. 

Gliomas of the Septum Pellucidum 
Gliomas of tbe septum pellucidum very often occlude 
botb foramina of Monro, and extend (to greater or 
lesser degrees) into botb lateral ventricles. Conse
quently, one may cboose to remove tbese tumors, as 
illustrated, tbrougb a cerebrotomy in a silent area along 
tbe convexity of tbe rigbt bemispbere, or via a para
sagittal transcallosal approacb (see Fig. 10.18). Tbis ap
proacb affords excellent exposure of botb lateral ventri
eies, permits maximum opportunity to appraise tbe de
gree of tumor invasion of the fornices, and to protect 
one or botb during tbe tumor resection. Tbe approacb 
tbrougb a cerebrotomy positions tbe surgeon so tbat 
be is looking at tbe lateral extension of tbe dome of 
tbe tumor, and places bim on tbe blind side of tbe for
nices and tbe extension of tumor into tbe contralateral 
ventriele. 

After an S-sbaped incision bas been made and a me
dial frontoparietal craniotomy reflected, the dura is 
opened and tbe rigbt parietal lobe elevated from tbe 
superior sagittal sinus and tbe falx. Since tbese tumors 
are rare in newborn and infants, tbe surgeon will en
counter a full compliment of cortical bridging veins, 
whicb may be so arranged as to oblige bim to sacrifice 
one in order to expose, appropriately and safely, tbe 
corpus callosum. As tbe bemispbere is elevated and beld 
in place witb a self-retaining retractor, care must be 
taken in separating the superomedial surface of tbe 
bemispbere from tbe superior sagittal sinus, and in as
suring tbat tbere is not undue stretcb placed on tbe 
anterior and posterior bridging cortical veins. 

Tbe incision in the corpus callosum sbould be just 
long enougb to permit exposure of tbe tumor and visu
alization of tbose portions of tbe bodies of tbe lateral 
ventricles into wbicb tbe tumor is bulging. Complete 
section of tbe corpus callosum may result in eitber a 
disconnection syndrome or memory deficits. Limited 
incision of tbe genu, body, or tbe splenium is safe. Tbe 
body of tbe corpus callosum, overlying tbe tumor, is 
gene rally flattened and thin, so one may split it cleanly 
and bloodlessly by using a Penfield * 4 dissector in 
long, cutting sweeps. The neoplastic septum pellucidum 
is encountered. Cerebrospinal fluid flows into the field 
from each lateral ventriele as it is opened. Telfas are 
brought into eacb lateral ventricle, over the lateral ex
tension of tumor from the septum pellucidum, so as 
to protect the ventricular surfaces. 80tb anterior septal 
veins and both foramina of Monro are identified. One 
then proceeds to identify the terminal veins bilaterally, 
so as to guarantee protection of the internal cerebral 
veins at the foramina 01" Monro, where they receive 
their two major tributaries (the anterior septal and ter
minal veins). At this point, the columns of the fornix 



Figure 10.21. Cortical adhesive arachnoiditis (secondary to 
extraordinarily high CSF protein) in a child with a choroid 
plexus papilloma of the lateral ventricle. The granular appear
ance ofthe arachnoid over the right hemisphere is quite typical 
of this entity. 

are identified as they curve gently into their direct exten
sions, the bodies of the fornices. Though section of one 
fornix results in only a transient memory loss, seetion 
of both fornices is to be avoided at all cost because 
of the permanent and totally disabling intellectual con
sequences! ! 

Removal of these tumors is carried out by using the 
laser. Traction or suction may damage permanently the 
fornices without the surgeon being aware of what is 
happening. Here, again, as in resection of inferolateral 
intraventricular glioma, the purpose of the operation 
is to open the cerebrospinal fluid pathways. Once the 
foramina of Momo have been cleared of tumor, and 
the septum pellucidum opened so as to permit flow of 
cerebrospinal fluid between the two lateral ventricles, 
the operation may be considered completed. Pursuing 
the dissection along the septum pellucidum puts the 
bodies of the fornices at considerable risk. 

Papillomas 
The surgical implications and considerations of lateral 
ventricle papillomas include the asymmetrical commun
icating hydrocephalus and expansion of the tumor mass 
at the trigone; occlusion and subsequent cystic transfor
mation of either the temporal or occipital horns, exten
sion of the tumor mass along the choroid plexus 
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Figure 10.22. Multiple chambers within the ventricular sys
tem. A pneumoencephalogram performed (in 1966) on a fe
male child with a papilloma at the trigone on the right, revcals 
a pattern suggestive of porencephaly with hydrocephalus. The 
cyst (1) over the surface of the tumor (2) is clearly shown. 
This pneumogram is shown here only to illustrate the forma
tion of cavities which have the appearance of porencephaly. 
It is archaie as a diagnostic study. 

through the foramen of Momo and into the III ventri
cle, with resultant obstruction and progressive dilation 
of the lateral ventricle, and extension of the tumor mass 
through the choroidal fissure and into the quadrigem
inal eistern, from whence it may enter either the oppo
site lateral ventricle or the posterior fossa. 

Asymmetrical Hydrocephalus 
The asymmetrical hydrocephalus (Fig. 10.21) is treated 
with external ventricular drainage, since the volume of 
cerebrospinal fluid secreted and the extremely high pro
tein levels preclude the peritoneal cavity as an absorp
tive surface and a valvular system as a conveyor. The 
drainage should be continued until the ventricles are 
decompressed and the child is ready for surgery, no 
longer. 

Choroid Plexus Papilloma 
The choroid plexus papilloma (Figs. 10.22-10.25) may 
expand from the glomus to occupy the entire lateral 
ventricle, in which instance drainage of the cerebrospi
nal fluid from the temporal horn is obstructed. Accumu
lation of xanthochromic cerebrospinal fluid within the 
now encysted temporal horn results. It is not at all un
usual for the ependymallining of the trigone, or fibro
collaginous material, to coat the surface of the tumor, 
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Figure 10.23. Head position, recommended 
kiD iDcisioD drainage of encysted temporal 

horn, and resection of papilloma al the trig
one. 

taking on the appearance of a capsule. This causes a 
cyst to form over the surface of the papillorna: neuro
radiologically this looks like porencephaly or tumor. 

Trigone papillomas are best resected through a tem
poroparietal flap, which is large enough to give access 
to the temporal pole anteroinferiorly and the angular 
gyrus posteroinferiorly. 

Upon opening the dura, one invariably notes flatten
ing of the gyri. Puncture of the encysted temporal horn, 
before opening the dura, with drainage of its densely 
xanthochromic fluid, affords immediate decompression 
(from 10 to 60 cc CSF). A linear cerebrotomy, 3 to 
4 cm, within a sulcus located behind the angular gyrus 
provides generous access to the trigone. The cerebro
tomy is best made in the most flattened pathologic por
tion of the cortex, which is overlying the tumor. It is 
not necessary to resect a cone of cerebral tissue, since 
a long linear incision provides more than adequate ex-

Bone Flap 

Skin Incision 

posure of the ventricular system immediately over the 
trigone tumor mass. The cerebral mantle is al ready 
maximally compressed from the underlying tumor and 
cyst. Bipolar coagulation and then sectioning of the 
arachnoid with microscissors, followed by bipolar co ag
ulation of the cerebral mantle, assure complete hemos
tasis of this highly vascular area at the time of cortical 
mC1SlOn. 

The dissection through the white matter is best per
formed with two spatulae, thereby minimizing the area 
of cerebrotomy and maximizing the depth of opening. 
Laser cerebrotomy may be performed, but it is neither 
more efficient nor easier. Once the ependyma over the 
surface of the tumor is identified, it may be coagulated 
and sectioned, thereby unsheathing the tumor proper. 
Layers of fibrocollagenous tissue may be stratified be
tween the xanthochromic ependyma and the glistening 
or opaque lobular surface of the papillorna. 



Figure 10.24. This lateral ventricle papi11oma 
occupies the trigone (1), temporal horn (2), 
and body (3) of the lateral ventricle . The fron
tal (4), occipital (5), and temporal (6) horns 
are encysted. The middle cerebral system (7) 
is flattened between expanding frontal and 
temporal horns. This drawing illustrates the 
importance of access to the temporal horn to 
control the anterior choroidal artery, to the 
trigone for the glomus, and to the foramen 
of Momo for the internal cerebral and anteri
or septal veins. 

Cotton fluffies are pulled into the desired size and 
form, and then freshly soaked in normal saline at body 
temperature, prior to being used to dissect the surface 
of the tumor from the surrounding ependyma and pa
renchyma, with which the tumor may have established 
continuity or adhesions. Telfas are placed between the 
tumor and the ependyma of the ventricular wall, and 
then snuggled into position around the pedic1e of the 
papilloma. This isolates completely the tumor from the 
wall of the ventric1e, and permits one to define c1early 
the size and extent of the pedicle of the tumor. Thereaf
ter, fingerlike pieces of cotton fluffies, are brought cir
cumferentially over the lobular mass until they sur
round the pedic1e of the tumor at its inferomedial sur
face , the line of entry of choroidal arte ries and exit 
of draining veins. 

It cannot be overstressed that these tumors must not 
be removed piecemeal either with monopolar loops or 
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pituitary forceps, because of their high degree of vascu
larity! Rather, they must either be removed en bloc after 
the pedicle has been coagulated and sectioned (an ara
chaic technique to be used only when the most limited 
facilities are available), vaporized in situ with a laser, 
or gradually shrunk with bipolar forceps. Irrespective 
of the size of the tumor, it is almost always possible 
to identify the vascular pedicle and then to deal with 
it hemostatically under direct vision. Identification of 
the pedicle by digital palpation and " blind" application 
of hemostatic clips to the pedicle was an acceptable 
technique at one time, but is no longer acceptable in 
light of introduction of the laser into the surgical arma
mentarium and the remarkable increase in efficiency 
of the therrnocautery units. 

Linear cerebrotomy through the encysted temporal 
horn permits ample access to the tumor pedicle, and 
to the feeding branches of the anterior choroidal arter-
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ies, into the tumor at its posteroinferomedial surface, 
if the tumor is moderate in size. If, however, it is large, 
one may not obtain a direct line ofvision to the vascular 
pedicle, something which may not be known preopera
tively. Consequently, the surface of the tumor should 
be coagulated, using bipolar forceps to shrink individ
uallobules, applying the blades to the surface of a lob
ule and activating the current without closing the 
blades. This coagulates the papi11oma with only mini
mal risk of tearing sm all vessels. The tumor may be 
diminished considerably in size with this technique, per
mitting the surgeon access to the pedicle. 

The vascular pedicle may extend anteroinferiorly, 
from the trigone, along the choroidal fissure, toward 
the hippocampus, or superomedially along the choroid 
plexus toward the terminal sulcus and foramen of 
Monro. The draining veins enter the subependymal sys
tem, penetrate the choroidal fissure to enter the quadri
geminal and Galenic systems. They mayaiso extend 
downward to enter the supraculminate system. In either 
event, they are best dealt with within the lateral ventricle 

Figure 10.25. (A) After the cerebrotomy has been made and 
the dissection carried through the white mater, the spatulae 
are positioned at either extremity of the cerebrotomy, exposing 
the ependyma (1) and a thin rim of white mater surrounding 
it (2). (B) Opening the enpendyma with either bipolar forceps 
or laser at the trigone brings the papilloma (1) immediately 
into view. The mass occupies the entirety of the opening into 
the lateral ventricle so that its exposure presents no problems. 
Note the foramen of Monro (2), the body of the fornix (3), 
and the ependyma (4). (C) This is the characteristic appearance 
of papilloma as it is being vaporized with the laser. The tumor 
mass (1) is being elcvated by a fluffy cotton (2), which has 
been lain beneath it both to compress the blood supply and 
protect the underlying ventricular surface from errant laser 
sweeps or deflections. 

where they may be coagulated and transected. Most 
of the small feeding arteries mayaiso be coagulated 
and transected, but the larger ones should be clipped 
prior to sectioning. Following en bloc removal of the 
tumor mass, it is essential to wait for approximately 
10 minutes after filling the ventricle with normal saline 
so as to be certain that there is no active bleeding, or 
oozing. One should inspect the entire lateral ventricle, 
especially the foramen of Monro, to assure hirnself that 
there is no tumor plugging the outflow of cerebrospinal 
fluid. 

The above technique predated perfeetion of bipolar 
thermocautery or the laser for neurosurgery, and is de
scribed both for historical purposes and for the benefit 
of those confronted with the need to resect a choroid 
plexus papilloma but without thermocautery of laser 
facilities and instrumentation. The CO z laser should 
be set at 8 W, continuous mode, and the beam maxi
mally defocused, so as to provide a vaporizing beam. 
A cutting be am is to be avoided in such a vascular 
tumor as this! If one notes that 8 Ware not enough, 
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he may increase to 12-15 W, but not beyond this be
cause the friability and vascularity of the papilloma are 
such as to ren der working at higher volta ge unsafe. 

Lateral Ventricle Choroid Plexus Papilloma 
The lateral ventricle (Figs. 10.26-10.28) choroid plexus 
papilloma may extend along the choroid plexus into 
the terminal sulcus, and anteriorly as far as the foramen 
of Momo, entering the III ventricle. When this occurs 
and the foramen of Momo is occluded, one may en
counter encysted occipital and frontal horns as the mass 
occludes the trigone and enters the 111 ventricle. 

A temporofrontoparietal flap (allowing access to the 
angular gyrus posteriorly, the middle frontal convolu
tion anteriorly, the rostrum and ge nu of the corpus 
callosum anteromedially, and the temporal pole antero
inferiorly) is necessary for such a procedure to be effec
tive. Before opening the dura, the encysted ventricular 
chambers (frontal, temporal, occipital horns) are punc
tured, allowing egress of the encysted ventricular fluid. 
A cerebrotomy of 3 to 4 cm in length is made behind 
the angular gyrus and the tumor is iso la ted prior to 
sectioning its vascular pedicle. Vaporization or bipolar 
coagulation of the tumor facilitate its isolation and 
identification of the pedicle. This should be clipped and 
sectioned at the point where the fee ding branches from 
the anterior choroidal artery at the base of the trigone 
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Figure 10.26. (A) Recommended position, bone flap, lines of 
dissection, and extent of tumor in papillomas entering the 
III ventricJe through the foramen of Monro. The middle cere
bral artery (1), lesser wing of the sphenoid (2), anterior cere
bral artery (3), tumor extending through the foramen of 
Monro (4) and into the III ventricJe (5), tumor in the lateral 
ventricJe (6) and at the trigone (7), and skin incision (broken 
\ine) are illustrated. (B) The spatula (1) is elevating the trigone 
and body of the right lateral ventricJe, exposing papilloma 
(2) over the thalamus and plugging the foramen of Monro 
(3). The proximal tubing for drainage of cerebrospinal fluid 
from the right lateral ventricJe crosses the papilloma just ante
rior to the foramen of Monro. 

enter the tumor from its bed along the terminal sulcus 
and choroidal fissure. Then, advancing toward the fora
men of Momo and coagulating minute perforating 
feeders along the bed, one may either vaporize the tu
mor or lift it from its bed within the terminal sulcus. 
This anteromedial dissection is not carried beyond the 
point at which the body of the fornix continues into 
the crus fornices. At this point a cerebrotomy is made 
in the middle frontal gyrus so as to gain access to the 
encysted frontal horn. 

The foramen of Momo is identified, and obliteration 
of the perforating feeders to the tumor carried out by 
proceeding posteriorly from the foramen of Momo to 
approximately the point at which the body ofthe fornix 
ends. This frees the tumor from its attachment to the 
floor of the trigone and the body of the lateral ventricle. 
Extension of tumor from the lateral into the 111 ventri
cle, through the foramen of Momo, is variable in 
amount, vascularity, and adhesion (to the foramen of 
Momo, the roof of the 111 ventricle, the anterior surface 
of the 111 ventricle). However, there is always a con
stricted area at the foramen of Momo. If the surgeon 
chooses the trans foramina I entry into the III ventricle, 
this must be enlarged, after coagulating and clipping 
the neoplastic extension through the foramen. 

An alternative technique for ente ring the 111 ventricle, 
one which is equally complete in exposing the entire 
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Figure 10.27. Technique and exposure for opening the sep
tointerthalamic portal to the ITT ventricle: speeifieally, the al
tachment of the lamina aJJix a to the thalamus at the terminal 
sulcus, the line along wh ich the choroid plexus also runs. 
Brushing the choroid plexus from the surface of the thalamus, 
along with the lamina affixa, establishes a direct communica
tion between the lateral ventricle and the IIT ventricle, displac
ing medially the roof ofthe IIT ventricle, inferior to the septum 
pellucidum. (A) The choroid plexus papilloma (1) and the 
lamina affixa (2) have been brushed from the thalamus (3), 
exposing the membranous roof of the III ventriclc (4). The 
body of the fornix (5) has been displaced with the papi11oma 
and lamina affixa. (B) This photo graph was taken through 
the operating microscope. The lamina affixa has been freed 
from the terminal sulcus (1), allowing the papi11oma within 
the III ventricle (2) to weil up into the operative field, since 
there is now direct communieation between the lateral ventri
c1e and the III ventricle. 

III ventricle, and wh ich has the advantage of avoiding 
dissection along the columns of the fornix, entails strip
ping the tela choroidea of the roof of the 111 ventricle 
from its insertion onto the superior surface of the thala
mus at the terminal sulcus. At this point the tela choroi
dea of the roof of the 111 ventricle is continuous with 
the choroid plexus of the lateral ventricle. The dissec
tion is carried out with fluffy cotton, rolling it backward 
over the surface of the thalamus from lateral to medial 
from the terminal sulcus just medial to the terminal 
vein. This strips the choroid plexus of the roof of the 
III ventricle from the thalamus, laying open the entirety 
of the 111 ventricle, establishing a continuity between 
it and the lateral ventricle. In essence, the compartmen
talization of lateral and 111 ventricles is taken down, 
the fornix is rolled back over the superior aspect of 
the thalamus where the horizontal surface of the thala
mus (floor of the body of the lateral ventricle) turns 
inferiorly to become the vertical surface of the thalamus 
(lateral wall of the III ventricle). When this is done 
any lesion within the III ventriele is visualized immedi
ately. The III ventriele in this way is exposed from the 
lamina terminalis to the pineal gland. 

The advantage of this opening of the III ventricle 
is that it allows the surgeon to inspect the posterior 
surface of a tumor for the presence of veins draining 
into the posterior portion of the internal cerebral veins 
and the great vein of Galen . 

If one chooses to use the septothalamic approach, 
he must first assure hirnself that tumor is not growing 
through this potential space directly into the 111 ventri
ele. If not, then the tela choroidea of the roof of the 
111 ventricle is stripped from its attachment to the supe
rior surface of the thalamus medial to the terminal sul
cus, along the floor of the lateral ventriele, taking great 
care not to damage the body of the fornix! A wide 
and free communication between lateral and III ventri
eles is thereby established. This permits separating the 
main tumor mass from its extension into the III ventri
ele, and subsequent removal of the tumor in two (lateral 
and III ventricular) portions, rather than one. It is not 
wise to attempt to lift the tumor from the lateral and 
111 ventricles as one piece : the lateral ventricular mass 
" blinds" the surgeon to the vascular supply of the IJI 
ventricle mass. 

After the tumor has been lifted from the lateral ven
triele, the surgeon may inspect the tumor within the 
III ventricle, taking care to ass ure hirnself that the ante
rior septal, terminal, and internal cerebral veins are 
freed completely both from the tumor and adhesions 
to it. Appropriately fashioned telfa strips are then in
serted along the superior surface of the tumor, separat
ing it from the roof of the 111 ventricle and the internal 
cerebral vein within this latter structure. Similarly, tel fa 
strips are placed along the lateral surfaces of the tumor 
and then along its anterior surface as far inferiorly as 



Figure 10.28. Diagrammatic representation of full axial view 
of tumor occupying the trigone (1), encysting the frontal (2), 
temporal (3), and occipital (4) horns, and extending through 
the foramen of Monro (5) into tbe III ventric1e (6). Tbe veins 
draining the tumor enter the internal cerebra I vein at the fora
men of Monro. Tumor in the III ventric1e e1evates the tela 
choroidea and deforms both internal cerebra I veins (7). 

the floor of the III ventricle. When this is done, gently, 
and with soaking wet telfas, one avoids damaging the 
vascular or nuclear structures bordering upon the III 
ventricle and assures freeing of the intraventricular 
mass. 

At this time a large fluffy is placed in the lateral 
ventricle, at the foramen of Monro, and the line of 
dissection is moved from transventricular to parasagit
tal by retracting the frontal lobe laterally. This gives 
access first to the genu and rostrum of the corpus callo
sum and then to the lamina terminalis (anterior border 
of the III ventricle), as far inferiorly as the supraoptic 
recess. If the tumor has lobulated inferiorly, and is ad
herent to the walls of the III ventricle, one may choose 
to enter this chamber through its anterior margin. This 
requires performing a cerebrotomy from the rostrum 
of the corpus callosum inferomedially along the fornix, 
and then through the lamina terminalis as far inferiorly 
as the supraoptic recess. Complete visualization of the 
anterior and superior portions of the IU ventricle, of 
the anterior septal vein, and of the foramen of Momo 
is achieved 1 Since all vascular supply and drainage to 
the III ventricular portion of these tumors is along the 
tela choroidea, one need not be concerned that there 
may be vessels within the area of the floor of the III 
ventricle or the lamina terminals. 
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Lateral Ventriele Papilloma 
Lateral ventricle papiliomas (Fig. 10.29) may extend 
through the choroidal fissure into the quadrigeminal 
eistern and, at times, even into the contralatera! ventri
ele. Those papillomas extending directly medialward 
through the choroid fissure, and into the quadrigeminal 
cistern, may either expand "dumbell fashion" on either 
side of the choroid fissure or into a nodule within the 
quadrigeminal cistern. They may then penetrate the 
contralateral ventricle through its choroid fissure , there
by becoming indistinguishably intermingled with its glo
mus. In either event, the tumor compresses the quadri
geminal plate, becomes adherent to the commissure of 
the fornix , and elevates the splenium of the corpus callo
sum. There is obstruction to the passage of cerebrospi
nal fluid from the ambient cistern into the quadrigem
inal cistern, forward displacement of the pineal gland 
and the suprapineal recess of the BI ventricle, and to 
so me degree, extension of tumor along the anterior sur
faces of the culmen monticuli and lobulus centralis of 
the cerebellar vermis. 

The tumor is fed through the medial and lateral 
branches of the posterior choroidal arteries on both 
sides: quadrigeminal and inferior-retrosplenial arteries. 
It drains into the internal cerebral veins (lesser Galenic 
system), the veins of RosenthaI, the greater Galenic sys-
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Figure 10.29. (A) Recommended S-shaped skin incision (1), 
biparietal bone flaps (2), and strip of bone over the superior 
sagittal sinus (3) for combined approaches to tumor at trigone, 
in the quadrigeminal cistern and at the foramen of Momo. 
(B) Extension of a choroid plexus papilloma from the trigone 
of one lateral ventricle, through the choroidal fissure and into 
the quadrigeminal cistern. It illustrates not only the extension 
of the mass along the choroid plexus and through the choroi
dal fissure, but also the advantages of an S-shaped skin inci
sion and biparietal bone flap for access to such a tumor. The 
specific detail illustrated here is that the tumor is extending 
posterior to the III ventricle and inferior to the supra pineal 
recess. Consequently, one must have access to the trigone of 
the lateral ventricle and to the splenium of the corpus callosum 
in order to remove the extension from the quadrigeminal 
cistern. (C) A papilloma (1) growing from the glomus, at the 
trigone (2), directly medially toward the choroidal fissure (3) 
and through it. 
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tem, the supraculminate system, and the anteromedial 
occipital veins. 

Abiparietal craniotomy through an S-shaped skin 
flap permits access to the angular gyri on both sides 
and to the region of the quadrigeminal cistern. After 
puncture of the temporal horn (bilaterally when the 
tumor is expanding in both trigones), the dura is opened 
and the tumor is dissected free from its ventricular adhe
sions down to its pedic1e at the choroidal fissure, from 
the pes hippocampus anteriorly to the collateral emi
nence posteriorly, through a cerebrotomy posterior to 
the angular gyrus. 

The li ne of dissection is changed from transventricu
lar to parasagittal only after the intraventricular (on 
both sides when the tumor extends into the contralater
al ventric1e) portion of the tumor has been removed. 
At this time, fluffy cottons are in the lateral ventric1e 
along the choroidal fissure. The dissection of the tumor 
within the quadrigeminal cistern is performed after the 
para sagittal approach, coming down bi la te rally on ei
ther side of the falx cerebri. The anterior and posterior 
branches of the lateral posterior choroidal artery, going 
to the tumor with the quadrigeminal and inferior re
trosplenial arteries, are identified as a group, occ1uded, 
and transected. This dissection is carried out from side 
to side and from behind forward. It is necessary to 
identify the anterior choroidal arte ries, coming postero
laterally through and over the tela choroidea of the 
In ventric1e. Venous drainage into the lesser and greater 
Galenic systems, and their tributaries, diminishes con
siderably once these last feeding vessels are transected. 
However, removal of the tumor without identifying, oc
c1uding, and transecting the bridging veins results in 
the opening of these major, normal venous structures. 

The tumor, consequently, may be removed in two 
or three pieces depending upon whether it has extended, 
dumbell fashion, only into the quadrigeminal cistern 
or has entered the contralateral ventric1e. 

Again, it is advisable to wait approximately 10 min
utes in order to assure oneself that there is no oozing 
before proceeding with filling of the ventricular system 
with normal saline and c1osure. As in all choroid plexus 
papillomas, the resection is best accomplished with laser 
or by shrinking the mass with bipolar forceps. 

Midline Ventricular Tumors 
Third ventric1e tumors, especially those growing within 
the posterior portion of the In ventric1e, may extend 
posteriorly into the quadrigeminal cistern or inferiorly 
into the superior cerebellar cistern; superior In ventric
ular tumors may grow inferiorly into the aqueduct, both 
plugging it and occupying its entirety; IV ventricular 
tumors, such as medulloblastoma or ependymoma, al
most invariably grow superiorly into the aqueduct, and 
all too often fungate into the posterior portion of the 
III ventric1e. Therefore, one may justify considering an 
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anatomical description of the midline ventricular system 
as it relates to extension of tumors from one ventricular 
chamber into the region of another and, more directly, 
planning of surgical flaps for access to these tumors. 

Because of the enormity of the basal cisterns and 
the absence of the sphenoid air sinus, the III ventric1e 
in infancy and early childhood is located almost directly 
superior to the IV ventric1e. The brainstem appears to 
extend directly from the center of the hemispheres, in 
a vertical course which is perpendicular to the horizon. 
Consequently, although the 111 ventric1e is directly supe
rior to the IV ventric1e, it is not in the same coronal 
plane, being located slightly anterior to it. 

As will be discussed subsequently, tumors oI the III 
ventricle are divided from a surgical point of view into 
anterior, superior, and posterior 111 ventric1e tumors. 
This has a rational basis, since it assists the surgeon 
in approaching the 111 ventric1e through the foramen 
of Monro or the lamina terminalis (anterior 111 ventric
ular tumors); the transcallosaljroof of the 111 ventric1e 
route, or the transventricularjtranseptal route (tumors 
within the roof of the In ventric1e); and the occipitalj 
transtentorial route (tumors of the posterior 111 ventri
c1e). 

Tumors oI the pineal region may expand superior to 
the roof of the 111 ventric1e, in which case they are 
approached as roof of 111 ventric1e tumors; remain 
within the pineal and quadrigeminal ci sterns, in which 
ca se they are approached as posterior III ventric1e tu
mors; or, they may extend into the posterior fossa by 
growing primarily within the superior cerebellar cistern 
and displacing the lobulus centralis of the vermis poste
riorly, in which case they are approached through a 
suboccipital supracerebellar craniotomy. The incidence 
of expansion of pi ne al tumors into the 111 ventric1e, 
between the 111 ventric1e and the body of the corpus 
callosum, or into the posterior fossa is equal. The de
cision concerning which of these approaches is best for 
pineal tumors will be discussed subsequently. It is predi
cated entirely upon the direction of tumor displacement 
of the deep venous structures: lesser and greater Galenic 
systems. 

Fourth ventricle tumors (Figs. 10.30-10.31) are ap
proached through a midline suboccipital craniotomy, 
as for tumors of the inferior cerebellar triangle, without 
removal of the arch of Cl. If the IV ventric1e tumor 
is very large, one may expect to find that it fungates 
into the aqueduct of Sylvius and 111 ventric1e superiorly, 
the lateral recesses and, at times, the pontocerebellar 
cisterns laterally, and the valecula and ci sterna magna 
inferomedially. Access to the cisterna magna, valecula, 
IV ventric1e, and aqueduct is adequate through a simple 
midline craniotomy, but special consideration must be 
given to exposure of the lateral recess. In fact, this does 
not entail simply extending the width of the craniotomy 
laterally on both sides, since the lateral recesses are 
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Figure 10.30. Inferior suboccipital craniotomy as viewed in 
a straight posteroanterior line, illustrating the burr holes and 
osteotomy !ines outlining the free (squamous occipital) bone 
flap. 

paramedian structures, located at the point where the 
pontocerebe11ar junction meets the petrous apex. Access 
to this area is achieved by elevating and displacing later
ally the cerebellar tonsils . This permits one to expose 
the lateral recess from within the IV ventricle, and then 
to elevate the cerebe11ar hemisphere from the squamous 
occpital bone, so as to view the lateral recess over the 
IX, X, and XI cranial nerves at the pontocerebellar 
junction. This is a11 possible if the rim of the foramen 
magnum is reflected with the inferior triangle cranioto
my. 

The suboccipital craniotomy affords ample bone 
opening for complete exposure of IV ventricle tumors 
and their extensions, facilitating access to portions of 
the III and IV ventricles. 

A 

Figure 10.31. The midline ventricular system within the skull 
of a child. The septum pellucidum (1) is located anterosuperior 
to the \II ventricle (2), which, in turn , is located anterosupe
riorly to the IV ventricle (3). The very large basal (4) and 
quadrigeminal (5) cisterns surround the brainstem, which 
entcrs the ccrebral hcmispheres at almost a right angle. The 
three approaches, parasagiltal (A), occipital (B), and infraten
torialjsupracerebcllar (C) are indicated . This illustration clari
fies the selection of surgical approach, which is based upon 
thc direction of displacement of the deep venous structures . 

Third Ventricle Tumors 
General Discussion (Figure 10.32) 
The III ventricle is extraordinarily diverse from an ana
tomical point of view, delicately situated at the infero
medial aspect of each hemisphere, wedged between the 
thalami and mesencephalon, and kept superiorly by the 
internal cerebral veins. From a functional point of view 
the lamina terminalis and tela choroidea anteriorly and 
superiorly, respectively, represent silent areas, whereas 
the inferior and posterior surfaces, the hypothalamus 
and midbrain, are eloquent. When viewed from the lat
eral perspective, one may note that the internal cerebral 
vein and choroid plexus of the roof of the IIJ ventricle 
outline the superior surface of the BI ventricle, whereas 
the basal vein ofRosenthal describes its inferior surface. 
If this were to be projected from the axial perspective, 
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Figure 10.32. (A) One may reasonably divide the In ventricle 
into anterior (1), posterior (2), and superior (3) portions. This 
distinction is rational since the dilTerences in these three sec
tions of the In ventricle are both anatomical and functional, 
despite the fact that there is overlap between the superior 
and anterior portions anterosuperiorly, and the superior and 
posterior portions posterosuperiorly. The fourth area, a por
tion of which is occupied by the III ventricle, is the parasellar 
area (4). Therefore, one may speak of anterior, superior, and 
posterior IU ventricular tumors in addition to parasellar tu
mors. The distinction is predicated upon primary origin of 
the tumor, e.g., posterior III tumors originate from the pineal 
g1and, superior III tumors from the choroid plexus, anterior 
III tumors at the foramen of Monro and lamina terminalis, 
and parasellar tumors from the pituitary gland and optic 
chiasm. (D) A coned-down view of the anterior III ventricle, 
for considering removal of intraventricular tumors located 
within this area, reveals the lamina terminalis (1), foramen 
of Monro (2), body of the fornix (3), and hypothalamic sulcus 
(4). The course of the anterior septal vein (5) from the genu 
of the corpus callosum (6) to the point at which the terminal 
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vein curves through the foramen of Monro to enter the inter
nal cerebral vein (7), allows one to appreciate the significance 
of considering these venous structures when working within 
the region of the foramen of Monro or anterior portion of 
the In ventricle. (C) The superior III ventricle contains only 
vascular structures medially, and is in direct continuity with 
the body of the fornix slightly lateral to the midsagittal plane. 
The choroid plexus of the roof of the III ventricle (1) fishes 
freely within this chamber, whereas the internal cerebral veins 
(2) are located in the tela choroidea (3). The splenium of the 
corpus callosum (4) overhangs the posterior portion of the 
roof (5) and the great vein of Galen (6). (0) Within the area 
of the posterior In ventricle are the most posterior portions 
of the internal cerebral vein (1) and the basal vein of RosenthaI 
(2), the quadrigeminal (3) and supracerebellar cisterns (4), the 
pineal gland (5); superiorly, the splenium of the corpus callo
sum (6); inferiorly, the quadrigeminal plate (7) and, posterior
Iy, the supraculminate veins (8). The medial posterior choroi
dal artery (9) and the great vein of Galen (10) complete the 
major structures bordering the posterior III. 

B 
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it would be seen that the internal cerebral veins delimit 
the medial aspect of the 111 ventricle and the basal veins 
of Rosenthai its lateral surfaces. Its posterior borders 
are the pi ne al gland and the iter of the aqueduct of 
Sylvius, its anterior borders the lamina terminalis, the 
supraoptic and infundibular recesses. 

The infundibulum and tuber cinerum are the anatom
ically identifiable structures within the membranous 
portion ofthe floor, whereas the surface ofthe midbrain 
constitutes the anatomical structures for the solid por
tion of the floor. The columns of the fornices, running 
from the mammillary bodies to the foramen of Monro, 
and the crus fornices, running from the foramen of 
Monro posteriorly to the level of the pineal gland, rep
resent the eloquent anatomical structures along the lat
eral surfaces of the 111. One may, therefore, understand 
immediately that the safest, but by no means the most 
convenient, entry into the 111 ventricle is through the 
lamina terminalis; the second safest, and most danger
ous from the vascular point of view, is through the 
roof; and the most awkward and difficult access is 
through the posterior surface where the pineal gland 
is lodged. If one wishes complete access to the 111, with 
assurance that neither the fornices nor the vascular 
structures within the roof may be damaged, then con
sideration should be given to entering the 111 ventricle 
through the lateral ventricle: separating the choroid 
plexus along the terminal sulcus as described for papil
lomas extending into the 111 from the lateral ventricle. 
This establishes an open communication between lateral 
and 111 ventricles. 

General Comments Concerning Access 
to III Ventricle Tumors 
Access to the anterior 111 ventricle may be obtained 
through a sub frontal approach, sectioning the lamina 
terminalis. This is adequate if one wishes to perform 
a 111 ventriculostomy, but does not provide the surgeon 
proper exposure for a tumor within the III ventricle. 
All of the vascular structures come either from the supe
rior or posterior aspects of the 111 ventricle and, conse
quently, would be located behind the tumor mass. Col
loid cyst of the IB ventricle, the most common anterior 
III ventricle tumor in the adult but a true rarity in 
the child, may be removed by the subfrontal, trans
laminar approach. The risk of anosmia does not justify 
this approach for such a benign lesion, one which may 
be resected as effectively through a transventricular ap
proach. 

Anterior III Ventricle Tumors 
Anterior III ventricular tumors, consequently, are best 
approached through a right lateral frontal craniotomy 
and cerebrotomy with transventricular access to the for
amen of Monro. Since this is a much simpler cranio
tomy, it is associated with no neurological deficit and 

allows for identification of the anterior septal, terminal, 
and internal cerebral veins while removing the tumor. 

Superior III Ventricle Tumors 
Superior III ventricular tumors are best approached 
along the parasagittal/transcallosal route when the tu
mor is located between the roof of the BI ventricle 
and the corpus callosum (as indicated angiographically) 
by downward displacement of the internal cerebral 
veins, but by the occipital transtentorial approach when 
the intra- 111 ventricular tumor is displacing the internal 
cerebral veins upward. 

Posterior III Ventricle Tumors 
Posterior 111 ventricular tumors are approached 
through either a medial occipital or a parietal parasagit
tal bone flap, followed by a transtentorial or transcallo
sal approach to the pineal region. The exception is those 
which expand primarily within the superior cerebellar 
cistern, displacing the great vein of Galen upward. In 
these cases, the suboccipital/supracerebellar approach is 
preferable. These criteria are described in detail in the 
section on pineal tumors. 

Specijic Comments Concerning Access to Tumors 
ofthe Anterior III Ventricle (Figure 10.33) 
The subependymal glioma may grow from the lamina 
terminalis. This is an extraordinarily rare tumor, one 
which is impossible to distinguish from hypothalamic 
or optic pathway gliomas. The only relatively common 
tumor of the anterior 111 ventricle is the colloid cyst, 
and "relatively" is used here (in childhood) in a most 
generous sense. The colloid cyst is also referred to as 
a paraphyseal cyst, since it is thought to take origin 
from the paraphysis and to contain a substance wh ich 
is colloid in consistency. This tumor is weIl encapsu
lated, nonvascularized, and loosely attached to the ante
rior surface of the lamina terminalis at the foramina 
of Monro. It may be easily mobilized and readily sepa
rated from the ependyma of the walls of the BI ventri
cle. 

Lateral frontal craniotomy and cerebrotomy afford 
access to the junction of the frontal horn and the body 
of the lateral ventricle, and then visualization of the 
enlarged foramen of Monro with the capsule of the 
colloid cyst bulging into the lateral ventricle. Care 
should be taken to identify the anterior margin of the 
foramen of Monro so as to orient oneself concerning 
the precise location of the columns and body of the 
fornix, the anterior septal vein, and the terminal vein. 
These latter structures, tributaries to the internal cere
bral vein, should be separated from the superior surface 
of the capsule of the tumor by using tiny fluffy cottons 
and a Penfield #4 dissector, running this latter instru
ment within the space between the rim of the foramen 
of Monro and tumor capsule. I t should be directed from 
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Figure 10.33. Transventricular approach to III ventricJe col
loid cyst. It does not matter whether one enters the lateral 
ventricles through the middle frontal convolution or along 
the parasagittal route and through the corpus callosum. In 
fact, the parasagittal route is quite easy in thc child , though 
it is actually very difficult in an adult because of the significant 
size of the bridging cortical veins and the multitude of Pac
chionian granules. Once the lateral ventricJe is entered , one 
identifies the septum pellucidum and the foramen of Monro. 
(A) A Penfield * 4 dissector (1) has been placed along the 
anterior inferior Iimb of the foramen of Monro (2) and a 

anterior to posterior and from superior to inferior, with 
the point of departure being the junction of the anterior 
septal and terminal veins. In some patients there is a 
false venous angle: the terminal vein enters the internal 
cerebral vein weIl behind the foramen of Momo- ren
dering identification of the terminal vein difficult. One 
is forewarned by studying the preoperative venogram. 

It is often possible to free the colloid cyst from the 
surrounding foramen of Momo with dissection, and 
to deliver the cyst directly through the unopened fora
men. However, the size of the colloid cyst, or its adhe
sions to the surrounding ependyma may be such as to 
discourage " delivery. " In these circumstances, one 
should open the foramen of Momo by cutting inferiorly 
or directly posteriorly, avoiding either an anterior or 
a superior cut since these put the column and the body 
of the fornix, respectively, at risk . Such a cut may be 
performed either with microscissors or the laser. When 
this is done, the cyst may be seen to consist of a pedun
culated structure hanging posteriorly and inferiorly 
from the anterior surface of the foramen of Momo. 
The peduncle may be coagulated with bipolar forceps 
and then cut with microscissors, allowing the surgeon 
to lift it through the foramen of Momo and out of 
the III ventricle. There is nothing gained by removing 
the cyst without opening it. Ifit is opened, inadvertently 
or intentionaIly, one may drain the contents and then 
work his way around the collapsed capsule, freeing it 
from the surrounding ependyma as he goes. 

sm all cottonoid (3) is being inserted between the postcrior 
rim of the foramen of Monro and the sliverlike visible portion 
of the colloid cyst (4). The septum pellucidum (5) is being 
opened with the COz laser. Note the dcfocused bcam (6). 
The COz laser is particularly effectivc in situations such as 
this, since its vaporizing activity is stopped immediately when 
it encounters water. (B) The septum pellucidum (1) has been 
opcned (2) with the CO 2 laser. The colloid cyst (3) is cJcarly 
visible tbrough tbe opening in the septum pellucidum, as are 
the anterior septa I (4) and subependymal veins. 

Tumors ofthe Root ofthe III Ventricle(Figure 10.34) 
The only tumor which may be considered to grow from 
the roof of the III ventricle in childhood is the choroid 
plexus papilloma. Although maningiomas, theoretically, 
may occur here they do not grow in childhood and, 
for all intents and purposes, there is no clinical or surgi
cal difference between meningioma and choroid plexus 
papillorna. 

Since the choroid plexus papilloma of the roof of 
the III ventricle attains enormous size, is clinically silent 
until it produces symmetrical, biventricular hydroce
phalus, and routinely causes hypersecretion of cerebro
spinal fluid one has no choice other than to put the 
child on bilateral external ventricular drainage, and to 
maintain the drainage functional until the child's condi
tion permits surgery. 

The choroid plexus papilioma of the 111 ventricle is 
approached by using the septointerthalamic route al
ready described for papillomas extending into the III 
through the foramen of Momo. It may, however, be 
approached through either the transcallosal or transfor
aminal routes, with the former being more familiar (and 
dangerous) and the latter technically simpler and safer. 

Transcallosal Approach 
to Superior III Ventricle Tumors 
The transcallosal approach (Fig. 10.35), using a medial 
parietal bone flap and parasagittal access to the corpus 
callosum, entails splitting of the body of the corpus 
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Figure 10.34. The papilloma (1) elevates the entirety of the 
internal cerebral vein (2) from the foramen of Monro to the 
suprapineal recess. The tumor always extends into the foramen 
of Monro (3). The major feeding vessel is the medial posterior 
choroidal artery (4). Posteroinferiorly, the mass may plug the 
aqueduct. It generally dilates the inferior III ventricle, deform
ing the supraoptic (5) and infundibular (6) recesses. 

callosum from the genu to the splenium, an undesirable 
option. This also subjects the child's intellectual func
tion to greater risk. Once the splenium of the corpus 
callosum is split, the strawberry-red multilobulated tu
mor and the flattened interna I cerebral veins immediate
ly come into view. The tela choroidea should be cut 
lateral to the homo lateral internal cerebral vein after 
the former has been coagulated. As this is done the 
tumor oozes into the opening, filling it entirely as the 
tela choroidea is unfolded. The tumor may be rolled 
over, onto the roof of the BI ventricle and the internal 
cerebral veins, by inserting telfa strips into the III ven
triele, bringing them around its anteroinferior and pos
terior surfaces. The telfa may be used to hold the multi
lobulated tumor together as it is delivered. Once all 
of the tumor has been freed from the strands of fibro
collagenous tissue which attach loosely to the ependyma 
of the III ventricle, the surgeon may begin to remove 
it from the ventricular surface of the roof by coagulat
ing with bipolar at the junction between roof and tu
mor. If this is difficult because of inability to identify 
completely the pediele, one may choose to shrink the 
tumor with bipolar cautery, a relatively simple and very 
safe procedure. 

If a laser is available it may be used to vaporize the 
tumor, but care must be taken when using it in and 
around the BI ventriele: the beam may open the lesser 
or greater Galenic systems, or it may damage the nuclei 
along the ventral and lateral hypothalamic surfaces. It 
is safer to use bipolar cautery to shrink tumors in this 
location. 

Once the mass of tumor has been reduced, either 
by bipolar shrinkage or laser vaporization, to such an 
extent that the surface of attachment may be identified, 
one proceeds to coagulate and section along this line 
until the entirety of the tumor has been freed from its 
attachment to the roof of the BI ventriele. The anterior 
landmark is the foramen of Momo, the posterior the 
suprapineal recess or pineal gland. Only when the mass 
is floating freely within the III ventricle, should it be 
lifted from the field. Doing so before this may be com
plicated by tearing an anterior septal or internal cere
bral vein, the consequences of which are catastrophic 
because of the sudden and uncontrollable-Iest one co
agulate the internal cerebral vein - venous bleeding. 
After the tumor has been lifted from the III, its bed 
should be identified and then covered with Avitene so 
as to assure complete hemostasis. 

Transjoraminal Approach 
to Superior III Ventricle Tumors 
If the transforaminal (transparenchymal, transventricu
lar) (Fig. 10.36) approach is selected, a frontoparietal 
bone flap and cerebrotomy are used to gain access to 
the lateral ventricle. This exposes the insertion of the 
tela choroidea of the III ventriele at the terminal sukus, 
and the choroidal plexus of the lateral ventriele running 
over this line. Fluffy cotton is used to strip the tela 
choroidea and choroid plexus from the line of the termi
nal sukus, and over the superior surface of the thala
mus, until the lateral and HI ventricles are in free com
munication with one another. At this time, the choroid 
plexus papilloma will float into the interval between 
the thalamus inferiorly and the body of the fornix su
periorly. Resection is then performed in the manner 
already described. 

Posterior 111 Ventricle Tumors 
The posterior BI ventricular tumors are, in the broad 
sense of the term, pineal tumors. Specifically, pineal tu
mor is an anatomical, a surgical-anatomical, term which 
indicates any tumor occupying the pineal region, wheth
er it be glioma, teratoma, pineocytoma, germinoma, 
or other. This avoids the conflicting and confusing ter
minology predicated upon histological characteristics. 

A great deal of confusion has resulted from the term 
pinealoma, first used by Krabbe 2 in 1923 and then 
adopted and disseminated by Cushing 3 in 1927 and 
Bailey 4 in 1948. Krabbe's definition of pinealoma was 
histological. The majority of tumors within the pineal 
region are not tumors of the pineal gland. In this text, 
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Figure 10.35. The transcallosal approach to the III vcntricle, 
presenting fewer difficulties than in the adult because of the 
smallness both of bridging cortical veins and Pacchionian 
granules, does require a more tedious dissection, transection 
of the corpus callosum, retraction of thc interna! cerebral veins 
located in the tela choroidea of the III ventricle. (A) The cor
pus callosum (1) is highly vascularized. A laser incision has 

consequently, posterior III ventricular-pineal tumors 
will be described from a purely anatomical point of 
view as regards surgical techniq ue. 

One should, preferably, begin a discussion of "pineal 
tumors" with the description of the anatomical confines 
of the area in question, and then go on to discuss inci
dence, pathophysiology, and surgical management. Ac
cordingly, one would begin by considering the pineal 
region anatomically as being that bordered by the splen
ium dorsally, the colliculi ventrally, the posterior SUf

face of the III ventricle rostrally , and the culmen mon ti
culi of the cerebellar vermis caudally. This perspective 
has been put forth by many authors in discussions of 
neuroradiologic diagnosis, surgical approach to tumors 
of the pineal region, and natural history of treated and 
untreated tumors in this area. 

The same degree of sophistication of thought has 

been made in the body ofthe corpus callosum, extending from 
the posterior margin of the genu (2) to the splenium (3). (B) 
The split corpus callosum has been retracted and the roof 
of the III ventricle (1) opened. Since the septum pellucidum 
was also opened, the proximal end of the shunt tubing (2) 
is seen between the tela choroidea and a lobule of the III 
ventricle papilloma (3). 

recently been applied by Rubinstein 5, who, in 1972, 
deleted the term "pinealoma " from his histological 
classification of tumors in this region: 

1. Germ cell tumors: teratoma, germinoma, choriocar
cinoma, embryonal carcinoma, entodermal yolk-sac 
tumors 

2. Pineal cell tumors: pineocytoma, pineoblastoma 
3. Glial tumors: astrocytoma, glioblastoma, oligoden

droglioma, ependymoma 
4. Other tumors: mesenchymal origin tumors such as 

meningioma, rhabdomyosarcoma, angioma, heman
giocytoma 

5. Cysts: Epidermoid, arachnoid, glial. 

Oe Girolomi and Schreidek added chemodectoma and 
glioma to Rubinstein's category 2 (pineal cell tumors) 

Gliomatous and gangliogliomatous differentiation 
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often occurs within parenchym al tissue surrounding pi
neal cell tumors. Pineal tumors vary in histological evo
lution, typical teratomas changing into tumors with 
rapid regrowth rates and invasive characteristics from 
one portion of the tumor to another. Similarly, tera
toma and epidermoid tumors have variable cell differen
tiation in different regions of the tumor, necessitating 
multicentric examination of the entire tumor mass be
fore being able to identify with precision the histological 
nature. It is worthy of note that craniopharyngioma 
has been reported to occur in the pineal region. These 
are some of the factors wh ich render such procedures 
as stereotaxic biopsy unreliable or misleading. 

It appears that with improving diagnostic techniques 
pineal tumors are becoming easier to diagnose and, 
therefore, apparently more commonly encountered clin
ical entites. In addition to this, one notes rather remark
able effectiveness of treating the complicating bi- or 
triventricular hydrocephalus, successful results of radia
tion therpy, and reduction of operative and postopera
tive mortality rates to those identical to other major 
pediatric intracranial procedures. Consequently, one 
may now deal effectively with tumors in the pineal re
gion, providing the child with immediate relief from 
the signs and symptoms of hydrocephalus and with ex
cellent probabilities for palliation or cure ofthe primary 
lesion. 

The problems confronting neurosurgeons today are 
no longer those of whether a pineal tumor may be oper
ated or removed completely, but whether direct surgical 
attack of the tumor is preferable to Roentgen therapy 
and, if so, whether the parasagittal, occipital, or suboc
cipital approach should be used. In the past, the de
cision to operate or radiate varied from one clinical 

Figure 10.36. The transforaminal (transparenchymal, trans
ventricular) approach to the foramen of Momo (1) also pro
vides access to papillomas (2) within the III ventricle. H, as 
the transcallosal approach, is less desirable than the transven
tricular /septointerthalamic approach previously dcscribed. 
The disadvantage of this (transforaminal) approach to the 
tumor is that the tumor is on the other side of the foramen 
of Monro, behind the anterior septal vein and beneath the 
internal cerebral veins. Consequently, one may encounter 
bleeding behind the tumor which he is unable to contro!. Also. 
unfortunately, the use of the laser for transforaminal removal 
ofIlI ventricle papillomas is much more complicated and dan
gerous than in the septointerthalamic exposure, which permits 
one to retracl the internal cerebral veins. The reason for this 
is that for the transforaminal approach, the surgeon always 
has the tumor on the other side of normal structures. Through 
a frontal cerebrotomy, the right lateral ventricle is entered 
and the foramen of Momo identified. The III ventricIc papil
loma is plugging the foramen of Momo. 

center to another, and surgical approach to the pineal 
region varied from one surgeon to another. 

There are at the present time adequate clinical criteria 
to provide information upon which to base adecision 
concerning when it is in the best interest of the patient 
to radiate the lesion rather than to operate. The present 
state of the art concerning the use of such biological 
markers as human chorionic gonadotropin, carcinoem
bryonic antigen, and alpha-fetoprotein as indicators of 
germ cell tumors is such that one may proceed directly 
with Roentgen therapy if cerebrospinal fluid analysis 
reveals the presence of one or more of these markers. 
Though positive cerebrospinal fluid cytology studies for 
malignant cells do not permit the precise identification 
of the specific tumor type, they do provide enough in
formation to justify Roentgen therapy without biopsy 
of the tumor. Unfortunate1y, negative cerebrospinal 
fluid cytology or biological marker studies, especially 
on ventricular cerebrospinal fluid, do not exclude a 
malignant germ cell, pineal cell, glial, or mesenchym al 
tumor. Craniotomy and biopsy of pineal tumors is nec
essary when the cerebrospinal fluid studies are negative. 

The next decision is which route should be used to 
approach the pineal tumor for biopsy and, if the tumor 
is benign, complete removal. Each of the three classical 
approaches (parasagittaljtranscallosal, occipitaljtrans
tentorial, suboccipitaljsupracerebellar) has distinct ad
vantages and surgical proponents. It is probable that 
no single approach is ideal for all patients, and that 
this represents the reason for the relatively higher post
operative mortality rates reported by those authors who 
have used only one approach when compared to those 
who varied the approaches. 

Since tri- or biventricular hydrocephalus, secondary 



to obstruction, respectively, either of the posterior half 
or the entirety of the III ventricle, has invariably been 
present in our patients, ventriculoperitoneal shunting 
is recommended as the initial procedure of choice. It 
provides the child immediate intraventricular decom
pression and relief from the signs and symptoms asso
ciated with increased intracranial pressure. If the hydro
cephalus is triventricular, a unilateral shunt is inserted; 
ifbiventricular, a bilateral shunt. Steroids have not been 
used since the problems, hydrocephalus and the peri
ventricular edema associated with it, are treated with 
shunting. Hormonal treatment is indicated only in those 
children who also present with varying degrees and 
types of hypothalamic inadequacy. 

Irrespective of histological characteristics, tumors of 
the pineal region (pineal tumors) may expand 

1. anteriorly into the 111 ventricle, 
2. superior to the III ventricle, 
3. posteriorly, into the quadrigeminal and superior cere

bellar cisterns, and 
4. inferiorly, along the collicular plate and invading or 

displacing the lobulus centralis and culmen monticuli 
of the cerebellar vermis. 

Intraparenchymal extension into the pulvinar of the 
thalamus, the tecturn, or the hippocampus is not unusu
al. Similarly, multidirectional extension into, for ex am
pIe, the infrasplenial and trigone areas, ofthe 111 ventri
cle and quadrigeminal eistern, are common observa
tions. One may expect a pineal tumor to be intraventri
cular, intracisternal, intraparenchymal, or any combi
nation of the three (Fig. 10.37). 

Metrizamide cisternography, with the use of the com
puted transmission tomography (CTT) scanner, puts 
into relief the anatomical interrelationships between the 
midbrain and the eisterns surrounding it (Fig. 10.38). 
These figures are quite illustrative of the many consider
ations which surgery of tumors of the pineal region 
oblige the surgeon to make. 

lt is an accepted fact that presently there is no diffi
culty whatsoever diagnosing the presence of a pineal 
tumor or outlining its size and extent, since sophisti
cated CTT studies reveal the presence and distribution 
of calcification, the form and volume of the neoplasm, 
and the extent of peritumoral edema. 

These data do not provide the surgeon with adequate 
information to plan the most suitable approach for di
reet surgical attack of the neoplasm, since they give 
no information concerning location and identification 
of specific venous (Galenic and supraculminate) and 
arterial (medial and posterior choroidal) systems. Cere
bral angiography provides the surgeon with the neces
sary information for the identification of these vessels 
and the determination of their displacement 
(Fig. 10.39). In addition to this, it reveals information 
concerning the association of teratomatous lesions with 
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Figure 10.37. Routes of pineal tumor expansion and invasion 
(1) into the III ventricle; (2) between the splenium of the cor
pus callosum and the roof of the III ventricle; (3) into the 
quadrigeminal and supracerebellar cisterns; (4) into the brain
stern; (5) along the anterior medullary velum and into the 
cerebellar vermis. 

arteriovenous malformations in the pineal regIOn 
(Fig. 10.40). 

There has been considerable literature published con
cerning the three basic approaches to tumors of the 
pineal region: the parasagittaljtranscallosal approach 
of Dandy 6, the occipitaljtranstentorial approach of 
Poppen 7 and Jamieson 8, and the suboccipitaljsupracer
ebellar approach of Krause 9. It is my opinion that no 
single approach should be used Jor all children with pineal 
tumors but that, rather, the approach should be adapted 
to the specific location of the tumor with regard to 
its relationship vis-a-vis the deep venous structures. This 
allows the surgeon to place the tumor between the deep 
venous structures and hirnself, so that he is not obliged 
to work around the internal cerebral vein or the great 
vein of Galen in order to biopsy or resect a pineal tu
mor. 

Attempts to dissect completely the tumor from the 
great vein of Galen and the internal cerebral vein are 
to be avoided, since a multitude ofvenous drainers enter 
both of these vessels. /f the tumor is Jound to be malig
nant onJrozen section, no eJJort should be made to debulk 
it, since there is no evidence to suggest that this offers 
greater survival and since such attempts may result in 
severe hemorrhage. If the tumor is benign on frozen 
section examination, then its removal should be effected 
with laser vaporization, or by shrinkage with bipolar 
cautery, until the great vein of Galen and internal cere
bral veins are identified. At this time, it may be cut 
from its adhesions to these veins, with microscissors 
and under magnification. 

If resection of a benign tumor proceeds smoothly, 



236 Tumors: Approach and Removal 

A B 

c 

without major bleeding, one may go ahead and resect 
it totally. However, if difficulties are encountered, it 
is best to desist: the hydrocephalus will already have 
been compensated, so one may wait to reoperate if the 
tumor begins to cause neurological deficit independent 
of the complicating hydrocephalus. 

Intra ( III)ventricular Pineal Tumors: 
Suboccipital, Supracerebellar Approach 
(Figures 10.41 to 10.43) 
The technique for removal of intra(III)ventricular pine
al tumors is identical to that recommended for removal 

Figure 10.38. (A) Metrizamide cisternogram outlining the 
midbrain and pineal region. One notes the interpeduncular 
(1), crural (2), ambient (3) and quadrigeminal (4) cisterns, 
as weil as thc upper midbrain (5) and the pineal gland (6). 
(B) In addition to the cisterns demonstrated in A, one notes 
the outline of the mesencephalon (1) and better visualization 
of the pineal gland (2). (C) The quadrigeminal cistern (1) pos
terior to the pineal gland, over the inferior colliculi (2), is 
completely filled. 

of choroid plexus papilloma of the III ventricle. The 
only specific considerations for the pineal tumor have 
to do with its vascularity, since this tumor does take 
some of its blood supply from the medial posterior 
choroidal artery within the roof of the III ventricle. 
However, it is also supplied by the quadrigeminal and 
inferior retrosplenial branches of the posterior cerebral 
arteries, which course through the quadrigeminal 
cistern. This alerts the surgeon to the necessity of open
ing the posterior wall of the III ventricle when it is 
not completely neoplastic, in order to occlude individ
ual feeding vessels to the tumor mass. 



Figure 10.39. A double superimposition subtraction print il
lustrating arterial and venous systems. The vein of Galen (G) 
is normal but it appears that a posterior ventricular vein (1) 
is stretched, deformed, and displaced posteriorly, and that 
the venous stain within the roof of the III ventricle (2) bulges 
superiorly. The medial posterior choroidal artery (3) is not 
deformed. 

When cerebral angiography reveals elevation of the 
internal cerebral vein, this is indicative of primary ex
tension of the tumor into the In ventricle. Extension 
of pineal tumors into the In ventricle invariably oc
cludes the aqueduct of Sylvius and is often so massive 
as to occlude both foramina of Monro. In either event, 
the internal cerebral vein is elevated. The illustration 
permits one to appreciate the justification for bilateral 
ventricular shunting procedures, since he may not pre
dict with confidence whether both foramina of Monro 
are patent. 

Elevation of the internal cerebral vein, as revealed 
by cerebral angiography, secondary to superior dis
placement by a mass within the III ventricle, suggests 
the desirability of avoiding a parasagittal/transcallosal 
approach to the tumor, since the surgeon would be ob
liged to work around the two internal cerebral veins 
in order to gain access to the inferiorly located tumor 
mass. Suboccipital craniotomy permits an infratentor
ial/supracerebellar approach to the pineal region, and 
excellent exposure both of the tentorial opening and 
the entirety of the tumor mass. 

Once the superior portion of the cerebellar hemi
spheres, the culmen declive, and the culmen monticuli, 
have been covered with telfa, one should puncture the 
atlantooccipital membrane with a 21- or 20-gauge spi-
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Figure 10.40. A 9-year-old boy with a teratoma in the pineal 
region. Note the vascular anomaly in the pineal region. The 
boy had a teratoma occupying the III ventricle, the quadri
geminal and supracerebellar recesses, and thc trigones of both 
lateral ventricles. 

nal needle and give egress to cerebrospinal fluid from 
the cisterna magna. This causes the cerebellar hemi
spheres to nestle within the squamous portion of the 
occipital bone, and prevents the accumulation of cere
brospinal fluid in the cisterna magna. The IV ventricle 
also is collapsed by this procedure, as are the superior 
cerebellar and quadrigeminal cisterns. One has, in this 
way, excellent exposure of the tentorial opening and 
the pineal tumor without undue down ward retraction 
of the cerebellar hemispheres. It is convenient to place 
a self-retaining retractor over the cerebellar hemi
spheres, both for protection and minimal retraction. 

Dense arachnoidal tissue forming the parieties of the 
superior cerebellar cistern is the first structure encoun
tered. It should be coagulated vertically, over its full 
extent, and then opened either with microforceps and 
microscissors, or the laser. The laser technique is very 
efficient, rapid, and convenient. If used, however, care 
must be taken to identify the anatomy of the area pre
cisely, lest the supraculminate vein be inadvertently 
opened. After the arachnoidal membrane of the superi
or cerebellar cistern has been opened it may be reflected 
to either side, generally giving immediate access to the 
tumor mass. At this point, one should take note of 
the fact that the splenium of the corpus callosum may 
be draped around the (posterior In ventricular) pineal 
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Figure 10.41. (A) When the pineal tumor extends into the 
posterior portion of the Hf ventricle and expands primarily 
beneath the internal cerebra I veins, it causes two very charac
teristic venographic changes: elevation 01' the internal cerebral 
vein , at times converting its posterior portion into an almost 
rectilinear structure (1); and stretched deformity of the vein 
of Rosenthai, resulting in a hooklike transformation of that 
portion of this vein, which is located within the confines of 

tumor so that the neoplasm itself is either more anterior 
or inferior than the surgeon would expeet. The supra
culminate vein and its tributaries are located in this 
area, so they should be identified, coagulated, and tran
sected. This frees eompletely the posterior aspeet of the 
neoplasm , permitting identification of the feeding ves
sels. 

It is best to reseet the tumor by working initially 
at its eore, the most posteroinferior portion, and then 
to proeeed superiorly to either side of the midline. As 
the tumor is debulked, with whichever teehnique the 
surgeon uses (aspiration, cauterization and piecemeal 
removal, laser vaporization, etc.), one moves to either 
side of the tumor along its border with the tentorial 
edges, gently freeing fibrinous adhesions, coagulating 
and transeeting more dense or vaseular bridges. The 
tentorial edges should be freed completely. Onee this 
is aceomplished, the superior eerebellar, internal oeeipi
tal, and posterior choroidal arteries are separated from 
the surfaee of the tumor. Tt is not possible, nor advis
able, to attempt to free the arterial and venous struc
tures independently. Rather, each vascular structure 
along the tentorial edge, within the posteroinferiormost 
portion of the ambient cistern, should be identified, dis
sected from the tumor mass, and covered with telfa . 
The basal vein of RosenthaI stands out prominently 
in this area. 

Continued debulking of the center of the tumor 
should now permit one to note that the superior dome 
of the tumor comes into view. This is the single most 
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the ambient and quadrigeminal cisterns (2). Further expansion 
of the tumor mass within the III ventricle allows it to extend 
an teriorly beyond the venolls angle, elevating this structllre 
(3), and occluding thc foramen of Monro. (8) The intraventri
cular pineal tumor (I) clevates the internal cerebral vein (2), 
allowing one to conceptualize the advantages of working 
through the quadrigcminal cistcrn (3) and between the veins 
of Rosenthai (4). 

critical and dangerous portion of reseetion of pineal 
tumors using this approach: the two internal eerebral 
veins, the two basal veins of RosenthaI, and the great 
vein of Galen are often draped over the superior, poste
rior, and lateral aspeets of the tumor's dome. Traction 
on tumor is to be avoided, lest one of these veins tear. 
Using the operating microseope, at magnifieations 01' 
from 10 x to 20 x, allows one to identify tumor and 
its eapsule, and to separate these from the eentrenee
phalie venous system, when this is possible. Complete 
resection, down to the last eell or cluster of eells, is 
most unusual and of doubtful value, so that portions 
of tumor tissue adherent to these vessels should be left 
a lone. 

The splenium of the corpus eallosum will steadily 
fall into the operative field as the dome 01' the tumor 
is removed, hanging over the postcrior aspeet of the 
I IJ ventricle like a c10sing shade. A sm all spatula, or 
a small-bladed self-retaining retractor, should be used 
to hold the splenium upward , so that one may follow 
the dome of the tumor into the III ventriele, whieh 
it invariably invades for at least 2 cm. 

Tumors in this loeation are eontinuous with the mem
branous superior and posterior thirds of the 111 ventri
c1e, so the surgeon must identify the line of c1eavage 
along whieh he ehooses to separate the tumor from 
the surrounding tissue. Onee this is done, the line of 
c1eavage should bc eoagulated with bipolar forceps. Mi
eroseissors are used to cut along the line of eoagulation . 
If the neoplasm is continuous with the braehium of 



Figure 10.42. Craniotomy for suboccipital(supracerebellar ap
proach to pineal tumors. A craniectomy is not recommended. 

the superior colliculi, the resection must be stopped at 
least 2 mm superior to this structure. 

Freeing the tumor entirely from its attachment to 
the inferior portion of the posterior III ventricle ne
cessitates bivalving it so that one is not obliged to ele
vate the inferior pole in order to identify the collicular 
plate and brachia of the superior colliculi. Before the 
bivalving is accomplished, one places a strip of telfa 
beneath the inferior pole of the tumor so as to suspend 
it, keeping it in view. This prevents the inferior pole 
from dropping out of sight. The cut edge of the superior 
pole of the tumor may then be held with a micropitui
tary forceps as the mass is cut from its attachment to 
the inferior plane of the posterior III ventricle. When 
this portion of the tumor is removed, the surgeon has 
a spectacular view of the entire III ventricle, being able 
to see the internal cerebral veins, the massa intermedia, 
and the foramina of Monro. 

One may now direct hirnself to removing the inferior 
pole of the tumor. This is generally not a difficult proce
dure, but may prove to be impossible if the tumor has 
invaded the culmen monticuli. Its resection should be 
effected with the same technique as used for debulking 
the mass and removing its superior pole, though one 
may exert gentle traction on the inferior pole in order 
both to elevate it from the underlying superior cerebel
lar vermis and identify bridging vessels, which are to 
be coagulated and transected. 

After the entire mass has been removed one should 
see the IIJ ventricle, the centrencephalic venous system, 
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the superior cerebellar and internal occipital arteries, 
the collicular plate, the inferior portion of the spie ni um, 
and the medial surfaces of the isthmus of the hippocam
pus. 

Superior to III Ventricle Pineal Tumors: 
Parasagittal Approach (Figures 10.44 to 10.46) 
When the internal cerebra I vein and the great vein of 
Galen are depressed, this is indicative of primary exten
sion of the tumor mass into the interval between the 
body of the corpus callosum and the roof of the III 
ventricle. Pineal tumors that expand superior to the roof 
of the III ventricle beneath the body and splenium of 
the corpus callosum depress the internal cerebral vein 
and displace the great vein of Galen posteriorly . The 
vasculature comes from the medial and lateral posterior 
choroidal arteries, as weIl as segments of the quadri
geminal branches of the posterior cerebral artery. 

The most favorable surgical approach to a mass 10-
cated in this area is along the parasagittal route and 
through the corpus callosum, siace this affords the sur
geon direct access to the tumor mass and does not ob
lige hirn to work around the internal cerebral veins. 
In this manner, the tumor may be removed from the 
interval between the body of the corpus callosum and 
the roof of the 111 ventricle without undue risk either 
to the lesser (internal cerebral) or the greater veins of 
Galen. A parietal flap followed by dissection of the 
parietal lobe from the superior sagittal sinus prior to 
retracting it from the falx cerebri, permits exposure of 
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Figure 10.43. (A) The infratentorial/supracerebe11ar ap
proach. Note that the dura is opened a11 the way to the edge 
of the transverse sinus (1) in order to give complete exposure 
of the inferior surface of the tentorium (2), exposing tumor 
(3) within the tentorial opening. (B) The cerebe11ar hemisphere 
(1) and vermis (2) have been exposed through this superior 
cerebellar tri angle osteoplastic craniotomy. and the dural flap 
(3) sewn superiorly across the level of the transverse sinus 
(4). As a spatula holds the right cerebellar hemisphere, bipolar 
forceps are used to coagulate the bridging superior cerebe11ar 
veins (5) before transecting them. (C) After the bridging veins 
from the superior surfaces of the cerebe11ar hemispheres and 
vermis to the transverse sinus and tentorium have all been 
coagulated and transected, a large tc1fa is lain over the surface 

B 

of the cerebellum (1). This exposes the cerebellar surface of 
the tentorium (2) bilaterally, the tentorial ring (3), and, after 
the arachnoid of the superior cerebellar eistern has been re- ~ 



sected, the pineal tumor (4). (D) The cerebellar surface of 
the tentorium (1) and the tentorial opening (2) are shown 
in this photograph taken through the operating microscope. 
Most of the tumor has been vaporized with a CO2 laser, 
though small fragments (3) remain beneath the most posterior 
portion of the great vein of Galen (4), between the two veins 
of RosenthaI (5). One sees, also, neoplastic pineal gland imme
diately anterior and superior to the great vein of Galen, pro
jected beneath (6) the vein of Galen because the operating 
microscope and camera cannot "see" in three dimensions. 
(E) Tumor adherent to the posterior wall of the In ventricle 
beneath both the tumorous pineal gland (1) and the most 
inferior portion of the great vein of Galen (2), has been re
moved, as has the tumor extension into the III ventricle. This 
results in opening the posterior inferior wall of the In ventricle 
so that one looks directly into it (3). The anatomical land
marks illustrated in the other illustrations of this figure cannot 
be seen in this photograph. (F) At the end of the procedure, 
after all of the tumor has been removed, the splenium (1) 
is allowed to fall back into position, blocking view of the 
In ventricle. The isthmus of the hippocampus (2) is seen bilat
erally, just beyond the tentorial edge (3). The coagulated and 
transected supraculminate vein and a cluster of innominate 
vascular structures (4) are located between the splenium and 
the culmen monticuli (5). 
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Figure 10.44. (A) Extension of pineal tumor between the roof 
of the UI ventricle and the corpus callosum. The internat cere
bral vein (1) and great vein ofGalen (2) are displaced inferiorly 
and posteriorly, as indicated by the directions of the long 
and short arrows. (8) The tumor mass (1), located between 
the roof the BI (2) and the inferior surfacc of the corpus 
eallosum (3). This expresses the anatomieal relationship be
tween tumor and centreneephalie venous system (4). 

the body of the corpus callosum. Splitting of the body 
(not the entirety) of the corpus callosum exposes the 
tumor mass and "deli vers " it into the operative field. 

Separation of the tumor from the deep venous struc
tures is best begun anteriorly, by taking it from the 
lesser vein of Galen and then working posteriorly, re
membering that the major arterial feeders from the pos
terior choroidal and quadrigeminal cisterns enter the 
tumor posteriorly. 

Bleeders encountered anteriorly are venous, but the 
posterior ones are both arterial and venous. When one 
reaches the area in which the lesser Galenic system is 
tributary to thegreater vein ofGalen, he may encounter 
lobules of tumor extending superiorly, over the great 
vein of Galen, and inferiorly, wedged between the inter
nal cerebral and basal veins. Since it is in this interval 
that the pineal gland normally is located, the use of 
cautery and microscissors must be applied in a plane 
parallel to the direction of the lesser (internal cerebra!) 
and greater veins of Galen in order to avoid nicking 
these vessels! Similarly, laser must not be used. If one 
of these veins is opened, however, the bleeding may 
be stopped with use of Avitene and fluffy cottons. This 
event generally signals the end of the operative proce
dure, because further manipulation only restarts the 
bleeding. 

Pineal tumors which expand within the interval be
tween the III ventricle and the body, or splenium, of 
the corpus callosum are characterized by extensive ad
hesions to surrounding structures: they are entirely 
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within what is, anatomically, only a potential space. 
Therefore, one may not expect to find any "free" tumor 
surface, as when a tumor is partially or totally within 
either a cistern or a ventricle. This renders complete 
removal of pineal tumors in this location very difficult. 
The tumor's confines are difficult to identify, and re
moving them entails entering normal structures repeat
edly: the body of the fornix , the isthmus of the hippo
campus, and the corpus callosum. If the tumor sepa
rates easily, with gentle traction, from these structures, 
it should be resected. If not, one does best to debulk 
the center, removing tiny fragments at a time, until he 
has the impression that he has removed all the tumor 
which may be safely taken . It is not possible to have 
definite information conceming relative volumes of tu
mor resected and remaining, as when dealing with an 
intra III ventricular pineal tumor. 

III Ventricle Pineal Tumors: Posterior 
and Inlerior Occipital/Transtentorial Approach 
(Figures 10.47 and 10.48) 
When the pineal tumor expands primarily into the re
gion of the posterior fossa , superior to the collicular 
plate and anterior to the lohulus centralis and culmen 
monticuli of the vermis, the supraculminate system is 
deformed as a result of posterior displacement and com
pression of the superior cerehellar vermis. This exten
sion of tumor posterior to the quadrigeminal plate and 
anterior to superior cerebellar vermis also deforms the 
great vein of Galen. 



Figure 10.45. Placement of burr holes for frontoparietal cra
niotomy for approach to tumors located between roof of the 
III vcntriclc and the corpus callosum. This providcs exccllent 
exposure of the tumor and access to the anterior and posterior 
portions of the roof of the III ventricle, without need to oper
ate around the internal cerebra I veins for access to the tumor. 

An occipital flap, exposing both the superior sagittal 
and the transverse sinuses, provides the surgeon ade
quate space to perform a wide incision of the tentorium 
cerebelli and exposure of falx cerebri as weIl as the 
supra- and infratentorial areas. The tentorium cerebe11i 
should be coagulated on a line which runs obliquely 
from the trans verse sinus to the tentorial edge, using 
the microbipolar forceps, with the blades separated by 
a distance of 1 to 2 mm, and applying a drop of water 
so as to coagulate as completely as possible the surface 
of the tentorium. The line of coagulation should never 
come closer than 5 mm to the straight sinus, which is 
centered at the midline. Remembering that the straight 
sinus may vary in width from 3 to 7 mm, depending 
upon the age and size of the child, care should be taken 
not to bring the line of coagulation closer than 8 mm 
to the midline. If a laser is available, it should be used 
to cut the tentorium after coagulation, since it does 
this in an almost bloodless fashion, and permits one 
to shrink the dural tissues, avoiding the necessity to 
sew it away from the operative area. If a laser is not 
available, the tentorium should be cut in layers, using 
a # 15 blade. The fa Ix cerebri is opened in identically 
the same manner, extending from superior to inferior, 
from posterior to anterior, and taking care, here, not 
only to stay at a safe distance from the straight sinus, 
but also to avoid the great vein of Galen. If the laser 
is used, the great vein of Galen should be identified 
be fore the falx is opened so that it may be covered 
with tel fa or fluffy cotton . After the tentorium (and 
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in those instances in which the surgeon chooses) the 
falx is (are) opened, one has complete exposure of the 
tumor inferior to the HI ventricle and between the cul
men monticuli and the quadrigeminal plate. 

The splenium of the corpus callosum invariably over
hangs the tumor, so that it must be elevated in order 
to separate neoplasm from eventual attachments to the 
posterior portion of the 111 ventricle. Debulking and 
medial manipulation of the lateral surfaces of the tu
mor, exposure of the dome, bivalving, and removal of 
the inferior pole, are a11 performed in the same order, 
and utilizing the same technique, as for removal ofpine
al tumors within the posterior III ventricle. However, 
with this exposure, instead of working from below up
ward through the tentorial foramen, one works from 
above down ward through an opened tentorium. The 
centrencephalic veins, the arterial structures, the sple
nium, the collicular plate, the isthmus of the hippocam
pUS, and the superior portion of the cerebellar vermis 
must a11 be inspected and reinspected. At the end of 
the procedure, however, one does not have a complete 
view into the III ventricle: his hne of sight permits hirn 
to see only the posterior portion of the floor of the 
III ventricle and the iter to the aqueduct. 

Fourth Ventricular Tumors 
(Figures 10.49 to 10.51) 
The term "IV ventricular tumors" is intended to de
scribe those tumors which occupy completely and pri
marily, but by no means exclusively, the IV ventric\e. 
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Figure 10.46. (A) Diagrammatic representation of the para
sagittal approach to pineal tumor. The child is operated supine 
with the head turned entirely to the left. The parietal lobe 
(1) is elevated with a self-retaining retractor (2). The purpose 
for elevating the parietal lobe rather than allowing gravity 
to retract it out of the field (which one could accomplish sim
ply by turning the head to the right), is to give the surgeon 
complete control over the degree of retraction. If gravity is 
used, uncontrollable traction of the bridging cortical veins 
results and the patient may suffer cerebral infarction from 
venous stasis. This technique permits one to control the degree 
of stretch upon the bridging cortical veins (3) as the tumor 
(4) is exposed. (B) The parietal lobe has been covered with 
telfa (1) and retracted superiorly, using two De Martel blades 
(2). One sees the falx cerebri (3) and a fluffy cotton (4), which 
is covering a bridging cortical vein in order to keep it moist 
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and protect it. The body of the corpus callosum (5) has been 
split, but the section of the commissure has extended neither 
toward the genu (6) nor the splenium (7). The tumor (8) is 
seen bulging through the opening in the body of the corpus 
callosum. (C) This photograph was taken through an operat
ing microscope. The highly vascular pineal tumor has two 
distinctly different appearances, which were in fact expressive 
of a glial and teratomatous anterior component (1), and vascu
lar cluster for a posterior component (2) (which histologically 
was an arteriovenous malformation). A fluffy cotton (3) is 
being used to tamponade b!eeding vessels. (D) All ofthe tumor 
has been removed, exposing the underlying veins (1) within 
the roof and the cavity of the III ventricle (2). (E) The 
cingulate gyrus (1), pericallosa! artery (2), partially incised 
body of the corpus callosum (3), and interna! cerebral vein 
(4) are now back in normal anatomical juxtaposition. ~ 
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Figure 10.47. (A) Venographic study of the posterior fossa 
is of extreme value in that it allows one to identify, with pre
cision, expansion of the tumor mass into the precentral and 
supraculminate veins (0) as they course superiorly in a vertical 
manner to enter the great vein of Galen. It is the tumor mass 
anterior to this vein which displaces the lobulus centralis (lc) 
and culmen monticuli (cm) posteriorly, producing this rather 
characteristic deformity, indicating that the tumor ( + ) is 10-
cated anterior to this venous system. (8) The pineal tumor 
(1) is expanding posteroinferiorly into both quadrigeminal and 
superior cerebellar cisterns, displacing the great vein of Galen 
(2) upward and the supraculminate vein (3) backward. The 
arterial supply comes from the medial (4) and lateral (5) poste
rior choroidal arteries, as weil as small branches from the 
posterior cerebral (6) and superior cerebellar (7) arteries. The 
inferior pole of the tumor (8) often is insinuated bctween the 
lobulus centralis (9) and the brachium conjunctivum (10). 



They gene rally present clinically with triventricular hy
drocephalus and moderate signs of focal neurological 
deficit, expressive of involvement primarily of the brain
stern and secondarily of the cerebellum. Consequently, 
preoperative insertion of a ventriculoperitoneal shunt 
is the treatment of choice, since it compensates com
pletely the hydrocephalus, relieving the child of the 
symptoms and signs of an increase in intracranial pres
sure, and allows time for the papilledema to disappear. 
I t is, in essence, the risk of loss of vision from the papill
edema which presents the most feared complication of 
the hydrocephalus and cerebral edema resulting from 
triventricular obstructive hydrocephalus: blindness. The 
dilated III ventricle compresses the optic chiasm and the 
edema involves optic nerves and optic pathways. 

Acute decompression of the ventricles, which occurs 
when suboccipital craniotomy is performed as the pri
mary operative procedure, may result in sudden and 
severe stretching on the optic nerves. This may damage 
permanently the already severely edematous optic path
ways, with resultant blindness. 

Medulloblastoma, brainstem glioma, ependymoma, 
and choroid plexus papillorna, in that order, represent 
the most common tumors obstructing completely the 
IV ventricle. The clinical history and signs, plus the 
neurodiagnostic procedures, allow one to distinguish 
brainstem glioma from the other three, so that if the 
neurosurgeon encounters a brainstem glioma upon 
opening the IV ventricle it is to be considered truly 
an exceptional event. Brainstem glioma are described 
in this section only to apprise the reader of its character
istics in the event it is encountered at surgery, not to 
recommend operating it for biopsy, "debulking," or 
"cyst" drainage. There is no reason to conclude that 
computed transmiSSlOn tomography evidence of 
"isodense" areas within brainstem gliomas represent 
pooling of fluid within a significant cyst, one which 
may be cured by surgical drainage. Quite the opposite 
is true: The fluid is within the intracellular compartment 
of the neoplastic cells, or, at most, within microcysts. 
Egress of fractions of a cubic centimeter of fluid are 
no justification for surgery. Needling the intraparenchy
mal tumor, probing for fluid, with either open or stereo
taxic techniques, is as likely to cause damage as to en
counter a microcyst. 

The choroid plexus papilloma of the IV ventricle is 
so very rare in the age range dealt with in this book 
that it is included here only for completeness, since 
some reader may be called upon to treat one. In the 
adult, however, the IV ventricle choroid plexus papil
loma is more common than the lateral ventricle papil
loma. 

One gene rally encounters, consequently, intraparen
chymal tumors which fun gate into and obstruct the IV 
ventricle: the medulloblastoma and the ependymoma. 
The ratio between the two is 3: 1. I t is not possible 
to diagnose the histological nature of IV ventricular 
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tumors preoperatively, irrespective of the state of devel
opment of neurodiagnostic studies. Indeed, an effort 
to do this by using clinical or neurodiagnostic criteria 
is ill-advised. One may, with some degree of certainty, 
determine whether the tumor is primarily in the vermis, 
the floor of the IV ventricle, the cerebellar peduncles. 
He may, almost invariably, identify tumors within the 
brainstem, and invariably localize those in the cerebellar 
hemispheres or the foramen magnum. Consequently, 
the decision whether to operate or to treat only with 
Roentgen therapy is predicated upon the anatomical 
location of the tumor: Expanding masse.l· within the 
brainstem are treated with Roentgen therapy only, those 
anywhere else in the posterior fossa, even i[ exophytic 
masses pedunculatedfrom the brainstem, should be oper
ated. The simple fact that one may opera te an intrapa
renchymal brainstem tumor and have the child survive 
is no justification for surgery. The only justifications 
for surgery here, as in all other instances of neurological 
pathology, are either to (1) cure the patient, (2) make 
the patient better, or (3) prevent the patient from wors
ening. Because, in brainstem tumors, there is no corre
leation between histological appearance of the space
occupying lesion, operative procedure performed, and 
quantitiy or quality of survival, it is not in the child's 
interests to undergo an operation. 

Fourth ventricular tumors should be removed 
through an inferior cerebellar triangle craniotomy. It 
is not necessary to remove the arch of the atlas. After 
the dura has been opened one notes deformed cerebellar 
tonsils occupying the entirety of the cisterna magna in 
medulloblastoma and ependymoma, but the typical 
strawberry-colored, cauliflower appearance of tumor 
mass within the cisterna magna in choroid plexus papil
loma. 

The (exophytic) brainstem glioma fungating into the 
IV ventricle and cisterna magna is so very variable in 
growth and appearance that no general description is 
possible. In fact, it is not until the pedicle of the tumor 
has been identified, almost at the very end of the resec
tion, that one becomes aware of the fact that he is 
removing a pedunculated, fungating glioma, extending 
out of the brainstem and into the foramen magnum. 

After the arachnoid of the cisterna magna is opened 
and the tonsils separated, the pyramis of the vermis 
is elevated and the surgeon may inspect the region of 
the valeculla and IV ventricle. If the obex is flattened 
and elevated, and the floor of the IV ventricle deformed 
and tumefied, one may diagnose brainstem glioma and 
withdraw. Those gliomas characterized by a fungating 
tumor mass emanating from the floor of the IV ventri
cle, occupying its entirety and extending into the lateral 
recesses and the cisterna magna, take on the appearance 
of an astrocytoma of the cerebellar vermis or hemi
sphere. Occasionally, the tumor may degenerate in areas 
so as to give one the impression that it is a medulloblas
toma. 
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Figure 10.48. (A) The skin incision and bone flap for the occi
pi tal transtentorial approach are illustrated from the right pos
terior oblique perspective, illustrating both the torcular Hero
phili (1) and transverse sinus (2). The flap is planned so as 
to leave the occipital artery intact. (B) Diagrammatic represen
tation of the occipitaljtranstentorial approach illustrating: (1) 
superolateral retraction of the occiptial lobe; (2) the tentor
ium; (3) the falx cerebri; (4) the straight sinus, and great vein 
of Galen; (5) the supraculminate vein, and (6) the tumor. 
The sectioning of the tentorium should extend along the line 
just lateral to the junction between tentorium and the falx 
(7). (C) The De Martel spatula (1) is being used to elevate 

the occipital lobe (2) from the tentorial surface (3), exposing 
the fibrosed arachnoid (4) at the junction of the ambient (5) 
and quadrigeminal (6) cisterns. Bipolar coagulation, using mi
croforceps, was used to coagulate the surface of the tentorium 
along a line (7) approximately 4 mm from the straight sinus 
(8). (D) After the tentorium is opened, the retractor (1) is 
repositioned, so that its blade faces superolaterally, elevating 
the occipital lobe from the tentorium and retracting it from 
the falx cerebri (2). The fibrosed arachnoid (3) has been 
opened and the pineal tumor (4) within the quadrigeminal 
cistern exposed. A Penfield dissector (5) is pulling falx from 
the target area, and a sucker (6) is at the rim of the opened ~ 
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fibrosed arachnoid. (E) The laser is being used to vaporize 
the tumor in situ, minimizing retraction. One notes the neon 
laser (arrow) used as a visible tracer, since the CO z laser beam, 
weil in the infrared wavelength, is invisible to thc human eye. 
The carbonized tissue is lased blood. 

Figure 10.49. Both cerebellar hemispheres (1) and tonsils (2) 
are remarkably deformed in this child with a vermian medul
loblastoma which extended into the right cerebellar hemi
sphere and both tonsils. 
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Figure 10.50. (A) A strawberry-colored, cauliflowcr-appear
ing tumor mass occupying the entire cisterna magna in a boy 
(age 15 years) with a choroid plexus papilloma of the IV ven
triele, which invaded the entirety of the cisterna magna. Thc 
cerebellar hemispheres (1) are displaced laterally, and the infe
rior vermis (2) superiorly. The arachnoid ofthe ci sterna magna 
is intact, permitting one to see the choroid plexus papilloma 
within it (3). The upper cervical cord, at the foramen magnum, 
is deformed (4). (8) This ll-yea r-old boy had persistent vomit-

Figure 10.51. Exploration of the IV ventricle is best achieved 
by placing a narrow-blade spatula (1) beneath the pyramis 
(2) and uvula (3) of the cerebcllar vermis, and then elevating 
the spatula so as to open the vallecula. The tip of the blade 
may then be inserted through the vallecula into the IV ventri
c1e and angled superiorly, elevating the nodulus (4) along with 
uvula and pyramis. This brings the inferior cerebellar vermis 
superiorly, allowing the surgeon to inspect the inferior portion 
of the floor of the IV ventriele (obex and vagal triangle). Only 
a minimal amount of further elevation is necessary to permit 
inspection of the colliculus facialis, but the operating table 
must be rolled forward (reverse Trendelenberg maneuver) be
fore one may inspect the aqueduct of Sylvius and the antcrior 
medullary velum (5). Once the inferior and superior portions 
of the floor of the IV ventrielc have been inspected, a tclfa 
(6) should be lain along the floor so as to protect it be fore 
one proceeds to inspect the anterior medullary velum. 

ing, but neither papillcdema nor dilated lateral and 1lI ventri 
eies. Pncumoenccphalography revealed filling of the III and 
lateral vcntriclcs but not of the IV ventricle. The basal and 
ambient cisterns were normal. Because 01' the unexplained per
sistent vomiting, the posterior fossa was explored (in 1973) 
and this polycystic (1) mass was found occupying the entirety 
of the IV ventricle, the vallccula, and a major portion of thc 
cisterna magna. One notes the buckling of the superior portion 
of the medulla spinalis (2). 



Figure 10.52. Meduloblastoma: The arach
noid of the cisterna magna is covered by a 
multitude of seedlike-appearing metastases 
(single arrows). This is common in medullo
blastoma. It is not indicative of either a poor 
pro gnosis or subsequent central nervous sys
tem or peripheral metastases. 

Both the ependymoma and medulloblastoma have in
vasive characteristics. The former, emanating from the 
floor or walls of the IV ventriele may extend into the 
inferior cerebellar vermis. The latter, generally but by 
no means invariably, emanating from the region of the 
posterior medullary velum at the uvula, may extend 
into the brainstem along the restiform bodies and/or 
brachia pontis. Consequently, gross inspection is unreli
able in distinguishing precisely between medulloblas
toma and ependymoma and, to a certain degree, the 
vermian glioma. Reliable frozen section is essential for 
precise diagnosis, though an intact floor of the IV ven
triele exludes ependymoma. 

Medulloblastoma (Figures 10.52 to 10.56) 
After the dura has been incised, its trapdoor sewn supe
riorly and the inferior segment fashioned into a sling, 
the arachnoid of the cisterna magna is opened. Often 
the surgeon will note the presence of smalI, seedlike 
deposits along the inner surface of the arachnoidal 
membrane. Though these may not be readily visible 
with the naked eye, magnification (either with surgical 
loops or the microscope) brings them into evidence. 
They represent see ding from the medulloblastoma. The 
cerebrospinal fluid within the cisterna magna is only 
rarely crystal elear, often being opalescent or having 
a light or dense xanthochromic appearance. 

The cerebellar tonsils are deformed, with a shift being 
present and the pyramis overlain by one tonsil or the 
other. Once the tonsils are separated and the pyramis 
split, after bipolar coagulation and tran sec ti on of the 
vessels along the midline of the vermis, one comes upon 
the tumor, generally at a depth of no greater than 3 
or 4 mm. The splitting of the vermis should extend su
periorly to the folium, across the horizontal fissure, so 
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as to perrnit adequate exposure of the superior pole 
of the medulloblastoma. It is safest to coagulate the 
inferior vermian veins on either side of the junction 
of tonsil, cerebellar hemisphere, and vermis because of 
the tendency of this tumor to extend laterally into each 
ce rebell ar hemisphere. This is followed by sectioning 
of the cerebellar vermis along the line of coagulation 
across the inferior verrnian veins, horizontally, provid
ing an inverted Tincision in the cerebellum, with the 
long axis located within the vermis and the cross bar 
extending from one cerebellar hemisphere to the other. 

The medulloblastoma most commonly grows from 
the nodulus, expanding within the IV ventriele. It flat
tens and depresses the floor, converting its surface into 
a concavity, and then lobulates into the aqueduct of 
Sylvius and through the foramen of Magendie. Occa
sionally, it extends through the foramina of Luschka. 
It seldom occupies the ci sterna magna. 

Before proceeding to dissect the dome of the tumor 
from the vermis, place a telfa over the floor of the IV 
ventriele (under direct vision) by elevating the medul
loblastoma from the floor as the telfa is inserted with 
Cushing forceps. Two or three placements generally are 
necessary in order to bring the tip of the telfa to the 
most superior portion of the IV ventriele, to the en
trance of the aqueduct of Sylvius. After all of the floor 
of the IV ventriele, from the lateral recess on one side 
to the lateral recess on the other, and from the aqueduct 
of Sylvius superiorly to the obex inferiorly, is covered 
with telfa, one may proceed with the resection of the 
medulloblastoma. To do so earlier exposes the floor 
to risk of damage. 

If a laser is available, it is much preferable to remove 
the tumor by vaporization: this avoids traction. A telfa 
must be inserted between the inferior surface of the 
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Figure 10.53. (A) Medulloblastoma growing from the region 
of the nodulus (1) fungates into the IV ventricle, often plug
ging both the aqueduct (2) and the foramen of Magendie (3). 
This results in dilation of the III, disappearance of the supra
chiasmatic and infundibular recesses, and dilated HI com
pressing both the optic chiasm (4) and stretching floor of the 
III ventricle (5). The gradual dilation of the III ventricle may 
result in optic atrophy, secondary to compression, and hypo
thalarnic inadequacy. OccasionaIly, in advanced cases, a bi
temporal hemianopsia may occur and, if the hydrocephalus 
is not treated, blindness. (B) Medulloblastoma (1) growing 

medulloblastoma and the floor of the IV ventricle be
fore vaporizing the tumor. It may be necessary, because 
ofthe volume ofthe tumor, to insert the telfa gradually, 
for distances of 3 or 4 mm, vaporizing from the posteri
or surface of the tumor to the telfa, as one proceeds. 
The dome or lateral surfaces of the tumor should not 
be vaporized until telfa completely covers the floor of 
the IV ventricle. 

The specific technique for use of the laser to resect 
medulloblastoma entails laser cerebellotomy, using a fo
cused beam at 7-10 W, after the major surface arterial 
and venous structures have been coagulated with bipo
lar forceps. At times, it is preferable to resect the pyra
mis and uvula. Once medulloblastoma has been iden ti
fied, the laser is used with a continuous wave, defocused 
beam, at approximately 12-15 W. A telfa should be 
inserted along the border between cerebellum and tu
mor, over the posterior aspect of the medulla oblongata 
and the IV ventricle. A larger telfa should be placed 
over the cerebellar hemispheres and tonsils, with an 
opening cut to the size ofthe surface area ofthe exposed 

from thc region of the nodulus (2) of the ccrebellar vermis. 
The mass may bc seen to fungatc (3) through the aqueduct 
of Sylvius and into thc posterior portion of the III ventricle 
(4). It has also grown through thc vallecula (5) to occupy 
the ci sterna magna (6) and displace posteriorly the tonsil (7) . 
The lobular appcarance of the mass, along the floor of the 
IV ventricle (8) makes it difficult for one to distinguish c1ini
cally between an ependymoma growing from the floor of the 
IV ventricle and medulloblastoma bulging into it. Conse
quently, great care and patient dissection of tumor from the 
floor are essential. 

tumor. Vaporization of medulloblastoma proceeds 
quite rapidly, is almost bloodless, and results in progres
sive delivery of tumor into the operative field, as the 
surface of the tumor is vaporized. One must intermit
tently reposition the telfa, taking care to look each time 
to identify neural and vascular structures. Particular 
attention should be given to identify the inferior ver
mian, retrotonsilar, supratonsilar, and retromedullary 
portions of the posterior inferior cerebellar artery 
(PI CA), since this structure is greatly deformed by the 
expanding medulloblastoma. At times, tumor complete
ly engulfs the PICA, dosing this vessel within lobules. 
Vaporization should proceed within the center of the 
tumor, sweeping in broad layers rather than excavating 
gutters or craters. 

Constant attention is given to identifying the lateral 
and superior surfaces of the tumor, so as to avoid per
forating it and inadvertently vaporizing the surrounding 
neural structures. This technique permits bringing the 
periphery of the tumor ever doser to the center, the 
working area, gently taking it away from the surround-
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Figure 10.54. (A) The medulloblastoma was exposed after the 
vermian cortex over the folium, tuber, pyramis, and uvula 
were vaporized with CO2 laser. Spatulae are positioned far 
photographic purposes. (B) After the obex and upper cervical 

ing neural structures upon which it borders or into 
which it extends. The tumor resection should be 
brought to the telfa covering the floor of the IV ventri
de, with vaporization proceeding from dorsal to ven
tral, through the entire extent of the tumor, to this pro
tective layer of telfa. The laser sweeps should be contin
ued until all visible tumor has been vaporized from the 
vermis, cerebellar hemispheres, tonils, cerebellar pedun
des. Extension of tumor into brainstem is not vaporized, 
nor aspirated. Laser removal of a tumor from the cere
bellar portions of the brachium pontis, restiform body, 
and the brachium conjunctivum should be performed 
with the micromanipulator mounted to the operating 
microscope. One must not extend the resection into the 
brainstem (medullary or pontine) portions of the cere
bellar brachia! 

It is not wise to use a laser to vaporize a tumor within 
the aqueduct of Sylvius! This is best removed using 
a micropituitary forceps and a Penfield * 4 dissector. 
The same applies for any plugs of tumor that may be 
extending into the lateral recesses. 

After the vermian and intraventricular portions of 
the medulloblastoma have been removed, one proceeds 
to work in the retro- and lateral medullary areas, gently 
separating tumor from these portions of the medulla 
oblongata and inserting protective layers of telfa be
tween tumor and normal neural structures. The hind 
cranial nerves should be identified along with the PI CA. 
Often, the medulloblastoma invades the medullary sur
faces of one or both cerebellar tonsils, giving the sur
geon the false impression that the tumor is invading 
the medulla oblongata. It is best to vaporize neoplasm 
from over the cranial nerves and arte rial structures, 

cord, as weil as both cerebellar hemispheres, were covered 
with telfa for protective purposes, the medulloblastoma was 
vaporized (with the laser). 

rather than attempt to pull it away. This minimizes 
damage. 

Once all of the medulloblastoma has been vaporized, 
the operating microscope should be used to scan the 
operative field, inspecting carefully the bed of the tumor 
for residual patches of neoplastic cells. These should 
be vaporized with a pulsed wave, defocused beam, at 
5-7W. 

In the event a laser is not available to the surgeon, 
the medulloblastoma is best removed en bloc, with the 
dissection beginning superiorly by inserting a spatula 
into the vermian cerebellotomy. The spatulae are 
brought over the surface of the tumor and guided for
ward with the sense of touch, so as to bring them within 
the plane separating normal from neoplastic tissue. 
With medulloblastoma this is quite easy, since the con
sistency of the normal tissue is very different from that 
of the tumor. The spatula may be guided over the sur
face of the tumor by allowing its tip to lead the way, 
as the surgeon holds it delicately and advances it over 
the dome of the tumor. From time to time, the malle
able spatula should be molded to fit the curve of the 
dome of the tumor, allowing the surgeon to separate, 
as dosely as possible, the cerebellum from the tumor. 
Long sweeps over the dome, in lateral directions, facili
tates this freeing of the tumor from the cerebellum. 
When the child is in the sitting position this occurs 
readily because the tumor gradually falls into the opera
tive field as the surgeon frees it. The cerebellum is held 
in place with a self-retaining retractor. Once the dome 
of the tumor has been completely freed, the sweeps are 
extended further laterally, freeing the tumor from the 
medial surface of each cerebellar hemisphere prior to 
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Figure 10.55. Varying stages in laser vaporization of a medul
loblastoma which was extending primarily into the cerebellar 
hemisphere and tonsil. (A) The thin layer of normal cerebellar 
tissue overlying tumor extension into the left cerebellar tonsil 
is being vaporized. Note the characteristic appearance of cere
bellar surface during vaporization. (B) Almost all of the tumor 
has been removed, with only two small tongues persisting 
within the medial surfaces of the left cerebellar hemisphere 
and tonsil. There is uo persistent vermian tumor. The floor 
of the IV ventriele and the remarkably dilated aqueduct of 
Sylvius were, respectively, flattened and plugged by the medul
loblastoma. The tumor was removed from the aqueduct of 

attempting to free the inferior portions from the cerebel
lar peduncles. One will not damage the floor of the 
IV ventricle, since protective tetfas have already been 
placed. The lateral extensions of the tumor are now 
freed , working from below upward, ascertaining that 
there is no extension into brainstem portions of the 
restiform body or the brachium pontis. If there is, then 
the spatula is passed cleanly across the neoplastic exten
sion into the peduncles, rather than inserted into the pe
duncles with the intent to enucleate tumor from them. 
These extensions mayaiso be coagulated and then tran
sected at the cerebellopontine and cerebellomedullary 
junctions. After the tumor has been removed from the 
lateral extension toward the restiform body, the same 
technique is carried out to resect it from cerebellum 
to brachium pontis. This is done first on one side, then 
the other. 

At this time the tumor mass occupies what is, appar
ently, the entire operative field, since it will have been 

Sylvius with a Takahashi forceps , not with laser, 10 avoid 
inadvertent damage to the ependymal surfaee. (C) After the 
hand-held laser unit was used for gross removal of the medul
loblastoma, the unit was attaehed to the operating microscope 
and the micromanipulator used to vaporize all visible residual 
tumor (considered safe to remove). The aqueduct (1) has re
turned to almost normal sizc. The central sulcus (2), colliculus 
facialis (3), hypoglossal emincnce (4), and anterior mcdullary 
velum (5) are all weil visualized and intact. There is a minisculc 
amount of tumor (6) at the center of a small blood elot (7), 
at the entrance of the brachium pontis into the pons varolii. 

freed from all of the cerebellar vermis and hemispheres. 
Generally, if it does not flow freely into the operative 
field and out of the IV ventricle, one may assurne that 
it is being held either by strands of arachnoid and cere
bellar vermis or by a plug which is extending from the 
IV ventricle into the aqueduct of Sylvius and, at times, 
up into the IU ventricle. Consequently, the surgeon 
should inspect carefully the dome to be sure there are 
no vascular structures within the arachnoidal and cere
bellar adhesions to the tumor, and then free the dome 
until he is able to look at the anterior medullary velum. 
When this is done, the tumor will be pulled down ward 
by gravity and the neurosurgeon will be looking over 
its superior surface. He should now be able to separate 
tumor from the anterior medullary velum. Penfield *4 
dissectors may be used to tease the tumor away from 
the ventricular surface of the anterior medullary velum, 
and then out of the aqueduct of Sylvius. One may do 
this with impunity, since there are no vascular connec-



tions between tumor and ependyma. This will free the 
tumor, and deli ver it from the ventricular system and 
into the surgeon's hands. 

After the medulloblastoma has been completely re
moved, one should inspect the IV ventricle to determine 
whether there have been neoplastic extensions into its 
walls or floor. In the event they are identified, no at
tempt should be made to remove them from the surface 
of the IV ventricle unless one has a laser and is working 
with the operating microscope. Otherwise, the risk of 
damage to the IV ventricular nuclei is so great as to 
outweigh greatly any theoretical benefit which may be 
expected from removal of these last few clusters of cells. 
Similarly, extensions of tumor into the pontine and 
medullary portions of the brachium pontis and resti
form body should be left in situ. 

Because of the tendency of the tumor bed to bleed, 
it is best to irrigate the field and wait approximately 
10 minutes to be certain that no bleeding persists before 
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proceeding. Complete closure of the dura, in a water 
tight fashion, and anchoring of the bone flap back into 
position restores the normal anatomical relationships 
of muscle, bone, dura, and cerebellum. This averts cere
brospinal fluid leaking, herniation of the cerebellum 
into the defect, sterile meningitis, suboccipital bulging, 
and adefinite area of weakness in skull protection of 
the hindbrain. 

The great advantage of total resection, whether en 
bloc or by vaporization, of medulloblastoma is that it 
affords the child the greatest opportunity for cure: a 
42% ten-year survival in our series. There is no greater 
morbidity associated with radical resection. Indeed, 
biopsy and partial resection are associated with a 
greater morbidity than "total" resection. 

Ependymoma (Figure 10.57) 
By and large the surface appearances of the cerebellum 
and cisterna magna in ependymoma are identical to 
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Figure 10.56. Varying stages ofinstrument resection ofmedul
loblastoma, with the children in the lounging position. (A) 
The Penfield # 4 dissector (1) is being used to separate the 
tumor (2) from the bordering surfaces of the left cerebellar 
hemisphere. The mass has already been removed from its lodg
ing within the vermis and right cerebellar hemisphere, and 
is falling from the operative field. (B) A spatula is being used 
to elevate (hold in place) the cerebellum as the medulloblas
toma delivers itself from its bed, leaving an enormous cavity 

in its wake. (C) As the tumor mass (1) leaves the posterior 
fossa, the cerebellar hemispheres hang from the superior cere
bellar veins (2) bridging to the under surface of the tentorium. 
It is advisable to coagulate and transect these veins before 
closure, so as to minimize the risks of postoperative hema
toma. (D) Here, in anothcr child, the recommended technique 
for holding the cerebellar hemispheres in place with a spatula 
(1) (as a dissector (2) is guided along the surface of the tumor 
(3), separating it from cerebellum) is shown. ~ 
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medulloblastoma. Consequently, the surgeon will have 
no cue concerning the histological nature of the tumor 
until he has split the vermis and attempts to pass telfa 
along the floor of the IV ventric1e. It must be stated 
at this point that at times the medulloblastoma may 
be so intimately adherent to the floor of the IV ventri
c1e-without invading it-as to give one the initial im
pression that the tumor is an ependymoma growing 
from it. The operating microscope permits precise and 
safe identification of neoplastic excrescence from the 
floor. If tumor is growing from the floor of the IV 
ventric1e, complete resection should not be attempted. 
At best, one may debulk the tumor. 

The operative procedure consists of identifying the 
lateral borders of the tumor, separating it from normal 
tissue by the placement of telfas between it and medulla 
oblongata. No attempt should be made to place the 
telfa between the tumor and the floor of the IV ventri
c1e! When the telfa has been placed, a laser, if available, 
should be used to vaporize the tumor completely, bring
ing the dissection down to a plane parallel with the 
floor of the IV ventric1e and avoiding attempts to ex
tend the dissection below the plane of the surface of 
the floor of the IV ventric1e. The remainder of the laser 

Figure 10.57. The ependymoma growing from 
the floor of the IV ventricle (1) displaees the 
cerebellar vermis (2) posteriorly. It causes the 
same ehanges in the IV ventricle and its bor
dering structures as the medulloblastoma. The 
basilar artery (3) is praetically never deformed, 
though AICA (4) and PI CA (5) may be both 
stretched and bowed. A plug of tumor (6) in
sinuates itself into the aqueduct (7), dilating 
it and extending into the posterior III ventricle 
(8). The resultant triventricular hydrocephalus 
deforms the collicular plate (9) and displaces 
the pineal gland (10) posteriorly. Similarly, a 
plug of tumor invades the vallecula (11) and 
enters the ci sterna magna (12), deforming the 
cerebellar vermis. 

technique is the same as for the medulloblastoma. If, 
however, lobular extension into the aqueduct does not 
come out easily, with the use of a Penfield *4, it should 
be left in place. 

If laser is not available the tumor should be aspirated 
gently, the aspiration should proceed slowly and, prefer
ably, using the lowest pressure and the smallest size 
suction tip compatible with tumor removal. The opera
tion is considered complete when the IV ventric1e is 
opened, permitting the surgeon to inspect the surface 
to see that the tumor resection has been performed flush 
with the surface of the floor of the IV ventric1e. Irriga
tion of the operative field and a 10-minute wait preceed 
c1osure. 

Choroid Plexus Papilloma (Figures 10.50 and 10.58) 
This tumor is the only true intra-IV ventricular neo
plasm, the others (mcdulloblastoma and ependymoma) 
fungate into the ventric1e from parenchyma. The papil
loma grows from the choroid plexus, is pedunculated 
from terminal branches of the anterior inferior cerebel
lar artery (AI CA) and the posterior inferior cerebellar 
artery (PI CA), and occupies completely the IV ventric1e 
as one polylobulated, beef-red, vascular tumor. It ex-



tends into and occupies completely the cisterna magna, 
draping over the dorsal aspect of the medulla oblon
gata. 

The primary surgical considerations for IV ventricle 
papillomas include 

1. the invariable presence of symmetrical, obstructive, 
triventricular hydrocephalus superimposed upon 
communicating hydrocephalus, necessitating inser
tion of a shunt prior to removing the tumor; 

2. determining whether there is an extension of tumor 
into the aqueduct, the ci sterna magna, or the ponto
cerebellar angle; and 

3. considering the possibility of invasion of the floor 
of the IV ventricle and cerebellar hemisphere by 
(malignant) tumor. 

Once the dura has been opened, the surgeon has visu
al evidence of a choroid plexus papilloma in that he 
may identify superiorly and laterally displaced ce rebe 1-
lar tonsils and vermis by a strawberry-colored, cauli
flower-appearing, mass occupying the entirety of the 
cisterna magna. The arachnoid over the surface is 
slightly opalescent, but permits excellent visualization 
of the tumor mass. Opening of the arachnoid allows 
one to see the secretory surface of the choroid plexus 
papilloma. 

Review of cerebral angiography of the choroid plexus 
papi11oma reveals that it is nourished primarily by the 
choroidal branches of PICA and AICA at the lateral 
recesses of the IV ventricle! These latter vessels are the 
most threatening and dangerous to the surgeon if they 
are overlooked. It also presents the risk of one of the 
choroidal branches of AI CA being opened and retract
ing into the lateral recess, out of reach of the surgeon. 
If, for one reason or another, adequate vertebral an
giography is not available, the surgeon must assurne 
that the primary feeders, the most dangerous feeders, 
are coming from the choroidal branches of AICA at 
each lateral recess. 

After the arachnoid has been opened the tumor will 
stand out clearly in the interval between medulla oblon
gata, cerebellar tonsils, and cerebellar vermis. The feed
ers from PI CA may be identified along tumor surface, 
and coagulated one at a time. It is best to do this in 
a systematic fashion, starting inferiorly and medially 
on one side and working one's way around the surface 
of the tumor in a circumferential fashion, ending at 
exactly the same point on the other side. Such a 360 0 

turn, a hemostatic run, allows the surgeon to coagulate 
feeders bridging from parenchyma to tumor, layer at 
a time, with the tumor being gradually delivered into 
the field. This eliminates the risk of traction and com
pression on the brainstem. It also diminishes dramati
cally the amount of bleeding. 

If laser is available, it may be used at this time to 
vaporize (cutting factors should not be used) a groove 
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Figure 10.58. Choroid plexus papilloma. The tumor is lobu
lated and highly vascularized, being fed by branches of PI CA 
(1) in the region of the vallecula (2) and AICA (3) at the 
lateral recesses (4). Cranial nerves are marked. 

within the circumference of the tumor, precisely at the 
border between tumor and surrounding cerebellum and 
brainstem. The greater concentration of vessels is 10-
cated in the midline, immediately beneath the pyramis 
and nodulus of the cerebellar vermis, with the lesser 
concentration being located laterally along the border 
between tumor and tonsil. One-millimeter vessels may 
be coagulated with the laser, but anything larger than 
this necessitates bipolar cautery. In fact, bipolar cautery 
"runs" in the circumferential gutter should be per
formed with each layer of laser use, so as to coagulate 
and then transect the bridging vessels. Not only does 
this diminish considerably the bleeding, but, most help
ful, it diminishes flow of blood into the tumor so that 
the mass gradually collapses as it is being dissected. 
This affords maximum protection from compression 
damage to the brainstem and surrounding deep cerebel
lar nuclei. At varying depths, ranging from 4 to 7 mm 
of circumferential gutter formation, one may shrink the 
papilloma by coagulating portions of it with bipolar. 

The dome of the tumor may gradually be shrunk 
with bipolar cautery as it is delivered into the operative 
field. This adds the third element of safety for this tech
nique: shrinkage of tumor for maximizing neural and 
vascular visualization, the other two being coagulation 
of bridging vessels and diminution of tumor bulk by 
diminishing the flow of blood into the tumor. This dis
section technique brings the surgeon into a position 
where he may first identify the floor of the IV ventricle, 
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covering it completely with telfa, and then begin to sep
arate papilloma from the roof and lateral walls of the 
IV ventriele. The surgeon then enters the area of the 
lateral recesses, where he may note tongues of tumor 
extending from the IV ventriele through a lateral recess 
and into the pontocerebellar angle. It is best to coagu
late one's way across the tongues of tumor, rather than 
attempt to deliver them into the IV ventriele. If this 
is tried, branches of AI CA may be torn. Coagulating 
directly across the plane of tissue is followed by section
ing of the coagulated area with microscissors, and then 
freeing of the tumor from the lateral wall. This is re
peated on the other side, and telfa lain over the floor 
of the IV ventriele up to the aqueduct of Sylvius. If 
the pediele connecting tumor to the roof of the IV ven
triele and the supply from PI CA have not aIready been 
coagulated and sectioned, it is done at this time and 
the tumor is delivered into the field. 

Wait approximately 10 minutes to be sure all bleeding 
has stopped before pursuing the tongues of tumor ex
tending through each lateral recess. Enter the recesses 
from the ventricular end (coagulating tumor within 
them), going from one side to the other. Then, the pon
tocerebellar recess is exposed by elevating the tonsil and 
proceeding over the IX, X, and XI cranial nerves to 
the region of the obex. Great care must be taken not 
to coagulate the internal auditory artery on either side, 
lest facial paralysis and deafness result. Another 10-
minute wait, to assure hemostasis, precedes dural elo
sure and bone flap reapproximation. 

If laser is not available, one must use bipolar to 
shrink the papillorna, microlobule at a time, avoiding 
attempts to occlude the vascular pedicles and remove the 
tumor en bloc. The shrinking of these tumors may be 
very tedious and time-consuming, but it is the only tech
nique to be used if there is no laser. Once the tumor 
has been shrunken, lobule at a time, the coagulated 
lobule is cut away, and one repeats the procedure until 
the entire tumor has been removed. 

Brainstem Glioma (Figure 10.59) 
Ir an intraparenchymal brainstem glioma, occluding the 
IV ventricle only because offusiform tumefaction of the 
stem, is encountered, biopsy is not recommended because 
the complications could be severe. However, exophytic 
gliomas, fungating out of the restiform body or me
dulla, are not uncommon occurrences in childhood. 
This type of glioma, oceluding completely the IV ventri
ele because of the size of the exophytic mass, is one 
which should be subtotally resected, using laser or sharp 
dissection. Such gliomas have neuroradiological charac
teristics which are indistinguishable from medulloblas
toma or ependymoma. 

After the dura has been opened, the cisterna magna 
is entered and the tonsils separated. This invariably al
lows the surgeon to visualize the tumor as a glistening, 

yellowish-white mass which, when fungating, is irregu
lar in outline, having large lobules extending into the 
IV ventriele, the vallecula, and the ci sterna magna. It 
is not possible to tell immediately whether the tumor 
is an exophytic mass, growing from a relatively small 
pedunele, or whether it is a large, fusiform tumefaction 
ofthe brainstem. Consequently, dissection over the sur
face of the tumor should be accomplished first by sepa
rating the lateral walls of the IV ventriele from one 
another, in order to visualize completely the floor of 
the IV ventriele. If the surgeon observes that the floor 
of the IV ventriele is uniformly bulging into the opera
tive field, and that he may identify such structures as 
the facial colliculus or hypoglossal triangle, he should 
withdraw at this time. If, however, he is able to identify 
the multilobulated excresences of an exophytic glioma, 
he should proceed to separate the individual lobules 
from cerebellum and lateral surfaces of the IV ventriele, 
as weIl as the intact surfaces of the IV ventriele. The 
individual lobules, once isolated, are amputated either 
with laser vaporization or sharp dissection. After the 
telfa has been placed along the lateral surface of the 
wall of the IV ventriele, one must dissect the lobules 
from the main tumor mass to avoid severe pontomedul
lary damage. For this reason, laser is the resection in
strument of choice. Removal of the individual lobules, 
one at a time, exposes the floor of the IV ventriele 
at the point where the glioma becomes exophytic, gener
ally at the restiform body. Since these are bloodless 
tumors, once this point is identified, the exophytic mass 
may be lifted away from the brainstem by cutting across 
the pedunele of the tumor about 3 mm from the surface 
of the stern. 

Vermian Tumors 

Irrespective of whether a vermian tumor is solid or cys
tic, though the former are very much more common 
than the latter, there is no difference either in the surgi
cal approach or exposure of the vermis. The only anato
mosurgically significant determining factor is whether 
vermian tumors occupy the superior or inferior cerebel
lar triangle, since the primary location of the tumor, 
above or below the great horizontal fis sure (horizontal 
li ne of the transverse sinus) is decisive. Superior tri angle 
tumors are best approached through a quadrilateral free 
bone flap, whereas inferior tri angle tumors require a 
(triangular) free bone flap extending across the rim of 
the foramen of Magnum. 

Superior Triangle Tumors (Figures 10.60 and 10.61) 
The anatomical considerations for superior tri angle tu
mors pertain to the superior cerebellar veins (draining 
into either the tentorium or the supraculminate system), 
the anterior medullary velum and brachium conjuncti-
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Figure 10.59. (A) Exophytic brainstem glioma. The tumor (1) 
has a pedicle (2), from which it extends, fungating into the 
cisterna: magna. The aqueduct (3) and IV ventricle (4) are 
dilated, so one may expect a gush of cerebrospinal fluid at 
some time during the resection. Note the sling (5) fashioned 
from the dura. This should be sewn upward and outward 
to provide desired support. (B) The exophytic brainstem 
glioma (1) is nestled between the normally placed right tonsil 
(2) and the elev'ated left tonsil (3). The tuber (4) and pyramis 
(5) a re elevated. This is a rather typical presentation rOT an 
exophytic brainstem glioma expanding within the vallecula 
and cisterna magna. (C) This giant exophytic brainstem 
glioma (1) has expanded to occupY the entirety of the ci sterna 
magna, elevate the vermis (2), and displace superolaterally 
the cerebellar hemispheres (3). The mass was attached to the 
clava by a 3-mm pedicle of neoplastic tissue, from which it 
was removed. The postoperative course was uneventful and 
the child a long-term survival. 

vum, the deep cerebellar nudei . Once the cerebellum 
is exposed, one has excellent visualization of the inferior 
cerebellar veins draining superiorly into the transverse 
sinus. The inferior vermian veins are readily identified, 
and generally observed to be remarkably deformed, 
splain apart [rom one another or both shifted to the 
same side. The region of the folium and tuber reveals 
widened cerebellar folia. Since vermian masses remain 
confined to the vermis, but expand into one or both 
cerebellar hemispheres, symmetrically or asymmetri
cally, the surgeon will also observe widening of hemi
spheral folia. It is unusual for superior vermian tumors 
to cause thinning of the squamous portion of the occipi-
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tal bone, as commonly occurs in inferior vermian trian
gle tumor. 

The cerebellotomy is performed along a vertical line 
extending parallel to the superior vermian veins, from 
the pyramis as far superiorly as the folium. Both superi
or vermian veins are coagulated and transected, so that 
they may be retracted from the operative field, after 
the cerebellotomy has been performed and the surface 
of the tumor approached, without risk of opening into 
them or tearing them from the trans verse sinus during 
the dissection. 

Once the most posteroinferior portion of the vermian 
tumor is encountered, one makes the determination as 

B 

c 
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Figure 10.60. Solid, superior cerebellar triangle vermian tu
mor. The tumor (1) is primarily located above the line of 
the transverse sinus, so a quadrilateral bone tlap (2) is re
flected, neither opening the rim of the foramen magnum (3) 
nor taking away the arch of Cl (4). The dura is fashioned 
into a sling (5), which supports the cerebellar hemisphere (6). 
Horizontal squamous occipital bone supports the tonsil (7). 
The IV ventricle (8) may remain open, but the aqueduct (9) 
is almost always compressed. 

to whether it is solid or cystic. If it is cystic, the cyst 
should be punctured and the fluid drained before the 
tumor cavity is inspected in search of a mural nodule. 
If a nodule is encountered it should be removed with 
the laser, vaporizing the tumor in situ without making 
any effort to remove it en bloc. Self-retaining retractors 
are inserted in order to hold the cystic cavity open and 
to prevent the superior portions of the cerebellar hemi
spheres and vermis from herniating into the operative 
field, collapsing the capsule and impairing the surgeon's 
vision. Once this is done, the laser is used to vaporize 
the tumor capsule, with a defocused, continuous wave, 
beam at 8 W. This is a bloddless procedure, one which 
allows the surgeon to determine immediately when the 
capsule is vaporized and cerebellar fibers are visualized. 

In the event the tumor is solid, no attempt should 
be made to separate it from the surrounding, normal, 
cerebellar tissue, with spatulae, dissectors, cautery, suc
tion . Rather, the cerebellum should be covered with 
telfa and then either fluffy cotton or telfa should be 

Figure 10.61. If one does not have access to thc laser, then 
spatulae (1) are used for removal. They are insinuated between 
the tumor (2) and the cerebellar parenchyma (3), after having 
been bent to conform to what the surgeon estimates to be 
tumor contour, and then slid over the tumor so as to separate 
it from cerebellum. Delivering tumor through the cerebello
tomy takes the compression from the anterior medullary ve
lum and allows the IV ventriclc to reexpand. 

inserted along the border between tumor and surround
ing cerebellar tissue, before beginning laser removal. 
This provides protection to the cerebellum. Small
bladed self-retaining retractors are set one on either side 
of the midline, and the tips of the blades are nestled 
into the interval between tumor and cerebellum, di
rected in an horizontal plane. 

Laser vaporization, with continuous wave, of the tu
mor is then performed, using a defocused beam at 15 W. 
These bloodless tumors vaporize readily, without for
mation of coagulum along their surface. The rem oval 
is easy and precise. As tumor bulk diminishes, the re
tractors are continuously reset, alternating their posi
tions between horizontal and vertical, to accommodate 
the outlines of the tumor. Progressive debulking of the 
mass with laser results in delivery of its superior por
tions into the operative field, so that one need not dis
sect around the superior or lateral surfaces. Tumor 
which extends inferior to the horizontal plane, in which 
the surgeon is working, of course, will not "well up" 



into the operative field. Dissection of this portion ne
cessitates elevating it into the operative field with the 
use of either a Cushing or, preferably, a micropituitary 
forceps. Suspending the tumor with one of these instru
ments allows the surgeon to use laser to vaporize its 
inferior pole, freeing smalliobules one at a time. Atten
tion is given to orientation, to avoid entering the region 
of the deep cerebellar nuclei at the center of each cere
bellar hemisphere, immediately superior to the bra
chium pontis and the brachium conjunctivum. Care 
should be taken not to vaporize in the region of the 
culmen monticuli, with the beam pointed anterosuperi
orly, without having placed telfa cotton behind the tar
get area so as to assure integrity of the supraculminate 
and Galenic systems. 
In the event one does not have access to the laser, then 
the classical technique for removing solid vermian as
trocytomas should be used. This consists of inserting 
dissectors, or small spatulae, along the line of demarca
tion between tumor and normal cerebellum, gliding the 
instrument over the hardened tumor mass by using the 
tip of the dissection blade to feel tumor and then to 
separate it from the surrounding cerebellum. One is ad
vised to resect solid vermian tumors en bloc, rather 
than attempt to take them out piecemeal. This avoids 
traction and tugging on the cerebellar peduncles, some
thing which may result in infarction or swelling of the 
brainstem. 

Dissection in the li ne of demarcation between tumor 
and cerebellum is best performed from superior to infe
rior and from medial to lateral, freeing the superior 
hemisphere of the tumor from surrounding brain before 
proceeding to separate its inferior pole from cerebellar 
tissue. After the brachium pontis has been identified, 
on each side, and dissectors swept over the inferior lat
eral surfaces of the tumor, one will observe that the 
mass falls from the cerebellum, out of the posterior 
fossa. Fluffy cotton should be inserted into the cavity 
left by resected tumor. The bridging superior cerebellar 
veins, going from the remaining portions of the vermis 
and medial superior cerebellar hemisphere to the tentor
ium, are individually coagulated and transected. It is 
not wise to leave these veins intact, since head move
ment may te ar them from the tentorium, resulting in 
a postoperative clot. This apples indifferently whether 
the tumor is removed with laser or classical (dissector
spatulae) technique. 

Regardless of the technique used for removing the 
tumor, it is only rarely possible to maintain the integrity 
of the anterior medullary velum, since the superior ver
mian astrocytoma is intimately attached to this struc
ture. During dissection one must take great care to 
maintain anatomical orientation, to avoid entering the 
brachium conjunctivum. After the tumor has been re
moved, the surgeon will have an excellent view of the 
floor of the IV ventricle, particularly the superior por-
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Figure 10.62. Suggested technique for nonlaser resection of 
inferior vermian astrocytoma. This astrocytoma (1) expands 
within the vermis beneath the level of junction of folium (2) 
and tuber (3), extending as far anteriorly as the posterior med
ullary velum (4). This occludes the IV ventricle at the level 
of the foramen of Magendie and vallecula, pushing the uvula 
and nodules (5) against the floor of the IV ventricle and the 
tonsils (6) through the foramen magnum (7). A dural sling 
(8) has been fashioned to give support to the tonsils, and 
minimize traction on the ce rebell ar peduncles. 

tion, visualizing the colliculus facialis, lateral recesses, 
aqueduct of Sylvius and inferior colliculi. 

Inferior Triangle Tumors (Figure 10.62 and 10.63) 
The basic difference between superior and inferior ver
mi an triangle tumors is that the former appear to be 
intimately attached to the superior medullary velum, 
whereas the latter are attached to the inferior medullary 
velum in correspondence to the nodulus and the choroid 
plexus of the IV ventricle. These tumors displace pos
teroinferiorly the tuber, pyramis, and uvula of the cere
bellar vermis. They displace the nodulus anteriorly. 
Consequently, after the dura is opened one notes re
markable widening of the inferior vermian and cerebel
lar hemisphere folia. Separating the tonsils permits one 
to look at tongues of tumor extending between the cere
bellar hemispheres, posterior to the superior spinal cord 
and obex of the IV ventricle. The lateral and retrome-
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Figure 10.63. The tumor is exposed through an inferior cerc
bellar craniotomy, and the superior trapdoor of the dura (1) 
sewn over the squamous occipital bone (2) and then anchored 
into place. The opening extends into the cistcrna magna, so 
that dura is exposed as far inferiorly as Cl (3). The spatulae 
(4) are modeled to fit the contour of the tumor (5) and thcn 
used to separate tumor from the surrounding, normal, cerebel
lum (6). As this is done, the tumor is dclivered from the opera
tive field, and, consequently, the inferior medullary velum (7) 
comes away from the floor of the IV ventricle, unblocking 
it (8). The tonsils (9) do not reenter the posterior fossa immedi
ately. 

dullary segments of PI CA are displaced laterally. One 
observes, within the vallecula, a tumor that is not cov
ered by cerebellum. 

The cerebellotomy is extended from the tuber infe
riorly to the border between the tumor and uvula, and 
the deformed and displaced inferior cerebellar vermis 
separated form the surface of the tumor with spatulae, 
until approximately a 2-cm surface area of tumor has 
been exposed. Telfa are then placed to protect the sur
faces of the neural tissue and the vascular structures, 
before the laser is used. The same laser factors are used 
as for superior cerebellar vermian tumors. The same 
considerations apply in the use of dissector-spatulae for 
rem oval. 

Irrespective of the surgical technique for removing 
the inferior vermian tumor, one must place telfa along 
the floor of the IV ventricle to protect it, since most 
of the bulge of the tumor is into the inferior medullary 
velum and, consequently, onto the surface of the floor 
of the IV ventricle. The danger areas for encountering 
significant vascular structures are: the lateral surfaces 

of the tumor (the medial surfaces of the cerebellar ton
sils, where PICA is located), and the choroid plexus 
of the IV ventricle. The former structures must be pre
served. The latter structure may be coagulated and re
moved with tumor. At the completion of tumor resec
tion, one has visualization of the superior spinal cord, 
the floor of the IV ventricle and its lateral recesses, 
the medial surfaces of the tonsils. 

Foramen Magnum Tumors 

Foramen magnum tumors may be pedunculated exten
sions of brainstem (as already described) or spinal cord 
tumors expanding within the confines of the foramen 
magnum, above and below its rim. Lobules occupy the 
cisterna magna and subarachnoid spaces around the 
upper cervical cord (and the tonsils). At times, they 
may enter the vallecula. The peduncles from which these 
tumors expand are narrow, so that, in essence, the tumor 
may be completely removed up to its attachment. 

Another foramen magnum tumor encountered in 
childhood is mesenchymal in origin, occurs in children, 
with Von Recklinghausen's disease, and grows from a 
nerve root: the perineurial fibroblastoma. Of course, 
meningioma and dural sarcoma may be located in this 
region, but they are so rare as to render comment super
fluous. 

The glioma, that is the exophytic tumor growing from 
the medulla oblongata or cervical cord, expands dor
sally, whereas mesenchymal tumors expand lateral and 
ventral to the cervical medullary junction. Both have 
a tendency to fill completely the eisterns around their 
point of origin, to plug the flow of cerebrospinal fluid, 
and to cause dilation 01' cisterns opposite to their pole 
of origin. Commonly, the dilated cistern or subarach
noid space resulting from such obstruction may be the 
causative factor for presenting neurological deficits. 

Inferior vermian tumors, those growing from the re
gion of the pyramis, expand within cisterna magna, 
cross the foramen magnum, and lobulate dorsal to the 
spinal cord, presenting as typical foramen magnum tu
mors. 

Irrespective of whether the foramen mag nu m tumor 
expands dorsal, lateral, or ventral to the cervical medul
lary junction, at the rim of the foramen magnum, the 
craniotomy performed is for an inferior cerebellar trian
gle tumor. The dura is opened in the classical manner 
after the arch of C1 has been osteotomized at its lateral
most portions, bilaterally, and dislocated posteriorly 
onto the spinous process of C2. This permits opening 
ofthe dura down to the Cl/C2 interspace. A cut perpen
dicular to the linear dural opening is then made at this 
point, extending as far laterally as possible on both 
sides. This permits one to sew the dura back without 
"tenting" its ventral portion along the ventral surface 



of the upper cervical cord, minimizing risks of compres
sive damage (as described in the section on spinal dural 
opening). 

This exposes the inferior cerebellar triangle, the cere
bellar tonsils, the upper spinal cord. Opening of the 
arachnoid of the ci sterna magna reveals the tumor, and 
permits one to determine whether it is dorsal, lateral, 
or ventral to the spinal cord. If it is dorsal, one may 
be relatively certain that the mass is a glioma. Lateral 
or ventrallocation does not prec1ude a glioma, but does 
suggest a mesenchymal mass. 

Dorsal Foramen Magnum Tumor (Figure 10.64) 
After the arachnoid has been opened and the tumor 
exposed, the surrounding neural and vascular structures 
should be covered with telfa. One then separates the 
lobules of tumor from bridging bands of arachnoid tis
sue, which attach it to the underlying cervical cord and 
the borders of the IV ventric1e. It is separated form 
the laterally lying tonsils. 

No attempt is made at this time to determine where 
the pedunc1e of the foramen magnum tumor is, since 
even minimal manipulation causes respiratory or cardi
ac arrest. It is preferable to vaporize the tumor with 
a laser (5 W, defocused beam, pulse wave) so as to di
minish considerably its bulk. The vaporization should 
extend into alliobules of the tumor on the dorsal sur
face prior to proceeding to either lateral surface. As 
tumor volume diminishes, one may bring telfa cotton 
more and more between the ventral and dorsal surfaces 
of the cervicomedullary junction, delivering the residual 
tumor into the operative field where it may be vapor
ized. 

On ce all tumor lobules have been vaporized, one may 
inspect the surface of the cervicomedullary junction, or 
inferior vermis, to identify the pedicle of the tumor. If 
the pedic1e is coming from the inferior cerebellar vermis, 
it should be followed into the vermis and resected com
pletely. If, on the other hand, the pedic1e is at the junc
tion of cervical cord and medulla oblongata, the re sec
tion should extend precisely to a line which is flush 
with medulla and/or spinal cord. If laser is not avail
able, bipolar/microscissor resection technique should be 
used. The resection should not extend to a level which 
is flush with the cervicomedullary structures: it should 
be stopped approximately 2 mm distal to this point! 

Lateral and Ventral Foramen Magnum Tumors 
Lateral Foramen Magnum Tumors (Figure 10.65) 
Lateral foramen magnum tumors expand in the interval 
between the IX, X, and XI cranial nerves dorsally. The 
ventral, lateral, and retromedullary segments of PICA 
are splain out over the expanding mass and feed it, 
rendering access to it tedious and potentially dangerous. 
There is no need to enlarge the craniotomy for removal 
of these tumors. Resection of the tonsil exposes the 
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Figure 10.64. (A) Foramen mangum tumor (1) pedunculating 
from the inferior- vermis (2). Gliomas have a tendency to be
come exophytic, so that one may expect to see signs of cercbel
lar dysfunction, obstructive hydrocephalus, spinal cord com
pression, in foramen magnum tumors. Here, the exophytic 
tongue of tumor has obstructed the cisterna magna, resulting 
in dilation of the IV (3) and compression of the cervicomedul
lary junction (4). The value of laser in thc removal of these 
tumors is readily appreciated when one considers the degree 
of adherence between the exophytic tumor and medulla, the 
compression ofthe latter, and the traumatic effects oftraction. 
(B) Elevation of the cerebellar hemispherc (1), resection of 
all but a small fragment of the right tonsil (2), and depression 
of the exophytic tumor (3) reveal the pedicle of tumor (4) 
extending from the cerebellar hemisphere to the exophytic 
mass. Enormous branches of PICA (5) entcr the tumor. 
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Figure 10.65. (A) Lateral foramen magnum tumor. This is 
a chordoma extending from the clivus, lateralward, to expand 
within the interval betwcen IX, X, and the spinal accessory 
(1) cranial nerves dorsally, and the XII cranial nerve ventrally. 
The tumor (2) extends below the foramen magnum and super
iorly to the level of pontomedullary junction. The cerebellar 
tonsil and hemisphere are being clevated. Note that the spinal 
cord is displaced to the contralateral side and posteriorly. (B) 
Laser vaporization has begun at the center of the tumor, re
sulting in a central arca of destruction and a peripheral area 
of edema. Vaporization of thc tumor shrinks it considerably 
in size by converting the edematous area to an area of dehy
dration. The carbon dioxide laser beam, which is invisible 
to the human eye, is vaporizing tissue bctween the two neon 
laser dots (3), which project red to the human eye. These 
neon laser dots serve as guidcs for direction of the carbon 
dioxide laser beam. The spinal accessory (4) is wedged between 
tumor and thc rim of the foramen magnum (5), and its spinal 
rootlets appear to be tethering the spinal cord (6). (C) Contin
ued vaporization of the tumor converts the dehydrated tissue 
into "c\om", laser terminology for smoke. The tumor literally 
disappears. Note thc improvcd vascularization of the spinal 
cord, just to the right of the rcmarkably shriveled tumor, and 
the slakening of the spinal rootlets of the XI cranial nerve. 
(D) As that portion of the chordoma which is engulfing the 
posterior inferior cerebellar artery is vaporized with the laser, 
fluffy cottons are brought in to protect vascular and parenchy-
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Figure 10.66. (A) This is a posterooblique drawing of a mesen· 
chymal foramen magnum tumor (1) expanding ventral to the 
medulla oblongata. The olive (2) is deformed, the vertebral 
artery (3) is engulfed and displaced, and the hind cranial 
nerves (4) are stretched. The tumor expansion above and be
low the foramen magnum (5) necessitates resection of the arch 
of Cl (6) and, at times, C2 (7). (B) The dura mater has been 
opened just above (1) the rim of the foramen magnum and 
then the durotomy extended from superior to inferior in the 
midsagittal plane, reflecting spinal dural flaps (2) over the OS

teotomized medial rim of Cl (3) and the craniotomized medial 
rim of the foramen magnum (4). Note that the dural flaps 
have been incised superiorly (5) and inferiorly (6) bilaterally, 
so as to avoid tenting its ventral surface and compressing 
the ventral surface of the spinal cord even more. The herniated 
cerebellar tonsils (7) have the reddish appearance of tumor 
shining through from beneath the intact arachnoid. In fact, 
the tumor (8) is ventral to the spinal cord and medulla oblon
gata, pushing lateralward, and the spinal cord (9) is diplaced. 
Take note of the very large accumulation of cerebrospinal 
fluid within the subarachnoid space inferior to the level of 
the tumor (10). (C) The arachnoid has been opened, giving 
egress to the cerebrospinal fluid, and allowing one to appreci
ate the remarkable dilation of the subarachnoid space (1) infe
rior to the tumor (2) and the posterolaterally displaced spinal 
cord (3). Upper cervical roots are splain over the inferior and 
superior domes of the tumor. The tonsils (4) may now be 
seen above the rim of the foramen magnum. 

B 
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dorsal cervicomedullary junction and brings the inferior 
pole of the tumor into view. This facilitates exposure 
of the mass and identification of the neurovascular 
structures engulfed within it. Very smalI, thin strips of 
telfa are used to protect these structures, and the laser 
is set at a defocused beam, 3 W, pulse mode for vapor
ization of the minute portions of tumor within the inter
vals between individual cranial nerves and segments of 
PICA. As each neurovascular structure is freed, it is 
surrounded by either telfa or strips of Teflon. Similar 
protection is afforded thc olive. The vertebral artery 
should be identified and covered with telfa. 

Ventral Foramen Magnum Tumors (Figure 10.66) 
Either purely ventral tumors or a ventral extension of 
lateral tumors are more threatening in thought than 
they are in fact. Ventral tumors displace the cervico
medullary junction and vertebrobasilar system dorsally 
and laterally, but do not extend between cranial nerves, 
as do lateral foramen magnum tumors. Therefore, they 
may be vaporized in situ. The residual fragments are 
gently delivered from the interval between clivus and 
ventral cervicomedullary junction with the use of either 
a Penfield * 4 dissector or a micropituitary biopsy for
ceps. The laser should be used only sparingly, and with 
great eautionfor tumors in this loeation, sinee the course 
0/ the vertebral basilar system is very variable and, eonse
quently, one may not be sure that he has protected it 
eompletely. Different from lateral foramen magnum tu
mors, at times, it may be necessary to enlarge the osteo
tomy of the rim of the foramen magnum, extending 
it to the condyle, so as to obtain a more lateral view 
of the ventral tumors. It is never necessary to enlarge 
this more than 3 mm. 

CerebeUar Hemisphere Tumors 

The cerebellar hemisphere tumor, as the vermian tumor, 
may be solid orcystic. In either event, it may remain 
within the confines of one cerehellar hemisphere, or, 
most commonly, extend into vermis. There is no signifi
cant difference in in eiden ce of extension into the superi
or or inferior vermian regions. Similarly, there is no 
difference in the incidence of extension into the bra
chium pontis or restiform body, though the hemispheral 
tumor more often extends into one or more cerebellar 
peduncles than does the vermian tumor. 

Solid Cerebellar Hemisphere Tumors (Figure 10.67) 
The removal of solid cerebellar hemisphere tumors is 
effected with the same laser technique as used for ver
mian tumors. The same applies to the use of the dissec
torjspatula techniques. The differences have to do with 
anatomical references : VII, VIII, IX, X, and XI cranial 
nerves; PICA and AICA ; cIava, olive. Similar anatomi-
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Figure 10.67. Nonlaser ("c1assical " ) technique for removal 
of solid cerebellar hemisphere astrocytoma. This procedure 
is used either when a laser is not available or when, as in 
this case, the solid tumor occupies the cerebellar hemisphere 
at the pontocerebellar angle, either adjacent or attached to 
the tentorium and walls of the sigmoid sinus. The cerebello
tomy has been performed and a spatula (1) inserted into the 
cavity, elevating thesuperior portion of the cerebellar hemi
sphere. The inferior portion (2) is suspended by a sling of 
dura (3) fashioned in such a manner as to offer support and, 
thus, avoid herniation through the craniotomy site. For orien
tation purposes, the transverse sinus (4) and the sigmoid sinus 
(5) have been drawn in. 

cal considerations apply to removal of cystic astrocy
toma of the cerebellar hemisphere. 

In sum, cerebellar hemisphere tumors may occupy 
the entirety of the hemisphere, being "coated" only 
by cortical tissue, so that removal of the tumor brings 
one onto cortex and adherent arachnoid; traction may 
stretch cranial nerves, dissection or vaporization may 
damage them directly. The same applies to the cerebel
lar arteries and brainstem. Consequently, for both solid 
and cystic hemispheral tumors one is advised first to 
elevate the inferior cerebellar hemisphere, then to iden
tify VII, VIII, IX, X, XI cranial nerves, and, finally , 
to place telfa cotton between hemisphere and cranial 
nerves. The same should be done for PICA and AICA, 
prior to laying a piece of telfa along the lateral surface 
of the medulla oblongata and pons. Subsequent to this, 
and throughout the resection, one repeatedly returns 
to inspect these protected neural and vascular struc
tures. 

Cystic Cerebellar Hemisphere Tumors (Figure 10.68) 
Cystic cerebellar hemisphere tumors accumulate enor
mous volumes of fluid . After the cerebellotomy has 
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Figure 10.68. (A) Cystic tumor occupying the left cerebellar 
hemisphere, displacing the vermis (1) medially and the tonsil 
(2) inferomedially. The folia over the superior surface of the 
hemisphere are widened and flattened. The cerebellotomy (3) 
has been extended to the junction of hemisphere and vermis. 
(B) After the cerebellotomy has been made, self-retaining re
tractors are set with blades (1) placed between cerebellum (2) 
and cyst wall (3), allowing the cyst to bulge out ofits cerebellar 

B 
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bed. Incision (4) is then made in cyst capsulc and the fluid 
drained. (e) The cerebellum (1) "capping" the cyst wall (2) 
has been opened along with the latter, allowing the viscid, 
yellow cyst fluid (3) to flow from the cavity. (D) As the fluid 
is drained, the cyst wall (1) collapses, falling from its surround
ing cerebellar bed. The tumor nodule (2) is grasped with a 
forceps and pulled from the inner capsule wall (3), facilitating 
delivery of the entire capsule from the cerebellum. 



been performed the cyst wall should be coagulated and 
incised, draining completely the cystic fluid be fore plac
ing the self-retaining retractors along the cyst wall. This 
suspends the superior portion of the cerebellar hemi
sphere, and permits a search for a mural nodule. If 
one is found, it is laser-vaporized along with the capsule 
of the cyst: the same technique is used in all cystic 
cerebral and cerebellar tumors. If a laser is not avail
able, the nodule (if present) and cyst capsule should 
be removed, as already described for cerebral hemi
sphere cystic tumors and as herein illustrated. 

Parasellar Tumors 

In childhood, the parasellar tumors are craniopharyn
gioma, optic pathway glioma, and germinoma. Though 
dermoid, epidermoid, and chordoma are generally in
eluded in this category, their incidence in childhood 
is nil. 
Anatomy (Figure 10.69). Parasellar anatomy is quite 
intricate in that osseous, arterial, neural, ventricular, 
venous, and cisternal structures interrelate with one an
other in a complicated three-dimensional manner. This 
anatomy, in the normal, requires a great deal of time 
and effort to master. In the abnormal, especially for 
extraparenchymal tumors such as craniopharyngioma, 
the matter is compounded. 

The parasellar area holds the following: 

1. Body of the sphenoid bone: anterior and posterior 
elinoid processes, sella turcica, planum sphenoidale, 
basisphenoid 

2. Optic pathways: two optic nerves, optic chiasm, optic 
tracts 

3. Pituitary: stalk, gland 
4. Anterior cirele: internal carotid bifurcation. A-1 of 

the anterior cerebral artery, the anterior communicat
ing artery (M-1 of the middle cerebral artery), the 
posterior communicating artery, the anterior choroi
dal artery 

5. Hypothalamus: anterior-inferior portion of the In 
ventriele, infundibulum, tuber cinereum, mammillary 
bodies 

6. Basal cisterns: suprachiasmatic, infundibular, mam
millary, interpeduncular, pontine 

7. Cranial nerves: olfactory, oculomotor, abducens, 
trochlear, trigeminal 

Intraparenchymal tumors of the parasellar area grow 
either from the optic pathways or the hypothalamus. 
Consequently, they expand within these structures, 
growing along the neural pathways and into the sur
rounding III ventriele and parasellar cisterns. Extrapa
renchymal tumors, on the other hand, deform, stretch, 
and compress all structures within the parasellar area, 
as they expand within the sella turcica, parasellar 
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cisterns, In ventriele. Invasion of parenchyma by cra
niopharyngioma is not the exception. It is, however, 
unusual for craniopharyngioma to expand beyond the 
confines of the anterior III ventriele, as it grows within 
the basal cisterns. 

The structures normally involved by craniopharyn
gi oma are the optic pathways, hypothalmopituitary sys
tem, mammillary bodies, inferior and anterior 111 ven
triele, vein of RosenthaI, posterior cerebral artery, and 
the anterior cirele. The basilar artery may be deformed 
by craniopharyngioma, generally being displaced poste
riorly, but, with the rarest of exceptions, it is neither 
engulfed by the tumor nor are neoplastic calcifications 
adherent to it. These exceptions occur in the "Formes 
Geants. "12 

The anatomical limits of the hypothalamus are an
teroinferiorly, the optic chiasm; posteriorly, the mam
millary bodies and interpeduncular fossa; laterally, the 
internal capsule and inferior portion of the thalamus; 
superiorly, the III ventriele (the lateral walls of the 
lower part of the III ventriele form part of the hypotha
lamic area). The hypothalamus extends inferiorly to join 
the pituitary stalk. 

The hypothalamus, infundibular stern, and posterior 
lobe of the pituitary gland (pars nervosa) are derived 
embryologically from an outgrowth of the developing 
brain. They form one anatomical and functional unit 
(Fig. 10.70). Certain groups of hypothalamic neurons 
eluster to form nuelei with the supraoptic (vasopressin) 
and paraventricular (oxytocin) being the most easily 
identifiable, having well-defined neural connections 
with the neurohypophysis through the axons forming 
the supraopticjhypophyseal tract. The pars distalis, pars 
intermedia, and pars tuberalis-the adenohypophysis
form the anterior portion of the pituitary gland, the 
neurohypophysis and infundibular stern form the poste
rior portion. The infundibular stern and the associated 
pars tuberalis together make up the pituitary stalk. The 
infundibular stern extends inferiorly from just anterior 
to the tuber cinereum (bulge into the posterior floor 
of the In ventriele) directly into the neurohypophysis 
(pars nervosa). The adenohypophysis consists of anteri
or and posterior lobes (pars intermedia), which are sep
arated by Rathke's eleft, as weIl as the pars tuberalis. 
The pars intermedia is adjacent to the neurohypophysis. 

The superior hypophyseal artery, which arises (on 
either side) from the internal carotid artery, in the supe
rior loop of the siphon, extends superiorly to the upper 
portion of the hypophyseal stalk be fore dividing into 
anterior and posterior branches. The upper portion of 
the infundibular stern and median eminence are sup
plied by anastomosing branches which are formed from 
the superior hypophyseal artery. The trabecular artery, 
a large branch of the superior hypophyseal artery, fol
lows an anteroinferior course along the anterior surface 
of the pars tuberalis to the point at which it penetrates 
the pars distalis to gain access to the infundibular stern. 
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Figure 10.69. (A) This is a descriptive, not a spatially propor
tioned, illustration of the midline structures which may be 
involved by a parasellar tumor, depicting relative location of 
the sellar (1), chiasmatic (2), cisternal (3), hypothalamic (4), 
superior III ventricular (5), and brainstem (6) areas. Note the 
relative location of the basal vein (7), medial posterior choroi
dal artery (8), and internal cerebral vein (9). (B) The significant 
anatomical structures within the parasellar area, from the 
point of view of surgery of a craniopharyngioma, are the optic 
nerves (1), optic chiasm (2), and optic pathways (3); the inter
nal carotid (4), posterior communicating (5), middle cerebra I 
(6), and anterior cerebral (7) arteries; the pituitary stalk and 
gland (8); the anterior (9) and posterior (10) clinoid processess, 
as weil as thc planum sphenoid ale (11) and the sella turcica 
(12); the mamillary body (J 3); III cranial nerve (14); and 
pons (15). 



The intracavernous portion of the internal carotid ar
tery on either side gives origin to an inferior hypophyse
al artery, which divides into medial and lateral branches 
when it reaches the hypophysis. In turn, these branches 
anastomose with their homonyms from the opposite 
side, thereby forming an arterial ring that surrounds 
the pars nervosa. One notes that the pars nervosa, fed 
primarily by the inferior hypophyseal arteries and anas
tomotic branches from the trabecular artery, has a dis
tinctly separate arterial system from the pars distalis, 
which has a caudal system fed primarily by branches 
of the superior hypophyseal artery. 
Craniopharyngioma. The craniopharyngioma most 
commonly encountered is the suprasellar, calcified, ex
tension of a tumor mass which enlarges greatly the sella 
turcica, compresses the optic nerves and chiasm, and 
bulges into the inferior portion of the III ventriele. It 
may present as a highly calcified (80% of the children) 
or a purely cystic mass, or as a Rathke's eleft cyst, 
occupying the entirety of the region of the sphenoid 
sinus and the sella turcica. Craniopharyngioma may ex
ist in coincidence with Rathke's eleft cyst: a typical cra
niopharyngioma in the intracranial compartment and 
a Rathke's eleft cyst extending from the floor of the 
sella turcica into the region of the sphenoid sinus. 
Neither craniopharyngioma nor Rathke's eleft cyst 
occur, except in the rarest of circumstances, under 2 
years of age. 
Optic Pathway Gliomas. Optic pathway gliomas grow
ing within the subarachnoid spaces in childhood are 
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Figure 10.70. This is an anatomical diagram of thc hypothal
mopituitary area (A) and of the vascular supply to the pitu
itary gland (B). 

commonly symptomatic be fore the second year of life, 
though they may not be diagnosed until a later age. 
They do not limit themselves to one optic nerve, very 
often occupying the optic chiasm as weIl as one or both 
optic nerves, extending posteriorly along the optic tracts 
or superiorly into the lamina terminalis. Because of the 
fact that optic pathway and hypothalamic gliomas present 
in the same manner clinically, have the same natural his
tory irrespective of treatment modality, and are indistin
guishable from one another neuroradiologically, they are 
herein considered from the surgical point of view as 
identical tumors and will not, accordingly, be described 
separately. 
Germinoma (Figure 10.71). The germinoma is a very 
distinct elinical entity, differing remarkably from the 
optic pathway and hypothalamic gliomas on one hand, 
and the craniopharyngioma on the other. Specifically, 
this tumor presents elinically with endocrine dysfunc
tion, does not cause changes which may be identified 
with plain skull x-rays, most commonly becoming 
symptomatic long before attaining a size large enough 
to be diagnosed neuroradiologically as a mass lesion. 
It responds immediately and dramatically to Roentgen 
therapy. 

The bifrontal craniotomy is recommended for resec
tion of craniopharyngioma when the surgeon has evi
den ce to suggest that he may attain a surgically "com
plete" resection. A unilateral, anterior frontal cranio
tomy is recommended for partial resection of a cranio
pharyngioma. There is no indication for surgery for 
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Figure 10.71. Hypothalamic germinona (1) grows from the re
gion between the pituitary stalk (2) and the mammillary bodies 
(3). It may fungate into the IU ventricle, but, generally, re
mains quite small. 

germinoma, optic pathway or hypothalamic gliomas. 
Debulking of these tumors has not been demonstrated 
to provide benefits superior to those of Roentgen thera
py alone. Indeed, the operative morbidity for children 
with tumors within the hypothalamus, children who are 
either already suffering from hypopituitarism or may 
develop a hypopituitary syndrome from the operative 
procedure, is much greater than any tumor, incIuding 
IV ventricIe lesions. 

Parasellar Glioma (Figure 10.72 to 10.76) 
Optic pathway (subarachnoid) and hypothalamic glio
mas should be considered the same tumor clinically, 
and referred to as parasellar glioma, since attempts to 
resect either carry prohibitive risks, without offering 
any benefits. Surgery is performed only when one is 
unable to distinguish preoperatively between a cranio
pharyngioma and a parasellar glioma, something which 
is now rare indeed. 

Parasellar glioma 
1. is most common under 2 years of age; 
2. causes roving nystagmus or spasmus mutans ; 
3. rarely causes diabetes insipidus, commonly causes 

precocious puberty; 
4. invariably enlarges or deforms optic foramina and 

planum sphenoidale ; 
5. very seldom calcifies ; and 
6. enhances diffusely in CTT scan, showing lucent areas 

within its center. 

Figure 10.72. Hypothalamic glioma, different from the ger
minona, grows from the region of the optic chiasm, between 
the supraoptic and infundibular recessess of the UI ventricle. 
The mass invariably fungates into the III ventricle, often be
coming giant in size, and lobulates into the interpeduncular 
eistern. 

Figure 10.73. The glioma (1) expanding from lamina termina
lis bulges posteriorly into the In ventricle and invades the 
rostrum of the corpus callosum (2). The A-t segment of the 
anterior cerebra I artery (3) is elevated and deformed, as the 
tumor extends inferiorly into the region of the optic chiasm 
(4). 



Figure 10.74. (A) The optic pathways, here reproduced, to 
pennit a visual point of reference for discussion of gliomas 
of the optic pathways. (B) This is a coronal drawing of a 

Craniopharyngioma 
1. with the rares! exception does not occur under 2 years 

of age; 
2. causes visual field cuts ; 
3. commonly causes diabetes insipidus, never causes 

precocious puberty; 
4. invariably calcifies ; 
5. very rarely enlarges optic canals; and 
6. never deforms planum sphenoidale without enlarging 

sella turcica. 

One may encounter a parasellar tumor which has 
grown to enormous size, with necrotic center, and 
which, consequently, may be causing difficulty because 
of its volume. These tumors should be debulked surgi
cally : they are exophytic gliomas which are amenable 
to subtotal resection just as the exophytic glioma of 
the hindbrain. 

Biopsy 0/ Parasel/ar Glioma 
(Figures 10.77 and 10.78) 
After the anterior frontal craniotomy has been per
formed, and the dura opened, self-retaining retractors 
are placed over the right frontal lobe along the li ne 
of the lesser wing of the sphenoid. This exposes the 
right olfactory and optic nerves, and avoids the necessi
ty of transecting the right olfactory nerve. The perioptic 
arachnoid is opened, exposing the optic nerve from the 
anterior clinoid to the optic chiasm. One may, in this 
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glioma of the lamina tenninalis (1) illustrating how its anterior 
and superior bulge defonns and stretches the A-l segment 
of the anterior cerebral arteries (2). 

Figure 10.75. Bilateral optic pathway gliomas are not uncom
mon in children with Recklinghausen's disease. Here, tumor 
invasion of the intraorbital portions of the optic nerves is 
illustrated. 

manner, inspect all of the anterior portion of the optic 
pathways, to determine wh ether the tumor involves just 
one optic nerve, or the entire structure. Good visualiza
tion of the optic pathway suffices for "biopsy", render
ing surgical opening of the pathways and removal of 
a small portion of the neoplasm unnecessary. In fact, 
one is advised to avoid biopsy if the visual observations 
are diagnostic of optic pathway glioma. If it is decided 
to take the biopsy, this should be done at the most 
expanded, avascular, necrotic or cystic appearing area. 
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Figure 10.76. Optic pathway gliomas may involve the entirety 
of the intracranial optic nerve bilaterally (1), elevating and 
deforming the A-l segments of the anterior cerebral arteries 
(2) at the transition point between optic nerve and optic 
chiasm (3). Tumefaction of the optic chiasm may fungate pos
teroinferiorly into the interpeduncular cistern and subse
quently displace the basilar fundus and both posterior cerebral 
arteries (4) posteriorly, stretching the posterior communicat
ing arteries (5) and displacing them inferiorly. It is not unusual 
for optic pathway gliomas to extend along the geniculocalcar
ine tract (6) and to expand within the temporal lobe (7). 

A # 15 blade is used to incise the tissue, and approxi
mately 2 mm3 of neoplasm are removed with a micropi
tuitary biopsy forceps. 

Hypothalamic Glioma 
There is no reason to biopsy a glioma within the hy
pothalamus. Also, there is no justification for opening 
the lamina terminalis, entering the III ventricle, and 
inspecting visually the hypothalamus. Both of these 
procedures present unacceptable risks of damage to the 
hypothalamic nuclei, and no advantages. 

Craniopharyngioma 
In 1910 Dean Lewis 10 was the first surgeon to remove 
a craniopharyngioma. The longest recorded survival 
following craniopharyngioma surgery was in a patient 
operated by Harvey Cushing ll in 1923, a 50-year sur-

Figure 10.77. Biopsy of hypothalamic glioma. Optic pathway 
gliomas may expand enormously and into either the frontal 
or, more commonly, temporal lobes. When this OCCUfS, SUf

gery is definitely indicated, so as to resect the intraparenchy
mal glioma and thereby provide maximal debulking and de
compression. In this child, the optic pathway glioma (I) has 
expanded into both the superior temporal (2) and inferior 
frontal (3) areas. 

vival. This case puts into relief what may weil be the 
most telling expression concerning craniopharyngioma 
surgery: "Since scarcely any two craniopharyngiomas 
are precisely alike and since those of similar size and 
character show such differences of behavior, the course 
of any given tumor is impossible to foretell. " Raimondi 
and Rougerie, in their work in the clinical and surgical 
management of this tumor, cited Trippi and coworkers 
as having suggested that inoperability be determined 
by any one of the following conditions: prefixed optic 
chiasm, marked upward extension into the floor of the 
BI ventricle, extensive unilateral or bilateral temporal 
lobe involvement, firm adhesions between the tumor 
capsule, hypothalamus, and optic chiasm. Conse
quently, one concludes that the most important factor 
in evaluating a child with a craniopharyngioma is ana
tomie location of the tumor. This determines the clinical 



course and symptomatology, and causes the arterial and 
ventricular changes identified through neuroradiologic 
procedures. 

The vascular changes permit an appraisal as to 
whether the tumor mass may be partially or totally ex
cised, and the predictability of ultimate prognosis re
garding survival and quality of survival. This is true 
because the craniopharyngioma, though it may invade 
cerebral parenchyma, causes its major damage by 
growth (resulting in displacement of the optic pathways 
and hypothalamus) and stretching (resulting in attenua
tion and occlusion of the perforating branches of the 
circle ofWillis). 

A major portion of craniopharyngioma growth re
sults from accumulation of fluid within multilobular 
cavities. Both solid tumor and calcifications compose 
a significant, though gene rally minor, percentage of the 
total tumor. To a certain extent, CTT allows one to 
evaluate the presence of calcifications, solid neoplasm, 
and cystic compartments within the "tumor" mass, but 
does not provide precise information because there is 
overlap of densities of highly liquified cellular aggre
gates and highly cellular cystic chambers. 

General Comments on Surgical Anatomy 
ojCraniopharyngioma (Figures 10.79 to 10.81) 
After the bi fron tal craniotomy has been performed, the 
dura is opened over both frontal lobes and the superior 
sagittal sinus transected and cut. The falx cerebri is 
separated from the crista galli, and both olfactory 
nerves are coagulated and transected. This brings the 
surgeon's line of vision over the retracted frontal lobes, 
along the cribriform plate and orbital roofs, and beyond 
the lesser wings of the sphenoid and anterior clinoid 
processes to the anterior circle and lamina terminalis. 
The frontal lobes fall posteriorly and medialward, the 
temporal lobes either remain in the anterior portion 
ofthe middle fossae or fall slightly posterolaterally, put
ting some stretch upon the arachnoid of the Sylvian 
fissure and the middle cerebral arteries. 

The optic nerves exit from the cranial portion of the 
optic canal, running posteromedially (they rest at right 
angles to one another throughout their entire course 
from the globe to the optic chiasm). Internal carotid 
and anteriorcerebral arteries are covered by the same 
arachnoidal membranes as the optic nerves and chiasm. 
Each optic nerve rests upon the internal carotid artery 
as the former leaves the optic canal and the latter leaves 
the cavernous sinus. The internal carotid then turns 
slightly lateralward and inferiorly, running in the direc
tion ofthe anterior perforated substance, where it bifur
cates into the anterior and middle cerebral arteries. A-l 
passes over the lateral surface of the optic nerve and 
runs along the superior surface of the optic chiasm, 
anterosuperiorly, to join its homonym of the other side 
via the anterior communicating artery. It is important 
to envision the relationship between the arachnoid 
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Figure 10.78. Hypothalamic glioma. Again, the hypothalamic 
glioma, as the optic pathway glioma, really should not be 
operated, since the diagnosis may be made preoperatively. 
However, in the event either of an in ability to make this diag
nosis (because of inadequate clinical information), or uncer
tainty concerning its anatomy and nature, it should be ap
proached through a unilateral frontal craniotomy. The optic 
nerve (1) is normal, but the internal carotid artery (2) is dis
placed remarkably from this structure, by an hypothalamic 
glioma (3), which is expanding anteriorly beneath the optic 
chiasm and opening up the interopticocarotid space. 

membrane, optic nerves, components of the anterior 
circle. It is also advisable to study the relationships be
tween the posterior communicating and posterior cere
bral arteries, the oculomotor nerves, the hypothalamus, 
and the midbrain. Removal of the arachnoid permits 
one to separate safely optic nerves from the individual 
components ofthe anterior circle, and to identify micro
vasculature going from these vessels to the optic path
ways. 

The tentorium inserts onto both the anterior and pos
terior clinoid processes, with the intervening slip of dura 
permitting entrance of the 111 and IV cranial nerves 
into the cavernous sinus. Figures 10.79,10.80, and 10.81 
allow the reader to understand how very difficult it 
is to remove tumor from beneath the optic chiasm and 
hypothalamus, and to evaluate the merits and risks of 
working between the optic nerve and internal carotid 
artery anteriorly, and the optic tract and posterior com
municating artery posteriorly. Tumor expanding poste
rior to the hypothalamus, as in retrochiasmatic tumors, 
not only pushes superiorly into the 111 ventricle, but 
also expands· posteriorly into the mammillary cistern, 
displacing the posterior cerebral and basilar arteries 
posteriorly and the posterior communicating artery and 
111 cranial nerve laterally. Retrochiasmatic tumor exten
sions take their vasculature from the medial surfaces 
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Figure 10.79. The surgeon's view of the parasellar area after 
the falx cerebri has been cut from the crista galli and both 
olfactory nerves transected. In this drawing the III ventriele 
above the hypothalamic sulcus and both optic tracts has been 
removed to allow the reader to conceptualize intraventricular 
and retrochiasmatic extension of craniopharyngioma. The de
piction of the course of A-l (1) over the optic chiasm and 
of A-2 (2) anterior to the subcallosal gyrus and lamina termi
nalis, is spatially represented, as are those of the middle cere
bral (3) and internal carotid (4) arteries. This allows one to 
understand the need to open cisterns so as to mobilize the 
vessels, separating them from the adjacent parenchyma. 

emporal Lobe 

Figure 10.80. (A) The cerebrum and basal ganglia have been .. 
removed, allowing one to appreciate acccss to thc parasellar 
area along thc cribriform platc and planum sphenoid ale (1), 
or the lesser wing of the sphenoid (2) and antcrior elinoid 
(3). (8) The arachnoid membrane is intact ovcr thc prechias
matic cistern (1), and the intcropticocarotid spacc (2) on thc 
left, but has been removcd on thc right. A-1 (3) is adhcrcnt 
to the chiasm, nourishing it through a multitude of arterioles 
which, in children with suprasellar extensions of craniophar
yngioma, are obliterated from stretching and compression. 
The junction of A-l and A-2 is also subarachnoid (4): located 
at the most inferior portion of the lamina tcrminalis (5). (C) 
With the arachnoid removed, onc may identify the thrce basic 
approachcs to craniopharyngioma: prechiasmatic (1), intcrop
ticocarotid (2), and retrochiasmatic (3) between the optic tract 
superiorly (4) and thc posterior communicating artcry (5) in
feriorly. One should note how very elose the posterior cerebra] 
(6) and basilar (7) arteries are to thc hypothalamus (8). 
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of the posterior communicating arteries and, most rare
ly, the anterior surfaces of the posterior cerebra I arter
Ies. 

When a retrochiasmatic craniopharyngioma expands 
posterosuperiorly into the 111 ventricle and postero
inferiorly over the basilar fundus, removal through the 
prechiasmatic space entails manipulating tlie tumor 
downward, forward, and then upward, taking it from 
the posterior floor of the III ventricle, the surfaces of 
the posterior cerebral and basilar arteries, beneath the 
optic chiasm, away from the posterior clinoid processes, 
and through the prechiasmatic space. This manipula
tion may be greatly facilitated by working through the 
three routes: prechiasmatic, interopticocarotid , and re
trochiasmatic. 

Classijication of Craniopharyngioma 
The recommended surgical classification of craniopha
ryngiomas, dividing them into five distinctly different 
anatomical forms (locations) is that proposed by 
Jacques Rougerie 12

: 

Prechiasmatic Craniopharyngioma 
(Figures 10.82 and 10.83) 
The tumor may be intra- and suprasellar, or alm ost 
exclusively suprasellar, but the primary expansion of 
the mass is into the prechiasmatic area. It grows anteri
or to the optic chiasm, between it and the optic nerves 
superiorly and internal carotid arteries inferiorly, in its 
extension over the planum sphenoidale and anterior to 
the lamina terminalis of the III ventricle. 

Craniopharyngiomas that rupture through the dia-

Figure 10.81. The three aecess (arrows) routes to infra- and 
retrochiasmatic craniopharyngioma : (1) The first route, be
tween the two optic nerves, allows one to probe beneath the 
optic chiasm. [t is unsatisfactory because one is obliged either 
to ex te nd blindly his dissector along the optic chiasm or to 
pull tumor from it. Either alternative risks further damaging 
vision. (2) The interopticocarotid route, elevating the optic 
nerve and displacing inferolaterally the interna I carotid artery, 
allows one access to the infrachiasmatic area and direct vision 
of most of it. One may work within this interval anterior 
and postcrior to the internal carotid artery, superior and infe
rior to the posterior communicating artery. (3) Posterior ac
cess to the infrachiasmatic area may be gained by working 
over the lentorial edge, opening the ambienl cistern , identify
ing the III cranial nerve and postcrior communicating artcry, 
and then covering these struclures with telfa in order to protect 
them. Reseetion 01' thc anterior 2 cm of the temporal lobe 
allows one to work his way superiorly along the internal ca
rotid artery 10 its bifurcation without compressing the tempo
ral lobe or internal capsule. This provides exccllent visualiza
tion of thc infundibular and interpcduncular cisterns, the basi
lar and posterior cerebral arteries, the peduncJes. 

phragma selfae to expand anterior to the optic chiasm 
extend superiorly, anterior and inferior to the chiasm. 
This tumor growth e1evates the optic chiasm and, with 
it, the A-l segments of the anterior cerebral arteries, 
be fore extending anterior to the chiasm between the 
carotid arteries and optic nerves. The prechiasmatic 
eistern is obliterated as the tumor, invariably contained 
within its capsule, thus maintaining the globular form, 
grows anterior to the chiasm, and then superior to it, 
displacing it posterosuperiorly as it stretches and ver ti
calizes the two optic nerves. The supraoptic recess of 
the III ventricle is obliterated and the lamina terminalis 
is displaced posterosuperiorly. The optic nerves and 
chiasm are damaged primarily because of the direct 
compressive force , but also because of stretching and 
attenuation of branches from A-l to the optic chiasm. 
For these reasons, funduscopic examination reveals op
tic atrophy, visual field examination reveals defects indi
cative of optic nerve and anterior chiasm involvcment. 
The visual field defects are often " explosive" in onset 
and progression. 

Cerebral angiography reveals elevation and posterior 
displacement of the A-l segment of the anterior cerebral 
arteries, permitting the specific dia gnosis of the pre
chiasmatic location of the tumor. The rationale for an 
attempt at complete resection is indicated by the veno
graphie phases which reveal elevation of the veins of 
Rosenthai at their origin in the anterior perforated sub
stance. 

All tumors of significant enough size to bulge 
through the prechiasmatic space also expand widely be
neath and behind the elevated optic chiasm. Therefore, 
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Figure 10.82. (A) The prechiasmatic extension of tumor (1) 
elevates the optic chiasm (2) and verticalizes the optic nerve 
(3). A-l (4) is elevated with the chiasm, so that it may be 
used as an angiographic indicator of whether there is prechias
matic extension of tumor. There is always infrachiasmatic (5) 
and retrochiasmatic (6) tumor present, since rupture through 
the diaphragma sellae is first followed by expansion of tumor 
within the infrachiasmatic area, then anterior and posterior 
growth, with the latter displacing the pituitary stalk (7) back
ward. The basilar artery (8) is not deformed, although the 

one must be prepared to remove retrochiasmatic lob
ules. The enlarged prechiasmatic area, made ample by 
partial tumor removal, facilitates this. 

lntrasellar Craniopharyngioma 
The intrasellar craniopharyngioma is located entirely 
within the sella turcica, beneath the diaphragma sellae, 
and causes enlargement of the sella turcica's volume, 
partial or total destruction of the clinoids, invasion of 
the sphenoid sinus, or compression and displacement 
of the cavernous sinuses. When visual field deficits are 
identified, one should consider the possibility that the 
optie nerves are being compressed in their course along 
the superolateral borders of the sphenoid sinus, not in 
their subaraehnoid loeation . 

The most common clinical presentation for intrasellar 
tumors results from endocrinologic deficit. Significant 
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posterior communicator (9) is stretched as the tumor elevates 
the internal carotid (10) and insinuates itself between carotid 
and optic nerve. Tumor may grow into the cavernous and 
sphenoid sinuses. (B) Prechiasmatic extension of the cranio
pharyngioma is indicated arteriographically in the half-axial 
projection by elevation of the A-l segment of thc anterior 
cerebral artery (tripie arrows). The double arrows reveal eleva
tion of the middle cerebra I artery resulting from a dilated 
temporal horn, and the single arrow shows attenuation of 
the internal carotid artery resulting from stretching. 

portions of the pituitary gland may remain intact, justi
fying every effort to identify it at the time of surgery. 

Previously, these tumors have been considered to 
present with signs indicative of pituitary dysfunction , 
giving cause to believe that some, or all, of the pituitary 
function could be preserved since the gland may not 
be totally destroyed. More recently, however, we have 
co me to learn that intrasellar tumors may extend into 
the sphenoid sinus, fungating within it and filling it, 
compressing the medial and inferior portions of the op
tic nerves in their course along the supero\atera\ aspect 
of the sphenoid sinus. 

Retrochiasmatic Craniopharyngioma (Figure 10.84) 
The tumor mass extends posterior to the optic chiasm, 
between it and the optic tracts, displacing and, at times, 
invading both the hypothalamus and III ventricles. 

B 
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Approximately one third of the patients with retro
chiasmatic craniopharyngiomas are under ten years of 
age. Less then 5% of these tumors may be "totally" 
removed. The mortality rate is high, ranging from 20 
to 30%. 

Posterior and superior growth of the craniopharyn
gi oma from the sella turcica allows it to expand within 
the area delimited by the posterior half of the circle 
of Willis. Angiography reveals anterior displacement 
of the A-l segments of the anterior cerebra I arteries 
and of the anterior communicating arteries, with pos
teroinferior displacement of the posterior communicat
ing and basilar arteries, causing bowing of the perforat
ing branches of these latter vessels. The lateral and pos
terior thalamoperforating vessels, gene rally numbering 
six on either side, are streteched and bowed with the 
concavity facing anteriorly. Because these tumors in
variably either invade or nestle within the hypothala-

Figure 10.83. (A) This is an axial representation of prechias
matic (1) tumor extension, putting into relief the fact that 
this represents the smallest tumor lobule, with the major por
tion elevating the chiasm and expanding posterior to it (2). 
The stretching of the optic nerves (3), A-l (4), and the posteri
or communicating artery (5) is illustrated. (B) The circle of 
Willis is invariably involved either partially or in its entirety, 
when a craniopharyngioma expands into the suprasellar re
gion. The A-l segments of the anterior cerebral artery (1), 
the bifurcation of the internal carotid artery (2), the posterior 
communicating artery (3), and the middle cerebra I arteries 
(4), all may be studied to advantage in this child, as may 
the posterior cerebral artery on the left (5). The circle of Willis 
in this child is remarkably widened (arrows) by the symmetri
cal expansion oftumor mass within it. (C) Here one sees eleva
tion of thc vcin of Rosenthai (arrowheads), indicating a "to
tally" resectable craniopharyngioma. 

mus, displacing the anterior perforated substance 
downward, they cause an inferior displacement of the 
vein of RosenthaI. These vascular changes indicate to 
the surgeon that the tumor may not be totally resected. 

The obstruction of the basal ci sterns and the posteri
or portion of the III ventricle results in hydrocephalus, 
an increase in intracranial press ure, and papilledema. 
Optic atrophy is less, and papilledema more, common. 
The increase in intracranial pressure, compounded by 
biventricular hydrocephalus, may be compensated by 
a ventriculoperitoneal shunt, which should be bilateral 
if it appears that the tumor mass is occupying all of 
the III ventricle, obstructing one foramen of Monro. 

The location of these tumors behind the optic chiasm 
is particularly grave in that it renders surgical removal 
more difficult, risk of damage to the optic pathways 
and hypothalamus greater. Since these patients suffer 
an increase in intracranial pressure, compressive effects 



on the optic pathways, varying degrees of destruction 
of hypothalamic nuclei, and attenuation or occlusion 
of the thalamoperforating arteries, surgical manipula
tion may be further complicated by permanent damage 
to already severely compromised neural structures. Re
trochiasmatic extensions more often adhere to, or in
vade, the hypothalamus. The tumor capsule may engulf 
the posterior communicating arteries and their thalamo
perforating branches. The combination of damaged hy
pothalamus plus severe increases in intracranial pres
sure is complicated by postoperative gastrointestinal 
hemorrhage. Third, IV, and VI cranial nerve palsy re
sults either from expansion of the tumor mass within 
the circle of Willis or surgical manipulation for its re
moval. Pure retrochiasmatic extension with either a pre
fixed chiasm, or an optic chiasm displaced anteriorly 
by the tumor mass, presents the neurosurgeon with one 
of the most challenging of operative procedures. 

Removal of the tumor encumbers one to do so 
"piecemeal," through anatomical planes between the 
oculomotor nerves and caroticobasilar systems. Total 
resection of these tumors is not advisable. Partial resec
tion may result in dramatic clinical improvement and 
prolonged remission periods, especially ifthe complicat
ing hydrocephalus is successfully and continuously 
compensated by a functioning shunt system. 

"Les Formes Geantes" 
These giant forms "explode" from the sella turcica, 
expanding into the prechiasmatic region, directly supe
riorly, the retrochiasmatic region, and at times into the 
posterior fossa and Sylvian fissures. The clinical evolu
tion is punctuated with rapid and multiple recurrences. 
The sella turcica is completely destroyed and the tumor 
extends into the anterior, middle, and posterior fossae. 
The apparently single globular mass, in fact, is gene rally 
polyglobular with discreet excresences occupying the 
prechiasmatic and retrochiasmatic areas. It bulges into 
the middle and posterior fossae, deforming completely 
the hypothalamus and midbrain, stretching and engulf
ing the individual components of the circle of Willis. 
Extensive areas of calcification are most commonly 10-
cated along the periphery of the tumor, at times subja
cent to the extremely dense capsule, and at times adher
ing to the walls of major vessels. 

They are more abundant in volume and greater in 
extent in children who have had repeated operations and 
courses of x-ray therapy, as well as in the few reported 
instances of newborn. The den se capsule adheres to the 
pia archnoid and often blends imperceptibly into areas 
of gliosis within the hypothalamus, medial surfaces of 
the temporal lobes, and the midbrain. Dense capsule, 
extensive areas of calcification, and new bone formation 
are often in continuity with one another, separating 
cystic compartments from those containing solid tumor. 

Frontal and temporal, as well as limbic, lobe involve
ment accompanies destruction of the optic pathways, 
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invasion of the ventricular system, and compressive oc
clusion of arteries and veins. Damage to the oculomotor 
nerves loses its clinical significance because of the in
variably present blindness. The basal cisterns are oblit
erated by the tumor mass, but, curiously enough, 
though there is often a severe increase in intracranial 
pressure, hypertensive ventricular dilation - hydroce
phalus-is generally not a problem. 

A typical Craniopharyngioma 
The atypical forms of craniopharyngioma may be 10-
cated within the pharynx, the posterior fossa, limited 
entirely to the sphenoid sinus, even in the pineal region. 
When craniopharyngioma is not located in the parasel
lar area, but either within the sphenoid sinus, clivus, 
pharynx, posterior fossa, or pineal region, it does not 
behave clinically as a parasellar tumor. Accordingly, 
it is of embryologic and histologic interest. The histo
logical diagnosis is invariably a surprise to the clinician 
when it is made, since the pharyngeal, clival, and sphe
noidal forms appear histologically as adamantinomas. 

Supplemental Surgical Management 
0/ Craniopharyngioma 
Hydrocephalus complicating craniopharyngioma may 
result from tumor obstructing the basal cisterns, inva
sion of the III ventricle and occlusion of the foramina 
of Monro, and, very rarely, posterior displacement of 
the brainstem with occlusion ofthe aqueduct ofSylvius. 
A unilateral ventriculoperitoneal shunt is recommended 
if one is certain that both foramina of Monro are open. 
Bilateral ventriculoperitoneal shunts (two completely 
independent systems) are recommended if one or both 
foramina of Monro are occluded. Compensation of the 
hydrocephalus diminishes immediately the increase in 
intracranial pressure and provides relaxation of cerebral 
volume, so as to facilitate exposure of the parasellar 
area for surgical removal of the tumor. Mannitol and 
lasix are not recommended as adjuncts to diminish in
tracranial fluid volume. 

Evacuation of cystic fluid contained within portions 
of the tumor, by means of stereotaxically positioned 
tubes or needles, has been advocated by some authors, 
who have also recommended injecting radioactive sub
stances into the cystic cavity, so as either to diminish 
the secretion of cystic fluid or destroy the secretory 
cells lining the cavity. This procedure is theoretically 
attractive but has not been widely accepted, very likely 
because it is not as easy and safe as direct surgical expo
sure of the tumor mass. It is not possible to identify 
with precision where within the tumor area the cyst 
is located and whether there are multiple cyst cavities. 
Intraoperative exposure of the tumor, on the other 
hand, allows the surgeon to identify visually the loca
tion and extent of cystic cavities, to drain cystic fluid 
and remove soft tumor tissue, and to instill under direct 



284 Tumors: Approach and Removal 

A 

8 "'----

Figure 10.84. (A) Retrochiasmatic tumor extension (1) results 
in forward displacement ofthe optic chiasm (2), an anatomical 
change illustrated angiographically by forward and, at times, 
downward displacement of A-l (3). The tumor elevates 
remarkably the floor of the III, at times fungating into it 
(4), and engulfs the pituitary stalk so that the surgeon may 
not identify it. There is depression and stretching of the poste
rior communicating artery (5), secondary to lateral tumor ex
pansion and posterior displacement of the basilar artery (6). 
(B) The depression of A-l (1) and the contralateral bowing 
of A-2 (2) permit one to identify thc tumor mass as being 
located behind the prefixed optic chiasm and thus within the 
III ventricle. Depression of A-l signifies anterior and inferior 
displacement of thc chiasm. Bowing and shifting of A-2 signi
fies invasion of the III ventricle and forward displacement 
of the lamina terminalis. The elevation of M-l (3) indicates 
cystic transformation of the Sylvian cistern and extension of 
tumor into thc middlc fossa. (C) Depression of the vein of 
Rosenthai (arrowheads), pushing it downward and upon the 
posterior clinoid processes, confirms the impression gained 
that this craniopharyngioma is not totally resectable because 
it is invading the hypothalamus. (D) Retrochiasmatic tumor. 
This axial view illustrates that therc is very litde prechiasmatic 
space (1), and that the tumor is opening the interopticocarotid 
space (2) as weil as deforming the hypothalamus (3) and dis
placing the basilar (4) and posterior cerebral (5) arteries back
ward. The difficulties in resecting it complctely stand out. It 
may be partially removed, debulked, by working through the 
interopticocarotid spacc and the rctrochiasmatic region bc
tween optic tract (6) and posterior communicating artery (7). 
The III cranial (8) nerve is displaced laterally. (E) The down
ward displacement of the postcrior communicating (1) and 
posterior cerebral (2) arteries indicates expansion of tumor 
mass within the III ventricle, hypothalamus and thalamus: 
this tumor is not totally rescctablc. ~ 
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vision radioactive substances of his choosing. The most 
significant advantage of direct exposure of the tumor 
is that it allows the surgeon to evaluate the resectability 
of the tumor mass, and remove it if feasible. 

Surgical Approach to Craniopharyngioma: 
General Comments 
Irrespective of the surgical approach to the craniophar
yngioma and its intrasellar, prechiasmatic, retrochias
matic, or other location, the technique for removing 
the tumor is always the same, but not the anatomical 
approach. This technique is predicated upon the fact 
that craniopharyngioma may be solid, cystic, solid/cys
tic, well-encapsulated, poorly encapsulated with areas 
where tumor tentacles extend into the parenchyma, den
sely adherent to the cranial nerves and vessels. In addi
tion to this, and adding great complications, is the fact 
that the craniopharyngioma is variably calcified, that 
extensive areas of calcified tumor may be adherent to 
parenchyma or vessels. Lastly, the vascular supply to 
the craniopharyngioma capsule consists of minute ar
teries coming from the internal carotid, posterior com
municating, and basilar system, so that separation of 
the tumor capsule from surrounding tissue may be com
plicated by brisk bleeding or tearing of a larger branch 
from a majorartery. 

Initially the tumor is identified, a portion of its cap
sule no longer than 3 mm should be coagulated and 
then the capsule opened by the blades of the bipolar 
forceps. Cerebral angiography will al ready have ex
cluded the remote possibility that the "tumor" is an 
aneurysm, so the surgeon need not concern himselfwith 
the archaic habit of puncturing the tumor with a spinal 
needle in order to learn whether it is an aneurysm. Once 
the capsule is opened, varying amounts of fluid may 
be removed by placing a microsuction tip into the cystic 
portion of the tumor. This gives some immediate de
compression, relaxes the tension on the optic nerves, 
and allows the surgeon to inspect the tumor cavity to 
evaluate the extent of solid or cystic tumor, and the 
degree of calcification. Then the microsuction is used 
both to aspirate more cystic fluid and to serve as a 
dissector, to tease the tumor capsule away from sur
rounding structures by sucking upon it from its luminal 
surface. 

All arachnoidal tissue covering the tumor or the sur
rounding parenchymal or vascular structures, wherc 
one is working, should be removed, using bipolar cau
tery to shrink it or microscissors to cut it free. Either 
a #4 Penfield dissector or a microdissector should then 
be used to separate the capsule from surrounding tissue 
by pressing on capsule and pushing it toward the sella 
turcica, thereby identifying bridging strands of capsule, 
arachnoid, neoplastic vessels, which are coagulated and 
transected as one proceeds. It is advisable to work in 
one area at a time, freeing all visible tumor capsule 
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from surrounding structures, rather than moving from 
right to left, anterior to posterior, superior to inferior. 
The mobilization of the capsule in individual, discreet 
areas, allows the surgeon to remove portions of tumor, 
bit at a time. Removal of the tumor by grasping a portion 
of the capsule in a pituitary forceps and continuously 
and slowly applying gentle traction is discouraged. It con
tinuously puts traction on the surrounding neural struc
tures to which the tumor is adherent. When the tumor 
is freed, this traction may result in delivering a mass 
of tumor which is larger in volume than the interval be
tween the optic nerves through wh ich it is being pulled. 
This could damage either the optic nerves, chiasm, or 
optic tract. One need not be concerned with "losing" 
a portion of the tumor in the infra- or retrochiasmatic 
areas, to which the surgeon is "blind. " Simply inserting 
a microsucker into these areas allows hirn to bring these 
floating lobules of tumor into view by applying the suc
tion tip to the capsule and gently withdrawing the 
sucker. 

It is advisable to use all three openings (prechias
matic, interopticojcarotid, retrochiasmatic) to manipu
late the tumor, irrespective of the surgeon's decision 
to use one of the three as the major portal of entry 
to the neoplasm. Thus, one may be working through 
the interopticocarotid space as his major portal, but 
use the prechiasmatic and retrochiasmatic openings for 
insertion of a microdissector so as to manipulate the 
tumor into the interopticocarotid space for piecemal 
removal. 

It is difficult to separate thin capsule from thickened 
arachnoid, so one must take care to inspect closely for 
the presence of vessels, and ascertain that he is able 
to get around the capsule with a dissector before deli ver
ing it through his operative portal. If it is not possible 
to determine whether one is working on capsule or 
arachnoid, it is preferable to use the microbipolar for
ceps to coagulate the tissue in question, destroying it, 
rather than to attempt to pull it through. 

Calcified tissue is both tedious to dissect and danger
ous to remove, until it is floating freely within the tumor 
bed, since it may be adherent to avesseI. Consequently, 
granules or nubbins of calcification should be freed only 
under direct vision, teasing them away rather than lift
ing them out in the jaws of a pituitary forceps. Calcifica
tions which are adherent to surrounding structures or, 
more importantly, vessels, should be irrigated under di
rect vision to see whether they float away from their 
bed. If not, they should be left in place. 

Perhaps only with the exception of certain weIl delirn
ited intrasellar and prechiasmatic forms, the surgeon's 
primary mission should not be to perform a complete 
resection of the tumor. Surgical removal of the intrasel
lar and prechiasmatic craniopharyngiomas is benign, 
attempts at total removal of retrochiasmatic and giant 
forms subjects the patient to very highy morbidity and 
mortality risks. 

Surgical Technique: Specijic Procedures 
Rhinoseptal, Transphenoidal Approach 
Equipment for x-ray control utilizing intraoperative im
age intensification, provides the surgeon with the means 
for monitoring the intra seIl ar location of the operative 
procedure. The operating microscope allows hirn to dis
tinguish between tumor and compressed pituitary tis
sue. Particular attention should be given to identifying 
the leaflike extension of tumor immediately the dura 
is opened and the sella turcica entered. This portion 
of the tumor is separated from the compressed residual 
tissue of the pituitary gland, taking particular care when 
working in the lateral sella turcica to avoid entering 
the cavernous sinuses. A voiding traction, and maintain
ing the diaphragma sellae intact, one follows the neuro
hypophysis into the pituitary stalk, which is separated 
from the tumor if possible. If not, it should be clipped 
or coagulated and sectioned. 

The high incidence of recurrences of intrasellar cran
iopharyngioma speaks eloquently of the difficulty to 
be certain that one has resected all of the tumor and 
its capsule. This should not detract the surgeon from 
ta king care to ass ure the integrity of the diaphragma 
sellae and to close carefully, with bone graft, the sella 
turcica, especially since a subsequent intracranial proce
dure may become necessary. 

Subfrontal Approach 
Either a unilateral right frontal or a bilateral frontal 
craniotomy may be reflected. Recent use of the operat
ing microscope has brought us to extend our procedures 
slightly more lateralward (the bifrontopterionalflap) ne
cessitating reflection of the pterion with the frontal flap, 
so as to obtain a straight line of vision to the lateral 
aspects of the internal carotid arteries and the optic 
nerves, as weIl as full visualization of the posterior com
municating arteries. 

The subfrontal approach permits three basic varia
tions: Prechiasmatic Approach (Figure 10.85). After the 
cerebral hemispheres have been retracted and the CSF 
drained from the supraoptic, Sylvian, and basal cisterns, 
the self-retaining retractor is put into place and the right 
optic nerve exposed. The left optic nerve is exposed 
after the arachnoid between the two optic nerves has 
been dissected, freeing optic nerves from the underlying 
tumor. This is followed by gutting solid tumor or drain
ing the cystic portion from between the optic nerves, 
allowing the capsule to fall away. The dissection of the 
optic nerves is thereby facilitated. At this time one 
should attempt to identify the pituitary stalk. If it is 
found intact, it should be sectioned. Some surgeons 
prefer to conserve its anatomical integrity, but this sub
jects the child to risks of severe immediate postoperative 
diabetes insipidus from traction on the hypothalamus. 

It is suggested that blind dissection not be performed 
behind the tumor, with the intention to deliver too so on 
the posterior portion o( the tumor through the prechias-



Figure 10.85. Prechiasmatic extension of craniopharyngioma 
presents no particular surgical problems. There is an adequate 
amount of tumor protruding between the planum sphenoidale 
(1) and the optic chiasm (2) that the surgeon may immediately 
enter the tumor, drain the fluid within it so as to attain decom
pression, and then proceed to separate arachnoid from the 
optic pathways and carotid arteries. Subsequent to this, piece
meal removal of solid and calcified tumor is accomplished 
through the large opening between planum sphenoid ale and 
optic chiasm. 

matic space. The next step is dissection of the tumor 
and removal of its retrochiasmatic extensions, deli ver
ing them through the prechiasmatic space. In this por
tion of the procedure, the surgeon stays within the sub
arachnoid space. At times, it is possible to separate 
more or less completely the tumor capsule from the 
arachnoidal membranes composing the basal cisterns 
in and around the sella turcica. 

The difficulties encountered in this approach are the 
internal carotid arteries and their branches, the oculo
motor nerve and the optic pathways, the hypothalamus 
and basilar artery. These large structures, however, gen
erally do not present a great problem. When necessary, 
and only for a blind eye, sectioning of the optic nerve 
facilitates greatly the anatomic exposure of the area. 

Problems in the intra seIl ar area include precise sepa
ration of tumor tissue from residual pituitary gland, 
which is difficult even when the operating microscope 
is used, and identification of the inferior leaf of the 
tumor, which may be most difficult to distinguish 
visually from the dura mater along the sellar floOf. 

Tumors: Approach and Removal 287 

Figure 10.86. The interopticocarotid space provides the sur
geon a second portal for access to the craniopharyngioma 
expanding beneath the optic chiasm (1). This photo graph illus
trates a craniopharyngioma (2) which dissected its way 
through the interopticocarotid space, elevating the optic nerve 
and depressing the internal carotid artery as it expanded into 
the middle fossa (3). The lesser wing of the sphenoid (4), tem
porallobe (5), and telfa-covered frontal lobe (6) are included 
in the field. 

When the surgeon encounters a tumor that is primar
ily retrochiasmatic, he may find it advantageous to en
large the sub frontal approach by resecting a portion 
of the planum sphenoidale, creating an artificial inter
opticocarotid triangle. This provides direct access to 
the sella turcica, visualization of the anterior portion 
of the seIla, a view into the retrochiasmatic area and 
superior portion of the interpeduncular and pontine 
cisterns. 
Interopticocarotid Approach (Figures 10.86 and 10.87). 
This approach permits entry into the space between 
the optic nerve and the internal carotid artery, on the 
lateral surface. It was actually described by Dandy,13 
and has been used by various authors since that time. 
The only additional contribution herein suggested is the 
extension of the opening into the sylvian fissure. The 
interopticocarotid approach gives excellent visualiza
tion of the lateral surface of the tumor, especially when 
it extends into the retrochiasmatic region, permitting 
the surgeon to reach the posterior pole of the tumor 
with ease. Difficult problems arise in delivering the tu
mor since the superior pole is out of sight, obliging 
the surgeon to deli ver blindly this portion of the tumor. 
Retrochiasmatic Approach (Figure 10.88). One may 
choose to dissect completely the optic nerves, passing 
along their superior surfaces to the optic chiasm, and 
then continuing the dissection over the optic chiasm 
posteriorly to the infundibulum, sectioning this latter 
after coagulation or clipping, ente ring the retrochias
matic space by separating completely the optic path-
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Figure 10.87. (A) This is an example of a child whose cranio
pharyngioma expanded beneath the optic chiasm (1), elevating 
it and displacing its most anterior surface onto the planum 
sphenoidale, elevating and flattening the left optic nerve (2). 
One sees a small amount of craniopharyngioma protruding 
between the left optic nerve and the optic chiasm. (B) The 

anteriorly displaced optic chiasm has been dissected posterior-
Iy from the planum sphenoida1c. cxposing the capsule of the 
craniopharyngioma. Because of the anterior location of the 
chiasm, it is not feasible to attempt to remove (eomp1ctely) 
a craniopharyngioma through this limited opening. (C) Conse
quently, one may open the interopticocarotid spaee. The ~ 



arachnoid between the optic nerve (1) and the internal carotid 
artery (2) is dissected away and the interval between these 
structures opened by elevating the optic nerve with a Penfield * 4 dissector (3), freeing the internal carotid artery from both 
arachnoid and craniopharyngioma capsule. One may safely 
retract the optic nerve, but it must be done gently and moder-
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ately. (D) Once the capsule of the craniopharyngioma (1) bor
dering upon the medial surfacc of thc internal carotid artcry 

c 
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(2) has been opened, one enters thc cavity of the tumor and 
resects whatever neoplasm may bc rcmovcd through this open
ing. Then, either a dissector or the suction is used to "feed" 
tumor from the interopticocarotid opcning beneath the optic ~ 
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nerve (3) anteromedially to the prechiasmatic opening (4). (E) 
The tumor in the prechiasmatic space (arrow), pushed therc 
through the interopticocarotid opening, may now be Iiftcd 
[rom the field. (F) After the gelatinous and semisolid tumor 

are removed from the prechiasmatic space, the microsuction 
(1) is inserted to draw capsular strands (2) into vision so that 
they may be sectioncd and rcmovcd, taking ca re not to damagc 
the optic nerve (3) or chiasm (4). 



ways and the hypothalamus superiorly from the posteri
or communicating artery inferiorly and laterally. This 
approach may be ofvalue in dissecting suprachiasmatic 
nodules of tumor. It separates the optic chiasm and 
tract from the tiny vessels coursing to it from the anteri
or cerebral arteries, so one runs areal risk of impairing 
vision. 

Unilateral Sub temporal Approach 
One may perform the subtemporal approach (called 
"pterional" by some) in either one or two stages. Cere
bral spinal fluid drainage and self-retaining retractors 
are essential, and sectioning of the tentorium is at times 
necessary to provide adequate visualization of the para
sellar area. After freeing the oculomotor nerves, one 
has access to the inferior pole of the tumor. By freeing 
the internal carotid and posterior communicating arter
ies, access to the lateral surface of the tumor mass is 
gained. In some instances, when the tumor is small and 
well circumscribed, it is possible to extend the dissection 
from one side to the other, being able, thereby, to go 
from the In cranial nerve on the right to the In cranial 
nerve on the left. This approach offers two real difficul
ties to the surgeon: the necessity to dissect blindly the 
superior pole of the tumor, and the extreme difficulty 
in freeing the prechiasmatic extensions of tumor. 

Direct Transventricular Approach 
The transventricular approach may be made through 
the right lateral ventricle and the foramen of Monro, 
sectioning one column ofthe fornix, or through an ante
rior transcallosal approach by going between the two 
columns of the fornix and entering the III ventricle. 
From a practical point of view, one must consider the 
problems in identifing a plane of dissection between the 
floor of the hypothalamus, which is being displaced by 
the tumor, and the tumor capsule! This is an extremely 
difficult undertaking, one which presents an unaccept
able risk of damage to the hypothalamus. It may be 
undertaken only as a supplementary approach, for mul
tilobular tumors, to be used when the surgeon finds 
it necessary to free intraventricular extensions of tumor, 
after he has already delivered significant portions of 
the mass through the prechiasmatic space. And then, 
maybe it is best to avoid it! 

Corpus Callosum and 
Septum Pellucidum Tumors 

Corpus Callosum: Surgical Anatomy 
(Figures 10.89 and 10.90) 
The corpus callosum is the largest commissure in the 
central nervous system, connecting the two cerebral 
hemispheres at the frontal lobes anteriorly, the parietal 
lobes in the center, and the occipital lobes posteriorly. 
When viewed in coronal sections, it is seen to extend 
from hemisphere to hemisphere, superior to the lateral 
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ventricles, radiating into frontal lobes as the forceps 
minor and into the occipitallobes as the forceps major. 
In sagittal section its anatomical subdivisions are the 
rostrum, genu, body, and splenium. The rostrum ex
tends directly to the lamina terminalis and the anterior 
commissure, at the point where the columns of the for
nix turn posteriorly into the body of the fornix. As 
the rostrum extends anterosuperiorly it widens, gently 
expanding into the anatomical subdivision known as 
the genu. This is the most anterior extension of this 
commissure in the sagittal plane. Its curvilinear course 
brings it posteriorly into the body, which, in turn, ex
tends posteriorly into the splenium which hangs over 
the superior and posterior aspects of the In ventricle 
and the pineal gland. It is immediately posterior to the 
quadrigeminal plate and anterosuperior to the great 
vein of Galen. 

Corpus callosum tumors should not be operated since 
they are either highly malignant or completely benign. 
The former are represented by astrocytoma diffusum, 
primitive neuroectodermal tumor, diffuse intraprenchy
mal ependymoma, glioblastoma multiforme, lym
phoma, atypical teratoma. All of these extend into the 
corpus callosum from surrounding parenchymal struc
tures. Though partial or "total" resection is technically 
possible, the invasion of the parietal lobes and fornices, 
invariably present to a greater or lesser degree, renders 
surgical removal more damaging than beneficial. 
Roentgen therapy, on the other hand, is palliative in 
some tumors, and may be curative in others. Conse
quently, invasion ofthe corpus callosum by a malignant 
tumor is, in and of itself, a contraindication to surgery. 

Benign tumors such as lipoma or typical teratoma 
need not be resected since they are nonexpansile and 
have no potential toward malignancy. Resection of 
these tumors carries with it the operative and postoper
ative risks, but no benefits. 

Septum Pellucidum: Surgical Anatomy 
(Figures 10.91 to 10.94) 
The septum pellucidum is a double membrane strung 
tautly between the genu and body of the corpus callo
sum anteriorly and superiorly, and the body of the for
nix and trans verse fissure anteriorly and inferiorly. The 
anterior septal vein runs within it posteriorly from the 
genu of the corpus callosum to the internal cerebral 
vein, to which it is tributary. There is a potential space 
between the two surfaces of the septum pellucidum 
which on occasion communicates with the ventricular 
system, becoming a cyst of the septum pellucidum. This 
may extend into the transverse fissure as a cavum Ver
gae. The cavum Vergae and cyst of the septum pelluci
dum communicate only with the ventricular system. 
These are to be distinguished from the cavum veli inter
positi, a subarachnoid cyst of the tela choroidea of the 
roof of the III ventricle. The cavum veli interpositi is 
filled by subarachnoid fluid percolating up through the 
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Figure 10.88. Retroehiasmatie tumors expand 
almost entircly behind the ehiasm, though cer
tainly there are both infrachiasmatic and, at 
times, smaIl amounts of prechiasmatic neo
plasm. (A) This child had an cntirely retro
chiasmatic tumor. Thc planum sphenoidalc 
(1), prechiasmatic space (2), optic chiasm (3) 
and nerves (4), temporal lobes (5), and arach
noid bridging from thc chiasm to the left tem
poral lobe are weIl visualized. The arachnoid 
bridging from the right chiasm to the right 
temporal lobe has been opened, as has the pre
chiasmatie arachnoid. (8) This is another child 
with a retrochiasmatic tumor. After aIl of the 
araehnoid has been freed from the optic path
ways (1) and these latter, in turn, freed from 
the internal earotid arteries, (2) one proceeds 
to identify the A-l segments of the anterior ~ 



cerebral artery so as to dissect the lamina ter
minalis (3) from the chiasm. (C) Once the la
mina terminalis (1) has been identified, one 
may dissect it from the posterior surface of 
the optic chiasm (2) and medial surfaces of 
the optic tracts (3), so as to approach the retro
chiasmatic tumor. (D) The anterior location 
of the optic chiasm (1), alm ost abutting upon 
the planum sphenoid ale (2), and the shortness 
of the optic nerves (3) is weil shown in this 
photo graph of the same child who had had 
a retrochiasmatic craniopharyngioma. After 
the lamina terminalis was dissected from the 
optic chiasm and optic tracts (4), the retro
chiasmatic tumor was removed through the in
terval between the optic chiasm and the optic 
tracts (5). 
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Figure 10.89. The rostrum (1) of the corpus callosum is in 
continuity inferiorly with the lamina terminalis (2) and supe
riorly with the genu (3). The genu and body (4) give purchase 
to the septum pellucidum (5), which also attaches inferiorly 
and posteriorly to the body of the fornix (6). The splenium 
(7) overhangs the internal cerebral (8) and Galenic (9) veins. 

ambient and quadrigeminal cisterns. Consequently, the 
distinction between cavum Vergae and cavum veli inter
positi is that the former fills with ventricular fluid and 
the latter with subarachnoid fluid. 

Though intraventricular tumors, such as subependy
mal astrocytomas, tubers in association with tuberous 
sclerosis, hamartomas, and ependymomas may adhere 
to the septum pellucidum, they do not grow from this 
structure. No specific surgical technique applies to their 
removal. They should not be resected and gene rally 
need not be shunted. One does, however, encounter 
cysts of the septum pellucidum which progress to such 
dimensions as to cause hydrocephalus by obstructing 
the foramina of Monro and the III ventricle, or to act 
as expansile masses. Surgical treatment of such cysts 
of the septum pellucidum consists either of a cranio
tomy, transventricular approach to the cyst wall, and 
marsupialization of both surfaces of the cyst wall with 
both lateral ventricles, or of inserting the proximal end 
of a shunting system into the cyst, thereby collapsing 
it. Marsupialization is ideally performed with a laser 
since vaporization of the septum pellucidum, theoreti
cally, will be less often associated with scarring, fibrosis, 
and cyst reformation. Shunting sounds simpler than it 
is, since the complicating factors are imponderables : 
the resistance of the cyst wall, and the reliability of 
inserting the proximal end of the tubing into the cyst 
cavity. These cysts, whether treated surgically with mar
supialization or shunting, tend to recur. 

Figure 10.90. Lipoma of the corpus callosum revealed in a 
pneumogram. 

Figure 10.91. The anterior septal vein (1), a tributary to the 
interna! cerebral vein (2), generally at the foramen of Monro 
(3), is located within the septum pellucidum (4). 



Spinal Tumors 

Such vertebral column tumors as the osteoma, hemian
gioma, aneurysmal bone cyst, have no neurosurgical 
implications once the diagnosis is made. The interested 
reader is referred to standard texts on pediatric radiolo
gy for the diagnosis of such conditions, and pediatric 
orthopedics for their treatmen,t. Here, suffice it to state 
that the aneurysmal bone cyst should be treated with 
Roentgen therapy, and that one must avoid the "temp
tation" to biopsy these lesions since they bleed so pro
fusely as to challenge the most gifted surgeon. 

The epidural tumors of childhood are metastatic, ei
ther hematagenous, renal, or neuroblast in nature. Al
most never seen by a pediatric neurosurgeon, they are 
treated with Roentgen therapy and chemotherapy. 

Metastatic Spinal Tumors 
Metastatic spinal cord tumors are extraordinarily rare 
in childhood, though systemic tumors (such as lym
phoma or leukemia) are common. The latter are suc
cessfully treated with chemotheapy, so that seldom is 
a pediatric neurosurgeon called upon to decompress the 
spinal cord because of epidural metastases. The surgical 
technique for decompression consists simply of laminec
tomy, taking care to limit the extent of the laminectomy 
so as to minimize postoperative scoliosis. The author 
recommends radiation therapy rather than decompres
sive laminectomy. 

Intradural-Extramedullary Tumors 
Only the arachnoidal cyst and neurofibroma occur in 
this location in childhood. 

Arachnoidal Cyst 
The arachnoidal cyst is seldom diagnosed preoperative
ly. Surgery consists of resecting as much of the cyst 
wall as possible. 

Neurofibroma 
The neurofibroma of childhood extends from the extra
medullary/intradural space, along a nerve root, through 
the intervertebral foramen and then into either the chest 
or abdomen. Consequently, removal of these tumors 
is best performed with two surgical teams (one neu
rosurgical and the other general surgical). The resection 
should not be carried out in stages. It is not advisable 
for either the neurosurgeon or general surgeon to re
move the tumor from, respectively, the spinal canal or 
paravertebral space, leaving a clip in place so that the 
other surgeon, working from the opposite direction, will 
know when to stop. Since it is of primary importance 
to remove tumor from the intervertebral foramen, nei
ther the spinal nor paravertebral routes performed inde
pendently permit this. Consequently, these hour glass 
neurofibromas should be removed in a single sitting, 
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Figure 10.92. Gas has filled the ventricular system direct1y, 
not the subarachnoid spaces. There is a cavum septi pellucidi 
(1) between the lateral (2) and III ventricles (3). 

Figure 10.93. Gas has passed from thc cavum septi pcllucidi 
into the cavum vergae (arrows). 
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with the neurosurgeon working first to remove tumor 
from the spinal canal and the general surgeon then pro
ceeding to remove the tumor from the prevertebral 
space. 

Different from alI other spinal surgical procedures, 
removal of an hour glass neurofibroma is best accom
plished by using a "hockey-stick" skin incision with 
the short limb along the midsagittal plane (behind tbe 
spinous processes) and the long limb extending either 
over the thorax or abdomen, depending upon whether 
the tumor extends into the thoraeie or abdominal cavi
ties . This incision permits both the neurosurgeon and 
general surgeon access to the spinal canal and preverte
bral spaces in a single sitting. A laminotomy permits 
exposure of the spinal canal, and a costotransversec
tomy (for thoracic) and transverse process resection (for 
abdominal) permit exposure of the intervertebral fora
men so that the neurosurgeon may folIow the tumor 
extending along the nerve root. This permits him to A 
remove all of the intraspinal tumor from the subdural 
space and the intervertebral foramen weil past the dor
sal root ganglia. After the dural defect has been re
paired, either by simple suturing or placing a dural 
graft, the general surgeons may proceed to remove the 
intrathoracic or intraabdominal tumor. Repositioning 
the laminotomy flap may be performed before the gen
eral surgeons proceed, or after they have completed 
their work. 

Intramedullary Tumors 
Cystic Intramedullary Tumors 
Since it is impssible to distinguish an intramedullary 
astrocytoma from syringomyelia, the treatment is the 
same. 

Solid astrocytoma 
These tumors, whether benign or malignant, invade dif
fusely the entire spinal cord. There is often a plane 
of demarcation between pure tumor and normal spinal 
cord. Resection, consequently, is possible, through a 
myelotomy. 

Ependymoma 
The intramedullary ependymoma may occasionally be 
separated from the surrounding spinal cord. A midline 
myelotomy permits access to the centralIy located epen
dymoma, which is vaporized (using laser). Because of 
the benign nature of the spinal ependymoma, one IS 

encouraged to remove as much tumor as possible. 

Cauda Equina Ependymoma 
When ependymoma involves the cauda equina, it layers 
all nerve roots as icing on a cake, rendering it impossible 
to remove tumor and preserve neural elements. Surgery 
should be limited to decompression. 

Figure 10.94. The normal cisterns and ventricles, as weil as 
the anatomy and flow of cerebrospinal fluid into a cavum 
vcti interpositi and cavum vcrgae are illustrated. (A) Thc nor
mal cisterns. (B) The normal midlinc ventricles. Splenium (I) 
and genu (2) of corpus callosum, as weil as quadrigcminal 
cistcrn (3) are missing. (C) The cavum vcli intcrpositi (1) is 
filJing from the basal cistern (2) through the quadrigcminal 
cistern (3). (D) In thc axial projection, thc cavum vcli inter- ~ 

Arteriovenous Malformations 0/ the Spinal Cord 
These are so rare in childhood that no attention will 
be given the technique for their removal in this text. 



o 

positi splays out beneath the lateral vcntric\es, extruding later
ally at each choroidal fissurc. Since this drawing was taken 
from an air study, thc gas is projected ovcr the lateral ventri
c\es . (E) In the half-axial projection, we see that the cavum 
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E 

vcli interpositi insinuated bcncath the lateral and superior to 
the III ventric\es. (F) The cavum vergae fills from thc ventricu-
lar system, through a cavum septi pellucidi (*). It may hang 
into the quadrigeminal eistern, as here illustrated, or (G) ex- ~ 
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tend (1) superior to both the cavum septi pellucidi (2) and 
the corpus callosum (3) . (H) The axial projection illustrates 
how the cavum septi pellucidi (1) and cavum vergae (2) dis
place the lateral ventricles. (I) The half-axial projection illus
trates superior (1) and inferior (2) extension of thc cavum 
vergae. 

H 
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"Nature her seife must be our adviser; the path she 
chalks must be our walk: for so while we confer with 
our own eirs, and take our rise from meaner things 
to higher, we shall at length be received into her C/oset
secrets." 

WILLIAM HARVEY 

Anatomical Exertations Concerning the Generation of Living 
Creatures 



Chapter 11 

Vascular Disorders : 
Surgical Approaches 

and Operative Technique 

Saccular Aneurysms 

Saccular aneurysms in juveniles and adolescents are 
dealt with technically in the same way as in adults, 
though the surgeon may be confident that he will not 
encounter arteriosclerosis or arterosclerotic plaques. 
Giant aneurysms, irrespeetive oI their loeation, must be 
reseeted "in toto" beeause oI their tendeney 10 ael as 
tumors. Posterior inferior cerebellar artery (PI CA) an
eurysms are more common, and generally larger in size. 
The standard techniques for exposing the suprachias
matic, parasellar, interpeduncular, and lateral medul
lary regions for access to anterior or posterior circle 
aneurysms, or aneurysms of the vertebral basilar junc
tion, are used. 

The newborn, infant, and toddler present remarkably 
different anatomical and technical implications. Recog
nizing the fact that one is speaking of a very rare clinical 
entity when discussing saccular aneurysms in these age 
categories, it is safe to state that, by and large, they 
occur in three locations: bifurcation of the internal ca
rotid artery, trifurcation of the middle cerebral artery, 
and origin of PICA at the vertebral artery. 

Specific vascular anatomical characteristics of new
born and infants are as follows: The anterior communi
cating artery does not exist as a radiologically identifi
able anatomical structure, the internal carotid artery 
is large and continues directly into the middle cerebral 
artery, and prCA is located entirely within the posterior 
fossa. 

The flow of blood from the internal carotid is almost 
directly into the middle cerebral artery which appears 

to be the direct continuation of the internal carotid, 
coursing superolaterally rather than horizontally 
(Fig. 11.1 A). Similarly, the branches of the middle cere
bral artery are linear extensions of this vessel, at the 
limen ofthe insula (Fig. 11.1 B). Hence, one may under
stand why aneurysms are more common at the bifurca
tion of the internal carotid artery and trifurcation of 
the middle cerebral artery. 

The shallow anterior fossa, as yet undeveloped fron
tal lobes, minimally developed temporal lobes, and ex
traordinarily large basal cisterns render access to the 
internal carotid and middle cerebral atteries easy and 
rapid (Fig. 11.2). The very large cisterna magna and 
relatively large lateral medullary cisterns, along with 
the as yet poorly developed cerebellar hemispheres, 
render access to PI CA and the vertebral artery 
(Fig. 11.3) equally easy and rapid! Consequently, aneu
rysms of the newborn, infant, and toddler may be ap
proached surgically through one of two craniotomies: 
(1) a unilateral frontal bone flap for any anterior circle 
or middle cerebra I aneurysm and (2) an inferior cerebel
lar tri angle craniotomy for the giant aneurysms that 
occur at the origin of PICA. 

Internal Carotid Bifurcation Aneurysms 
With the child in the supine position, a lateral frontal 
craniotomy is performed, and the dura is opened in 
a double trapdoor fashion. The frontal lobe is retracted 
superomedially, exposing the olfactory nerve anterome
dially and the Sylvian fis sure posterolaterally. This per
mits the surgeon to follow the lesser wing of the sphe
noid from the pterion to the anterior clinoid process. 
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A B 

Figure 11.1. (A) Thc siphon (S) is tight in appearance; one 
should note the high and posteriorly located bifurcation of 
the internal carotid artery (1), with the A-l segment of the 
anterior cerebra I artery coursing directly anteriorly and the 
M -1 segment of the middle cerebral artery looping inferiorly 
and entering the Sylvian fissure. The redundancy of these ves
sels is obvious. The ophthalmic (0) takes origin from the inter
nal carotid artery immediately beneath the origin of the optic 
nerve, and the bifurcation of the interna I carotid allows the 
reader to evaluate the size of the supraclinoid cistern in which 
the internal carotid is located. Of particular interest is the 
size of the lingual artery (L) in the newborn. Indeed, judging 
from cerebral angiography, thc majority of blood flow to the 
head in the newborn is to the tongue and thalamus. The Syl-

vian complex stands out c1early in this illustration, since there 
is no filling of the anterior or posterior ccrebral systems. (8) 
The lenticulostriate (LS) vessels stand out wcll between the 
intracisternal portion of the internal carotid artery and the 
anomalous origin of thc antcrior choroidal artery (A eh), 
which comes from the midportion of thc postcrior communi
cating artery. The early blush of the glomus (gI) of the ehoroid 
plexus within the trigone is weil seen. The A-2 portion of 
the anterior cerebral artery is loeated posterior to the middle 
cerebral trunk, a not uncommon observation in the newborn. 
The Sylvian vessels are looping gently back onto themselves 
as they exit from the surface of the insular cortex through 
the sulci, indicating the marginal sulcus (arrowheads). 

Figure J 1.2. This is a photo graph of a right 
medial frontal craniotomy in an infant, illus
trating the enormity of basal cisterns and rela
tive anatomy of optic pathways and carotid 
arteries. The prechiasmatic (1), interopticoca
rotid (2), and Sylvian (3) cistcrns have been 
opened, permitting completc exposure of thc 
optic nerves (4) and chiasm (5), the imernal 
carotid (6), middle cerebra I (7), and anterior 
cerebra I (8) arteries. The temporal lobe (9) is 
immediately lateral to the internal carotid ar
tery. One may, from this photograph, appreci
ate how the relative stage of undevelopment 
of the frontal lobes, and the very large basal 
ci sterns render easy the exposure of the entire
ty of the anterior cirelc in infancy. 
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Figure 11.3. (A) Muscular branches (1) are quite prominent 
and establish anastomotic routes between the vertebral and 
occipital arteries. The posterior inferior ce rebell ar artery 
(PI CA) most often originates from the vertebral and courses 
around the medulla oblongata, where it may be divided into 
ventral (2), lateral (3), and dorsal or retromcdullary (4) seg
ments. The retromedullary segment follows a superomedial 
course along the inferior rim of the IV ventricle to the obex 
and then, within the vallecula, courses posteriorly as the supra
tonsillar segment (5) to thc posterior tonsillar sulcus where 
the choroidal point (small arrowhead) may be seen, as may 
the prominent choroidal blush. The apex ofthe tonsil (6) rests 
within the ci sterna magna. The retrotonsillar segment (7) 
curves inferiorly around the undersurface of the pyramis (P), 
at which point the vermian (9) and hemispheral (10) branches 
become identifiable. The artery of the superior pyramis (8) 
separates the tuber (tu) from the pyramis (P). The great hori
zontal fissure (large arrowheads) separates the tuber below 
from the folium above, and is the line of demarcation between 
vascular supply to the inferior portion of the cerebellum by 
the posterior inferior cerebellar artery and to the superior por
tion of the cerebellum by the superior cerebellar arteries. The 
tonsil (to) may be identified clearly as may the cisterna magna 
(CM) . (B) The anterior choroidal artery (1) is quite large, 
as are the perforating vessels going to the basal ganglia and 
thalami. Note the prominence of the medial anterior inferior 
temporal artery (2) which courses within the Sylvian fissure 
and over the medial surface of the temporal lobe to the corpus 
amygdaloideum. This vessel is the route of anastomosis for 
collateral flow between the anterior and middle cerebral sys
tems, since it may anastomose with Heubner's artery with 
which it occasionally establishes branches. The posterior bifur
cation ofthe internal carotid artery (arrow) may be weil appre
ciated as may the distribution of the primary Sylvian vessels 
over the insular cortex, curving outward at the circular sulcus 
of the insula (arrowheads) and running around the frontal 
(F) and parietal (P) operculae to gain access to the surface 
of the hemisphere. 

After the olfactory nerve has been coagulated and sec
tioned, immediately posterior to the olfactory bulb (to 
avoid traction, which could pull the olfactory rootlets 
from the cribriform plate and result in cerebrospinal 
fluid rhinorrhea), the optic nerve is identified within 
its recess at the base of the anterior clinoid. The arach
noid from around the optic nerve is opened, and the 
optic nerve is separated from the internal carotid artery. 
It is then sectioned longitudinally along the superior 
surface of the internal carotid artery, working from in
feromedial to posterolateral, and then passing over the 
anterior surface of the middle cerebral artery. The dis
seetion proceeds to the limen of the insula, opening 
the Sylvian fissure to avoid the arachnoid exerting trac
tion on the aneurysm. 

The lateral surface of the homolateral optic nerve 
is then separated from the medial surface of the internal 
carotid artery. At this time, the olfactory nerve should 
be identified in the olfactory sukus along the base of 
the frontal lobe, and followed posteriorly to the olfacto-

~~--------------~~----------~ A 

ry trigone. This is the only safe and sure way of identify
ing the bifurcation of the interna I carotid artery in this 
age category because of the already described apparent 
continuity of internal carotid and middle cerebral arter
ies. No effort is made to dissect out the fundus of the 
aneurysm. Rather, one should simply identify the neck, 
separate any perforating branches that may be adherent 
to it, and then apply the smallest clip possible. There 
are no plaques within these aneurysms, so the surgeon 
need not fear tearing the internal carotid artery or not 
attaining an immediate and complete occlusion of the 
aneurysm's neck. 

Aneurysms of the Trifurcation of the 
Middle Cerebral Artery (Figures 11.4 and 11 .5) 
These aneurysms are approached in identically the same 
manner as internal carotid bifurcation aneurysms. The 
dissection is also the same up to and including separat
ing the arachnoid from the middle cerebral artery and 
separating the optic nerve from the internal carotid ar-

B 
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Figure 11.4. (A) This trifurcation aneurysm is in no way dif
ferent from those observed in adults. (H) Another trifurcation 
aneurysm in a different ehild, eomplieated by spasm of the 

Figure 11.5. The internal carotid artery (1), anterior cerebral 
artery (2), middle cerebral artery (3), and aneurysm (4) at 
the trifurcation ofthe middle cerebral artery within the Sylvian 
fissure. 

terminal portion of the internal carotid artery (opposing ar
rowheads). 

tery. The Sylvian fissure is opened from medial to later
al, quite an easy undertaking because of its enormous 
size and the thinness of the arachnoid. This separates 
the temporal and frontal lobes from one another, expos
ing the limen of the insula and the triangular, olfactory, 
and temporal operculae. It may be necessary to transect 
the deep middle cerebra 1 vein as it passes into the sphen
oparietal sinus, rather than run the risk of tearing it 
from the sinus as the temporal lobe falls inferiorly. The 
very large insular branches of the middle cerebral artery 
are identified, one at a time, at their points of origin, 
and then followed over the short gyri of the insula as 
far posteriorly as the longitudinal sulcus. This permits 
the separation of these vessels from the body and neck 
of the middle cerebral trifurcation aneurysm, prior to 
application of an appropriately sized clip. 

Posterior Inferior Cerebellar Artery (PI CA) 
Aneurysms (Figures 11.6 to 11.8) 
With the child in the sitting position an inferior cerebel
lar tri angle craniotomy is performed, and the dura is 
opened, as illustrated in Figure 5.12. If the PICA aneu
rysm is, as so often occurs, an aneurysmal dilation of 
the vertebral artery, extending from the foramen trans
versarium of the atlas to the region of the origin of 
PICA or the basilar artery, the arch of Cl should be 
removed as far laterally as the posterior strut of the 
foramen transversarium. Because of the smallness of 
size and incomplete ossification of Cl, it is best to use 
a very delicate, sharp-tipped, rongeur to take away the 
bony spicules, taking care to remain within the perios-
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Figure 11.6. (A) The aneurysm (1) appears to be located at 
the origin of the posterior inferior cerebellar artery (PI CA) 
(2) from the vertebral artery (3). (B) The AP projection, how-

Figure 11.7. Posterior inferior cerebellar artery (PICA) aneu
rysms are weil known to develop into giant aneuryms in in
fancy. Why this is so remains doubtful. Because of the giant 
size, and the presence of c10t lamina ted in various stages of 
aging, one may invariably consider PI CA aneuryms to be post
traumatic in the newborn, infant, and child, but variably so 
in the juvenile or adolescent. This is an angiogram of an enor
mous false aneurysm developing at the origin of the PICA 
from the vertebral artery, following a head injury. The verte
bral artery (1) is ectatic, and then expands into an aneurysm. 
(A) A lateral projection, the aneurysm (2) has been drawn 
in immediately above the ectatic portion of the vertebral. (B) 
The half-axial projection, one may appreciate the ectasia of 
the vertebral artery, the base of the aneurysm (3), the mass 
effect of the false aneurysm (4), and the displaced basilar (5) 
and posterior cerebral (6) arteries. 

ever, shows c1early that the PI CA (1) originates from the verte
bral (2), and that the aneurysm (3) is of the PICA between 
its origin and lateral medullary segment (4). 

A 

B 
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Figure 11.8. These photographs were taken during the repair 
of the aneurysm illustrated in Figure 11.7. (A) The arch of 
Cl has been exposed (1), allowing one to identify fracture 
line (2) at the region of the foramen transversarium and (3) 
just lateral to the spine C1. The aneurysm (4) bulgesjust above 
the areh of Cl. (B) The areh of C1 has been reseeted, and 
the dura sewn to the right (1) and to the lef! (2), exposing 
the posterior aspeet of the enormous false aneurysm (3). (C) 
The tonsil of the left cerebellar hemisphere (1) was resected 
from the dome of the aneurysm, the vertebral artery occludcd 
with hemoclips at its exit from the foramen transversarium 
of Cl, and the false aneurysm rcseeted. The funnellike en
trance of the false aneurysm of the vertebral and posterior 
inferior eerebellar artery (PT CA) into the basilar artery was 
so large that it was impossible to apply any of the commer
eially available aneurysm clips. Conscquently, a bulldog clamp 
(2) was applied, without occluding either the right vertebral 
or basilar arteries. (0) Operative photograph of another ehild, 
with a PICA aneurysm. When PTCA aneurysms involve the 

o 
PICA itself rather than a point of its origin from the vertebral 
artery, it is much preferable to reseet the tonsil ofthe eerebellar 
hemisphere (1). Therefore, it is not necessary to elevate the 
tonsil and eerebellar hemisphere, something whieh would put 
stretch on the araehnoid and risk rupture of the aneurysm. 
This resection allows a direet view of the lateral surfaee of 
the medulla oblongata (2), and full exposure of the aneurysm 
(3). (E) After the tonsil has been reseeted, one need only place 
a self-retaining retractor (1) along the inferior surface of the 
cerebellar hemisphere, to hold it in place. This permits direct 
visualization of the aneurysm (2), the distal segment of the 
prCA coming out of its fundus (3), the IX and X cranial 
nerves crossing the meridian 01' the aneurysm (4), and the 
proximal portion of the PICA entcring the aneurysm (5). (F) 
After the IX and X cranial nerves have been dissected from 
the surface of the aneurysm (1) and the XII cranial nerve 
(2) slid inferiorly, one may see the VII and VI[[ cranial nerves 

~ (3). 
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teum. This avoids damaging the vertebral artery or rup
turing the aneurysm. 

At this time, one may evaluate the anatomy of the 
region and the extent of the aneurysm, in order to deter
mine whether the craniotomy should be extended far
ther laterally, superior to the occipital condyle, or 
whether the exposure is adequate. The enormous size 
of the ci sterna mangna and the lateral medullary cistern 
at this age generally render such lateral extension of 
the craniotomy excessive. However, since PI CA aneu
rysms in the newborn and infant, as weIl as the toddler, 
may measure 3 x 2 x 3 cm in volume, it is best to evalu
ate the exposure before proceeding. 

The vertebral artery is identified at its exit from the 
foramen transversarium and at its entrance into the sub
arachnoid space. One should take care not to attempt 
to dissect his way around the vertebral artery at the 
level of the foramen transversarium, since this could 
damage the vessel. It is impossible to control bleeding 
when the vertebral artery is torn at this point. Quite 
the converse is true when the vertebral artery is isolated 
within the ci sterna magna and lateral medullary cistern. 
One may choose at this time to apply a temporary clip 
to the vertebral artery in this location, though proper 
exposure affords adequate proteetion in the event of 
damage. 

The tonsil should be re sec ted ! If it is elevated the 
arachnoidal stretching may tear the aneurysm and the 
traction permanently damage the IX, X, XI, and XII 
cranial nerves. Also, elevating the tonsil and cerebellar 
hemisphere may force these very large aneurysms into 
the lateral medullary surface, causing cardiac arrest. The 
spinal accessory portion of the XI cranial nerve should 
now be inspected, and transected, but not dissected 
from the surface of the aneurysm. This allows the aneu
rysm to bulge into the operative field, over the posterior 
and inferior aspects of the olive. If the IX and X cranial 
nerves are excessively stretched over the posterior aspect 
of a giant aneurysm, leaving the surgeon to conclude 
that it will not be possible to deliver it without com
pressing the lateral surfaces of the medulla oblongata 
and pons, rootlets of one or the other-not both
should be sectioned with microscissors before proceed
ing to deliver the aneurysm and identify its neck. At 
no time should the technique of dissection be such as 
to push the aneurysm in the direction of the medulla ob
longata. Also, care must be exercised in separating the 
wall of the aneurysm from the medulla oblongata. 

If the aneurysm is small, it may be separated from 
the olive so as to view that portion of the vertebral 
artery located between aneurysm neck and the basilar 
artery. Ifits size is such as to preclude doing this safely, 
a temporary clip should be placed on the vertebral ar
tery proximal to the origin of the aneurysm. One then 
opens into the aneurysm so as to collapse it and expose 
the most distal portion of the vertebral artery. The 
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placement of a clip along the neck of the aneurysm, 
or trapping the aneurysm between two clips, one proxi
mal and one distal, are decisions that must be made 
at the time of surgery. PICA aneurysms may be of the 
PICA itself, with the main trunk entering into and exit
ing from the aneurysm. In such instances, if it is not 
possible to clip the neck, the aneurysms must be trapped 
with two clips. An occipital artery/pICA bypass may 
be performed after the aneurysm is removed. 

Vascular Malformations 
(Figures 11.9 to 11.14) 

Arteriovenous malformations, with the exception of 
fistulae involving the Galenic system, are almost nonex
istent in children less than 2 years of age. Vascular mal
formations may be venous or arteriovenous. They lllay 
be transcranial, dural, leptomeningeal, or limited entire-

Figure 11.9. Opalescence of the araehnoid, whieh one almost 
invariably observes in ehildren with arteriovenous maIforma
tions. Whether this is seeondary to the shunting of arterial 
blood into the venous system, the increase in intraeranial 
pressure, repeated microseopie subarachnoid blecds, is purely 
speculative. 

Figure 11.10. Here, the cortical surface of the 
hemisphere of a ehild with a deep (eentrence
phalic) arteriovenous malformation is illus
trated. One notes the absence of opaleseenee 
of the araehnoid membrane, shunting of arte
rial blood into the venous system (arrows). 

ly to the extracranial area. The leptomeningeal malfor
mations, in turn, may be meningopial or choroidal. 
Therefore, we may classify craniocerebral vascular (ar
terial andjor venous) pathology anatomically as scalp, 
transcranial venovenous or arteriovenous, dural, paren
chymal, leptomeningeal, and choroidal arteriovenous, 
with all except the venovenous consisting oldynamic, high 
pressure ,fistulae. 

The transcranial venovenous variety offers no threat 
of rupture, does not usually result in progressive neu
rological deficits or seizures, and may be treated surgi
cally without exposure of the cerebral cortex. They are 
potentially dangerous in the event of scalp lacerations, 
but only to the extent that they may form the anatomie 
basis for air emboli, at most a very theoretic chain of 
events. They are, however, unsightly, and often frighten 
the parents. 

Dural arteriovenous fistuale may cause hydrocepha
lus and high output heart failure, just as those involving 
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the Galenic system; the parenchymal, leptomeningeal, 
and choroidal may hemorrhage. Chronic arachnoiditis 
is a long-term complication, which appears morphologi
cally as thickening or opalescence. Macrocephaly and 
intellectual or neurologic deficits may result from any 
of the vascular abnormalities other than those Iimited 
to the scalp. 

Transcranial Venovenous Shunts 
In order to treat these surgically one must identify the 
precise point in the skull where there is a macroscopic, 
diploic, venous communication. Very often, these are 
located along the superior sagittal or transverse sinuses, 
although they mayaiso occur anywhere over the calvar
ium. The subGaleal and intradermal portion of the ven
ovenous shunt presents clinically as a serpiginous, race
mous mal formation, which may be obliterated by digi
tal scalp compression, and which fiHs in aretrograde 
fashion. One may not rely on angiography to iIlustrate 
all shunting sites. Rather, clinical inspection ofthescalp 
is essential. 

Surgical treatment consists of reflection of a scalp 
flap , exposure of the cranium and identification of the 
transcranial venovenous fistulae. As these are identified, 
one at a time, they are coagulated, transected, and each 
bony diploic channel is obliterated with bone wax. Care 
should be taken to reflect the scalp flap without dissect
ing the pericranium from the underlying skulI, since 
this greatly increases the amount of bony bleeding and 
subjects the child to undue risk of air emboli. 

Transcranial Arteriovenous Fistulae 
Though these may exist as isolated cIinical entities, they 
almost invariably occur in association with dural arte
riovenous fistulae. The author has never seen an associ-

Figure 11.12. This is the appearance of the ce
rebral cortex in a child with an arteriovenous 
malformation of the Galenic system. Note the 
granular appearance of the arachnoid, the 
"bag of worms" appearance of the cortical 
draining veins, and arterialization of some 
cortical vessels. 

Figure 11.11. The ideal technique for resccting artcriovcnous 
malformation consists of separating the malformation - racc
mose (1); efferent (2); afferent (3) - components from thc sur
rounding brain (4) by performing a ccrcbrotomy along the 
border between normal brain and vascular anomaly (5). 
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Figure 11.13. (A) Cerebral cortex of a child with an arterio
venous malformation of the Galenic system, illustrating the 
Moya-Moya effect within the cortical vessels. This becomes 
obvious only after the child has reached 5 or 10 years of 
age, when major draining sinuses such as the transverse, jugu
lar, sigmoid, or cavernous have become obstructed from intra
luminal thrombosis. Collateralization of flow increases, with 

Figure 11.14. Until the present, it is not advisable to use laser 
for resection of arteriovenous malformations, whether one is 
speaking of carbon dioxide, argone, or neodymium Y AG. 
This does not mean that some pathological vessels may not 
be successfully occluded with one of the three lasers. It does 
mean that the resection of the mal formation cannot be com-

retrograde flow (venous to arterial !) developing first, and then 
Moya-Moya appearance on the surface. (B) It is not uncom
mon for arteriovenous malformations of the Galenic system 
to have a predominantly racemose component, nourished by 
perforating branches of the anterior, middle, and posterior 
cerebral systems. 

pleted with a laser. This is an illustration of such an attempt. 
(A) A small area of laser destruction of thc arachnoid and 
cortex (1) in an attempt to coagulate a minuscule anomalous 
vessel (2). The neon laser tracer (3) is aimed at another anoma
lous vessel. (B) Extensive hemorrhage from both sites. 

B 
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Figure 11.15. (A) Hypertrophied meningeal arteries (arrows) 
feeding into the trans verse sinus. (B) Preoperative arteriogram 
illustrating middle meningeal (1) and occipital (2) feeders to 
the transverse sinus. (C) Postoperative arteriogram illustrating 
complete occlusion of meningeal and occipital feeders. There 
is, however, shunting from the internal carotid (1) to the trans
verse sinus (2) through tentorial arteries, Bernasconi-Cassinari 
(3). Note that this child has hypertensive hydrocephalus, 
something I have commonly observed in children with high
flow arteriovenous shunts into the centrencephalic venous sys
tem and the dural sinus. 

ation between either transcranial or dural arteriovenous 
fistulae and leptomeningeal or choroidal malforma
tions. The arteries afferent to the fistuale are most com
monly branches of the superficial temporal artery, and 
second most commonly branches of the occipital artery. 
Their identification by selective external carotid angiog
raphy is not difficult and their isolation, ligature, and 
transection is a simple surgical procedure. However, 
when there is a dural component to the transcranial 
arteriovenous fistula, one may not expect that simple 
ligature of the extracranial vessels afferent to the fistula 
will suffice. 

Dural Arteriovenous Fistulae (Figure 11.15) 
These are invariably high-flow arteriovenous malforma
tions, involving arterial branches of the extern al carotid 
system and the dural venous sinuses. The superior sagit
tal sinus is rarely involved, the tentorium cerebelli and 
transverse dural sinuses are most often involved, the 
cavernous sinus is involved only after a sphenoid sin
usitis or an injury. 

The transcranial arterial feeders to the venous sinuses 
are identified angiographically andjor with the use of 
a doppler at the operating table, isolated, ligated, and 
transected. One may not expect these vessels to remain 

closed if they are simply coagulated or ligated. They 
must be transected. 

The dural arteriovenous shunt consists of branches 
of the anterior, middle, or posterior meningeal arteries, 
afferent to a dural sinus. When this occurs, there is 
arterial blood (under arte rial pressure) within the dural 
sinuses. Consequently, these sinuses do not expand and 
collapse with inspiration and expiration. Very often, 
the arterial pressure within the dural sinuses results in 
either spontaneous thrombosis of the dural sinuses or 
of the bridging cortical veins to the dural sinuses. In
farction of cerebral parenchyma, secondary to retro
grade flow from the dural sinuses through the draining 
parenchymal veins and into the cerebral substance, 
causes convulsions and neurological deficit. When the 
arteriovenous fistula consists of meningeal and menin
gohypophyseal branches from the internal carotid ar
tery to the petrosal or trans verse sinuses, the tentorium 
cerebelli becomes a virtual labyrinth of sinusoidal, ve
nous, and arte rial structures. Consequently, surgical 
correction of such dural arteriovenous fistulae entails 
transection of the feeding vessels at their point of entry 
into the tentorium. If this is not done, if the dural sinus 
(whether it be petrosal or transverse) is simply ligated, 
the tentorium is converted into a dural aneurysm as 

c 
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the arterial blood that enters it from the meningohypo
physeal branches is trapped. 

Following identification ofthe individual dural tribu
taries to the arteriovenous fistulae involving the sinuses, 
they are exposed surgically, ligated, and transected. One 
uses the same technique for occ1uding these vessels af
ferent to a dural arteriovenous malformation as for oc
c1usion of the meningeal arteries when opening the 
dura. The only difference is in size. Craniotomy for 
exposure of the afferent dural branches is preferable 
to burr hole opening. 

In those cases in which the distal portion of the dural 
sinus has thrombosed, as not uncommonly occurs in 
the region of the petrosal or sigmoid sinus, and when 
there is retrograde arterial flow into the torcular Hero
phili or straight sinus, one may safely occ1ude the proxi
mal portion of the dural sinus, providing the tentorium 
cerebelli has not been converted into an arteriovenous 
labyrinth by tentorial and meningohypophyseal 
branches of the internal carotid artery. This eliminates 
the retrograde flow of arte rial blood into the cerebral 
parenchyma. Ifthe tentorium cerebelli is, in fact, a laby
rinth of venoarterial structures, and if the surgeon 
chooses to occ1ude the most proximal portion of the 
transverse sinus so as to eliminate retrograde flow of 
arterial blood into the cerebral parenchyma, he must 
then apply hemoc1ips to the tentorium from the trans
verse sinus to the tentorial opening laterally, along its 
insertion onto the petrous apex, and medially along 
its transition into the falx cerebri. This entails a cranio
tomy that extends above and below the transverse sinus, 
elevation of the occipital lobe and depression of the 
superior cerebellar hemisphere, and exposure of the ten
torial edge along the line of the ambient cistern: a for
midable undertaking. 

Figure 11.16. For hemispheral arteriovenous 
mal formations feeding extensively into the su
perior sagittal sinus (SSS) (1), with aneurysma I 
dilation of some elements of the malformation 
(2), it is best to re fleet a eraniotomy that ex
tends on both sides of the SSS. 

Parenchym al Arteriovenous Malformations 
Hemispherical Arteriovenous Malformations 
(Figures 11.16 to 11.18) 
In its simplest terms surgical management of leptomen
ingeal arteriovenous malformations consists of isolating 
the racemous component from its afferent vessels prior 
to resection. Some surgeons choose to do this by occ1ud
ing first the venous (draining) structures, whereas others 
choose to OCc1ude first the arterial (feeding) vessels. In 
fact, with the rarest of exceptions, one works along 
the surface of the malformation , in the plane between 
normal parenchyma and leptomeningeal arteriovenous 
mal formation, coagulating and transecting feeding and 
draining vessels, as he separates the racemous and an
eurysmal components of the arteriovenous maIforma
tion from the surrounding cerebrum. The identifiable 
afferent structures to the racemous and aneurysmal 
components, carrying arterial blood , are exposed and 
isolated , whenever possible. Similarly, thc identifiable 
efferent vascular structures, draining the racemous and 
aneurysmal components, are also isolated. 80th are 
protected with fluffy cotton and/or telfa. The major 
efferent vessels are then coagulated and transected. 

If the racemous component appears to collapse, one 
is advised to coagulate and transect one or more of 
the major afferent (draining) structures, so as to facili
tate separation of the mal formation from the surround
ing parenchyma. Identification of the limbus between 
malformation and normal brain is followed by coagu
lation of the opalescent arachnoid along this line. Thc 
coagulated arachnoid is cut with microscissors, and 
then the multitude of microscopic bridging vcssels are 
coagulated and transected prior to laying fluffy cotton 
into the created gutter. This allows the pulsating "tu
mor" portion of the mal formation (raccmous and an-
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Figure 11.17. This large arteriovenous mal formation of the 
right frontal lobe drained into the anterior two thirds of the 
SSS. (A) Three of these draining veins were coagulated and 
transected, allowing the frontal lobe to fall from the SSS, 
exposing the falx cerebri (1). The two largest draining veins 
(2) were left intact because of the sharp border between arte
riovcnous malformation (3) and normal brain (4). (B) After 
bipolar coagulation of the arachnoid along the superior limbus 
of the mal formation, the arachnoid is transected with micro
scissors. (C) Once thc bipolar coagulation and transeetion of 

arachnoid have becn complcted around thc circumferencc 01' 
the arteriovenous mal formation, the bordering brain is cov
ered with telfa and one of the last two draining veins is coagu
lated, preparatory to transcction. (D) At this time the minus
eule bridging vessels betwecn malformation and surrounding 
brain are coagulated and transected, freeing the distended ar
teriovenous mass (which has swol1cn because of coagulation 
of almost all of the draining vcssels). Fluffy cottons are insin
uatcd into the interval betwcen brain and malformation. 
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eurysmal components) to be delivered from the sur
rounding cerebral parenchyma as ever larger fluffy cot
tons are lain into the interval between malformation 
and brain. This latter process permits the surgeon to 
collapse gradually the racemous component of the mal
formation, diminishing both its volume and flow, and 
thereby eliminating any surface bleeding. The aneurys
mal portion is also collapsed, taking care to do this 
by laying the fluffy down from distal to proximal, so 
as to force the arterial blood from it and into the drain
ing, afferent, vessels. Remaining efferent and afferent 
vessels are coagulated and transected, one at a time, 
as the racemous and aneurysma I components are un
folded and lifted from the parenchymal bed. 

Cerebellar Hemisphere 
Arteriovenous Malformations 
The very rare cerebellar hemisphere arteriovenous mal
formations are managed just as the cerebral arteriove
nous malformations. However, one must take note of 
the fact that the draining veins from cerebellar hemi
sphere vascular mal formations course either superiorly 
into the transverse sinus or anteriorly into the petrosal 
and jugular sinuses. Consequently, one does not have 
access to these structures until the majority of the race
mous and aneurysmal components have been dissected 
from the surrounding cerebellar hemisphere and com
pressed. Of more significance still is the fact that the 
arterial structures afferent to the malformation are in
variably located within the interval separating the cere
bellar peduncles and brainstem (medially) from the flo
culonodular lobes (laterally). The posterior inferior cer
ebellar artery (PI CA), anterior inferior cerebellar artery, 
(AICA), and the main branches of the superior ce rebe 1-
lar artery are located in the parasagittal plane separat
ing the brainstem from the cerebellar hemisphere infe
riorly, and the vermis from the cerebellar hemisphere 
superiorly. With these anatomical considerations in mind, 
it becomes clear that cerebellar hemisphere arteriovenous 
malformations are dissected from the surrounding paren
chyma before either the afferent arterial or efferent ve
nous components may be identified, coagulated, and tran
sected. 

As the efferent tributaries to the malformation are 
identified, they should be lifted from the underlying 
parenchyma, so as to ascertain that there are no recur
rent branches to the brainstem, before they are coagu
lated and transected. The afferent venous structures 
should be coagulated as far from the transverse, tentor
ial, petrous, and jugular sinuses as possible. After this 
is done, Avitene or Surgicel strips are placed over the 
stumps, plastering them to the dural structures so as 
to minimize risks of reopening and sub se quent massive 
venous bleeding or air embolism. The laying of telfa 
strips over the A vitene or Surgicel affords additional 
protection throughout the remainder of the operative 

procedure and assists the establishment of a seal be
tween A vitene, Surgicel, and dura. 

Medial cerebellar hemisphere or vermian malforma
tions may receive tributaries from the internal occipital 
branches of the posterior cerebra I arteries, the long cir
cumferential branches of the basilar artery, or the later
al posterior choroidal artery. Their afferent drainage 
may feed into the supraculminate system, the great vein 
of Galen, or the basal vein of RosenthaI. If this is identi
fied at angiography, one may choose to reflect both 
suboccipital and medial occipital craniotomy flaps, so 
as to have access to the entirety of the transverse sinus, 
the tentorium, and the three major falcotentorial 
cisterns (ambient, quadrigeminal, superior cerebellar). 

Brainstem Arteriovenous Malformations 
(Figures 11.19 and 11.20) 
The decisive factor concerning operability of a brain
stern arteriovenous malformation is whether the affer
ent and efferent vessels are located on the surlace of 
the stern or traverse it. Surface malformations may be 
dissected from the lateral aspects of the pons varolii 
or the medulla oblongata. Malformations adherent to 
the peduncles, the collicular plate, the dorsal aspect of 
the pons, or the floor of the IV ventricle are inoperable. 
Similarly, those malformations that have the racemous 
and/or aneurysmal components in the center of the 
brainstem are inoperable because the afferent and effer
ent vessels traverse the stern, almost invariably from 
ventral to dorsal, with the afferent vessels being 
branches of the vertebral basilar system and the efferent 
vessels draining into the petrosal sinuses, the basal veins 
of Rosenthai, the great vein of Galen, and the supracul
minate system. 

It is often necessary to operate on resectable arterio
venous malformations of the brainstem in stages, since 
they may be nourished by branches of PICA, the verte
bral artery, AICA, the superior cerebellar artery, and 
long circumferential branches of the basilar artery. 
Also, the drainage may be into the inferior vermian 
veins, the inferior petrosal sinus, and the superior petro
sal vein. Such combinations of efferent and afferent 
vasculature necessitate at least two stages, one through 
an inferior cerebellar triangle approach, and the other 
through a posterior inferior temporal craniotomy and 
subtemporal approach to the ambient cistern. Because 
of anatomical characteristics already described, one 
does not need to consider transecting the tentorium to 
gain access to the inferior and lateral surfaces of the 
pons. However, an occipital craniotomy may be neces
sary for transtentorial approach to the vascular pathol
ogy with the region of the three major dorsal cisterns 
(superior cerebellar, quadrigeminal, ambient). 

Before beginning dissection of the malformation, 
with the intent to separate it from the surface of the 
stern, one must identify individually the efferent and 
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Figure 11.18. Smaller arteriovenous malfor
mations, such as the microarteriovenous 
fistula (wh ich would be ca lied cryptic if it had 
bled, since surely it would not be identifiable), 
are resected by separating the anomalous ves
sels from the surrounding brain in stages, as 
shown in A and B. 

afferent vessels, and then coagulate the efferent vessels 
over a 3- or 4-mm distance before their entrance into 
the racemous or aneurysma I components. It is best to 
avoid clipping and transecting these vessels as long as 
possible, so as to minimize risk of dislodging the clip 
from a tran sec ted vessel during subsequent dissection. 
As a group of afferent vessels are dissected, coagulated, 
clipped, and transected, they should be covered with 
moistened telfa strips. One then separates the malfor
mation from the surface of the brainstem by using a 
fluffy cotton to tease them from one another, and then 
rolling the cotton over the surface of the racemous com
ponent, compressing and separating it evermore from 
the brainstem. Bipolar forceps may be used to shrink 
the racemous and aneurysmal components, steadily di
minishing the flow through the malformation. Because 
of the fact that these malformations are fed by the same 

branches of AICA that nourish the choroid plexus with
in the lateral recess of the IV ventricle, one may expect 
to encounter a cluster of pathological vessels around 
the exit of the vestibular and auditory components of 
the VIII nerve (along the medial surface of the lateral 
recess). This is most effectively dealt with by using bipo
lar forceps, least effectively by attempting to use hemo
clips: coagulation shrinks choroid plexus and racemous 
arteriovenous malformations, so that one may identify 
and preserve the VIII cranial nerve, clips tend to stick 
to the applicator or tear open choroidal tissue. Similar
ly, those portions of the brainstem malformation being 
fed by branches of PICA may extend into the inferior 
medullary velum and involve the IV ventricle choroid 
plexus within the roof. They are treated the same way 
technically. Varices, whether holding venous or arterial 
blood, extending into or abutting upon the floor of 

A 

B 
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Figure 11.19. Brainstem arteriovenous malformations are ap
proached through a temporal flap, under the temporal lobe, 
along the tentorium to the ambient cistern. (A) Temporal flap. 
(B) The osteoplastic bone flap has been reflected and the dura 
opened and slightly elevated, exposing the sigmoid sinus. (C) 
The temporal lobe has been covered by telfa and retracted 
(1), exposing the tentorial edge (2), posterior clinoid (3), inter
nal carotid artery (4) arachnoid membrane of the lateral sur
face of the interpeduncular cistern (5), III cranial nerve (6), 
basilar artery (7), and pons (8). (D) Further retraction, using 
gravity and removing one of the two spatulas, exposes the 
anomalous vesscls (arrows) along the surface of the pons. (E) 
Two of the anomalous vessels have been ligated and two re
main to be ligated. 

A 

B 
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Figure 11.20. (A) This is an arteriogram of a ehild with an 
arteriovenous malformation of the brainstem, with anomalous 
vessels (1) eoming from the posterior inferior eerebellar artery 
(PI CA) (2) and the superior cerebellar (3) and anterior inferior 
cerebellar arteries (4). (8) A sub occipital craniotomy, with 
preservation of the areh of Cl (1), permits exposure of the 
PICA (2) in its course around the tonsil (3) and into the region 
of the vallecula (4). (C) The medial surface of the tonsil (1) 
has been coagulated and covered with telfa, in order to facili
tate exposure of the main trunk of the PICA entering the 
IV ventricle through vallecula (2) to nourish the portion of 
the arteriovenous malformation within the IV ventricle (3). 
(D) The valleeula (1) has been opened, exposing the floor 
of the IV ventricle (2), in order to permit access to the entry 
of the PICA into the arteriovenous malformation involving 
the choroid plexus and floor of the IV ventricle (3). (E) The 
arteriovenous malformation of the choroid plexus of the IV 
ventricle (1) has been coagulated, as have the feeding vessels 
to it (2) and the malformation within the floor of the IV 
ventricle (3). A hemoclip is being applied to the eoaguIated 
feeder (4). (F) After the feeders from the PICA and the malfor
mation within the IV ventricle have been occluded and re
moved, at another sitting, those branches from the superior 
eerebellar and anterior inferior eerebellar arte ries are exposed, 

c 

coagulated and transected. ~ 
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the IV ventricle, should not be coagulated or dissected. 
One may ho pe that they will subsequently coagulate 
spontaneously. He should not risk opening into them. 

Intraventricular Arteriovenous Malformations 
Intraventricular arteriovenous malformations may be 
subclassified into those occupying the lateral ventricle, 
the UI ventricle, or the IV ventricle. For all intents 
and purposes, the IV ventricle arteriovenous malforma
tion does not exist independent of involvement of either 
the brainstem or vermis. Consequently, no particular 
technical considerations (different from those aiready 
described for cerebellar hemisphere, vermian and brain
stern lesions) apply to their management. The lateral 
ventricle arteriovenous malformation is a relatively 
common lesion in childhood, whereas the III ventricle 
mal formation is very rare in this age group. 

Lateral Ventricle Malformation (Figure 11.21) 
These involve the glomus of the choroid plexus, being 
fed by medial and lateral posterior choroidal arteries, 
seldom extending as far anteriorly as the region of the 
pes hippocampus and amygdala. They tend to expand 
on both sides of the choroidal fissure, within the glomus 
of the choroid plexus intraventricularly, and within the 
region of the ambient cistern medial to the choroidal 
fissure. It is most unusual for them to embed themselves 
within the calcar avis or collateral eminence, and sel
dom do they extend along the terminal sulcus to the 
foramen of Monro. However, one must be prepared 
to have access to the temporal pole, the region of the 
trigone, and the terminal sulcus as far anteriorly as the 
foramen of Monro, when approaching arteriovenous 
malformations of the lateral ventricle. This is easily ac
complished, and presents !ittle or no risk of morbidity, 
when the right side is involved. However, for malforma
tions of the choroid plexus in the dominant hemisphere, 
the surgical considerations are quite different and the 
risks ofmorbidity are awesome. Therefore, it is impossi
ble to exaggerate the amount oI care and deliberation 
involved in deciding whether to opera te a ma!formation 
within the ventricular system ol the dominant hemisphere! 

For the nondominant hemisphere, an osteoplastic 
temporal flap is reflected and the dura is opened in 
a double trapdoor fashion, prior to performing a cere
brotomy and entering the right lateral ventricle at the 
trigone. Self-retaining retractors are then placed into 
the temporal horn and body of the right lateral ventri
cle, elevating them so as to hold the cerebrum up and 
to keep the ventricle distended. The malformation will 
be identified immediately within the glomus. At this 
time one may determine whether it is extending into 
the body and temporal horn of the lateral ventricle. 

It is best to begin resection by coagulating the cho
roid plexus, whether normal or prey to arteriovenous 
malformation, at the tip ofthe temporal horn, shrinking 

it as one proceeds to use the bipolar forceps, thus open
ing the choroidal fissure and identifying the anterior 
choroidal artery immediately. This vessel should be co
agulated and transected. The dissection then proceeds 
posteriorly in the direction of the glomus, coagulating 
the malformation, or choroid plexus, as one proceeds, 
opening completely the choroidal fissure and entering 
into the ambient cistern. One will identify the IV cranial 
nerve and the vein of Rosenthai, which generally is 
draining arterial blood, since the efferent vessels from 
the malformation drain into this vessel, the terminal 
vein, and, indirectly, the Galenic system. As the glomus 
is approached, the malformation may be seen to consist 
of small patches of normal choroid plexus, extensive 
racemous areas, and very large aneurysmal compo
nents, consisting of the terminal vein and efferent ves
sels to the vein of RosenthaI. These may be safely co
agulated, their roollets cut from the surrounding epen
dyma over the calcar avis and collateral eminence, and 
then, superiorly, from the terminal sulcus. At this tran
sition point, one leaves the choroidal fissure, so that 
there is no longer risk of damaging the vein of Rosen
thai or the IV cranial nerve. 

The malformation may now be !ifted from its bed 
if it had been !imited to the glomus, or the dissection 
may be continued to the foramen of Monro if it extends 
that far anteriorly. There is no need to resect normal 
choroid plexus from the terminal sulcus or the foramen 
of Monro. Those portions of malformation extending 
through the choroidal fissure into the ambient cistern 
are dissected and coagulated as one opens the choroidal 
fissure, extending posteriorly from the tip of the tempo
ral horn, then superiorly and medially. 

If it is necessary to operate an arteriovenous malfor
mation of the choroid plexus in the dominant hemi
sphere (Caution. Oh, be cautious !), a frontoparietotem
poral bone flap should be reflected and the dura 
opened. 

Access to the glomus is attained through a cerebro
tomy placed posterior and superior to the supramar
ginal and angular gyri, entering behind Wernicke's area 
in the cortex and superior to the radiations of Gratiolet 
along the lateral surface of the trigone. This minimizes 
risks of speech impairment or hemianopsia. Once the 
ventricle is entered, the same technique is used for resec
tion as in the nondominant hemisphere, unless the mal
formation extends along the terminal sulcus to the re
gion of the foramen of Monro. If it does, then one 
must move anteriorly to perform a cerebrotomy within 
the superior frontal convolution, anterior to the motor 
strip, so as to enter portion 2 of the frontal horn. Place
ment of the self-retaining retractor within the frontal 
horn elevates it and exposes the foramen of Monro. 
This permits the surgeon the same access to the most 
anterior portion of the lateral ventricle choroid plexus, 
without undue risk of damage from retraction. 
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Figure 11.21. Intraventric'ular arteriovenous 
malformation. This malformation was within 
the choroid plexus of the right lateral ventricle. 
(A) Drawn on the scalp are the transverse si
nus (1), skin flap (2), anterior choroidal artery 
feeding the malformation (3), the malforma
tion itsclf (4), and the major draining vcin (5). 
(B) The cerebrotomy has been performed and 
the lateral ventricle opened, exposing the arte
riovenous mal formation (arrow) at the trig
one. (C) Thc malformation (arrow) appears 
as a cluster ofvessels. Note the major draining 
vein and the leash of vessels between the arte
riovenous malformation and the choroidal 
fissure. 

Third Ventricle Arteriovenous Malformations 
Third ventricular arteriovenous malformations, when 
they occur, are generally so sm all in size as to put the 
neuroradiologist in difficulty concerning the diagnosis. 
they are easily confused with normal choroid plexus 
of the roof of the In ventricle. 

The surgical approach and technique for obliteration 
of arteriovenous malformations within the roof of the 
In ventricle is the same as for resection of papillomas 
of the roof of the In ventricle. The arterial feeders and 
the venous drainage are the same. The fundamental 
difference between the two is that the arteriovenous 
malformation is very sm all and easily confused with 
normal choroid plexus, whereas the papilloma is large. 
In fact, at the time of surgery one may not be able 
to identify with certainty the presence or location of 
an arteriovenous malformation because of the presence 

and appearance of normal choroid plexus. Conse
quently, it is recommended that the surgical procedure, 
undertaken, since generally it is not indicated, be limited 
to coagulating the choroid plexus within the roff of 
the In ventricle and that no attempt be made to identify 
and obliterate afferent and efferent vessels. 

Arteriovenous Fistulae of the Galenie System 
In in fants and children, arteriovenous malformations 
of the Galenic system may be subdivided anatomically 
into 3 categories: superior, inferior, and posterior. Such 
a classification permits the surgeon to plan appropri
ately the operative approach. The category is "superi
or," when the tributary arte ries enter the superior SUf

face of the Galenic system; "inferior" when they enter 
the ventral surface of the Galenic system; and "posteri
or" when they course around the aneurysmal dilation 
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Figure 11.22. Parasagittal approach to arteriovenous malfor
mation of the Galenic system. (A) A parietal bone flap has 
been reflected, the dura (1) sewn over the sagittal plane, the 
falx cerebri (2) and pericaIIosal cistern (3) exposed. (8) The 
inferior sagittal sinus (1), pericaIIosal feeders to the malforma
tion (2), and underlying corpus caIIosum (3) after the pericaIIo
sal eistern has been opened. (C) Disseetion of aII pericaIIosal 
feeders to the malformation is foIIowed by application of he
moclips to the vessels, prior to transecting them. (D) After 
the pericaIIosal feeders have been dealt with, the corpus caIIo
sum is split, and the underlying arteriovenous malformation 
exposed. In this child, therc was a combined aneurysmal dila
tion of the lesser (1) and greater (2) Galenic veins. One sees 
branches from the posterior cerebral artery (3) coursing over 
the great vein of Galen aneurysm, to enter the lesser vein 
of Galen aneurysm. (E) A Sundt clip (1) has been applied 
to the redundant lesser vein of Galen, a Heifitz clip (2) to 
the last feeding vesscl to the greater vein of Galen. All arterial 
feeders to the malformation have been occluded. The author 
does not recommend imbricating the aneurysm of the vein 
of Galen (3). 

of the great vein of Galen to enter the posterolateral, 
tentorial surface of the Galenic system. This classifica
ti on permits the surgeon to plan abiparietal craniotomy 
approach along the fa Ix cerebri for the "superior" 
group; a two-stage, bilateral temporal craniotomy and 
supratentorial approach to the tributaries on either side 
in the "inferior" category; and a suboccipital cranio
tomy with infratentorial/supracerebellar approach in 
the "posterior" category. 

In either event, the efferent (tributary) arteries are 
identified, clipped, and transected, as far from their 
entry into the aneurysmal dilation as possible. After 
all tributaries have been occluded and cut, the Galenic 
system is left as is, without any attempt to diminish 
its size either by inserting imbricating sutures or open
ing and reconstructing it. 

Superior Category (Figures 11.22 and 11.23) 
In the Superior category, the pericallosal and posterior 
cerebral arteries enter the aneurysmally dilated lesser 
and/or greater vein(s) of Galen along median and para-

median planes. Careful study of the lateral and half
axial arteriographic projections permit identification of 
the point of entry of the tributaries into the aneurysm 
and, most importantly, the planning of the operative 
procedure. If all afferent vessels enter the aneurysm in 
the median (sagittal) plane, a unilateral parietal flap 
suffices for exposure and surgical access to tributaries 
from both the right and left pericallosal and posterior 
cerebra I systems. If, however, the tributaries enter in 
a parasagittal or superior lateral plane, bilateral parietal 
flaps are necessary: it is not possible to work safely 
and effectively along the opposite superolateral surface 
of the aneurysm. Tributaries must be dissected over a 
distance of at least 6 mm. Consequently, those coming 
from the posterior cerebral system and the medial poste
rior carotid artery are coursing inferosuperiorly, nestled 
within the waU of the aneurysmal dilation of the great 
vein of Galen. One cannot expose an adequate length 
by working over the dome of the aneurysm, so that 
he is obliged to be in a position to expose the lateral 
surface without compressing or excessively retracting 

B 
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Figure 11.23. (A) Both the pericallosal and posterior cerebral 
systems are tributary to the lesser and greater veins of Galen 
in the "superior category." The entry into the Galenic system 
is along the superior surface (box). (B) The balloon-shaped 
vein of Galen (arrowheads) is filling from the pericaBosal ar
tery and branches of the posterior cerebral system, both of 
which may be seen to enter the superior surface of the Galenic 
system. The parasagittal approach to occ\usion of the feeding 
vessels is recommended in this example of the "superior cate
gory." (C) In the newborn in high output failure during the 
first 24 h of life, the entire cerebrum consists of anomalous 
vessels having the appearance of a bag of worms, leading 

the dome. If abiparietal flap is indicated, then it is 
best to do this in one stage, rather than to perform 
a two-stage operation. Access to the corpus callosum 
and Galenic system is facilitated somewhat by the fact 
that children with arteriovenous fistulae involving the 
Galenic system generally have a paucity of bridging 
cortical veins: most of the arterial blood is being 
shunted into the fistulae. 

If abiparietal flap is reflected in an infant, one should 
leave the superior sagittal suture intact, cutting the pa
rietal bone approximately 3-4 mm parallel and lateral 
to the suture. This affords protection to the SSS and 
permits the surgeon to prevent kinking (and, conse
quently, diminished flow) of the sinus during the opera
tive procedure. If a toddler or juvenile is being operated, 
the biparietal flap should be such as to leave a strip 
of bone over the superior sagittal sinus. 

After reflection ofthe flap(s) and opening ofthe dura, 
one may observe a cerebrum which has the appearance 
of a ball of vessels containing oxygenated blood (in 
the newborn who is in high output failure, as illustrated 
in Figures 11.12 and 11.23 C), or a normal-appearing 
cerebrum with few cortical veins and arteries (the 
toddler and juvenile). The parasagittal surface of the 
parietal lobe is separated from the superior sagittal si-

one to understand how ditTicult operating these children is, 
and to predict that the outcome offers \ittle hope for normal 
cerebra I function. This "bag of worms" appearance is herein 
illustrated . (D) One has an opportunity to appreciate how 
adherent the minute bridging vessels are, aB of which neces
sitate coagulation and transection. Thc underlying arachnoid 
and subarachnoid space have an appearance of a fresh sub
arachnoid hemorrhage, though this has not occurred. (E) A 
biparietal flap has been reflected. One notes the Maya Maya 
appearance of vessels 01' both cerebral hemispheres, something 
which does not occur in children under 2 ycars of age with 
the exception of newborn in progressivc, high output fa ilurc. ~ 

nus and telfa lain over it for protection as the falx is 
identified and then the parietal lobe retracted laterally. 
The pericallosal cistern is gene rally obliterated because 
of the posterior displacement and compression of the 
corpus callosum by the aneurysm. One notes immedi
ately the remarkable size of the pericallosal artery(ies). 
These vessels are dissected from the corpus callosum 
and covered with fluffy cotton, wh ich is kept moist, 
as the splenium and/or body of the corpus callosum 
is opened in the midsagi ttal plane. A Penfie!d * 4 dis
sector is used to spht the corpus callosum, since this 
instrument does so bloodlessly and also allows the sur
geon to fee! the underlying aneurysm. Once the corpus 
callosum has been sectioned, it is stripped from the an
eurysm with the use of wet fluffy cottons, exposing the 
insertion of the pericallosal tributaries into the Galenic 
aneurysm. Each tributary should be dissected over as 
long a distance as possible from its point of entry into 
the aneurysm, and then covered with telfa. Once all 
pericallosal tributaries have been identified and dis
sected, one moves lateralward along the superior sur
face of the aneurysm to identify the tributaries coming 
from the medial posterior choroidal and posterior cere
bral systems. This approach should be along the homo
lateral side, so that exposure of the tributaries, for ex-
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ample, coming from the right medial posterior choroi
dal artery, should be approached along the right side 
of the falx cerebri. This gives excellent visualization of 
the superior lateral surface of the aneurysm and pro
vides the surgeon adequate access to these tributaries 
along a sufficient length of vessel to permit dissection, 
clipping, and transection. The entire superior lateral 
surface must be inspected for tributaries. 

After all tributaries, on both sides (median and para
median along the homo lateral side, paramedian on the 
contralateral side), have been isolated, one proceeds to 
clip and transect. Depending upon the size of the tribu
taries, either small or medium hemoclips are applied. 
The recommended technique for application is to bring 
the jaws of the hemoclip over the surfaces of the afferent 
vessel, and then to close them very gradually, taking 

~ care to observe the jaws of the applicator as this is 
done to be sure that the clip closure does not skew. 
This could result in cutting rather than occluding the 
tributary. It is preferable to apply two clips, separated 
from one another by 1 mm, at the aneurysmal extremity 
of the vesse1 and then two more, separated from one 
another by a similar distance, approximately 3 mm 
away. The vessel is cut at the center of this 3 mm dis
tance, allowing approximate1y a l-mm stump on either 
end. This clipping technique provides maximum assur
ance of vascular occlusion. 

Inferior Category (Figure 11.24) 
The "inferior" category is characterized by tributary 
branches from the posterior cerebral and posterior 
chorodial arteries entering the Galenic system along its 
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Figure 11.24. (A) The medial (1) and lateral (2) posterior chor
odial arteries, as weil as long and short perforating branches 
of the posterior cerebra I system (arrows), course around the 
brainstem and enter the inferior surface of the Galenic system 
in this example of the "inferior category." There is a rather 

inferior lateral surface. Consequently, access to these 
tributaries is obtained through a temporal flap, elevat
ing the temporal lobe, and entering the ambient eistern 
after exposing the rim of the tentorial foramen. This 
permits exposure of all afferent vessels to the Galenic 
aneurysm within the ambient eistern, so that they may 
be occluded proximal to entry into the aneurysm. The 
temporal lobe must be elevated from the tentorium, 
so that the hippocampal gyrus and ambient eistern may 
be exposed. Since the vein of Labbe is so very variable 
in anatomicallocation and size, no generalities concern
ing its management exist. However, if one folio ws the 
tentorium from the petrous apex to the ambient eistern, 
gradually elevating the temporal lobe as he proceeds, 
correct orientation is maintained. At the rim of the ten
tori al foramen, the ambient eistern bulges prominently. 
Once opened, there is a gush of cerebrospinal fluid and 
the IV cranial nerve comes immediately into view, with 
the tributaries to the Galenic aneurysm being located 
deep to this cranial nerve. These tributaries are branches 
of the posterior cerebral system. 

Though the inferior supply to Galenic aneurysms is 
almost invariably bilateral, the degree of dilation and 
number of tributary vessels va ries from one side to the 
other, so that no mies apply. Consequently, one may 

diffuse, racemose component (box). Thc bowing of the perical
losal artery (arrowheads) indicatcs the prcsence of hydro
ccphalus. (B) Entry into the inferior surfacc of the Galenic 
system and some of the racemose component are illustrated 
(box) in this second cxamplc of the .. inferior category. " 

find it necessary to operatc bilaterally. When this is 
the case, surgery should be staged, with the most exten
sive system of tributaries being operated on first, and 
with aperiod of 3 to 5 months intervening. 

After the temporal flap has been reflected and the 
dura opened, the temporal lobe is eie va ted until the 
ambient eistern is identified and opened. This gives 
egress to cerebrospinal fluid and brings the superior 
cerebral and medial posterior choroidal arteries into 
the center of the operative fjeld . One may follow them 
posteriorly, superiorly, and medially in order to identify 
their tributaries to the Galenic aneurysm. It is best to 
orient oneself by exposing these vessels along the lateral 
surface of the pontomesencephalic junction and then 
to coagulate them along their course toward the aneu
rysm. The larger tributaries should be dissected along 
their entire course from the major nourishing vessel to 
the aneurysm. Generally, this system of tributaries has 
a more fragile vascular wall than those entering the 
superior surface ofthe Galenic aneurysm. Some afferent 
vessels, however, have a rather rigid wall. The fragile 
vessels need only be coagulated and transected. Those 
vessels with a relatively rigid wall must be dissected 
over an extensive (5- 7 mm) area, double clipped on ei
ther end, and transected. 
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Figure t 1.25. (A) The hypertrophied interpeduncular perfor
ating branch (1) of the basilar fundus is passing through the 
brainstem to gain access to the quadrigeminal cistern. The 
rcmaindcr of the afferent vessels (2) to the aneurysmal dilation 
of the great vein of Galen (G) course almost horizontally with
in the ambient cistern, around thc brainstem, and over the 

Posterior Category (Figures 11 .25 and 11.26) 
When the tributary vessels to the arteriovenous fistulae 
of the Galenic system enter the aneurysm along its pos
teroinferior surface, the surgical approach is through 
the posterior fossa, reflecting a superior cerebellar tri
angle flap and approaching the feeders along the infra
tentorial, supracerebellar plane. This approach provides 
excellent exposure of the inferior and inferior lateral 
surfaces of the Galenic aneurysm at the point of entry 
of the afferent vessels. 

The significant anatomical characteristics are an al
most complete absence of bridging tentorial veins, run
ning from the superior surfaces of the cerebellar hemi
sphere and vermis to the transverse sinus and tentorium. 
The superior cerebellar cistern is often surrounded by 
thickened arachnoid, as is the quadrigeminal cistern. 
Both of these are densely adherent to the Galenic aneu
rysm superiorly, the culmen monticuli of the cerebellar 
vermis posteroinferiorly, and the dorsal pontomesence
phalic surface anteroinferiorly. 

The great vein of Galen, converted into an enormous 
aneurysm, fills the entirety of the tentorial opening at 
its most posterior and superior surface, so that one sees 
only this structure after the superior cerebellar and 
quadrigeminal cisterns have been opened. In fact, the 

quadrigeminal plate. They are entcring the great vein of Galen 
along its posterior surface (arrows). (8) Posterior entry (ar
rows) of the afferent branches to thc racemose component 
of the arteriovenous malformation and a bulbous dilation of 
the great vein of Galen. 

aneurysmal dilation of the great vein of Galen fills the 
tentorial opening posteriorly, at times compressing the 
collicular plate as it is displaced anteriorly. The ambient 
cistern borders the Galenic aneurysm on either side, 
filling the interval between this latter structure and the 
tentorial edge. Within the ambient cistern are located 
the posterior cerebral artery and its tributaries to the 
Galenic aneurysm, superior lateral to the ambient 
eistern are the isthmus of the hippocampal gyrus and 
the hippocampal formation. 

After a superior cerebellar triangle free bone flap has 
been reflected, the dura is exposed and a single trapdoor 
dural opening is made. Neither the transverse sinus nor 
the torcular Herophili should be exposed. The superior 
bridging veins are identified, coagulated, and tran
sected. This allows the superior surfaces of the cerebel
lar hemisphere and vermis to fall inferiorly, so that one 
may expose the superior cerebellar cistern, open it, and 
then expose the quadrigeminal cistern. Once this is ex
posed, the aneurysm of the great vein of Galen falls 
immediately into the operative field. The tentorial edges 
are then identified and, subsequent to this, the ambient 
ci sterns are opened, exposing the major trunks of the 
posterior cerebral arteries and their tributaries to the 
aneurysm. These tributaries nestle within the Galenic 
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Figure 11.26. Suboccipital approach to arteriovenous malfor
mation of the Galenic system. (A) One may identify the right 
tentorial edge (1), and posterior ccrcbral feeder (2) entering 
the aneurysmal dilation of the grcat vein of Galen (3). (B) 
The posterior cerebral feeder (1) is being dissected, as adventi
tia (2) from over the great vein of Galen (3) is reflected to 
the contralateral side. (C) The grcat vein of Galen (1) has 
been freed completely from the posterior cerebral feeder (2), 
so that the point of entry of this latter vessel into the former 
may be identified, freed, and occluded. 
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aneurysm, so that it is necessary to dissect each from 
the aneurysm, using blunt dissection to separate one 
from the other, and taking great care to identify the 
point of entry of tributary into aneurysm. Generally, 
there are afferent vessels coming from the internal occi
pital artery and the quadrigeminal branches of the pos
terior cerebral artery. These vary in number and size. 
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Congrcss Series, No. 310, 1973, P 44. 

After the tributaries have been identified, and dissected, 
bilaterally, they are double-clipped and transected, us
ing the same technique as for the superior and lateral 
categories. One will note gradual diminution in volume 
and distention of the Galenic aneurysm as each set of 
tributaries are occluded. The aneurysm is not opened 
or imbricated. 



"Ifsome things are too luxuriant, it is owing to the 
richness of the soU; and if others are not arrived to 
perfeetion or maturüy, it is only because they are over
run and oppressed by those of a stronger nature." 

ALEXANDER POPE 

Essay 



In few places in the history of surgery has a dictum, 
in this case "ivi pus, ibi evacuo" (wherever there is 
pus, it must be evacuated) been so true, for so long! 
In the management of intracranial infections, in fact, 
all surgical procedures are directed simply to removing 
the infected tissue or draining the pus. Surgery is not 
indicated for the treatment of subdural empyema be
cause there is no pyogenic exudate in the subdural 
space. 

Osteomyelitis (Figure 12.1) 

The osteomyelitic bone is removed with a rongeur and 
discarded, taking the resection peripherally to the locus 
of infection, and being careful to extend it into areas 
where there is spontaneous diploic bleeding and no evi
dence of cortical (bone) digestion by the septic process. 
If the infected bone is either a free or osteoplastic flap, 
it should be removed and discarded. The temptation 
to conserve portions of the bone is to be resisted! Once 
the infected flap has been discarded one should inspect 
the edges which border upon the craniotomy site to 
be sure they are healthy. In fact, it is good practice 
to currette these edges until diploic bleeding is encoun
tered. 

One should avoid opening the dura when operating 
on a child for osteomyelitis, whether it be secondary 
to a systemic infection, an infection of the nasal pas
sages, or craniotomy, lest a pathway be opened for ex
tension of the infection into the subdural or intraparen
chymal tissue. Computed transmission tomography 

Chapter 12 

Infections 

(CTT) scan and/or cerebral angiography should be used 
preoperatively to learn whether the infection is limited 
to the skull. Even when the osteomyelitis is posttrau
matic, and there is an overlying infection of the perios
teum and scalp, one should not open the dura to inspect 
for an underlying infection. In fact, subdural empyema 
is treated exclusively with antibiotics, as is leptomen
ingitis. Intracerebral abscess is readily diagnosed with 
current neuroradiological techniques. 

After the infected bone has been removed, the sur
rounding bone edges curetted and periosteum debrided, 
the field is irrigated copiously with topical antibiotic 
solution such as Bacitracin, Penrose drains are inserted 
through stab wounds in the surrounding scalp, and the 
scalp flap is closed with a single layer of mattress su
tures. Wire offers no advantages, is difficult to remove, 
and is not as efficient for the proper placement of in
ver ted mattress sutures (which are so essential to pro
viding full thickness apposition of the scalp edges). 

Epidural Empyema (Figure 12.2) 

The epidural empyema represents wh at is presently a 
truly unusual clinical entity, but also one which may 
invariably be successfully treated. The clinical diagnosis 
is definitive only when angiography shows separation 
ofthe dura mater from the inner surface ofthe skull-as 
indicated either by visualization of a displaced men
ingeal artery, or uniform "staining" of the inflamed 
outer layer of the dura mater. Otherwise, one may sus
pect the presence of an epidural empyema, but not dis-
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Figure 12.2. (A) The extradural space filling defect over the 
convexity of the right frontal lobe is expressed angiographi
cally by the displacement and depression of the terminal 
branches of the anterior meningeal artery (arrowheads). One 
should note the terminal dilation of these vessels, the stain 
around them, and the relatively great vascularization of the 
frontal artery (arrow), all expressive of increased flow around 
and to an inflammatory process. The relative staining within 
the right frontal lobe results very likely from compacted brain 

Figure t2.1. This child suffered a head mjury, with a skull 
fracture, and subsequent osteomyelitis. Thereafter an enor
mous aceumulation of liquid epidural pUS devcloped, depress
ing the superior sagittal sinus (1). Surgery consisted of resec
tion of the osteomyelitic tissue, resulting in an irregular skull 
defect (2) and evacuation of the epidural pus. Approximately 
9 months later, autogenous rib grafts were fashioned into a 
cranioplasty, which gave hirn complete hcaling of his skull. 

secondary to displacement and cortical vasodilation. This su
perimposition study revcals carotid, posterior communicating, 
and middle cerebral artcries in white - an early arte rial phase. 
The late arterial phases, showing thc vessels in black, reveals 
the stain. (B) Note the irregular contour of the epidural space 
filling defect (small arrowheads for lateral defect and bold 
arrowheads for medial defect). It is of particular interest to 
observe that the venous system draining into the superior 
sagittal sinus (SSS) is somewhat depressed as is the SSS. 

B 



Figure 12.3. Subdural abscess. The accumulation of a discrete 
pocket of liquid pus within the subdural space is outlined 
laterally by the middle meningeal artery and its terminal 
branches (arrowhead) and mcdially by the displaccd Sylvian 
complex (arrows). The staining of the inferior temporal gyri 
(1) indicatcs cerebritis, and the "halo" formation surrounding 
the displaced frontopolar artery (2) indicates meningitis. There 
is no evidence of capsular stain. 

tinguish it from an intraparenchymal abscess. A CTT 
scan does not permit distinction between epidural em
pyema and brain abscess. When the differential diagno
sis between brain abscess and epidural empyema is en
tertained, the surgeon is advised to place his first burr 
hole over the suspected area of loculated pus within 
the epidural space. 

Treatment of the epidural empyema consists of place
ment of a single burr hole over the collection of pus, 
drainage of the pyogenic exudate, irrigation of the cavi
ty with copious amounts of antibiotic solution, insertion 
of two or more Penrose drains through stab wounds, 
and closure of the scalp incision with a single layer 
of inverted mattress sutures. The drains are removed 
gradually, over aperiod of 3 to 10 days, depending 
upon reexpansion of the brain and obliteration of the 
cavity. CTT scan suffices to monitor the healing pro
cess. 

Subdural Abscess and Subdural Empyema 
(Figure 12.3 and 12.4) 

The difference between subdural abscess and subdural 
empyema is that the former is a well-encapsulated col
lection of liquefied exudate (pus), and the latter is a 
diffuse, fibrinous, pyogenic exudate adherent to adja
cent pachy and leptomeninges, and subjacent cortex. 
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The subdural empyema is not a surgically treatable 
entity. It is included here only because ofthe temptation 
which one may have to operate, considering it compara
ble to an epidural empyema or confusing it with a sub
dural abscess. Quite the contrary is true! 

Anatomopathologically speaking the subdural empy
ema consists of a collection of fibrinous exudate within 
the subdural space, varying in thickness from 0.5 to 
2 mm, intimately adherent to the inner surface of the 
dura externally and the arachnoid membrane internally. 
At times, it may be so thick and globular in form as 
to resemble a meningioma. Attempts to resect this fibri
nous exudate result in the stripping of the arachnoid 
from the surface of the brain, damaging the cortex and 
causing diffuse petechial hemorrhages. The insertion of 
drains into the subdural space does not facilitate egress 
of the consolidated exudate. Once the diagnosis of sub
dural emypema is made (either neuroradiologically or 
after a burr hole reveals that there is no epidural collec
tion of pus and dural opening reveals the presence of 
pyogenic exudate within the subdural space), the treat
ment consists of aperiod of 4 to 6 weeks of intravenous 
antibiotic therapy. The subdural abscess, however, is 
treated surgically with craniotomy, or burr holes, and 
evacuation of the pus, followed by antibiotic therapy. 
Anticonvulsant medication is essential because of the 
high incidence of seizures in these patients. 
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Figure 12.4. (A) This is an earlier phase of the same angio
graphie study as illustrated in Figure 12.5. Here, one may 
appreciate the normal course and location of the terminal 
branches of the middle meningeal artery (arrowhcads), as weil 
as the increased flow through the occipital artery (bold arrow
heads) and the dilation of the terminal branches of the latter 
vessel (square). These dilated vessels nourish the "rete mira
bile." (B) The cortical vein (arrowheads) is depressed, outlin
ing an irregular space filling defect within the subdural com
partment. The superior sagittal sinus (SSS) (arrow) is not de-

-.:..; ...... ______ ....... 8 

pressed. (C) The loculation of purulent exudate in the subdural 
space is irregular (1). with "tenting" occurring at the point 
of entry of the bridging veins into the SSS (2). (D) One of 
the characteristics of subdural empyema is that the phlogistic 
process involves not only the visceral layer of the dura mater 
but, more importantly, the cerebra I cortex. This is character
ized angiographically by well-circumscribed dilation of corti-

o 

cal vessels, generally on a gyral pattern, with staining (square). 
These changes put into relief the futility of surgical treatment. 
(E) Here one notes the pearl white subdural empyema mem- ~ 



Infections 335 

E F 

G 

brane (I) beneath the dural (2) opening. (F) This child suffered 
a subdural empyema. One notes the dense outer membrane 
at the corners of the opening (1), and an inner membrane 
(2) adherent to the underlying arachnoid, pia, and cortex (3). 
Extensive bleeding and decortication occur when attempts are 
made to separate the pyogenic exudate from the underlying 
parenchyma. Some locules of empyema are visible (4). (G) 
The subdural empyema is adherent to a necrotic portion of 
brain. 
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Figure 12.5. The arterial phases are characterized by " halo" 
formation around the suJcal brauches of the anterior (1) and 
middle (2) cerebral systems. 

Acute Meningitis with Hydrocephalus 
(Figure 12.5 and 12.6) 

Acute leptomeningitis causes inflammation of the pia 
arachnoid and the cortical surface, may be suspected 
clinically and confirmed angiographically, and results 
either in cerebral edema or, less commonly, acute com
municating hydrocephalus. Tbe leptomeningitis and ce
rebral edema are managed medically. Acute communi
cating hydrocephalus represents a neurosurgical emer
gency, and must be treated with external ventricular 
drainage lest it result in secondary cerebral edema, por
encephaly, and both transtentorial and transforaminal 
herniation. The external ventricular drainage should be 
maintained until the intraventricular cerebrospinal fluid 
cultures and chemistries are normal (see specific refer
ence to external ventricular drainage in Chapter 15) 
and the leptomeningitis has been cured medically. 

Brain Abscess 

Abscess formations are not invariably uniform accumu
lations of liquid pus. In fact, they generally consist of 
multilobulated areas of liquefied parenchymal diges-

tion, with varying densities ofliquefaction and fibrinous 
exudate collected within a number of septated cavities 
within the abscess. Therefore, one may not assume that 
simple puneture of the abseess cauily will giue egress to 
all of its eontents, nor that drainage of its liquefied exu
date will result either in eollapse or the wall or eure. 
To be sure, some abscesses may be successfully treated 
with single puncture and drainage. This is not, however, 
invariably true. Intravenous antibiotics should be begun 
immediately the diagnosis of intracerebral abscess is 
suspected. 

In light of the fact that patients with brain abscesses 
resected before they lose consciousness, either from 
brain shift or following a fuH major seizure, may be 
cured and that the mortality rate in those who are not 
surgically treated until after a fuH major seizure or loss 
of consciousness approximates 50%, treatment o/" hrain 
abseess is to be eonsidered an absolute neurosurgical 
emergency. 

Currently, as since the dawn of surgical management 
of intraparenchymal a bscesses, two distinctly different 
forms of operative treatment exist : (1) simple burr hole, 
abscess puncture, and drainage of pus; (2) craniotomy 
and in toto resection of the abseess. Those abscesses 
located within tbe region of the basal ganglia or the 
frontotemporoparietal area of the dominant hemi
sphere are best treated with simple puncture and drain
age of whatever amounts of pyogenic exudate may be 
removed. Abscesses in aH other loca tions are best 
treated with craniotomy and total resection. The reason 
for the initial attempt at simple drainage of basal gan
glia and speech area abscesses is obvious. The reason 
for total resection of those abscesses located in surgi
cally accessible areas is that one may not be certain 
that there is only one cavity within the abscess: in fact, 
there are often multiple" daughter-abscesses. " 

Burr Hole and Cannula Drainage 
A single burr hole is placed over the most desirable 
aecess line to the abscess cavity. A cruciate incision, 
just large enough to permit entrance of a brain eannula, 
is made in the dura . One should use a blunt cannula, 
avoiding either the very sharp or flat-tipped cannulas. 
Care must be taken to hold the cannula in a direct 
li ne as it is inserted through the abscess wall, since the 
variability of thickness of the wall is such that on occa
si on it may be very dense and difficult to penetrate. 
If this is the case, the cannula will be deflected over 
the surface of the abscess and into surrounding edema
tous brain. Because of the fact that the inflammatory 
reaction around the abscess ca vity consists of neovascu
larization and glial tissue, this deflection may result in 
brain damage andjor intracerebral hematoma. Onee the 
abscess cavity is punctured , the obturator is removed. 
If there is not a spontaneous egress of pus, one should 
apply a 5-cc syringe to the cannula so as to aspirate 
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Figure 12.6. External ventricular drainage. 1 = Ventricular 
catheter; 2=right-angle connector, optional, since the ventric
ular catheter may be run under the skin and then thru the 
stab wo und ; 3 = drill hole; 4 = skin incision; 5 = stab incision; 
6 = spring tubing; 7 = manometer; 8 = three-way stopcock; 9, 

the pyogenic exudate. Take care to collect material for 
both aerobic and anaerobic culture, and to measure 
carefully the volume of pus withdrawn from the cavity. 
Once no more purulent material may be withdrawn, 
the cavity should be irrigated with a volume of antibiot
ic solution wh ich measures no more than 75% of the 
total volume of pus withdrawn. The irrigating solution 
should be injected and withdrawn, using fresh antibiotic 
solution in each aliquot. When there is no longer fibri
nous exudate within the returning solution, one consid
ers the procedure ended. Some surgeons known to the 
author choose to insert a drain into the abscess cavity, 
most do not. The skin is closed, as in all procedures 
for intracranial infections, with a single layer of inverted 
mattress sutures. Follow-up CTT scans should be per
formed the evening of surgery, and then at three day 
intervals until the abscess cavity has collapsed complete
ly. If there is CTT evidence of increase in volume of 
the abscess, one should proceed straightway to repeat 
puncture and drainage of the abscess if it is located 
either in the basal ganglia or speech area, of with a 
definitive operative procedure: craniotomy and removal 
of the entire abscess, if it is located elsewhere. 

Infections 337 

7 

3 

2 

10, 11 = distal connection system with or without one-way 
valve included; 12 = burette set so that dropper (13) is at same 
level as head and heart; 14 = cerebrospinal fluid collection tub
ing. 

Craniotomy and Resection of the Abscess 
Following craniotomy and double trapdoor dural open
ing to expose the entirety of the abscess, a cerebrotomy 
is performed, in either a sulcus or a gyrus, over the 
most flattened portion of cortical tissue. If the abscess 
has leaked into the subarachnoid space, one will imme
diately note opalescent arachnoid and/or injection of 
the cortical surface, suggestive of meningitis. These visi
ble signs are most indicative of the location of the ab
scess. They are also suggestive of the point at which 
the abscess ruptures into the subarachnoid spaces. Con
sequently, working within this portion of inflamed and 
flattend cortex may result in rupture of the abscess with 
outpouring of pus. Though every effort should be made 
to avoid this, there is no reason to think that such 
an event will result in diffuse leptomeningitis or increase 
the risk of postoperative subdural or epidural empyema, 
osteomyelitis, or wound infection. 

After the cerebrotomy and exposure of the "point
ing" surface of the abscess cavity, one should extend 
the cerebral incision from one end of the abscess to 
the other, so as to permit delivering it through the par
enchymal opening. This will be greatly facilitated if the 
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pus is not drained, and if the surgeon takes a great 
deal of time in "delivering" it. Fluffy cottons, no wider 
than 2 or 3 mm and varying in length from 2 to 4 cm, 
should be inserted over the abscess capsule, laying one 
over the other as they are positioned circumferentially, 
to separate the neovascular and gliotic surfaces of the 
brain from the capsule. This allows the abscess to bulge 
through the cerebrotomy and out of its parenchymal 
bed. One should avoid the use of spatulae or dissectors. 

If the abscess ruptures during dissection, the pus 
should be aspirated completely from the surface of the 
brain and from within the abscess cavity. One may then 
pick the capsule up with a pituitary forceps, separating 
it subsequently from the surrounding brain with the 
use either of a Penfield * 1 dissector or a small tuft 
of fluffy cotton held within a Cushing forceps. As this 
is done, rather abundant venous bleeding may occur, 
a result of tears in the neovascular structures surround
ing the abscess wall. Attempts to coagulate these vessels 
are futile. I t is best to remain with the task at hand, 
removal of the abscess cavity, and then to irrigate the 
parenchym al bed with saline after the capsule has been 
removed. Fluffy cottons mayaIso be placed within the 
cavity and aspirated until all bleeding has stopped. 

Drains should not be placed within the abscess cavity. 
The dura is closed with 4-0 sutures, the bone flap is 
reapproximated and anchored into position, the skin 
is closed with the usual Cloward sutures. 

One need not treat the patient with 4-6 weeks of 
intravenous antibiotics. A single follow-up CTT scan 
suffices to provide information concerning the post
operative status of the brain. 

Pyocephalus 

It is weil known that brain abscess does not, with the 
rarest of exceptions, occur in children under two years 
of age. However, it is not unusual to encounter a ca se 
of pyocephalus in the newborn or infant. The term pyo
cephalus indicates intraventricular pus present in such 
quantities as to replace completely the cerebrospinal 
fluid, dilate the ventricles, and give the surgeon the im
pression that the cerebral mantle is little more than an 
abscess cavity. Its diagnosis is always serendipitous, and 
its treatment consists of placement of bilateral external 
ventricular drains, irrigating alternatively one ventricle 
and draining the other, under very low pressure. This 
should be done over a prolonged period of time. The 
extern al ventricular drains are managed just as when 
treating a child with ventriculitis. 

Though hydrocephalus may remain as a permanent 
complication of pyocephalus, this is not invariably true. 
Therefore, one is justified to remove the external ven
tricular drains after the infection has cleared. If, subse
quently, hydrocephalus becomes apparent, a shunt may 
be inserted. 

Ventriculitis (Figure 12.6) 

Infection is the single most common, and dangerous, 
complication of shunting systems. It also represents the 
most common causc for shunt failure. Control of intra
cranial pressure in hydrocephalic children, conse
quently, becomes a serious problem when a shunt gets 
infected! 

There are thrcc commonly accepted means of treat
ment for ventricu!itis complicating hydrocephalus: (1) 
removal of the infected shunt and immediate reinsertion 
of a new shunt, combined with antibiotic therapy; (2) 
removal of the infected shunt and initiation of antibiotic 
therapy, with insertion of a new shunting system after 
the infection has cleared (both of these procedures have 
serious !imitations, subjecting thc child to unnecessary 
risks of reinfection in the former and uncontrollable 
increase in intraventricular pressure in the latter); (3) 
external ventricular drainage, with appropriate antibiotic 
treatment, is, in fact, the treatment ol choice. 

The external ventricular drain consists of a single 
Spring Catheter* shunting system inserted into the lat
eral ventricle, through a split trochar (see the section 
on shunt Revisions in Chapter 15). A stab wound 
should be made approximately 2 cm from the skin inci
sion (used for the twist drill opening and insertion of 
the split trochar). The spring catheter is brought 
through the stab wound, passed beneath the skin, and 
then inserted into a lateral ventricle. A "lock-clip" is 
used to anchor the Spring Catheter to the skin, and 
then the external ventricular system is connected. 

Though the most common reason for inserting an 
external ventricular drain is ventriculitis, it is also used 
in the treatment of acute hydrocephalus secondary to 
intraventricular or subarachnoid hemorrhage, and in 
those instances where the ventricular fluid has a protein 
content in excess of 500 mg%. 

Subdural Effusions (Figure 12.7) 

Inflammatory processes either of the meninges or cere
bral parenchyma, much more commonly the former 
than the latter, may result in accumulation of fluid 
which is either actively infected or presently sterile but 
secondary to an active infection, within subdural spaces. 
This results in the formation of an accumulation of 
fluid contained within 2 neoformed membranes (outer 
and inner) bordering, respectively, the inner surface of 
the dura and the arachnoid. At times, especially in the 
particularly young, the accumulation of fluid may occur 
so rapidly, accompanied by such severe cerebral edema, 
and then become so extensive in volume as to cause 
an acute increase in intracranial pressure, with splitting 
of sutures and bulging of the anterior fontanel. Other 

* Codman, Randolph, Massach usetts. 



A 

Figure 12.7. (A) The remarkable cerebral atrophy that occurs 
in association with long-standing subdural effusion, in a child 
who had suffered meningitis. One notes the opalescent mem
branes over the surface of the hemisphere, the enormous sulci, 

times, the accumulation of this fluid within the subdural 
space is insidious in onset and gradually progressive, 
developing at the expense of the underlying brain with
out causing a clinically apparent increase in intracranial 
pressure. These effusions are extremely difficult to treat. 
Resection of their membranes, repeated subdural taps, 
shunting procedures, have all failed. The treatment of 
subdural effusions consists of burr hole and drainage 
of the fluid in the acute cases, when there is an increase 
in intracranial press ure, and lowering of the superior 
sagittal sinus in the chronic cases (see the section on 
Chronic Subdural Hematoma in Chapter 13) when 
there is progressive diminution in cerebral volume and 
"hanging veins. " 

Cerebritis and Cerebellitis (Figure 12.8) 

With the exception of secondary porencephaly, which 
may become loculated, isolated, and expansile so as 
to act as a space-occupying lesion, there are no surgical 
indications for cerebritis. If a porencephalic cavity, 
which is expansile in nature, does develop, craniotomy 
with marsupialization of the cavity and the underlying 
lateral ventricle or shunting are the treatments of 
choice. 

Inflammatory processess of the cerebellum (cerebelli
tis) mayaiso result in the formation of intraparenchy
mal cavities that may become expansile. These are best 
treated with resection of the cyst wall. Another form 
of cerebellitis, that involving the cerebellar cortex and 
overlying pia arachnoid at the insertion of the arach-
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the shrunken gyri. (B) The outer leaf (1) of the subdural effu
sion membrane is elevated, exposing underlying effusion, inner 
leaf (2), and extensive areas of devascularization of cerebral 
gyri (3). 

noid membrane of the ci sterna magna, may result in 
a postinfectious Dandy-Walker cyst. In essence, the in
flammatory process provokes intense adhesions be
tween arachnoid of the cisterna magna, pia-arachnoid, 
and cortex, obstructing completely the outlet foramina 
of the IV ventricle and sealing the cerebellar hemi
spheres and tonsils to one another and the brainstem. 

Surgical removal of the adhesions is not followed 
by a cure. It is preferable to perform a cystoperitoneal 
shunt. 

Wound Infections 

All wound infections are neurosurgical emergencies 
and, consequently, should be treated immediately. 

Stitch Abscess 
Stitch abscesses are treated by removal of the infected 
stitches. The wound is opened and inspected for any 
necrotic or foreign material, which is, in turn, removed 
before the wound is scrubbed with surgical soap for 
approximately 10 min. The tissue is then allowed to 
granulate in by secondary intention, with medical per
sonnel scrubbing it with surgical soap for 10 min, 3 
times a day, until healing has occurred. 

Superficial Infection 
Surface infections such as excoriations are treated with 
a single surgical scrub and the application of antiseptic 
material. Clean dry dressings are applied. 
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A B 
Figure 12.8. Cerebellitis. (A) The degenerative and necrotic changes within the eortex 
of both eerebellar hemispheres (1) has resulted in adhesions of the hemispheres to one 
another. The membrane of the cisterna magna has been removed, exposing the tonsils 
(2) and the dorsal aspect of the medulla spinalis (3). (B) The right cerebellar hemisphere 
(1) is being separated from the one on the left, in an attempt to open the eerebrospinal 
fluid pathways. The tonsils (2) have been freed from the underlying medulla oblongata, 
exposing the floor of the IV ventricle (3). One sees a remnant of the dense, fibrotic, 
arachnoid membrane of the cisterna magna (4). This surgery was not followed by improve
ment in the child's clinical course. It was necessary to insert a cystoperitoneal shunt. 
This is, in fact, the postinfectious form of Dandy-Walker cyst first described by Walter 
Dandy. 

Deep Infection 
Whether secondary to trauma or a complication of an 
operative procedure, these are treated with opening of 
the wound; removal of foreign substances, granuloma, 
suture material, and so on; debridement, and removal 
of any bone fragments or flaps. The bone is discarded. 
The entire area is then scrubbed with surgical soap and 
irrigated with copious amounts of antibiotic solution. 
Such deep infections are best left open, so that they 
may be washed with surgical soap for 10 min, 3 times 
a day, allowing them to granulate in. One should not 
perform a secondary surgical closure on such wounds. 
If the wound is extensive, one may elect, at a later date, 
after there is a healthy base of granulation tissue, to 
request that the plastic surgeons assume its manage
ment. 
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"And yet a mysterious light seemed to show me his 
boyish head, as if in that moment the youth within 
him hadJor amoment, gleamed and expired." 

JOSEPH CONRAD 

Lord Jim 



The management of craniocerebral trauma in the child 
is, in contrast to the adult, if anything, more dependent 
upon critical neurologic evaluation, fastidious observa
tion and monitoring of neurological and vital signs, 
and the timely use of diagnostic procedures. The signifi
cance of the neurological evaluation, comparison of the 
Children's Coma Score (CCS) to the Glasgow Coma 
Score (GCS), and the discussion of the Children's Out
come Scale (COS) are presented in this text. The param
eters to be observed during the stay on the pediatric 
neurosurgical floor, or in the pediatric neuro intensive 
ca re units, are also presented. The same applies for the 
diagnostic studies, although it is essential at this time 
for one to review and to analyze critically the diagnostic 
studies that should be ordered and the value to be at
tributed to them in the decision-making process-when 
to operate and wh at operation to perform. 

The single most abused diagnostic study in emergen
cy rooms, whether in adult or in children's hospitals, 
is the "routine" skull x-ray. They are generally of poor 
quality because they are performed on an emergency 
basis and the child is frightened and unmanageable. 
Rarely do they contribute significantly to the manage
ment of the child. In fact, whether a skull fracture is 
present or absent, if present whether it is depressed or 
elevated, and if it is depressed whether it is simple or 
compound, are of no significance in and of themselves 
at the time of initial evaluation of the child. In essence, 
one must first determine whether the child has suffered 
a loss of consciousness, what his present state of neu
rological function is, whether there are associated inter
nal or osseous injuries, and what the immediate course 
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of the clinical events iso Certainly, no child will be care
fully observed while in the waiting area of the x-ray 
department or on the x-ray table. Consequently, critical 
moments and, alas! hours, are often lost between the 
time the child is sent to the x-ray department from the 
emergency room and the time he reaches a well-staffed 
and fully equipped nursing station. 

The proper time to request skull x-rays, or computed 
transmission tomography (CTT) scans, for that matter, 
is after the child has been examined by a qualified pedi
atric neurosurgeon. He will then determine, on the basis 
of external signs ofinjury, clinical and laboratory evalu
ations for cerebral or internal injuries, and observation 
of the clinical course, which diagnostic studies are indi
cated and, more important, when these studies should 
be performed. For example, if there is a full-thickness 
scalp laceration or protruding brain, the surgeon will 
not need skull x-rays, since immediate surgery is indi
cated and the wo und will be adequately inspected at 
that time. He may desire a CTT scan to learn whether 
there is an associated intracerebral hematoma, which 
would change his operative plans completely. The 
knowledge that a linear skull fracture may be present, 
on the other hand, does not contribute in any way to 
the immediate decisions for patient management. Of 
course, deterioration in neurological condition may re
sult from expanding intracranial clots (epidural on sub
dural), which may result from the same sequence of 
traumatic events that would cause a linear skull frac
ture: diploic hemorrhage from a diastatic fracture, epi
dural hemorrhage over the superior sagittal sinus from 
a linear or depressed fracture across the sinus. 



344 Trauma 

The current state of the art of CTT scanning is such 
that one may obtain much more information from a 
carefully performed CTT scan than a combination of 
plain skull x-rays, cerebral angiography, and a hastily 
performed CTT scan: information concerning presence 
and nature of a skull fracture, intracranial hemorrhage 
or cerebral contusion, diffuse subarachnoid hemorrhage 
or cerebral edema. There is no place for nuclear magnet
ic resonance in the management of acute, or chronic, 
head injuries. 

Y ounger children suff er much greater damages from 
such dece!eration impact injuries as falls, and accelera
tion burst injuries such as blows to the head. Approxi
mately 50% of children whose fontanels have not closed 
suffer skull fractures from either acceleration or deceler
ation injuries, whereas only 29% of children with closed 
fontanels and sutures suff er fractures. Similarly, chil
dren less than six months of age suff er the highest death 
rate among motor vehicle occupants (9/100,000), one
year-old children suff er the second highest rate 
(4--5/100,000), and children between the ages of six and 
twe!ve years suff er the third highest death rate 
(3/100,000). 

The age demarcation between good and poor out
comes in morbidity and mortality resulting from head 
injuries in childhood is sharp, occurring at the time 
of fontanel closure. If one studies age distribution histo
grams of children with open and closed fontane!s, it 
becomes apparent that fontanel closure occurs at ap
proximately one year of age, permitting the clinician 
to superimpose the closed fontanel population upon 
children older than one year of age. These observations 
(a higher incidence of skull fracture in children with 
open sutures and fontanels, greater morbidity and a 
higher mortality in the same age category) suggest that 
infants are more vulnerable to blunt trauma than 
toddlers in that they suffer more craniocerebral damage 
and a much higher incidence of neurological deficit and 
death. Whether the primary impact itself or a delayed 
cerebral response to this primary impact, one resulting 
from very different cerebral anatomy and physiology, 
are the causative factors is not possible to ascertain 
at this time. The facts are that in fants have less chances 
of a good recovery after blunt head injury than do chil
dren older than one year of age, 13.4% poor recovery 
in children less than one year of age and 4.9% in those 
between one and three years of age. Similarly, the high
est incidence of admission to hospital for head injuries 
in childhood occurs during the first three months of 
life (18 %). It then falls off in an almost linear fashion 
to reach the lowest incidence between the 18th and 21 st 
months of life (3%), before leveling off at a plateau 
of (7%) during each trimester between the 21st and 
36th months of life. 

One may not, with certainty, explain these very signif
icant differences in age-incidence/hospital-admission 
epidemiology exclusively to noxae characteristic of indi-

vidual trimesters during newborn, infancy, and toddler 
ages of life: passage through the birth canal, falls in 
the delivery room, slipping from the parents' arms dur
ing feeding, falls from a high chair or bassinet, crawling 
over the siderails of the crib, running and playing, and 
so on. The corollary of these observations--one which 
may explain why the rule the younger the child the 
greater the damage to the hrain from blunt trauma-
applies: it may be that open fontanel and sutures pre
dispose a child to a higher incidence of subdural hema
toma. It has been observed that 32% of the open fon
tane! population suffer subdural hematoma as a conse
quence of blunt head injury, whereas only 5% of the 
closed fontanel population suffer this complication. In 
fact, in a review of my own work, I observed that 79% 
of all posttraumatic intracranial mass lesions were in 
infants and that 93% of these were subdural hemato
mas! 7.5% (4 of 53) of these patients were toddlers, 
most suffering a CCS admission of 11 and none suffer
ing a CCS below 8. 

The newborn and infants suffering subdural hemato
mas are gene rally admitted late, at a time when they 
are symptomatic (failure to thrive, seizures, vomiting, 
lethargie) with clinical evidence of increasing intracrani
al press ure (split sutures, bulging fontanel, sunset phe
nomenon, etc.). Toddlers and older children, however, 
most often present in hospital immediately after a head 
injury significant enough to cause a subdural hema
toma. Their long-term symptoms and signs are expres
sive of either a postconcussion syndrome (irritability, 
diminution in academic performance, headache, behav
ior change, etc.), or of severe cerebral damage. One 
may only hypothesize concerning the protection which 
closed sutures and fontanels provide against the forma
tion of subdural hematomas. Among the possibilities 
are that the dot formation may more easily ass urne 
dinically significant volume within an expansile skull, 
that the absence of Pacchionian granules and arachnoi
dal adhesions to the dura both predispose to tearing 
ofbridging cortical veins and the accumulation ofblood 
along the vertex, and that the malleability of the skull 
permits more severe compression and distortion injury 
of the brain. 

The occurrence of the subdural hematoma (whether 
acute or chronic) is responsible for the extreme differ
ence in outcome between open and closed fontanel pop
ulations. This is expressed by the fact that excluding 
all subdural hematoma patients (83 of 462 in those stud
ied by the author) results in a drop of poor outcome 
from 4.9 to 2.8% in the closed fontanel population and 
from 13.9 to 4.6% in the open suture population. Still, 
however, children under one year of age suffer a higher 
incidence of poor outcome. 

One is confronted, consequently, with aseries of di
lemmas when discussing craniocerebral trauma in chil
dren. In the literature, it is almost invariably assumed 
that children are everybody under 18 years of age. The 



anatomical, physiological, developmental, and socio
logical differences among the different age categories 
of childhood are enormous, so that the clinician must 
separate one group from another when studying, or 
treating, head-injured children: the child evolves 
through entirely different structural and functional con
ditions as he ages. During the first three years of life, 
the central nervous system continues to mature at al
most the same rate as during the intrauterine period. 
Progression from the newborn existence (approximately 
22 hours of sleep, with the waking intervals being lim
ited almost entirely to feeding) to the 30-month-old 
child (who speaks, obeys command, engages in mean
ingful play activities, and solves problems) is an infi
nitely greater change than those that occur over any 
other period in a lifetime. 

At birth the brain neuronal population is the same 
as in adult life, but the glial cell proliferation, synaptic 
connections, and dendritic arborization, have only be
gun. They progress almost logarithmically throughout 
the first two years of life, whereas myelinization of the 
central nervous system begins within the first year of 
life, but then continues progressively through the 10th 
year. By four years of age, the child's brain weighs ap
proximately 75% of the adult, whereas it is only 25% 
of that weight at birth: the result of glial growth, in
creased volume of neurons and axons, and myeliniza
tion. In fact, cerebral volume is not expressive of greater 
amounts of brain water, since there is a rapid decline 
in brain water du ring the first two years of life, at which 
time the child's brain is hydra ted to the same extent 
as the adult. These structural factors are the basis for 
the characteristic pathoanatomical brain injuries suf
fered by infants less than 3 months of age~tears of 
the corpus callosum, the midbrain at its junction with 
the cerebral hemispheres, subcortical white matter, and 
the temporal and orbitofrontal lobes. The anatomical 
factors causative for these lacerations are malle ability 
of the skulI, quasi-gelatinous consistency of a brain 
composed almost entirely of cells and without myelin
ated axons, small subarachnoid spaces, large basal 
cisterns. 

On the other hand, older infants suffer tears at the 
pontomedullary junction, diffuse petecchial hemor
rhages, cellular necrosis. Pari-passu with the changes 
in cerebral structure, there are significant alterations 
in mesenchymal (skulI, periosteum, sutures, dura) anat
omy. The floating squamous bones of the calvarium 
first approach and then join one another, the fontanels 
become obliterated as membranous bone forms between 
the two layers of the periosteum, the sutures lose their 
anatomical definition as a mesenchymal bridge between 
the outer layer of the dura (endosteum) and the perios
teum, the tables of the skull thicken and the diploe 
convert from sinusoidal chambers to an irregular mass 
of channels running perpendicular to the surface of the 
skull. Thus, by one year of age, the clinically evident 

Trauma 345 

cutoff point between a high and low incidence of sub
dural hematoma, the sutures have closed and the skull 
has become solid. 

It is precisely this anatomical maturation, progressing 
from a mass of developing cells covered by pliable and 
isolated plates of membranous bone tethered at the su
tures, into solidly protected, highly specialized nuclear 
aggregates with myelinated axons, which makes it im
possible to use the same clinical criteria to evaluate the 
nature, severity, and course of craniocerebral injury in 
the different ages of childhood. 

These anatoniical, physiological, and developmental 
facts have been uniformly ignored by authors writing 
on the subject of pediatric head trauma. In fact, neo
nates, infants, toddlers, juveniles, adolescents (and, alas, 
young adults) have invariably been considered a homo
geneous group. Of especial significance is the fact that, 
with only one exception, this subject has never been 
studied ~ reported ~chronologically, analyzing clinical 
observations in monthly, or yearly age-time frames in 
the critical first three years of life. 

The efficacy of surgical or medical (e.g., the use of 
Decadron), as weil as intensive care, management with 
the institution of bartiturate coma, has been measured 
using the GCS and evaluated from a cohort of all ages 
of childhood. This has resulted in imprecise reporting 
of the incidence of subdural hematoma, intracerebral 
hematoma, cerebral laceration or contusion, brain 
swelling, cerebral vascular dilation, and alterations in 
circulating cerebral blood volume. 

The GCS is a standardized, and gene rally accepted, 
convention for evaluating the severity of head injury 
in adults, but it is not applicable to infants or toddlers! 
It is based upon interpreting varying degrees of higher 
integrative functions (obeying command, being ori
ented, spontaneous eye opening). Such a system permits 
disarticulation and resolution of individual integrative 
functions, but does not allow one to interpret functional 
alterations at subcortical and brainstem levels. which are 
normal performance levels for newborn and infants. In 
fact, "a normal infant would not score better than 4 
(of 6) on the motor ex am (flexor withdrawal) or 2 (of 
5) of the verbal ex am (incomprehensible sounds)" on 
the GCS. Also, the response to eye opening other than 
spontaneous, would be misleading, since newborn and 
infants generally close their eyes when feeling pain. 

In addition to these obvious inadequacies of the GCS 
in evaluating craniocerebral injury in childhood, one 
must consider the fact that we do not know how much 
time is necessary to evaluate the effects of cerebral dam
age. Some forms of damage become less noticeable over 
the years and others remain obscure until a later age 
when more demand (motor and intellectual) are put 
upon the brain. 

"Moderately" brain-injured infants and toddlers 
very often do not show signs of sensory, motor, cogni
tive, or behavior impairment for many years, despite 
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"apparent" complete recovery so on after the injury. 
This is as true for cerebral injury as it is for hydrocepha
lus, meningitis, porencephaly, vasospasm, the dysraphic 
state. Very severe neurological deficits are the rule when 
porencephaly or meningitis occur in the neonatal peri
od, and moderate deficits are much more common when 
meningitis and encephalitis occur during the first two 
years of life. One cannot accept the anecdotal reports 
that less damaging long-term effects result from injuries 
suffered in the early years of life, that young children 
"outgrow" or are more resistent to cerebral damage. 
Approximately 20% of head-injured children suff er hy
perkinesis, difficulty in anger control, impaired atten
tion, and headache: elements of the "posttraumatic 
syndrome." Also, studies of delinquent children with 
psychiatrie problems reveal that a statistically signifi
cant number of them had suffered head or face injuries 
in childhood. Therefore, normal neurologie al or IQ ex
ami nations in children who have suffered head injuries 
are no assurance that permanent and significant brain 
damage has not occurred. 

In a publication coauthored by Dr. Jeffrey Hir
schauer, the author reported on a study of 462 head
injured children (between 1 and 36 months of age) in 
whom the injuries ranged from trivial to deep coma. 
Penetrating head injuries were not considered in that 
study, nor were birth injuries. The results permitted the 
categorization of a Children's Coma Score (CCS) and 
the preparation of a Children's Outcome Scale (COS), 
both predicated entirely upon direct observations of in
jured infants and toddlers. 

The three elements of the neurological examination 
that form the basis of the Children's Coma Score are 
motor, ocular, and verbal, with the total score being 
the sum of the three subscores : 

Ocular response - maximum score = 4 
4 pursuit 
3 extraocular muscles (EOM) intact, reactive 

pupils 
2 fixed pupils or EOM impaired 

fixed pupils and EOM paralyzed 

Verbal response - maximum score = 3 
3 cries 
2 spontaneous respirations 
1 apneic 

Motor response - maximum score =4 
4 flexes and extends 
3 withdraws from painful stimuli 
2 hypertonie 
1 f1accid 

- total maximum score assignable = 11 
- minimum score = 3 

Since infants are unable to speak and injured toddlers 
generally neither obey commands nor respond appro-

priately to verbal stimuli, we allocated no points to 
responses requiring such complex behavior as speech 
or stimulus localization. 

Five COS categories were designated: 

I excellent recovery 
11 moderate, but nondisabling deficit 

III either a severe motor or cognitive deficit 
IV vegetative 
V death 

Categories land 11 are considered "good" outcome, 
BI-V, "poor" outcome. 

Comparison of the GCS to the CCS permits one im
mediately to recognize the fact that the maximum score 
on the GCS is 15, whereas it is only 11 on the CCS. 
In addition to this, one notes that the former permits 
good discrimination of higher integrative functions, 
whereas the latter provides for evaluating subcortical 
and brainstem functions. In fact, comparing the GCS 
to the CCS for higher integrative functions reveals that 
in the GCS a score of 12 to 15 is awarded when the 
patient is either "normal" or at the very least able to 
open his eyes to command, and is at its worst when 
he is not responding (motorwise or cognitively) either 
to verbal command or pain. 

None of these higher integrative functions are test
able in in fants and toddlers. Cortical functions are ex
pressed by ascore of 9-11 on the GCS, but infants 
and toddlers must get full marks, 11, on the CCS, the 
score of anormal child in this age range. Subcortical 
functions score out at 5-8 on the GCS, and 8--10 on 
the CCS, illustrating that the CCS is more sensitive 
for appraising subcortical function. Adults who are 
functioning at the brainstem level score from 3 to 4 
on the GCS, whereas infants and toddlers score 3-7 
on the CCS. 

Despite the fact that seizures, split sutures, a bulging 
fontane!, and a high-pitched cry are the common pre
senting signs of increases in intracranial pressure in in
fants, thus resulting in a much higher percentage of 
head-injured infants being brought to the hospital early 
and treated early, infants suffer greater cerebral damage 
and do not do as well as toddlers. There is no greater 
incidence of seizures, lateralizing signs, or skull frac
tures in either age category. Neurologically intact chil
dren with open sutures at the time of admission to hos
pital are more likely to have a "poor" outcome, an 
observation that applies across the full range of admis
sion CCS right down to a score of 3. 

The single most reliable examination for evaluating 
the outcome in children under 3 years of age is the 
ocular examination, being most consistent with regard 
both to "good" and "poor" outcome. About 95% of 
the children with an ocular examination of 4 do weil, 
whereas no child with an ocular examination of 1 sur-



vives. This degree of reliability does not occur in either 
the motor or verbal evaluations, since one may predict 
that approximately 20% of the children in the lowest 
motor category and 40% of those in the lowest verbal 
category may enjoy a good outcome. It may well be 
that the ocular examination is most reliable, and that 
there is greater consistency between the ocular examina
tion and outcome over the first two years of life than, 
for example, motor evaluation, because all oculomotor 
functions (including near reflex and ocular pursuit) are 
present by the time a child is two months of age. On 
the other hand, only the most basic motor functions
sucking, reflex grasp, startle reflex -are present in a 
two-month-old, whereas a two-year-old has a full range 
of fine motor movement. Cortical spinal myelinization 
occurs much later than optic pathway myelinization. 
The same maturation processes for respiration explain 
the relative unreliability of the verbal categories. Apnea 
is very common in the non-brain-damaged newborn, 
whereas it is nonexistent in toddlers. 

In comparing the three aspects of the Children's 
Coma Score (ocular, verbal, motor), and applying the 
expected observations to the c1inical condition, one may 
expect that 100% of the children with c10sed fontanels 
and 94% of those with open fontanels will have a 
"good" outcome with an ocular score of 4, 79% and 
64% with an ocular score of 3, and 55% and 22% 
with an ocular score of 2. The motor examination per
mits one to conc1ude that 100% of the c10sed fontanel 
and 94% of the open fontanel children with a motor 
score of 4 have a "good" outcome, whereas the percent
ages change to 81 and 42 with a score of 3, and 0 
and 100 for those with a score of 2. In the verbal exami
nation, 98% of the c10sed fontanel and 92% of the 
open fontanel children with a score of 3 enjoyed a 
" good " outcome, whereas the percentages were 56 and 
8, respectively, for those with a score of 2. 

Radiographic evidence of posttraumatic splitting of 
the sutures is indicative both of a "poor" outcome and 
a higher incidence of posttraumatic seizures. Palpation 
of the open fontanel provides good evidence regarding 
outcome, since only 5% of the children with a soft fon
tanel suffer a "poor" outcome, 16% of those with a 
full fontanel suffer a "poor" outcome, and 50% of 
those with a tense fontanel suffer a "poor" outcome. 
Only 12% of the children with a soft fontanel have 
subdural hematomas, whereas the percentages rise to 
71 and 83, respectively, for those with full and tense 
fontanels. The presence of a linear skull fracture may 
not be correlated with outcome, unless it is bilateral! 
In 7% of the children without, and 4% of those with, 
linear fractures the outcome is "poor", whereas 26% 
of the children with bilateral fractures suffer a "poor" 
outcome. One must also distinguish between a linear 
fracture and a diastatic fracture, since 33% of the chi 1-
dren with diastatic fractures suffer" poor" results. 
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Posttraumatic seizures occur in 10% of the children 
with depressed fractures and 7% of those without frac
ture. Irrespective of whether a child's sutures and fon
tanel are still open or c1osed, ocular deviation and hemi
paresis may not be correlated with a "poor" outcome, 
whereas simple hemiparesis (in the absence of ocular 
deviation) is significantly associated-in 26% of the 
cases-with a "poor" outcome. The presence of an ex
tensor plantar response does not alter these relation
ships. In fact, a unilateral Babinski reflex, along with 
hemiparesis and ocular deviation are indicative of a be
nign course in 97% ofhead-injured children under three 
years of age. Whether the coexistence of this triad is 
expressive of a seizure, rather than discrete neurological 
destruction, is not known, though approximately 62% 
of the children with this triad may be expected to suffer 
focal motor seizures so me time during the hospital stay, 
and 23% of them remain permanently epileptic. When 
these numbers are compared to the incidence of post
traumatic seizures in the general population (only 3%!) 
this correlation becomes most meaningful. It is also of 
value to realize that such hard evidence of neurological 
deficit as an extensor plantar response, ocular deviation, 
and hemiparesis actually are indicative of a benign 
course. Developing upon the possibility that the triad
extensor plantar response, ocular deviation, hemipare
sis-may be a seizure equivalent, and that it is corre
lated with a benign course, one must immediately sepa
rate this clinical picture from tonic-clonic posttraumatic 
seizures, whether focal or generalized. Of the children 
with focal seizures, 14% suffered poor outcome and 
another 14% had recurrent seizures, with 69% of the 
posttraumatic seizure patients being less than one year 
of age. About 27% of children with generalized seizures 
suffered a "poor" outcome and 10% have recurrent 
seizures, with 76% of the patients being less than 12 
months of age. Late seizures occur more commonly in 
children who suff er early focal seizures, and 66% of 
the patients who develop late seizures may be expected 
to suffer a poor outcome. The incidence of posttrau
matic seizures is higher in infants than in toddlers (26% 
vs 10%), with evidence that the toddler has the same 
incidence of posttraumatic epilepsy as does the adult. 
In comparing the age categories, 26% of the newborn, 
18% of the children between 1 and 12 months of age, 
and approximately 10% in patients older than one year 
of age, one realizes that the seizure rate drops after 
the first month of life, remaining high during the first 
year, and then leveling off thereafter. 

Bilateral retinal hemorrhages correlate very directly 
with poor outcome, whereas a unilateral retinal hemor
rhage is of no significance at all. Split sutures and bilat
eral retinal hemorrhages coexist very often, both indi
cating a sudden and severe rise in intracranial pressure. 
In fact, 65% ofthe children with bilateral retinal hemor
rhages have extra-axial hematomas. These signs indi-
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cate to the clinician that immediate surgery is essential, 
especially in light of the fact that timely removal of 
the clot is associated with a good outcome in exactly 
the same percentage of cases as subdural hematoma 
alone, without split sutures or retinal hemorrhages: 
69% "good" recovery in both groups. One may con
clude that unilateral retinal hemorrhages are qualita
tively and quantitatively different from bilateral hemor
rhages~ less severe, occur in older children, less often 
associated with extra axial hematoma~and that bilateral 
hemorrhages are a reliable sign indicating the need for 
emergency treatment. They are a result of an acute in
crease in intracranial pressure, as are split sutures and 
diastatic fractures. In fact, however, hemorrhages are 
more reliable as an indicator of an increase in intracra
ni al pressure than a bulging and tense anterior fontane!, 
since an expanding extra axial hematoma does not in
variably cause a tense or bulging fontane!. 

Approximately 79% of the children suffering intra
cranial mass lesions are less than 1 year of age and 
subdural hematoma is the pathological lesion in 93% 
of the cases, with the chronic variety occurring in two 
thirds of the children. There is no difference in the out
come of children with subdural hematoma treated with 
burr holes, subdural puncture, or subdural peritoneal 
shunts. In fact, these children may have all three forms 
of treatment, and the subdural fluid continues to reac
cumulate. Those treated with craniotomy and evacua
tion of the hematoma enjoy a much better outcome, 
73% "good" results in open fontanel and 62% "good" 
results in closed fontane! children. If "hanging veins" 
are present on cerebral angiography, lowering of the 
superior sagittal sinus is effective treatment in 90% of 
the children. Epidural hematoma and intra parenchym al 
edema are most unusual in open fontanel children, 
though they represent 25% and 12%, respectively, of 
the intracranial clots in toddlers. An epidural hema
toma in a toddler should invariably be associated with 
good outcome, if treated before pupil changes occur, 
with a "poor" outcome if treated after pupil changes 
have occurred, and with either the vegetative state or 
death if the pupils are fixed and dilated. On the other 
hand, irrespective of the status of the pupils, intraparen
chymal mass lesions are associated with severe edema 
and poor outcome. 

Injuries of the Scalp 

Scalp injuries range from abrasions through subGaleal 
or subperiosteal hematoma to lacerations of various 
depth. The scalp abrasion is best treated with a simple 
scrub with surgical soap and application of antiseptic, 
without shaving the area, since this only adds to the 
scalp injury and presents the risk of bringing contami-

nants into the depth ofthe dense connective tissue. Sub
Galeal or subperiosteal hematomas are not to be treated 
under any circumstances. Puncturing the subGaleal or 
subperiosteal space to remove hematoma is to be dis
couraged because removal of the freshly formed clot 
is difficult, the disadvantages rest in the risks of intro
ducing bacteria into the hematoma (a superb culture 
media) with complicating subdural or subperiosteal em
pyema resulting. The subGaleal empyema is easy to 
manage in that one need only incise the scalp, give 
egress to the pus, and insert Penrose drains. The sub
periosteal empyema, on the other hand, is extraordinar
ily painful, presents grave risks of osteomyelitis, and 
may necessitate removing varying amounts of the cal
vanum. 

Scalp lacerations are closed in the emergency room, 
using the same technique for hemostasis and scalp clo
sure as described in Chapter 2, unless the child is to 
be taken to the operating room because of a surgical 
head injury. 

Fractures 

The determining factors in fracture management are 
whether the fracture is compound or depressed, since, 
generally speaking, compound fractures necessitate im
mediate surgery, and depressed fractures, when not 
compound, may necessitate (elective) surgery. 

Linear Fractures 
The linear skull fracture is, in and of itself, of no surgi
cal significance. lt assurnes "warning" value when it 
traverses the course of a meningeal artery or dural sinus. 
In essence, a change in clinical signs, expressive of in
creasing intracranial pressure or a focally expanding 
mass lesion, in a child who has a linear fracture that 
crosses one of the above-mentioned vascular structures, 
obliges the surgeon to conclude that a hematoma is 
accumulating until proven otherwise. One should be 
alert to the possibility that a linear fracture across the 
transverse sinus may result in an epidural hematoma 
expanding within the supratentorial compartment, the 
infratentorial compartment, or both. Similarly, a linear 
fracture across the superior sagittal sinus (SSS) may 
indicate an epidural hematoma expanding to the right 
or the left of the sagittal plane, or, more ominous still, 
one expanding directly over the midline and compress
ing the SSS. 

Arterial epidural hematomas, resulting from torn 
meningeal vessels, are common in infants, but they do 
not occur (alm ost) exclusively within the distribution 
of the middle meningeal artery as they do in the adult. 
In fact, epidural hematomas from tears in posterior 
meningeal vessels are as common as those resulting 



Figure 13.1. The " ping-pong " fracture is ele
vated by placing a burr hole opening (1) imme
diately peripheral to the point where normal 
skull ends and the depression begins (2). A 
periosteal elevator (3) is then inserted through 
the burr hole, bringing its tip (4) to the very 
nadir of the "ping-pong" fracture (5). The 
surgeon should take care to use his own finger 
(6) as the fulcrum, not the normal skull at 
the edge of thc burr hole opening (7), lest he 
inadvertently cause another depressed frac
ture. 

from middle meningeal injury. The most common cause 
of epidural hematoma in the infant is diploic bleeding, 
in the toddler bleeding from a meningeal artery. 

Diastatic Fractures 
Diastatic fractures may be classified either as linear, 
comminuted, or stellate, depending upon the number 
and form of fragments one may identify. In its simplest 
terms, however, it is best to consider a diastatic linear 
fracture as one consisting of a break in skull continuity, 
with the bone edges se para ted by more than 5 mm over 
a distance of greater than 2 cm. 

These fractures are all too often harbingers of either 
epidural hematoma or meningocele spuria. It is recom
mended that they not be operated, that the child be 
followed closely, that there be a high index of suspicion 
for any of the already described complicating clinical 
conditions. One may, however, be justified in choosing 
to explore diastatic linear fractures, so as to inspect 
for the presence of an epidural hematoma or a tear 
in the dura. Given the potentially lethai complications 
of the former and neurological damaging complications 
of the latter, this course of action is advisable. If any 
epidural hematoma is found, the diastatic fracture is 
simply extended into a craniotomy adequate for evac
uating the hematoma, and stopping dural bleeding and 
oozing from the inner surface of the skull. If a dural 
te ar is found, the dura is opened and the subdural space 
inspected. If a subdural hematoma is encountered, it 
is dealt with surgically. If not, the dura is closed and 
one proceeds with scalp closure. This prevents the for
mation of a meningocele spuria. 
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Basal Linear Fractures 
Linear fractures of the base of the skull are not man
aged surgically. It is almost impossible to diagnose them 
neuroradiologically in the newborn and infant, and ex
traordinarily difficult to do so in the toddler and adoles
cent. One may, categorically, make the diagnosis ofbas
al linear fracture if he finds either hemotympanum in 
the absence of a ruptured drum, battle sign (or raccoon 
eyes) in the absence of direct injury to the temporal 
or nasoorbital areas. 

There has been much discussion concerning the advis
ability of treating linear fractures of the base of the 
skull prophylactically with antibiotics. Some have sus
tained that antibiotics should be used only when there 
is cerebrospinal fluid rhinorrhea; others feel they should 
be used immediately after the diagnosis of a linear frac
ture of the base of the skull is made. Still others think 
there is no place for prophylactic antibiotics in the man
agement of these injuries. 

Depressed Fractures (Figure 13.1) 
Closed depressed fractures may be eie va ted or not, de
pending upon the orientation and experiences of the 
individual neurosurgeon. There are no hard and fast 
data concerning the association of a persistent, un
treated, depressed fracture with permanent neurological 
deficit or seizures. However, most neurosurgeons accept 
the arbitrary determination that adepression of 5 mm 
or greater indicates surgery. This seems reasonable, 
especially in light of the fact that an operative procedure 
for elevating a depressed fracture presents minimal 
risks, and that it affords the patient the added protec-



350 Trauma 

Figure 13.2. A compound depressed fracture is characterized 
by a full-thickness scalp laceration almost invariably accompa
nied by extensive tissue destruction from the compressive 
force, and single or multiple bony spicules, fragmented and, 
at times, impacted into the underlying dura and brain. The 
laceration (1) and surrounding areas of tissue damage (2) may 
overlay the bony spicules (3). This does not invariably occur. 

tion of having the depressed fracture elevated and the 
dura inspected for tears which, if present, may be re
paired be fore a meningocele spuria develops. 

In the newborn or infant, depressed fractures may 
be either "ping-pong" fractures, consisting of nothing 
more than a conversion of the concavity of the skull 
into a convexity, with the depth of depression indicating 
the potential cerebral concussion. Comminuted frac
tures, with impaction of spicules into the dura or brain, 
are most unusual in the newborn and infant, as 'ping
pong' fractures are most unusual in the toddler and 
juvenile. 

The ping-pong fracture is treated by making a perfo
rator opening in the skull just peripheral to the limbus 
of the depressed area, and then slipping a Penfield # 4, 
or # 1, dissector, whichever is most appropriate, be
tween the skull and the dura. The depression is then 
elevated, with the surgeon taking care to use his finger, 
not the bone edge, as the fulcrum for the dissector, 
since this latter could result in further depression of 
the calvarium. 

Surgical management of a comminuted fracture does 
not necessitate placement of burr hole, since one simply 
removes the spicules, one at a time, with a fine-tipped 
rongeur, inspects the underlying dura, and then replaces 

the spicules and proceeds to closure of the scalp, if 
the dura is not damaged. If the dura is damaged, it 
should be opened to inspect the subdural space to as
certain that there is no clot present. The surgeon then 
proceeds to dural closure, replacement of the bony spic
ules, and scalp closure. Of course, this is proper man
agement of closed, not compound, comminuted frac
tures. 

Compound SkuU Fractures (Figures 13.2 to 13.4) 
The compound depressed skull fracture represents an 
acute neurosurgical emergency, since one is obliged to 
debride the wound, inspect the fracture area for persis
tent bleeders, and remove bone spicules and foreign 
substances from the epidural space and surface of the 
brain. One should not explore the subcortical area of 
the brain for foreign substances nor should he enter 
this area in search of spicules identified either on CTT 
scan or skull x-ray. Debridement is best limited to the 
surface, whether removing damaged brain, bone frag
ments, or foreign bodies. 

The compound depressed fracture of the convexity 
of the calvarium is managed surgically, after surface 
debridement of the scalp and periosteum, in the same 
way as a closed communited depressed fracture, with 
one exception : in the compound depressed fracture the 
bony spicules and fragments are discarded, not reap
proximated into their previous position and left in 
place! These fragments must be considered contamin
ated, possible foci for infection. 

The compound depressed skull fracture over the su
perior sagittal or transverse sinuses presents entirely dif
ferent surgical implications, operative risks, technique. 
Once one diagnoses a compound depressed fracture 
over one of these sinuses, either clinically or with skull 
x-rays, he should proceed immediately to CTT scan, 
with coronal and sagittal reconstruction, in order to 
evaluate as precisely as possible the depth ofpenetration 
or compression of the sinus by impacted bones. Before 
operating, or making adecision to operate, one should 
perform cerebral angiography, taking care to obtain 
excellent venous phases so as to evaluate the caliber 
and patency of the involved sinus beneath the impacted 
bone. If the sinus is almost completely occluded, and 
the clinical condition of the child is expressive of this 
occlusion, then the surgeon has no alternative but to 
proceed to elevate the depressed fragments and repair 
the lacerated sinus. If, on the other hand, there is only 
minimal compression of the sinus, or the child's neu
rosurgical condition is excellent, one should limit him
self to debridement and repair of the scalp, leaving the 
fracture fragments untouched. The risks ol opening a 
spontaneousfy closed rent in a major uenous sinus are 
of such potentially lethai danger that the safest f<Jrm ol 
treatment entails the judgment that a potentially infected 
wound is much fess dangerous to the chi/d than atom 
venous sinus. 
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Figure 13.3. (A) In the event of a depressed fracture, com
pound or closed, over the superior sagittal sinus (SSS), one 
should reflect a quadrilateral bone flap (1), taking care to 
position the burr holes (2) so that their medial convexity 
borders upon the lateral surface of the SSS (3). Once the burr 
holes have been placed, and the osteotomy incisions (4) made, 
one may elevate the free bone flap, taking extreme care to 
identify and remove, when possible, the impacted spicules (5) 
of the depressed fracture. (B) After the bone flap has been 
reflected and the spicules removed, the SSS may bleed. Conse
quently, one should be prepared to repair it. Avitene is used 
to cover the rent in the sinus (1) and then this is compressed 
with a Surgicel strip (2), prior to bringing a periosteal graft 
(3) into the field and sewing it over the Surgicel strip and 
the SSS (4). (C) This is a cross-section representation of a 
depressed fracture over the SSS, illustrating the bony spicules 
(1) and small epidural hematoma (2) which is invariably pres
ent, causing the depression, deformity, and at times occlusion 
of the SSS (3). (D) In the so-called coconut fracture, the vertex 
of the skull is depressed to such a degree that it impinges 
upon the SSS with resultant constriction, occlusion, or tearing 
of this major dural venous channel. The arrowhead indicates 
the point at which the depressed fracture indents the SSS, 
apparently occluding it completely. This study illustrates the 
arterial system in white, the venous system and sinuses in 
black. 
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Figure 13.4. Improper technique for management of com
pound depressed skull fractures. One notes the scalp laceration 
(1), multiple bone fragments (2), and wiring of these back 
into position at the time of closure (3). The compound frac
ture, by definition, contaminates the wo und. The bone frag
ments are free and may readily be infected. In addition to 
this, the stripping of periosteum (4) devitalizes the remaining 
bone, subjecting it even further to risk of osteomyelitis. 

In the event one is obliged to remove the depressed 
fracture fragments from the superior sagittal sinus, he 
should be prepared to stop immediately the outpouring 
of venous blood and to proceed with repair of the sinus 
so as to guarantee patency. This entails extension of 
the scalp laceration into an S-shaped incision after the 
scalp has been shaved, the laceration has been washed 
and debrided, and the head draped for abiparietal (in 
the event of a depressed fracture over the SSS) or an 
occipitaljsuboccipital (in the event that the transverse 
sinus has been compressed) approach. Burr holes are 
placed 4 cm to either side of the depression, and 2.5 cm 
from the center ofthe involved sinus, thereby presenting 
the surgeon potential access to the entire sinus. The 
burr holes should be connected to one another by use 
of Gigli saw, freeing the bone flap from over the in
volved sinus. This permits the surgeon to !ift simulta
neously the bone flap and depressed fragments from 
the surface of the sinus, assuring complete access, and 
control, in the event the tom sinus reopens and bleeding 
occurs, as compressing fragments are lifted away. Dis
card the depressed fragments, irrigate the surface of 
the compressed sinus and inspect it carefully. Avitene 
should be placed over the involved sinus and the freed 
bone flap placed back into position and anchored into 
place prior to proceeding with closure of the scalp. One 
may, at a subsequent date, choose to perform a cranio
plasty if the skull defect is so large as to present risks 
to the child. 

In the unfortunate event that the involved sinus 
bleeds profusely at the time the depressed fracture is 
elevated, one must immediately cover the rent in the 
sinus with a large fluffy cotton, and continue to irrigate 

the cotton as he applies the sucker to the bleeding site, 
thus both keeping the field dry and diminishing consid
erably the risk of air embolism. Gentle compression 
is applied to the rent in the sinus by both the tissue 
forceps and the suction tip, as the fluffy is gradually 
rolled toward the site of the tear, progressively applying 
smaller fluffies so that one has a more manageable 
working area. Prepared sandwiches of Avitene strips 
and Surgicel are applied to the surface of the sinus, 
bridging the rent, and fluffies placed over them immedi
ately, as the sucker is brought to the site of maximum 
bleeding. This seals the A vitene to the sinus and closes 
the breech. If this suffices, one should leave the fluffy 
cotton over the sandwiches for aperiod of 10 to 15 
minutes. At this time, another sandwich is placed over 
the tamponading one, and sealed to it, utilizing the same 
fluffy technique. One then removes the periosteum from 
the free bone flap, places it over the tamponading sand
wiches, and anchors it to the underlying dura with 4-0 
suture, attaining as tight an apposition as possible. The 
fragments of depressed fracture are discarded, and the 
freed bone flap is repositioned and anchored into place 
prior to closure of the scalp. 

Cerebral Contusion and Edema 

Cerebral contusion, if lobar and the focus of an expand
ing mass, should be resected as an emergency proce
dure. No attempt at resection is indicated if the contu
sion is centered in the parietal lobe or the insular cortex 
of either sidc. 

In the past, many different operative procedures have 
been used, in vain, to treat cerebral edema: lobectomy, 
hoping to provide internal decompression; leaving the 
dura open and not anchoring the bone flap in place, 
hoping to allow some room for expansion of the swell
ing brain; performing a relaxing duraplasty and dis
carding the bone flap or performing radical craniec
tomy. There is no place in the management of acute 
head injuries, or chronic head injuries for that matter, 
for discarding a bone flap or extensive craniectomy with 
the hope that this will alleviate intracranial pressure 
and "give room for cerebral expansion." This proce
dure is without foundation , though it has been repeated 
over the years by neurosurgeons, with hope of minimiz
ing cerebral edema. It results only in worsening the cere
bral edema and further complicating the neurological 
damage. 

Epidural Hematoma (Figure 13.5 and 13.6) 

The arterial epidural hematoma may be located over 
the supratentorial convexity or the cerebellum. The ve
nous epidural is located over the superior sagittal or 



Figure 13.5. These drawings represent the two types ofvenous 
epidural hematoma, one over the SSS and the other over the 
convexity. (A) The SSS may be depressed either by a pure 
c10t (1), secondary diastatic splitting of the sagittal suture (2), 
or as illustrated in Figures 13. Band 13. C. (B) Convexity (1) 
epidural hematomas are, on the other hand, almost invariably 
arterial, with the exception of bleeding from the transverse 
sinus. They may expand over both the supra- and infratentor
ial compartments, or one of the two. This four-stage figure 
illustrates (I) the just described arterial epidural hematoma 
located between the inner table of the skull and the dura; 
(II) bleeding from the inner table of the skulI, which often 
occurs after the hematoma has been evacuated; (III) the per
formance of an osteotomy along the line where the dura has 
been separated from the skull by the epidural hematoma in 
order to stop this oozing; and (IV) the reexpanded brain with 
the flap repositioned after the c10t has been removed. 
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Figure 13.6. Epidural hematoma, illustrating a dol over the 
dura (1) and along the inner table of the skull (2), so as to 
demonstrate that the craniotomy line may not always bord er 
upon the most peripheral portion of the blood dot. Conse
quently, epidural hematoma extends beyond the line of cranio
tomy, separating dura from the inner table ofthe skulI, provid
ing the pathogenesis for continuous oozing from the inner 
table of the skull. When this bleeding is persistent, one should 
per form an osteotomy as illustrated in the previous figure 
to the point where the dura is separated from the inner table 
of the skull. 

transverse sinuses. Though , in point of fact , both the 
superior sagittal and transverse sinus epidural hemato
mas are collections of dot between the dura and the 
inner table of the skulI, they are not conventionally 
considered to be the same as epidural dots secondary 
to tears in the meningeal arteries. Similarly, epidural 
cJots between the squamous occipital bone and the dura 
of the posterior fossa have such different clinical presen
tations as to be commonly, and erroneously, considered 
other than "epidural hematomas." The fact ofthe mat
ter is that in the child there is no common clinical pic
ture that may be considered typical of an epidural he
matoma. Rather, epidural hematoma is, in the child, 
an anatomie al location of a rapidly collecting blood 
cJot, no more, no less. 

The technical implications are, indeed, quite different 
when considering a convexity (supratentorial) epidural 
hematoma on one hand, and a posterior fossa epidural 
on the other. 

Convexity Epidural Hematoma 
Convexity epidural hematomas may be midline, in 
which ca se they are located either over the superior 
sagittal sinus and are secondary to tears in this struc-

ture, or laterally (beneath the pterion or the parietal 
bone), in which case they are secondary to a tear in 
the middle meningeal artery or a diastatic fracture. The 
lateral epidural may result from a compressivejdecom
pressive injury which causes an "explosive" force. This 
pushes the convexity of the calvarium into the brain 
and is followed, instantaneously, by an immediate re
bound of the convexity of the calvarium, creating a 
vacuum between the skull and the dura , resulting in 
a stripping of the latter from the former. Consequently, 
hemorrhage may occur in the epidural space. This is 
the most life-threatening of epidural hematomas in the 
newborn and infant. Because of the rigidity of the cal
varium in the toddler and juvenile, this pathogenetic 
sequence of events does not occur. 

One must not expect invariably to find a torn men
ingeal vessel when lateral epidural hematoma is surgi
cally evacuated. Rather, in the newborn and infant this 
is an exception. In the toddler andjuvenile, it is a rarity. 
In the adolescent, it is exactly the same as in the adult. 
Following evacuation of the hematoma, one should 
make a diligent search for the bleeding source. lf a 
rent is not found in a meningeal vessel, it may safely 
be assumed that the bleeding occurred from the inner 
surface of the skull. Generally , reexpansion of the brain 
will reapproximate the dura to the surface of the inner 
table of the skull so that reeurrent bleeding will not 
oceur. One should apply very soft bone wax to the inner 
surface of the skulI, or, preferably, refleet a free bone 
flap along the limbus of the epidural hematoma. This 
separates that portion of the ealvarium whieh is bleed
ing from the inner table, from the surrounding eranium 
and, therefore, eliminates the source of bleeding. Recur
rent epidural hematomas generally result from contin
ued bleeding from the inner table of the skulI, not from 
rebleeding meningeal arteries. 

Posterior Fossa Epidural Hematoma 
The posterior fossa epidural hematoma results either 
from a diastatic fracture of the squamous portion of 
the oceipital bone or a tear in the transverse sinus. They 
expand rapidly, result in a massive eollection of blood 
in the epidural space and obliteration of the cisterna 
magna, and cause (1) compression of the hindbrain and 
(2) obstructive hydroeephalus. For these reasons, the 
cJinieal picture is one of rapid, if not dinically instanta
neous, increase in supratentorial press ure seeondary to 
triventrieular hydroeephalus. 

The surgical implications of such a catastrophic clini
eal entity as a posterior fossa epidural hematoma are, 
consequently, directed toward compensating the triven
trieular hydroeephalus, and evaeuating the epidural he
matoma. A single lateral ventrieular drain compensates 
the triventricular hydrocephalus and a suboceipieal 
craniotomy (inferior cerebellar triangle) permits one to 
evacuate the epidural. 
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Figure 13.7. Acute subdural hematoma. The acute subdural 
hematoma is characterized by acute cerebra I edema, diffuse 
cerebral contusion, subarachnoid bleeding, subdural collec
tions of blood varying in thickness from one to approximately 
four mm. This compound cranial cerebral injury is often asso
ciated with dural lacerations; linear, depressed, compound 
skuJl fractures; scalp lacerations or abrasions. (A) This child 
suffered an acute subdural hematoma. One notes the freshly 
formed subdural dot (1), contusion of some of the gyri (2), 
flattening of all of the gyri. (B) This is an autopsy specimen 
of a young child with compound cranial cerebral injury result
ing in acute subdural hematomas. One notes the epidural dots 
(1) which were underlying skuJl fractures, almost transparent 
dura over the right hemisphere (2) which is expressive of a 
severe increase in intracranial press ure and cerebra I edema, C 
accumulations of subdural blood ovcr the left frontal (3) and 
occipital (4) lobes, sm aller collections over the right frontal 
(5) lobe. (C) The dura on the left has been opened, exposing 
the flattening dot (1) and contused gyri (2). 

Subdural Hematoma 

The subdural hematoma is really a subdural collection 
either of fresh blood or liquefied derivatives of hema
togenous breakdown. Consequently, one may speak in 
terms of acute, subacute, and chronic subdural hema
toma, depending upon whether the blood is fresh, 
freshly clotted, or liquefied. Another, more commonly 
used though less commonly defined, classification of 
acute, subacute, and chronic subdural hematoma is pre
sen ted in the following sections. 

Acute Subdural Hematoma (Figure 13.7) 
Acute subdural hematoma is diffuse craniocerebral in
jury with varying degrees of scalp, skulI, and cerebral 
contusion. This is characterized dinically by a severely 
depressed conscious level and anatomopathologically 
by cerebral contusion and fresh blood over the cerebral 
convexities, ranging in thickness from 1 to 3 mm. Surgi
cal removal of this blood does not affect the dinical 
outcome. 

Subacute Subdural Hematoma (Figure 13.8) 
Subacute subdural hematoma is characterized anato
mopathologically by a freshly formed dot within the 
subdural space, one which is large enough to be patho
genetic for progressive deterioration in conscious level 
and neurological function . Timely removal of the dot 
reverses the dinical deterioration. CTT studies suffice 
to make the diagnosis, so that cerebral angiography 
is not indicated. The operative procedure, craniotomy 
and removal of the freshly formed dot, should be per
formed immediately the diagnosis is made. When the 
dura is opened, the dot is visible, though it gene rally 
does not deliver itself into the field, very likely since 
the degree of cerebral edema caused by subacute sub
dural hematomas in the early phases of their formation 
is not severe. The bleeding source is either atom bridg
ing cortical vein or a rent in a venous sinus. Cortical 
arteries may occasionally be damaged from blunt injury 
to the head, causing the subacute subdural. Similarly, 
cerebral contusion may be accompanied by a damaged 
cortical vein. Consequently, after the subacute subdural 
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hematoma has been evacuated one must make a diligent 
search for the bleeding site, aware of the fact that a 
single hematoma may be caused by more than one dam
aged vascular structure. No drain is left in the subdural 
space, the dura is cJosed, and the bone Dap is anchored 
into position. 

Chronic Subdural Hematoma (Figures 13.9 to 13.12) 
Chronic subdural hematoma is a complicated clinical 
condition, one which is not understood, and, most un
fortunate of a11, a waste basket diagnosis used to de
scribe end-stage cerebral damage secondary to injury 
or infection. 

The posttraumatic, chronic subdural hematoma in 
the infant represents one of the most common entities 
in pediatric traumatology. It is also the least understood 
and most controversial. There are many assumptions 
concerning this cJinical entity. The first is that this type 
of subdural collection of blood is the result of acute 
bleeding into the subdural space. The increase in size 
is thought to be the result of its oncotic pressure. lt 
is also stated that the chronic subdural hematoma may 
be diagnosed simply by inserting a needle into the sub
dural space and obtaining egress of the liquefied hema
toma. The last assumption is that the chronic subdural 
hematoma is generally cured by daily subdural taps and 
drainage of the fluid. In the event that this needle drain
age of the subdural fluid is not adequate, bilateral cra
niotomy and resection of the subdural membrane have 
been considered the definitive cure. 

Unfortunately, the chronic subdural hematoma is not 
invariably the result of venous bleeding into the sub
dural space, nor is the progression in its size due primar-

Figure 13.8. This is an operative photo graph 
of a ehild with bilateral subaeute subdural he
matomas. The hematoma from the left has 
been removed and the one on the right ex
posed. In this ehild, the biparietal eraniotomy 
was followed by simultaneous openings of the 
dura, so as to minimize ehanees oftransfalcieal 
hcrniation. This latter eould result from re
moving the elot on one side and then proeecd
ing to perform a eraniotomy and durotomy 
on the other sidc. 

ily to the high oncotic pressure. Although insertion of 
a needle into the subdural space often permits one to 
diagnose a chronic subdural hematoma, this is not in
variably the ca se ; repea ted needle drainage of the su b
dural collection of fluid is neither therapeutic nor safe, 
since fluid continues to reaccumulate and the needle 
may serve as a means for introducing bacteria into this 
ideal culture medium. Resection of the subdural mem
brane is not genera11y followed by a disappearance of 
the subdural hematoma and reexpansion of the cerebral 
hemispheres. 

In fact, the etiology, pathology, and pathogenesis of 
the chronic subdural hematoma are still poorly under
stood. The treatment of this clinical entity, conse
quently, remains uncertain. 

The neuroradiologic diagnosis of the chronic sub
dural hematoma is best made with CTT scan or, now 
less commonly, cerebral arteriography. The CTT scan 
or cerebral arteriogram permit 

1. the diagnosis of a chronic subdural hematoma; 
2. an evaluation of the location and extent of the sub

dural hematoma; and 
3. information concerning the degree of secondary cere

bral atrophy andjor ventricular enlargement. 

Subdural Taps and Resection 0/ Membranes 
Chronic collections of fluid in the subdural space may 
result from trauma, or may complicate meningitis. Sev
eral types of surgical treatment have been advocated. 
In 1912 Henschen land then Gilles2

, independently, rec
ommended subdural taps as a useful method of diagno
sis and treatment. In 1933 Peet and Kahn 3 performed 
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Figure 13.9. (A) Incorrect technique for performing subdural 
taps : the needle is directed perpendicular to the fontane!, a 
direction which increases risks of penetrating the brain or 
damaging a cortical bridging vein. (B) The correct technique : 
the needle is inserted through the skin and beneath the dura, 

Figure 13.10. (A) The chronic subdural hematoma is subdural 
clot in varying stages ofliquefaction from xanthochromic fluid 
(1), to (B) chocolate-colored fluid (2), both from the same 

subdural taps to distinguish hydrocephalus from sub
dural hematomas. Since that time, subdural taps have 
been performed for diagnosis and treatment by many, 
with Salmon4 recommending them as the procedure of 
choice for both diagnosis and treatment. Ingraham and 
Matson 5 , in 1944, recommended a combination of con
secutive treatments by aspiration through subdural 
taps, burr holes, craniotomy, and stripping of mem
branes. In 1957, Ransohoff6 suggested subdural perito
neal shunt, and in 1961 Shulman and Ransohoff? dem
onstrated that the removal of the membranes did not 
alter the course of the disease. Time and experience 
have proven them to be correct. In the same year Collins 
and Pucci8 found that subdural membranes regress and 
disappear after shunting of the fluid to the peritoneal 

at an oblique angle, so as to minimize risks of penetrating 
the brain. It is directed away from the cortical bridging veins. 
The inset shows the desired position of needle tip (1) in the 
subdural space (2), not entering brain (3) 

child. After the xanthochromic fluid was drained, the dura 
was opened. 

cavity. This, unfortunately, is at best a rare occurrence. 
In 1971 McLaurin and coworkers9 again recommended 
subdural taps as the treatment of choice for chronic 
subdural hematoma, but this practice is not accepted 
by the majority of pediatric neurosurgeons and is, in 
the author's opinion, both ineffectual and dangerous. 
The original concept that the chronic subdural hema
toma fluid results from venous hemorrhage and that 
progressive expansion of the clot is the consequence 
of osmotic and oncotic pressure forces, shifting fluid 
into the clot, has little support at this time. 

The lack of understanding of the physiopathology 
of persistent collections of fluid in the subdural spaces 
is the reason for failure to find a successful mode of 
treatment. 

B 
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Figure 13.12. (A) This drawing represents schematically the 
diminution in volume of the cerebral hemisphere (1), the large 
subdural collection of fluid (2) within which one may identify 
the "hanging veins" (3) as they bridge across the subdural 
space to enter the superior sagittal sinus (4). The lowering 
of the SSS was designed to bring surgieally the bridging veins 
into normal anatomie position, thereby eonverting the "hang
ing veins" into normal veins. (B) The sagittal suture and erani
al vault 1.5 cm on either side of it (1), have been dropped 

2 

Figure 13.11. (A) The bifrontal (1) and para
sagittal S-shaped (2) ineisions are herein illus
trated. (B) The burr holes (1) and eraniotomy 
margins (2) are indieated. Note that a sagittal 
strip of bone (3) is left on either side of the 
sagittal suture and that the craniotomy margin 
skirts along the borders of the anterior fon
tanel (4). 

B 

onto the convex surface of the hemispheres, bringing the supe
rior sagittal sinus (2) into normal position, converting .. hang
ing veins" into anatomically normal bridging veins (3). The 
subdural space has been eliminated. The sagittal suture and 
surrounding bone have been advaneed (4). This drawing al
lows one to appreciate the extent to which the sagittal suture 
and superior sagittal sinus have been lowered from the preop
erative position of the expanded cranial vault (opposing ar
rows) . 



Pathogenesis 01 Chronic Subdural Hematoma 
The etiological factors that contribute to chronicity of 
a subdural fluid in children remain obscure. I postulate 
that a possible mechanism is the progressive stretching 
and narrowing of the cortical veins that bridge the sub
arachnoid and subdural spaces to enter the sagittal si
nus. This process causes diminished drainage of venous 
blood from the cerebral hemispheres because ofremark
able diminution in caliber and verticalization of the 
bridging veins, as they pass directly superiorly from the 
cortex, across the fluid (or clot) filled subdural space, 
to enter the superior sagittal sinus at a right angle, and 
ultimately leads to thrombosis of the "hanging veins. " 
Narrowing and angulation of these veins results in ele
vated back pressure, favoring the formation of a transu
date. The "hanging veins" likely diminish venous 
drainage into the superior sagittal sinus, triggering va
sogenic brain edema. This would explain deterioration 
of brain function in these children. 

"Hanging veins" are pathogenetic for both the tran
sudate which accumulates progressively in the subdural 
spaces and the cerebral atrophy which results. The psy
chomotor retardation is the clinical expression of the 
resultant cerebral damage. Accordingly, the lowering of 
the superior sagittal sinus onto the cerebral hemispheres, 
bringing it to rest in its normal anatomic position along 
the superomedial surfaces of the hemispheres, restores 
the cortical veins to their normal positions and reestab
lishes physiological venous blood flow from the cerebral 
hemispheres into the draining sinuses. 

Persistent reaccumulation of subdural fluid with evi
dence of intracranial pressure, characterized either by 
progressive enlargement of the head, bulging fontanel, 
splitting sutures, and/or progressive psychomotor retar
dation, with radiological evidence ofprogressive cranio
cerebral disproportion and characteristic cortical 
"hanging veins" are indications for surgery. 

Operative Technique lor Lowering the Superior 
Sagittal Sinus (SSS) (Figures 13.13 to 13.17) 
The purpose of the procedure is to improve the venous 
drainage from the superior anastomotic veins into the 
SSS. It consists of lowering, and advancing, the SSS 
with its overlying sagittal suture, and performing a dura
plasty. The duraplasty is performed so as both to ad
vance the dura and bring it to fit the brain as snugly 
as possible, obliterating the subdural space and giving 
a normal course to the cortical bridging veins. 

The child is placed in the supine position with the 
head flexed at 20°. A bicoronal skin incision is extended 
from the antitragus of one side to the other, and then 
an S-shaped incision is extended posterior to this. This 
permits the reflection of three skin flaps: one forward 
and one laterally on each side. In infants the coronal 
suture is attached to the dura; consequently, sharp dis
section must be used to separate the frontal and parietal 

Trauma 359 

bones from the dura. Also, the frontal and parietal 
bones may be separated from the anterior suture sub
periosteally and extradurally. After the flaps are re
flected, there remains a strip of bone 1.5 cm wide, over
lying the SSS. This sagittal strip ofbone, which includes 
the sagittal suture, is cut and freed posteriorly and an
teriorly. It is not separated from the SSS. The dura 
is opened in Z fashion and the subdural space is irri
gated with normal saline. No attempt is made to remove 
the subdural membranes. 

Four drill holes are placed between the nasion and 
the glabella, depending on how much the sinus is going 
to be lowered and advanced. Similar drill holes are 
placed in the most anterior portion of the strip of bone 
overlying the SSS. Subsequently, the sagittal strip of 
bone with sinus is lowered, advanced, and anchored 
to the frontal bone using 3-0 suture material. Careful 
inspection of the cortical "hanging veins" through the 
dural opening permits the surgeon to bring these corti
cal veins and the lowered SSS into normal anatomical 
position vis-a-vis one another and the superomedial sur
faces of the hemispheres. 

The surgeon who has never seen this procedure per
formed will remark immediately how low, how very low, 
the SSS and hemispheres have come to rest in the ex
panded cranial vault. Subsequently, the dura is tailored 
and closed in such a way that it is advanced and brought 
to fit the brain snugly, obliterating the subdural space. 

The frontal and parietal bone flaps are attached to 
the skull, using 3-0 sutures through multiple drill holes 
made along the bone edges. These flaps should be 
brought to rest over the dural surface, disregarding the 
apparent lack of cranial contour. There is often excess 
bone. One may find it advantageous to mold the lateral 
rim of the skull by cracking it first, then bending it 
into a desirable position before anchoring the flaps. 
Two Penrose drains are left in the epidural space for 
24 hours. 

Follow-up angiograms most often show normal arte
rial phases, the medullary system only minimally filled, 
and all normal venous drainage through the superficial 
cortical veins with no evidence of "hanging veins." It 
is of value to remark that the "hanging vein" appear
ance of the cortical bridging veins disappears and a 
normal course appears. I 0 

Burr Holes 
In the very early stages of sub dural fluid formation, 
simple burr holes (bilateral frontal) may suffice as a 
curative procedure. However, it is not uncommon for 
the fluid to reform, for the skin over the burr holes 
to bulge. Repeat drainage is attempted through the 
same burr holes, with or without insertion of drains 
into the sub dural space. If the fluid reforms, one should 
proceed to angiography to learn whether "hanging 
veins" are present and, if so, plan to lower the superior 
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Figure 13.13. (A) After the scalp flap has been reflected, the 
burr holes (1) are made preparatory to lifting the bone flaps. 
Note the very large anterior fontanel (2), which is, paradoxi
cally, sunken. In fact, it is not unusual for children with chron
ic subdural collections of fluid to suffer progressive increase 

sagittal sinus as soon as possible. Some authors (K. 
Sato and S. Ishii) have told me that extern al subdural 
drainage, over prolonged periods of time, has been suc
cessful in curing the subdural and in permitting the 
brain to maintain its normal volume. 

Subdural Peritoneal Shunt 
The subdural peritoneal shunt has been used as a form 
of treatment for chronic subdural hematoma, though 
its failure could readily be predicted since the fluid with
in the subdural space, unless it is CSF, has a protein 
conte nt greater than 500 mg%. Also, this fluid is not 
under a great deal of pressure. Therefore, its flow from 
the subdural space to the peritoneal cavity does not 
occur through a valve-regulated system. Open-ended 
tubes, however, allow such fluid to flow when the gravi
tational forces are favorable. In either event, this has 
not been a satisfactory treatment for the chronic sub
dural collection of fluid. 

Cerebral Atrophy 
In those instances where the cerebral atrophy has been 
progressive, with increases in volume of subdural fluid 
and ventricular size, some surgeons have recommended 
the performance of combined ventriculoperitoneal and 
subdural peritoneal shunting. This, too, has not been 
attended by success. 

in head size and to have a sunken fontanel. (B) Thc skull 
after the frontal (1) and parietal (2) dura has been exposed 
by reflection of frontal and parietal bone flaps. The strip of 
bone with the superior sagittal and metopic sutures (3) has 
been left in pI ace and intact. 

Membrane Resection 
Resection of the membranes, which form over both the 
dura mater and the arachnoid, does not cure the child. 
The subdural fluid reforms within hours of bilateral 
frontoparietal craniotomy and extensive resection of the 
membranes, and soon thereafter proteinacious mem
branes reform. 

Cerebrospinal Fluid Leaks 

Leakage of cerebrospinal fluid (CSF) into the periorbit
al tissue, directly through fractures of the mastoid, into 
the subGaleal space, are all self-arresting in that fistuli
zation does not occur. However, CSF leakage through 
basilar skull fractures from the nose, into the nasophar
ynx, or from the middle ear, may all fistulize, thereby 
becoming permanent. 

The site of drainage is of no value in indicating the 
site of leakage from the subarachnoid space and 
through the fracture in the skull: CSF rhinorrhea may 
result from a fracture of the posterior surface of the 
petrous bone, the lateral surface of the body of the 
sphenoid, the cribriform plate. Therefore, the diagnosis 
of CSF fistulae makes it incumbent upon the clinician 
to ascertain with precision the point of passage of CSF 
from the subarachnoid spaces, or cisterns, through the 
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Figure 13.14. (A) This photograph puts into relief the "hang
ing veins" (1), the opalescent outer subdural membrane (2), 
and the falx cerebri (3). (B) The dura has been opened bilater
ally, and the sagittal strut of bone over the metopic suture 
(1) freed from the glabella (2), allowing the superior sagittal 
sinus (SSS) to fall upon the underlying, shrunken, cerebral 
hemispheres. (C) Forceps are being used to elevate the dura, 
allowing one to see the stretched "hanging vein" (1) ante
riorly, and the almost normal course of a bridging vein (2) 
posteriorly, where the dura and SSS have been allowed to 
come to rest upon the convexity of thc cerebral hemispheres. 
(D) In sum, the procedure consists of lowering the sagittal 
suture, so that the SSS comes to rest upon the hypoplastic 
cerebral hemispheres and performing a duraplasty so that the 
lowered sinus is brought forward, allowing the cortical veins 
to resume normal caliber and configuration. 
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Figure 13.15. Different stages in lowering the superior sagittal 
sinus (SSS) and reconstructing the skulI. (A) The frontal bone 
has been osteotomized just above the glabella (1) and the 
metopic suture (2) is being brought to the crista galli (3). 
(B) The frontal bone is being perforated at the glabella with 
a high-speed drill so that sutures may be passed through it 
and the strip over the metopic suture (arrow) to permit an
choring this latter in a lowered position. (C) The sagittal strip 
of bone (1) has been anchored anterior inferiorly to the inner 
table of the frontal bone at the crista galli, lowering the SSS 
into its normal anatomical position. One notes that after the 
dura has been closed (2), there remains an enormous dead 
(3) space behind the frontal bones (4). (D) This lateral oblique 
view puts into relief the remarkable lowering of the dura (1) 
onto the surface of the brain, the dural suturing (2) to reduce 
dead space, and the contour of the frontal bones (3) prior 
to fracturing and moulding them over the surface of the dura. 



(E) After the SSS has been lowered the frontal bones (1) are 
fractured, or osteotomized, along a line extending from the 
keyhole to the glabella (2). They may subsequently be molded 
over the surface of the dura and brain. The parietal flap (3) 
has now been brought back into position and anchored with 
periosteal sutures. (F) This vertex view shows the frontal (1), 
and the parietal (2) bones molded over the lowered dura. The 
anterior and inferior portions of the metopic area (5) have 
been lowered and anchored to the glabella, the sagittal suture 
(4) with the underlying SSS lowered onto the brain surface, 
and the duraplasty (3) completed.(G) Before the skin c1osure, 
both the frontal (1) and parietal (2) bones are snuggled against 
the dura. (H) The skin incision has been c10sed and a Penrose 
drain left in the subGaleal space. Note that the contour of 
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reht in the base of the skull. Otherwise, surgical closure 
of the dural opening is impossible. Very often, unfortu
nately, one is not able to identify the precise point of 
leakage. 

We may speak in terms of two distinctly different 
operative procedures for correction of CSF leaks: (1) 
direct, when the surgeon knows where the precise point 
of leakage is and (2) indirect, when the surgeon has 
not been able to identify the point of leakage, so that 
he proceeds with a "plugging" procedure. 

Direct Approach 
Direct repair may be performed through either the intra
dural or extradural approaches, depending upon the 
location of the leakage. 

Intradural Approach 
Breaches in the cribriform plate may be closed through 
either, though the intradural approach affords greater 
assurances of success and lesser risks of, paradoxically, 
a CSF fistula complicating surgery for a CSF fistula. 
This latter occurs when the dural covering of the root
lets of the olfactory nerve is pulled from the openings 
in the cribriform plate, resulting in fistulization between 
the periolfactory cistern and the nasal cavity. 

Leaks through breaches in the region of the planum 
sphenoidale, the superomedial surface of the orbit, and 
the posterior surface of the petrous bone, may be ap
proached indifferently along the extra or intradural 
routes. 

Rents in the region of the medial aspect of the greater 
wing of the sphenoid, along the arc extending from 
the foramen spinosum through the superior orbital 
fissure, and over the tip of the petrous bone, are best 
approached by the intradural route. 

Extradural Approach 
The advantage of an extradural approach, when it is 
possible, is that it allows the surgeon to plug the fracture 
line with fragments of bone, to seal these in place with 
bone dust (or chips) and plastic, and then to cover this 
bony repair with periosteum before closing the dura. 
In order to accomplish this by the intradural route, 
one is obliged to strip dura from bone and then to 
lay a periosteal graft over the parenchymal surface of 
the dura. 

Indirect Approach 
The indirect approach consists of plugging the air sinus 
through which the CSF passes to reach the nasophar
ynx. This procedure should be resorted to only when 
all efforts to diagnose precisely the point of leakage 
have failed. The sphenoid sinus is plugged by the trans
phenoidal route, packing it with fatty tissue, a muscle 
graft, and a plug of bone. The patient should be kept 
on continuous lumb ar spinal drainage, in the horizontal 

posltlon, for 10 days, during which time intravenous 
prophylactic antibiotics are given. 

Meningocele Spuria 

Sometimes called "growing skull fracture," the men
ingocele spuria results from a depressed skull fracture, 
which tears through the dura mater and penetrates the 
subarachnoid space. Consequently, the cortical surface 
is invariably damaged. The sine qua non for the patho
genesis of a meningocele spuria is incarceration of torn 
dural fragments between impacted bony spicules, there
by preventing dural healing. Cerebral pulsations erode 
the fracture edges and drivc the cerebrum through the 
dural and bony rents. With time, the underlying ventri
cle may expand into a porencephalic cyst or dilate (en
tirely or just one horn). 

The cure of the meningocele spuria entails retlecting 
a bone tlap around the area of pathology, removing 
the bony spicules, opening the dura and freeing it from 
its adhesions to the underlying cortex, implanting a 
periosteal graft over the damaged dura so as to attain 
a tight closure. Either a small rib graft or methyl meth
acrylate are used to close the bony defect, and then 
the scalp is closed. 

In those cases where the ventricle has dilated, with 
a porencephalic cyst extending from ventricular wall 
through the skull defect and into the subGaleal space, 
one is obliged to resect the gliotic surface of the cortex 
which borders upon the porencephalic cyst. This facili
tates the formation of a cerebral cicatrix and a seal 
of the neural parenchyma. If this does not occur, CSF 
may accumulate within the subdural space, gaining ac
cess to it through the cerebral fistula. It is then trapped 
within the subdural space because ofthe collapsing cere
bral mantle. The gliotic tissue is best removed with a 
laser, using 6 W of a defocused continuous wave beam. 
In the postoperative period, lumbar spinal drainage 
should be maintained for approximately two weeks, 
with the patient receiving prophylactic intravenous anti
biotics. CTT scans will reveal whether parenchymal 
healing has occurred. If not, one may be obliged to 
insert a ventriculoperitoneal shunt. 

Posttraumatic Cerebrovascular Injuries 

The range of vessels damaged from physical insult to 
the craniocerebrum is complete, though capillary dam
age (expressing itself clinically as cerebral contusion) 
in the newborn, and venous damage (expressing itself 
clinically as subacute subdural hematoma) in the infant 
are most commonly encountered. Because of the redun
dancy of the arteries within the basal cisterns and 
fissures, long course ofthe cortical bridging veins within 
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Figure 13.16. These are three different arteriographie studies 
in the same child. (A) Before lowering the SSS the arterio
graphie characteristics of chronic collections of subdural fluid 
are those of a large space filling defect over the convexity 
(opposing arrowheads) and bowing of the anterior cerebral 
system around dilated lateral ventricles; the arrow indicates 
the shunt tube in the subdural space. (B) Four weeks after 
surgery on the samc child as illustrated in A. One may observe 
disappearance of bowing of the pericallosal system. The space 
over the convexity (arrowheads) is now epidural, not subdural. 
(C) Eleven months latcr onc notes normal arteriographie char
aetcristics indicating cerebral reexpansion and disappearanee 
of the subdural fluid. 

the subarachnoid spaces, and location of the superior 
sagittal sinus beneath the metopic and sagittal sutures, 
these three vascular structures are particularly suscepti
ble to the shearing forces which represent the character
istic pathogenesis of craniocerebral vascular damage in 
the fetus, newborn, and infant. This puts into relief 
the significance of traumatic vascular pathology in these 
age categories. 

In this chapter, traumatic pathology of the vascular 
structures within the scalp, skull, pachymeninges, cere
bral parenchyma, ventricles, and subarachnoid spaces 
will be discussed. Since there are no vascular structures 
within the leptomeninges, damage to this structure will 
not be considered. Because of the particular anatomical 
characteristics of the vault and base of the cranium, 
vascular injuries resulting from calvarial and basal 
structures will be discussed separately. The significance 
of shearing injuries of the walls of the lateral and mid
line ventricular systems, resulting in ependymal rupture, 
as the pathogenetic factor for intraventricular bleeding, 
as weIl as "central cavitation," are described mecha-

nistically as forces responsible for tearing of ependymal 
and subependymal arteries. 

Little attention has been given to identifieation of the 
bleeding sources: the primary orientation ofthe surgeon 
has always been to identify the loeation of the collection 
of blood so as to remove it. Closed head injuries pre
senting as transient losses of consciousness are not stud
ied neuroradiologically with angiography, and those re
maining in a coma and progressing to death or a vegeta
tive state generally have such extensive parenchymal 
damage that a discreet vascular injury cannot be iden ti
fied. Since serious head injuries almost invariably pres
ent as life-threatening emergencies, little time is spent 
analyzing the details of vascular damage. This is unfor
tunate, since capillary, diploic, arterial, venous and si
nus bleeding differ greatly from one another and de
mand equally different surgical approaches. 

The mechanics of vascular injury are the same as 
those for cerebrallaceration-shearing forces, explosive 
forces, cavitation. These physical insults and stresses 
are indirect, resulting from different densities ofindivid-

c 
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ual anatomical structures and different responses to ac
celeration and deceleration rates. The vertical course 
of the brainstem within the basal ci sterns predisposes 
the midbrain and pons to shearing forces. The "float
ing" corpus callosum (between large pericallosal cistern 
and III ventricle) is similarly subject to shearing and 
cavitation forces. The open fontanels and sutures per
mit the cerebrum to flatten and expand beneath the 
skull as the membranous bones separate from one an
other. This permits much greater stretching of vessels, 
resulting in tears and stretch occlusion. 

Age Categories for Posttraumatic 
Cerebrovascular Injuries 
The nature of injury varies almost directly with the age 
of the child: perinatal injuries are incurred by the fetus 
in his passage through the birth canal; the newborn 
is susceptible to falls in the delivery room and nursery; 
the infant is subject to falls from the bassinet or high 
chair and automobile injuries ; the toddler injures his 
craniocerebrum by falling while walking or running, 
being struck by an automobile, or bouncing around 
in the automobile as a passenger. All age categories 
within the first two years of life are subject to being 
battered. This does not appear to be more common 
in one cultural setting or another, though there are very 
real social influences. 

Passage through the birth canal subjects the fetus 
to compressive craniocerebral injuries when uterine cer
vical dilation does not progress or there is a cephalo
pelvic disproportion. A precipitous delivery, on the 
other hand, may result in the child falling to the ground. 
Another very common cause for traumatic cerebrovas
cular injuries is forceps application, with high applica
tion being associated with a higher incidence of damage 
and low application a minimal incidence. The high and 
mid forceps applications damage much more commonly 
the superficial temporal, middle meningeal, and verte
bral arteries. The latter are almost invariably damaged 
at the craniovertebral junction, in their passage from 
the foramen transversarium, through the pachy and lep
tomeninges, and into the subarachnoid spaces. There
fore, vertebral and basilar artery injuries are incurred, 
as are vertebral and posterior inferior cerebellar artery 
injuries; carotid, anterior cerebral, and middle cerebral 
artery injuries are most uncommon, as are injuries to 
the deep venous structures. However, traumatic occlu
sion of the superior sagittal and trans verse sinuses does 
occur. 

Except for visible cutaneous evidence of injury (caput 
succedaneum, scalp or facial contusion) cerebrovascular 
damage suffered during the perinatal period is gene rally 
not identified clinically until much later. In fact, weeks, 
months, and years may pass be fore the true nature of 
neurologic dysfunction is identified. The so-called con-

genital giant aneurysm of the vertebrobasilar system 
is an example. The same applies for injuries wh ich the 
newborn may suffer either in the delivery room cr the 
nursery. Cerebral palsy, minimal brain damage, and so 
on all may result from this type of vascular injury. 

Concerning the infant, falls from high chairs and bas
sinets are quite common, though a rarity when com
pared to automobile accidents. In the past several years, 
successful compaigns have been waged against use of 
the high chair and bassinet, so that this cause for injury 
has decreased remarkably. Unfortunately, despite the 
fact that automobile accidents represent the most lethai 
noxae in the second and third trimesters oflife, Western 
society still has not been able to respond positively. 
By the time the child becomes a toddler, he begins to 
fall regularly. Fortunately, the child instinctively falls 
by dropping to this buttock, so that head injuries from 
walking-falls are rare. However, the exploratory in
stincts of a toddler and his lack of co ordination com
bine to render him particularly susceptible to falls from 
chairs, beds, tables, windows. Also, because of his low 
stature and total unawareness of danger, he suffers a 
high incidence of being struck by an automobile either 
in the streets in front of his home or, most tragic of 
all, while playing in the driveway of his own home. 
His high degree of mobility and rapid psychomotor de
velopment are responsible for his being allowed to play 
leisurely in the back seat of a car or in the deck area 
of a station wagon while the vehicle is being driven 
by one of his parents. 

The first two years of life are those in which the 
child is particularly vulnerable to senseless beatings by 
his parents, siblings, sitters. The "battered-child" syn
drome is well known. What, apparently, is not well 
known is that beatings inflict low-velocity acceleration 
injuries upon the child's head and craniovertebral junc
tion, just the type that most commonly cause linear 
and eggshell skull fractures, explosive forces upon the 
membranous bones of the skulI, hyperextension-flexion 
injuries at the craniovertebral junction. These are com
mon causes for diploic epidural hematoma, petrosphe
noid fractures resulting in traumatic occlusion or rup
ture of the internal carotid arteries, and stretching tears 
of the vertebral artery in its course from the foramen 
transversarium of the atlas to the basilar artery. The 
explosive forces resulting from low-velocity acceleration 
head injuries split the metopic, coronal, lambdoidal, 
and sagittal sutures, creating shearing forces, which 
may either tear cortical bridging veins from the superior 
sagittal sinus or split the sinus itself for distances of 
5 to 10 mm. 

Anatomy of Posttraumatic Cerehrovascular Injuries 
So as both to put into relief the wide spectrum of vascu
lar damages resulting from craniocerebral injury and 



to present an anatomicoclinical correlation, two classifi
cations will be presented: (1) anatomical compartments, 
and (2) bleeding sources. 

The anatomical classification is predicated upon com
partments, albeit potential rather than virtual, located 
between discrete anatomical structures. Thus, the highly 
mobile scalp overlying the mobile membranous bones 
provides a potential compartment into which a new
born or infant may bleed enough to present clinically 
with a picture of hypovolemic shock. Similarly, because 
of the extraordinarily loose adhesion of the outer layer 
of the dura to the membranous bones of the skull (with 
exception, of course, along the suture lines), diastatic 
fractures of the parietal or frontal bones often result 
in massive epidural-subGaleal hematomas, which both 
elevate the scalp and compress the underlying brain. 
The very dense adhesion of the periosteum to the mem
branous bones limit subperiosteal hematomas to the 
area immediately surrounding linear or eggshell frac
tures. The amount of bleeding into the subperiosteal 
space, consequently, is of minimal clinical significance. 
Different from the subGaleal hematoma, it is exqui
sitely tender and very slow to resolve. The subGaleal 
hematoma results from tears of vessels located between 
the periosteum and the Galea, the subperiosteal hema
toma results from bleeding from the outer table of the 
membranous bone, and the epidural hematoma results 
from diploic bleeding. 

Collections of blood within the epidural space, with 
the exception of crushing and explosive injuries, do not 
cross the suture lines, since the outer layer of the dura, 
the suture, and periosteum are an anatomical contin
uum between membranous bones. Tears in the middle 
meningeal artery (anterior, middle, posterior branches) 
do occur during the first two years of life. However, 
this form of vascular injury is not the most common, 
since tears in the superior sagittal and transverse sinuses 
represent the large majority of vascular injuries result
ing in epidural hematomas. For this reason, newborn 
and infants generally suffer epidural hematomas which 
are located along the midsagittal plane, at the vertex, 
expanding over the parasagittal surfaces of both hemi
spheres. Also, tears in the trans verse sinus result in epi
dural hematomas which extend from the supra- to the 
infratentorial compartments. Both of these venous epi
dural hematomas are treacherous, in that the sinus is 
torn (establishing an anatomical basis for air emboli). 
Its repair often necessitates reflecting flaps to either side 
of the midsagittal plane or across the anatomical li ne 
between the supra- and infratentorial compartments. 
This technique mayaiso provide for repair of the sinus 
laceration. Burst fractures, secondary to low velocity 
acceleration injuries, may strip the outer layer of the 
dura from the membranous skull, causing bleeding from 
the inner table of the skull, thereby resulting in well-
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circumscribed epidural hematomas of very limited vol
urne. This type of epidural hematoma is identical in 
pathogenesis and extent to the subperiosteal hematoma. 
The subdural compartment, especially over the convex
ity of the hemispheres, is most commonly recognized 
to contain very large (acute or chronic) collections of 
blood. Although the bridging cortical veins are most 
susceptible to damage from shearing forces (gene rally 
tearing them from the superior sagittal sinus), cerebral 
laceration and torn dural sinuses not infrequently are 
the pathogenetic factors. Only rarely do cortical arte ries 
tear, other than in association with compound cranio
cerebral injuries in which scalp, skull, meninges, and 
brain are lacerated. 

Because of the absence of Pacchionian granules in 
the newborn and infant, the convexity, lateral, and bas
al bridging veins have lengthy courses within the sub
dural space. Because of the functional anatomy of the 
convexity bridging veins, one which brings the vein an
teriorly as it exits from the subarachnoid space and 
then hooks it posteriorly (hairpin style) upon itselfprior 
to turning anteriorly once more immediately upon en
tering the superior sagittal sinus, acceleration injuries 
most commonly result in tearing the bridging vein from 
its insertion into the superior sagittal sinus. These are 
the most common injuries in the newborn and infant. 
Deceleration injuries, most common in late infancy and 
the toddler, result in tearing the bridging cortical vein 
from the cerebral convexity. Therefore, acute subdural 
hematomas, when removed, may present bleeding 
sources at either the dural sinus or the cerebral convex
ity. Knowing that the child was injured in an automo
bile accident, either struck by or within the vehicle, sug
gests a deceleration injury, whereas battered children 
suffer acceleration injuries. The same general mechanis
tic and pathogenic concepts apply to bridging veins en
tering the cavernous sinus (sphenoparietal system) and 
the transverse sinus at the sigmoid sinus (vein of 
Labbe). 

Subarachnoid bleeding is an expression of either re
gional cerebral contusion or, very rarely, torn arteries. 
The regional cerebral contusion results either from de
celeration injuries, or co nt re-coup acceleration injuries 
that damage cortical vessels. Shearing and stretching 
forces may rent or tear the vertebral, posterior inferior 
cerebellar, or middle cerebra I arteries, permitting an 
outpouring of arterial blood into the basal cisterns. 
When the opening in these major vessels of the base 
of the brain is small, the subarachnoid hemorrhage may 
not be significant enough to announce itself clinically. 
Instead, there is a leakage of blood and then a false 
aneurysm forms around the rent in the artery. These 
false aneurysms, over time, increase dramatically in size, 
developing into giant aneurysms or aneurysmal tumors. 
I doubt that the reported "congenital" aneurysms of 
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Figure 13.17. These are the venographic studies of the same 
child as shown in Figure 13.16. They reveal the venous charac
teristics of preoperative progression in volume of the subdural 
collection of fluid and postoperative return to normal. (A) 
One notes the subdural space-filling defect and the "hanging 
veins." It is of value for the reader to follow these hanging 
veins (labeled A and B) through this figure and the subsequent 
three. (B) 3 weeks after the study illustrated in A, one notes 

the vertebral, posterior inferior cerebellar, and middle 
cerebra I systems are anything other than posttraumatic 
(false) aneurysms. The fact that these aneurysms are 
most common on the vertebral basilar system is in sup
port of their posttraumatic nature, because of the high 
incidence of extension flexion movements (and inju
ries!) at the craniovertebral junction during passage 
through the birth canal. 

Intraventricular hemorrhages, other than those oc
curring in the premature, extremely low birth weight 
newborn (intraventricular hemorrhage in association 
with respiratory distress syndrome), may be venous, ar
terial, or choroidal in genesis. They result from shearing 
forces across the lamina terminalis, foramina of Monro, 

progression in size of the subdural collection of t1uid and fur
ther stretching of thc hanging vcins. (C) Thc immediate post
operative venogram illustrates how the superior sagittal sinus 
has been restored to its normal anatomical position and the 
hanging veins converted into normal bridging vcins. (D) This 
study was pcrformed 11 months postoperatively. One notes 
an almost entirely normal venographic pattern. 

and brainstem-cerebral hemisphere junctions. These 
forces, either direct or indirect (cavitation) tear the cere
bral parenchyma and those vessels within it at the epen
dymal surface. Discrete bleeding into the lateral and/or 
midline ventrical systems may result. The very selective 
anatomical limitation of bleeding into the ventricular 
system, whether lateral or midline, is indicative of extra
ventricular hemorrhage. Posttraumatic occlusive vascu
lar disease, less dramatic and, consequently, much less 
often diagnosed, is clinically obvious only when the ca
rotid or middle cerebral systems are involved. Occlusion 
of a single vertebral or anterior cerebral artery in the 
newborn and infant is clinically silent. Posttraumatic 
occlusion of the anteromedial and anterolateral perfor-



Figure 13.18. Anatomical specimen of a false 
aneurysm, the most common aneurysm of 
childhood. In essence, the false aneurysm is 
the fibrocollagenous capsule tamponading a 
rent in avessei, but with a lumen at the center. 
One sees the parent vessel entering the false 
aneurysm (1), the lumen of the false aneurysm 
(2), the afferent lumen (3), stump (4), and ef
ferent lumen (5) of the parent vessel, which 
had been damaged. This continuous passage 
of small amounts of blood into the lumen 
causes the false aneurysm to increase steadily 
in size without rupturing : aneurysmal tumor. 

ating systems, independent of occlusion of the internal 
carotid may very well occur. However, it has not been 
reported and I have never documented a case. Similarly, 
posttraumatic occlusion of the posterolateral and pos
teromedial perforating systems, as discrete, isolated en
tities, does not occur. Basilar fractures, sincipital in this 
age category, do cause occlusion of the internal carotid 
arteries within the cavernous sinuses and the basilar 
artery distal to the anterior inferior cerebellar artery. 
When fractures extend across the body of the sphenoid, 
both internal carotid arteries may become stenosed and 
occluded superior to the cavernous sinuses, and uni
or bilateral caroticocavernous fistulae may occur. 

The pathogenesis of traumatic vascular damage, 
whether hemorrhagic or occlusive, rests primarily with
in shearing forces. Indeed, as already discussed, direct 
injury may be inflicted upon individual vessels. This 
is rare. Because of the high degree of mobility of the 
scalp on the skull, of individual membranous bones of 
the skull upon one another and over the dura, tearing 
of subGaleal vessels and subGaleal hematoma may re
sult. The very hypermobility of the membranous bones 
of the calvarium, which permits molding of the skull 
for passage through the birth canal causes, in instances 
of sudden impact, shearing forces to occur between the 
skull and the dura, forces that may tear the pachymen
inges from the inner table of the skull or lacerate the 
dural sinuses, both of which result in epidural hemato
mas. The same forces, if severe enough, may result in 
tearing bridging cortical veins, subarachnoid arteries, 
and basal dural sinuses. 

The brain of newborn and infants, not yet mylinated, 
is itself subject to the shearing forces at the cortical 
subcortical, parenchymal-ven tricular, interhemispheral
corpus-callosum, and cerebral hemisphere-brainstem 
levels. The resulting cerebrallacerations and/or ca vita
tion damage parenchym al and vascular structures, with 
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petecchial hemorrhages, contusion, intraventricular 
bleeding, or intracerebral hematoma occurring. Conse
quently, when the craniocerebral injury is of such nature 
and severity as to produce shearing forces, the presence 
or absence of intracranial mass lesions such as epidural, 
subdural, or intracerebral hematomas are epiphenom
ena of no clinical significance, in that the underlying 
brain damage is, in and of itself, so severe that removal 
of the intracranial clots will not alter the clinical course. 

In sum, posttraumatic intracranial vascular injury 
may result in discrete, localized, hemorrhages or occlu
sion. If the hemorrhages occur into potential anatomi
cal spaces (subGaleal, subdural, etc.) and are patho
genie, the removal may be curative. If the vascular dam
age results in the formation of a false aneurysm or an 
aneurysmal tumor, they must be treated surgically as 
soon as identified, since they invariably increase in size 
and cause brainstem compression or hemispheral de
struction. If the injury causes vascular occlusion, no 
treatment exists. Cerebral laceration is a defined trau
matic condition, which may exist alone or in association 
with other forms of intracranial vascular damage. 
Though one may describe its anatomical variants, there 
is no clinical pathological correlation that permits either 
prognosis or treatment. 

False Aneurysms (Figures 13.18 to 13.22) 

"There are three types of intracranial aneurysms : (1) 
mycotic, (2) arteriosclerotic, and (3) congenital. Perhaps 
a fourth or syphilitic group should be included ... " (W. 
E. Dandy, 1944).11 

During the past two score years, intracranial an
eurysms have been the subject of rather intense study 
from therapeutic, statistical, and technical points of 
view. 12 - 18 The pathological characteristics of these an-
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Figure 13.19. Operative photograph of bilateral internal ca
rotid artery false aneurysms elevating and flattening the optic 
nerves. The right optic nerve (1) is more flattened than the 
left (2), and the right internal carotid false aneurysm (3) ap
pe ars to be displaced laterally by a slightly larger left false 

eurysms were investigated morphologically,12,19-24 
biologically,25,26 and hydrodynamically.27,28 All of 
these efforts are being directed toward a better und er
standing of the natural history and biology of an
eurysms. 

More recently, a spate of cases concerning the occur
rence of aneurysms on the middle meningeal artery,29 
the extradural/intracranial portion of the internal ca
rotid artery,30,31 and intradural branches ofthe internal 
carotid artery, secondary to surgical manipulation,32,33 
or in association with recurrent meningiomas,34 have 
been reported. McKissock reported on the recurrence 
of an aneurysm after he had resected it. 35 Already re
cognized aneurysms have been observed to increase in 
size over varying periods of time, with and without re
peated subarachnoid bleeds. 36 ,37 

With the steady increase in direct surgical approach 
to intracranial aneurysms of the berry variety, and with 
the advent of microvascular surgery, the incidence of 
manipulation of the cerebral vessels has augmented. If, 
therefore, it could be established that these vessels were 
prone to form aneurysms, or false aneurysms, following 

aneurysm (4) which has clot over its surface. One sees the 
planum sphenoidale (5), right temporal lobe (6) and sphenoid 
wing (7). The child's vision returned to normal after the false 
aneurysms were clipped and the clots cvacuated. 

leaks, manipulation, or damage, it would become neces
sary to add a fifth type of aneurysm to the four de
scribed by Dandy, and the already cautious hand of 
the neurosurgeon would perforce become even more 
delicate in dealing with cerebral vessels. 

The association between trauma to a blood vessel 
and the formation of a false aneurysm has been weil 
established in all parts ofthe human body.32,3s-42 The 
development of false aneurysms on the extracranial por
tion of the internal carotid artery has been the subject 
of ca se reports, although the exact description of the 
etiology and formation of a false aneurysm, plus the 
definition of this traumatic rupture of the interna I ca
rotid artery as such, has not been made. Rather, these 
publications have dealt primarily with traumatic rup
ture of the internal carotid artery into the sphenoid 
sinus as a cause of epistaxis30 or carotid occ1usion 
(something I have observed, and illustrated here in Fig
ure 13.19). A variety of traumatic aneurysm has been 
described43 in which an injury, generally a fracture of 
the base of the skulI, has caused late hemorrhage and 
death. Birley and Trotter31 reported a case of "trau-



Figure 13.20. This a composite drawing of the operative find
ings in a patient with a posttraumatic false aneurysm (gunshot 
wound), demonstrating the fresh clot (1) encircling both sev
ered ends of the internal carotid artery (2) and thereby permit
ting the passage of blood across the intervening space. One 
bullet (3) caused the tear. 

matic" aneurysm of the internal carotid (intracranial/ 
extradural) artery, and Goald and Ronderos44 reported 
the formation of a traumatic aneurysm on the intra
cavernous portion of the internal carotid secondary to 
perforation by a steel spring. 

Finkemeyer32 reported on the formation of a "false 
aneurysm" on a branch of the middle cerebral artery 
following manipulation of that vessel during the remov
al of a meningioma, and Lunn45 described the forma
tion of a "posttraumatic false aneurysm" on the verte
bral artery. 

Angiographic diagnosis of extravasation from atom 
middle meningeal artery, tamponaded by an expanding 
epidural hematoma, is both weIl established and weIl 
known.46 - 49 

Cressman and Hayes,43 reporting a case of traumatic 
aneurysm of the anterior choroidal artery, coneIuded 
that "it is inconceivable that the cerebra I substance 
could provide a buttress strong enough to allow forma
tion of a false aneurysm." However, Sadik and co
workers37 coneIuded that a giant aneurysm resulted 
from "a small aneurysm which had bled and had been 
surrounded by a large hematoma filling the entire Syl
vian area and causing the shift." Furthermore, Sugar,42 
reporting on the anatomy and angiography of vascular 
malformation, very eIearly demonstrated, and docu
mented, the existence of a false aneurysm that had de
veloped from an intracerebral bleed from an arteriove-
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Figure 13.21. Composite drawing of a venous phase angio
gram in a previously reported child who had suffered a buck
shot wound to the head. The black dots indicate the pellets, 
(1) indicates a pellet which damaged a cortical artery, (2) indi
cates persistent filling of a cortical false aneurysm, and the 
arrows indicate the posttraumatic occlusion of the jugular 
bulb. 

nous malformation. He stated that a large "sac was 
associated with the anomaly" and that "this proved, 
on histologie examination of the surgical specimen, to 
be a false aneurysm, however, with no true vascular 
wall. There was a eIot of many layers of various ages, 
surrounded by a thin fibrous tissue sheet, wh ich was 
continuous with the adventitia of a large vascular chan
nel. Doubtless, this had bled many times, and formed 
a protective covering which contained the eIot whieh 
compressed the brain. " 

Bjorkesten and Troupp36, reporting on 700 intracra
nial aneurysms, cited 18 cases whieh had repeat angiog
raphy after an interval ranging from two weeks to 10 
years. Fully 10 of these 18 ca ses had an inerease in 
the size of the aneurysm. They ei te Lofstedt as having 
stated that "exploration may be a trauma to the aneu
rysm, and may further its growth." Taveras and 
WOOd,50 stressing the rarity of traumatie aneurysm, 
stated that "the angiographic enlargement of an aneu
rysm during abrief interval indieates a deterioration 
in the wall of the sae which may be ominous." Figure 
525 (p. 1733) in their book is an example of an acute 
spontaneous false aneurysm. 

By false aneurysm, or pseudoaneurysm, it is under
stood that one means to describe a pooling of blood 
in a eavity whose walls are composed, in the fresh state, 
of eIot which has tamponaded the egress of blood from 
the arterial rent, and, in the ehronie state, by stratifiea-
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Figure 13.22. (A) This schematic drawing depicts a rent in 
an artery tamponaded by freshly formed c10t. This is an aeute 
posttraumaticfalse aneurysm. (H) The rent in the parent artcry 
is tamponaded by fibrocollagenous tissue, which resulted from 
consolidation ofthe hematoma. This is a ehronie posttraumatie 
false aneurysm. (C) In this figure a ruptured berry aneurysm 
is tamponaded by freshly formed c10t. Thc aneurysm is sche
matically represented in cross section. This is an aeute sponta
neous false aneurysm. (D) In this schematic representation of 

tions of the fibroconnective tissue which organizes from 
the elot. Therefore, it is possible to separate a false 
aneurysm from any of the other varieties of aneurysm 
by microscopic examination. 5 1,52 In the former, one 
will find either fresh elot or fibroconnective tissue, but 
neither intima, nor adventitia, nor elastica. These latter 
are invariably present, though defective, in all of the 
other types of intracranial aneurysms, irrespective of 
the elassification adoped. 11,16,45 , 51 , 53,54 

False aneurysm of the cerebral vessels may occur in
dependent of trauma as, for example, in the case of 
a ruptured berry aneurysm, which serves as the focal 
point for its formation. The berry aneurysm, by ruptur
ing, may bleed out into a lobe, and the resultant intra
cerebral hematoma serve as a tamponade to arrest the 
hemorrhage, without sealing the breach at the point 
of rupture. This, we believe, is the mechanism by which 
some of the giant aneurysms which have been described 
in the literature are formed. 36 ,55 We have had cases 
of a false aneurysm developing secondary to bleeding 
from a berry aneurysm and culminating in the forma
tion of a true giant aneurysm, aneurysmal tumor. 56. 

One may, therefore, consider three basic forms of 
false aneurysms: 

1. Traumatic 
a. Acute: consists of a rent in an artery and has a 

wall composed of fresh elot (Fig. 13.22A). 
b. Chronic: consists of a rent in an artery and has 

a wall composed of fibroconnective tissue, or lami
nations of collagen, which results from the organi
zation of the clot (Fig. 13 .22B). 

2. Spontaneous 
a, Acute: consists of a ruptured berry, or arterioscle

rotic, aneurysm and fresh hematoma tamponading 
the breach (Fig. 13.22C). 

c D 

a chronic spontaneous false aneurysm, thc breach in the berry 
aneursym is tamponaded by tibrocollagenous tissue which has 
resulted from consolidation of the surrounding hematoma. 
The berry aneurysm is depictcd in cross section so as to show 
endothelial, elastic, and adventitial components, which stop 
abruptly at the point of transition into the false ancurysm. 
Also, the lumen of thc berry aneurysm is continuous with 
the reservoir within thc false aneurysm. 

b. Chronic: consists of a berry, or arteriosclerotic, 
aneurysm that has ruptured and is sealed by fibro
connective tissue and laminations of collagen re
sulting from the organization of the clot (Fig. 
13.22D). 

3. Aneurysmal tumor: a progressively expansile mass 
that develops from a chronic false aneurysm of either 
the traumatic or the spontaneous varieties, and whose 
enlargement results from the sum of the pulsatile 
forces of blood entering the aneurysmal reservoir and 
the deposition of laminations of fibroconnective tis
sue and collagen along the inner surface of the orga
nizing elot (Fig. 13.18). 

The therapeutic implications, from a surgical point 
of view, become readily obvious when we consider each 
of these various forms of false aneurysm in turn. In 
dealing with the false aneurysm that consists simply 
of a rent in avessei tamponaded by fresh clot, of the 
acute traumatic variety, the surgeon must be prepared 
to sacrifice the parent vessel, for he will not find a neck 
he may clip nor a fundus he may coat with plastic. 
The approach to this type of aneurysm is best made 
through the dot so as to permit more direct visualiza
tion of the rent. In dealing with the acute spontaneous 
false aneurysm, the neck of the berry or arterioselerotic 
aneurysm may be clipped after the hematoma has been 
evacuated. 

I do not think that chronic false aneurysms, either 
traumatic or spontaneous, should be approached surgi
cally. This conelusion is based upon the pathological 
nature of the aneurysm. Since there is already a firm 
fibroconnective capsule, walling off the rent in the vessel 
or the breach in the true aneurysm, one has httle to 
gain by attempting either to exelude the aneurysm from 
the circulatory tree or to reinforce it with plastic. 



The third type of false aneurysm is the most challeng
ing, since it presents the problem of an aneurysm as 
the focus of a progressively expansile intracranial mass. 
Such an "aneurysmal tumor" has a relentless course; 
consequently, surgery becomes mandatory. 

One should make a distinction between false aneu
rysms and dissecting aneurysms46 . 57. 58 of the cerebral 
vessels. In dissecting aneurysms, almost always due to 
arteriosclerosis, 59 - 61 the intima is stripped from the 
media by a hemorrhage, with the resultant formation 
of a septum and a blind fundus. At times the dissection 
may progress to such an extent as to occlude the vessel. 
Poppen 18 reported on the surgical treatment of two 
of these. 

Angiography does, to a reasonable degree of accura
cy, permit the diagnosis of false aneurysm. The irregu
larity of outline of the aneurysmal surface, the slowness 
with which the aneurysmal cavity fills, and the presence 
of evidence of vascular deformity, suggestive of "hema
toma" about the aneurysm, all make the possibility of 
a false aneurysm real indeed. The absence of vasospasm 
in the vicinity of the rent and the location of these 
"aneurysms" in sites where one normally does not en
counter atherosclerotic or berry aneurysms serve as sup
portive evidence for the presence of a false aneurysm. 

The realization that it is possible to produce false 
aneurysms by manipulation of the cerebral blood vessels 
or by the application of clips to them, even if only for 
brief periods of time, is sobering indeed. There is no 
definite information as to how long Finkemeyer32 had 
occluded a branch of the middle cerebral artery in his 
"manipulative" false aneurysm. I conclude that what 
appears to be slight damage to the artery may very 
weIl result in the formation of a false aneurysm. The 
observations of Boldrey and Raskind62 support this 
point, though the latter were careful to state that they 
did not visualize the anterior cerebral artery during re
section of the meningioma. Similarly, the experience of 
Overton and Calvin47 in their "iatrogenic cerebral cor
tical aneurysm" is strong supportive evidence that 
trauma may produce false aneurysms. The work of 
White and colleagues63 offers an experimental basis for 
this conclusion. 

Cranioplasty (Figure 13.23) 

Either autogenous bone (rib) or plastic (methyl methac
rylate) are currently used for cranioplasty. Methyl 
methacrylate is discouraged for many reasons: 

1. It is a foreign substance, 
2. As a foreign substance, it cannot heal to the sur

rounding bone, 
3. Its polymerization is an exothermic reaction that may 

damage the underlying dura and brain, 
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4. It may become dislodged and push into the underly
ing brain, 

5. It is subject to cracking. 

On the other hand, ribs are readily available and regrow 
within months after their removal ; they may be molded 
into proper contour, they fuse readily to the surround
ing skull, and they he al into normal bone that affords 
the same protection to the brain as the skull. The only 
disadvantage of rib graft is that it entails an additional 
operative procedure: a thoracic skin incision and sub
periosteal resection of the desired amount of rib. 

The technical aspects of implanting the rib graft con
sist of splitting the bone graft into symmetrical halves 
by cutting through the cancellous bone in the long axis 
of the rib, and then molding the segments to the desired 
contour after cutting them in appropriate lengths to 
fill the defect. Once this is done, the graft should be 
put aside and the area of skull defect prepared for their 
implantation. 

The incision is made and the scalp is reflected from 
around the defect, exposing the periosteum. This is in
cised, and the potential space between it and the under
lying dura is opened into a virtual space by using Ad
son-Brown forceps to hold the periosteum and blunt
tipped tenotomy scissors to separate periosteum from 
underlying dura. At times this is simple, but at others 
it is quite a tedious dissection. One must take care not 
to cut through the dura and open into the subdural 
space. Once the potential space between periosteum and 
dura has been fully converted into a virtual space, a 
curette is used to scrape away the compact bone from 
the edges ofthe defect to expose cancellous bone, taking 
care not to poke through the underlying dura or the 
overlying periosteum. This facilitates healing of the 
edges of the bone graft to the surrounding skull. 

After the defect has been prepared as described 
above, the individual pieces of rib graft are laid into 
the interval between periosteum and dura mater, each 
in its place. They are then placed into the interval be
tween perisoteum and dura, as into a pouch. It is not 
necessary to anchor the edges of bone graft to the sur
rounding skull, since the periosteal/dural pouch holds 
them snugly in place and assists holding them in the 
proper contour. The opening in the periosteum is then 
closed. The use of wire to bind one rib to the other 
is unnecessary, and has the disadvantage of rendering 
subsequent computed transmission tomography or nu
clear magnetic resonance scanning difficult or impossi
ble. 

When it is not possible to convert the potential space 
between periosteum and underlying dura into a virtual 
space without fragmenting the periosteum, one takes 
a periosteal graft from the surrounding skull and brings 
it over the positioned rib grafts, covering the defects. 
The periosteal graft holds them in place and assists 
bony healing. 
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Figure 13.23. The various stages in performance of a rib cra
nioplasty . (A) The periosteum (1) has been separated from 
the dura (2), opening up a largc pockct between the two which 
will serve as a pouch into which the rib grafts may be inserted . 
The dura is then scwn tautly to the periosteum ovcr normal 
skull (3) tightening it so as to diminish rcdundancy. (B) The 
rib grafts have been split (1). They are moulded into the dc-

Since it is my opmIOn that methyl methacrylate 
should not be used for a cranioplasty because of the 
above-described reasons, the technique for performing 
this procedure is not described. Rib or iliac crest are 
always available. There is no justification for the inser
tion of a foreign substance. 

Vertebral Fracture Dislocation 

For a multitude of reasons, ranging from anatomy 
through epidemiology, fracture dislocations of the lum
bar and thoraeie spines are, practically speaking, rarities 
in the newborn, the infant, the toddler, the juvenile. 
Cervical fracture dislocations occur in the newborn as 
a result of birth injury. In the infant, toddler, and juve
nile they are clinical curiosities. Unfortunately, cervical 
injury incurred during passage through the birth canal 

sired contour and cut the desired Icngth prior to inserting ~ 
them into the previously prepared pouch (2). (e) After all 
of the rib grafts have been put into place. filling completely 
the defect. the periostcum over the rib graft pouch is sewn 
to the periosteum over normal skull. Absorbable sutures are 
then run aeross the rib grafts and its pouch. holding the former 
in plaee and maintaining the contour. 

is fatal, and gene rally goes undiagnosed, since the new
born is apneic at birth. When correctly diagnosed, the 
outlook is grim, even though the child may be tempo
rarily resuscitated by intubation and artificial ventila
tion. 

There is no place for fusion in the management of 
cervical fracture dislocations, since children realign 
properly, and fractures heal spontaneously, with simple 
immobilization for periods of time ranging from 4 to 
12 weeks. In fact, fusion is to be discouraged in new
born, infants, toddlers, and juveniles, since it arrests 
growth! 

The developing spinal column is an extraordinarily 
complicated anatomicophysiologic structure, one which 
is best managed by a pediatric orthopod, a person fa
miliar with techniques for immobilization and healing 
processes of growing and ossifying bone. 
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Chapter 14 

Congenital Anomalies 

Congenital Anomalies Involving the 
Craniocerebrum and Craniocervical Junction 

Synostotic Cranial Anomalies 
The hyperostosis of the sagittal and metopic synostotic 
sutures is gene rally more remarkable over the outer ta
ble, whereas coronal synostosis is characterized by exu
berant hyperostosis along the inner table. Therefore, 
the synostosed sagittal suture may be lifted easily and 
safely from the superior sagittal sinus, since it is not 
adherent to this structure. The synostosed coronal su
ture, conversely, invariably protrudes into the underly
ing dura and is generally adherent to it. 

Whether single or multiple, the suturectomy consists 
of excision of the hyperotosis which occurs along the 
line of the prematurely closed suture. It must ex te nd 
the entire length of the closed suture, and across the 
normal suture !ine perpendicular to it. The synostosis 
of the suture, in the pathological state, extends across 
all bones bordering upon it. Extending the suturectomy 
only into the perpendicular normal suture does not as
sure relatively permanent opening. For example, in per
forming a sagittal suturectomy, one must take care to 
bring the line of osteotomy across the normal suture 
and into the frontal bone anteriorly and the occipital 
bone posteriorly, for a distance of about 1 cm at either 
end. 

The suturectomy for craniosynostosis may be per
formed along a single suture, the metopic in children 
with scaphocephaly; along two sutures, coronal and 
pterional, for children with plagiocephaly; or along mul
tiple sutures: sagittal, coronal, pterional, and lambdoi
dal, for pansynostosis. 

Some authors 1
•
2 have continued to follow the recom

mendations of Ingraham and coworkers,3 though 
others4 have found his technique to be of no value and 
to suffer the complicating factor of extrusion of the 
plastic from between the bone edges and through the 
wound. Anderson and Johnson 5 advocated the use of 
Zenker's solution and acetic acid, applied to the dura, 
to delay or arrest rapid growth of bone at the craniec
tomy sites. This has proven to be ineffective and compli
ca ted by temporary or permanent seizures in addition 
to persistent large cranial defects (often necessitating 
cranioplasty). 

Suturectomy should be performed, ideally, between 
the 3rd and 7th months of life. This allows the child 
time to acquire his own immunological responses and 
to establish his eating habits and diurnal pattern. Also, 
operating this early prevents deformity of the brain and 
skull, and diminishes risks of permanent skull deformi
ty. The recurrence rate among children operated before 
3 months of age is much higher than those operated 
between 3 and 7 months of age. 

Metopic (Including Frontonasal) Synostosis: 
Trigonocephaly (Figures 14.1 to 14.3) 
Premature closure of the metopic suture results in a 
rather characteristic keellike deformity of the frontal 
bone because of impaired expansion along the metopic 
suture and accentuated expansion along the coronal su
ture bilaterally. Brain growth occurs longitudinally, in
creasing the length of the skull anterior to the coronal 
suture. Since the sagittal suture is functional, there is 
both horizontal and longitudinal growth posterior to 
the coronal suture. No frontal eminences develop, there 
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Figure 14.1. (A) Prcmature synostosis of thc metopic suture 
(viewed form abovc). Though brain and skull growth in thc 
longitudinal axis is much grcatcr than normal, thc rcsultant 
cramping of thc frontal lobes displaces thc brain posteriorly, 
aeross the linc of thc eoronal suture (1). Beeausc of functional 
sagittal (2) and lambdoidal (3) sutures, that portion of thc 
skull posterior to thc eoronal suture expands cireumfercntially. 
This is shown diagrammatieally in A. (B) A trigonoeephalie 
skull after the sealp has been prepped and drapcd. 

Figure 14.2. Rescetion of the synostosed mctopic suture ex
poses the underlying anterior third of the superior sagittal 
sinus. Note that it cxtcnds into thc sagittal, and aeross thc 
eoronal, sutures posteriorly, but that it is not carried anteroin
feriorly across the frontonasal or into the nasal suturcs (area 
within dotted !ines). Conscquently, thcre will always remain 
an observable hypotclorism. This limitcd proeedurc providcs 
one with the illusion that the synostosis has been cffcetively 
dealt with becausc the keellike deformity of thc forehead is 
removed and the frontal bone may tlattcn as it rcforms along 
thc sagittal plane. However, the frontonasal synostosis per
sists, as docs the hypotelorism. The cosmetie effeet is less than 
desirable. 



Figure 14.3. The only effective way to release completely the 
synostosed metopic suture is to extend the osteotomy across 
the frontonasal suture, and then to run it across the nasal 
suture. This releases the medial orbital rims from one another, 
allowing the subsequent brain growth to correct the hypotelor
ism. 

is no protrusion posteriorly with ledge deformity of the 
occipital bone. 

Surgieal eorreetion of metopie synostosis eonsists 
classieally of a sutureetomy, extending from approxi
mately 1 em posterior to the eoronal suture to 3 mm 
proximal to the frontonasal suture. For eosmetie and 
anatomieal reasons, it had been eonsidered impossible 
to extend the sutureetomy aeross the frontonasal suture. 
This technique suffiees for immediate cosmetie appear
anee in the very mild eases, but does nothing to correet 
the hypotelorism. Current teehnique, in light of the re
markable advances made in craniofacial surgery, con
sists of dissection of the periosteum from the coronal 
suture to about 2 cm on either side of the midsagittal 
plane. The coronal suture is then ente red and the dura 
is separated from the inner table of the hyperostosed 
metopic suture with the use of a Penfield * 1 or *2 
dissector. The periosteum is removed from over the 
planned osteotomy line, 1 cm lateral to the midline on 
either side, from 1 cm behind the coronal suture to 
2 mm across the frontonasal suture. Either a cranio
tome or a fine tipped LekseIl rongeur is then used to 
make the osteotomy, extending from the coronal suture 
into the frontonasal suture on eaeh side, and then across 
the midline first posteriorly and then at the frontonasal 
region. The strip of synostosed metopic suture is lifted 
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away from the anterior third of the superior sagittal 
sinus, which, at this age, holds minimal amounts of 
venous blood. The rongeur is used to nibble across the 
coronal suture posteriorly and frontonasal suture ante
riorly. Finally, a sm all osteotomy is extended from one 
nasal bone to the other aeross the nasal suture. 

The very severe cases, those accompanied by synosto
sis at the frontoethmoidal sutures, require en bloc re
moval of the entire frontal bone, with the supraorbital 
rims, freeing the frontal bone from the ethmoid. The 
orbital roof is opened posterior to the supraorbital rim. 
The removed frontal bone is then split down the synos
tosed metopic suture, cracked, molded into a cosmeti
cally agreeable form, and repositioned over the frontal 
lobes. This procedure must be performed with an expe
rienced plastic surgeon. 

Sagittal Synostosis: Scaphocephaly 
(Figures 14.4. to 14.12) 
Synostosis at the sagittal suture impedes growth and 
expansion at the junction of the parietal bones. The 
result is an elongated head with accentuated frontal 
bossing and protrusion of the inion: scaphocephaly. 
Consequently, in order to aecommodate the expanding 
brain, there is compensatory growth between the parie
tal and occipital bones at the lambdoidal suture, the 
frontal and parietal bones at the coronal suture, and 
the frontal bone at the metopic suture. 

Resection of the sagittal suture is performed after 
an S-shaped biparietal skin incision (permitting aecess 
to the anterior fontanel and inion) has been made and 
the two portions of the scalp flap reflected to either 
side of the midline, exposing the hyperostosed area of 
the sagittal suture from anterior to the coronal to poste
rior to the lambdoidal sutures. The hyperostosis may 
be so significant at times as to result in an elevation 
of bone along the area of the sagittal suture. 

One notes immediately that there is a ridge along 
the line where the sagittal suture had been, and that 
he may identify coronal and lambdoidal sutures but 
not the sagittal suture. In fact, if the sagittal suture 
may be identified from coronal to lambdoidal sutures, 
the ehild does not have sagittal synostosis. Microcephal
ies have been confused with seaphocephalics. 

After the skin flaps have been reflected to either side 
and before perioste al stripping, the flat edge of the uni
polar thermocautery blade is used to cut the periosteum 
and expose the underlying skull. The periosteum is 
stripped from the parietal, frontal, and occipital bones, 
taking care to dissect it weil across the coronal and 
lambdoidal sutures. It is not safe to use the thermocau
tery blade when crossing the coronal and lambdoidal 
sutures sinee it may coagulate through the suture and 
into the underlying brain, nor to use its cutting cdge. 
Periosteum, dura, and suture are one fibromembranous 
eontinuum at the suture line. Dissection across the cor-
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onal and lambdoidal sutures is performed with the peri
osteal elevator, after the perioste um has been coagu
lated with the bipolar cautery forceps and incised. 
Proper use of the periosteal elevator is to angulate its 
cutting edge, so that a corner may be insinuated be
tween periosteum and skulI, and then to run the elevator 
in a longitudinal direction rather than making individ
ual, sawtoothed strippings running perpendicular to the 
sagittal plane. 

Bone wax, kept at body temperature, is applied to 
the bleeding surfaces of the exposed parietal, occipital, 
and frontal bones. Bipolar cautery is used to stop any 
oozing coming from the coronal or lambdoidal sutures. 
Take great ca re to stop all oozing from the bony sur
faces, and to ex pose no more bone (strip no more peri
osteum) than needed to perform the osteotomy. This 

Figure 14.4. The elongation of the head in scaphocephaly is 
an expression of longitudinal growth at the coronal and lamb
doidal sutures, and vertical growth at the parietotemporal and 
sphenoparietal sutures (in the region of the pterion). (A) The 
scaphocephalic deformity. (B) Widening of the coronal and 
lambdoidal sutures. Because of arrested growth at the sagittal 
suture, the expanding brain volume is accommodated by 
growth at the coronal and lambdoidal sutures, with resultant 
lengthening of the parietal bone, posteroinferior displacement 
of the lambdoidal suture, and a lcdgelike deformity at the 
inion (arrow). There is also anterior displacement of the cor
onal suture. (C) Note the bone ridge in the sagittal plane 
(arrows), which does not extend across the coronal or lamb
doidal sutures. There are neither frontal nor parietal emi
nenccs, and the fontanels are absent. 

mllllmlzes postoperative oozing and subGaleal hema
toma. 

The parietal bone is then separated from the lambdoi
dal and coronal sutures, using the suturectomy tech
nique, immediately beneath the area of periosteal strip
ping on either side, the Gigli saw guide is passed from 
posterior to anterior, assuring protection of the under
lying dura and brain during the osteotomy. Prior to 
inserting the guide for passage over the dura mater, 
it should be molded to conform with the curvature of 
the vertex of the skull. This avoids compressive damage 
of the underlying brain and, more importantly, strip
ping excessive amounts of dura from the overlying inner 
surface of the skulI , wh ich could result in severe blood 
loss secondary to oozing from the parietal bone. 
The molding should be such as to produce a concavity 
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Figure 14.5. (A) The scaphocephalic head has been draped 
and the coronal (1), sagittal (2), and lambdoidal (3) sutures 
marked off. The S-shaped skin incision (4) extends from right 
to left, passing along the border between the anterior fontane! 
(5) and the right frontal bone (6), and then over the right 
parietal bone (7). Posteroinferiorly, it extends behind the inion 

which complements the convexity of the cerebral hemi
sphere. 

After osteotomies have been extended from lambdoi
dal to coronal sutures bi la te rally , a rongeur is used to 
bite across the coronal and lambdoidal sutures into the 
frontal and occipital bones, freeing completely a single 
flap of bone. This is separated from the underlying dura 
and superior sagittal sinus (SSS) with use of a Penfield 
ojH or * 2 dissector. Carry the movements of the dissec
tor from anterior to posterior. This exposes the underly
ing dura and the intact SSS. After the flap has been 
lifted away, tiny bleeding areas over the SSS may be 
identified and then covered immediately with soaked 
fluffy cottons. If one applies his sucker tip to the soaked 
fluffy cotton until it becomes glistening white, as it 
dries, and then leaves it in place for varying periods 
of time, most of this bleeding stops. If not, A vitene 
should be placed over the bleeding areas and a soaked 
fluffy cotton over it. One should try to avoid coagulat
ing them. 

The regrowth of bone takes place along the entire 
surface of the dura. It occurs first in small patches, 
then in larger islets. It does not ex te nd from the cut 
edges of the parietal bones medialward ! Consequently, 
no attempt should be made to apply caustic chemicals 
(such as Zenker's solution) to the bone edges, to sew 
the outer layer of the dura over the bone edge and 
onto the periosteum, or to place plastic (Silastic) cuffs 

(8) to end over the squamosal portion of the left occipital 
bone (9). (B) The scalp flap has been reflected to either side, 
after the Galeal clips were applied. Note the hyperostosed 
sagittal suture (1), the anterior fontanel (2), the coronal suture 
(3), and the inion (4). 

over the exposed edges of the parietal bones. These 
procedures do not retard the regrowth of the skull, they 
certainly do not prevent it, and they put the child at 
a greater risk of complications. In those cases where 
Silastic cuffing has been used, reoperation showed fully 
regrown bone completely surrounding the Silastic cuff. 
The Zenker's solution is caustic, the Silastic cuffing is 
a foreign body. Reflection of the outer layer of the 
dura is a tedious procedure, one which increases risks 
of intraoperative bleeding. 

A simple suturotomy, extending the full length of 
the sagittal suture from anterior to the coronal suture 
to posterior to the lambdoidal suture, extending ap
proximately 2.5 cm to either side of the center of the 
SSS, is adequate to assure acceptable to excellent cos
metic results in these children. There is no indication 
for either extensive (radical) craniectomy or plastic re
construction of the skull in newborn or infants. 

I wish to note, however, that the incidence, severity, 
and multi pli city of synostosis varies from one ethnic 
group to another so that my experiences with caucasian, 
black, and oriental children in Chicago may be very 
different from what one would observe, for example, 
in Algeria. 

Synostotic Craniofacial Anomalies 
Gilles and Harrison, after treating a recessed malar 
compound fracture in an oxycephalic patient, reported 
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Figure 14.6. Stages in periosteal stripping. (A) The perioste um 
has been cut with the flat surfaee of the electrocautery knife, 
extending the incision from anterior to the coronal suture (1), 
approximately 2 cm lateral to the sagittal plane, posteriorly 
across the lambdoidal suture (2) on either side. The periosteal 
incisions are eonnected to one another over the surface of 
the squamous occipital bone, posteriorly (3), and to the edge 
ofthe anterior fontanel (4), anteriorly. When crossing the cor
onal and lambdoidal sutures, care must be taken to move 
rapidly, lest the coagulating current cut into the suture, caus
ing bleeding. The periosteal elevator is used to strip the perios
teum from the skull (5), with the elevator slightly angulated 
so that the stripping may be performed longitudinal to the 
cut edge of the periosteum, avoiding sawtoothed serrations. 
(B) This illustrates the incorrect technique for stripping the 
periosteum. (C) The perioste um has been stripped from the 
skull along the planned osteotomy lines, exposing only that 
surface area neeessary to perform the osteotomy. The cuts 
across the frontal and squamous occipital bones are best made 
with a delicate rongeur. 
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in 1950 the first total facial osteotomy, which, unfortu
nately, resulted in only a partial correction. 6 They did, 
however, succeed in demonstrating that one must repo
sition and reconstruct the deformed and displaced 
bones of the facial framework in order to achieve ac
ceptable cosmetic results. This experience, resulting 
only in correction of the exorbitism, led to Tessier's 7 

studies ofthe facial skeleton, and his subsequent revolu
tionary concepts and techniques, which were predicated 
upon both LeFort's8 experimental work and his own 
cadaver dissections. 7 His most fundamental concept 
was that one must move large, entire bones or segments 
of bones over extensive distances to reposition them 
around the globe, the nasooropharynx, and the frontal 
and temporal lobes, in order to achieve a functional 
structure and pleasing cosmetic result. He denuded 
these bony masses of their blood supply in relocating 
and reconstructing them, and molded them around the 
neural elements they protect. 

In 1962, reporting on the management of congenital 
and traumatic hypertelorism, Converse and Smith 9 pro
posed reconstruction of the medial orbital wall. Again, 
developing upon this procedure, Tessier lO made defini
tive contributions to the understanding and surgical 
correction of hypertelorism, proceeding to establish that 
corrective surgery should be a one-stage procedure. His 
one-stage facial advancements soon were expanded to 
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Figure 14.7. (A) The Gigli saw guide (1) has been passed from 
posterior to anterior, to separate the dura from the skulI, be
fore proeeeding to use the eraniotome to make the osteotomy. 
Note that the entranee into, and the exit from, the epidural 
spaee is at the lambdoidal (2) and eoronal (3) sutures, respee
tively. No burr holes are made. Rather, the already described 
technique (Figures 4.3 and 4.4) is used to gain access to the 
epidural space, illustrated here by use of the curette (4) to 
open the suture. (B) Once the dura has been freed from the 
inner surface of the skulI, the craniotome is used to perform 
the osteotomy. 

Figure 14.8. The inserted Gigli saw guide has been molded 
to fit the convexity of the brain and thcn passed from the 
posterior (arrow), lambdoidal suture, to the anterior eoronal 
suture. Before removing the Gigli saw guide, mold the terminal 
end into a concavity so as to avoid cerebra I depression. 

B 
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Figure 14.9. (A) A rongeur is used to osteotomize across the 
suture line into the squamous occipital bone at the inion and 
then across the coronal suture bilaterally. (B) Heavy scissors 
are then used to cut the coronal suture from the parietal bone 
anteriorly, at the fontanel. (C) The now completely freed bone 
fl ap is stripped from the underlying dura and superior sagittal 
sinus surfaces by insinuating a Penfield dissector between bone 
and dura, as the flap is Iifted away. 

include lateral orbital advancements as en bloc forward 
andjor medial repositioning of a single, or both, orbit(s) 
correcting completely the hypertelorism and the exorbi
tism. Tessier's work, 11 as that of Converse and Smith9 , 

Munro,12 and others, illustrated that the preoperative 
evaluation of a congenital anomaly is complex and that 
it, as weil as the surgery itself, must be undertaken by 
a team o{ specialists thoroughly versed in the diagnosis 
and management of craniofacial anomalies. 

Surgical treatment of congenital anomalies of the 
craniocerebrum has classically been performed by spe
cialists in pediatric neurosurgery for those malforma
tions involving the calvarium and lesser wings of the 

B 
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sphenoid, and by plastic surgeons for malformations 
involving the bones of the face and base of the skull. 
Whereas all craniofacial work performed by pediatric 
neurosurgeons, with the sole exception of Jacques Rou
gerie and his colleagues,13 has been destructive in na
ture (craniectomies), the plastic surgeons addressed the 
problem from a reconstructive point of view. Their re
sults have been remarkable. Therefore, operative proce
dures for the synostotic anomalies of the calvarium 
(scaphocephaly, trigonocephaly, plagiocephaly), all 
basically destructive procedures, are performed by neu
rosurgeons. 

The procedures for the more complex craniofacial 



Figure 14.10. Anatomical reprcscntation to illustrate dural 
surface (1), superior sagittal sinus (2), and intradural portions 
of the bridging cortical veins (3) after the sagittal strip of 
bone has been removed . 

anomalies, basically reconstructive surgery, are outlined 
here in a purely descriptive sense. They are operations 
that require special training in reconstructive surgery, 
special knowledge of growth and development of the 
facial bones (incJuding the dental arcade and the bony 
air sinuses), special instrumentation and techniques, 
and a well-coordinated craniofacial team. They are pro
cedures for the craniofacial surgeon. 

The following descriptions, with the exception of uni
lateral plagiocephaly, are meant only to be informative, 
so as to provide the student of pediatric neurosurgery 
with a cJear and functional concept of wh at is entailed 
in the correction and reconstruction of the individual 
craniofacial anomalies. There is no intention to describe 
systematically the indications, technique, or complica
tions of these procedures. The surgical treatment ofuni
lateral plagiocephaly, however, will be described in de
tail, since it is within pediatric neurosurgery. 

In 1974 Edgerton and coworkers 14 successfully oper
ated on infants and toddlers with such complex cranio
facial anomalies as Crouzon's disease and orbital hyper
telorism, being able to perform cranioplasty, orbital re
positioning, and midfacial advancements in a single 
procedure. It was their observation that significant ad
vances in anesthesia and instrumentation, adaptation 
of osteotomies and knowledge of bone regenerative 
compacity to the younger child, and supportive post
operative care (available only in modern intensive ca re 
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Figure 14.11. A wide strip of bone holding the hyperostosed 
superior sagittal suture has been removed from the underlying 
dura and the superior sagittal sinus (SSS). Note that the osteo
tomy has extended aeross thc eoronal suture anteriorly and 
the lambdoidal suture posteriorly (1). This strip of bone has 
an area of hyperostosis, immediately beneath the sagittal su
ture (2), which pushes into the SSS, often taking on the ap
pearance of the keel of aboat. Small perforations in thc dural 
surfaee of this flap (3) identify diploic draining veins passing 
from the diploe into the SSS. 

units) are the responsible factors for successful manage
ment of these cases in early childhood. The advantages 
of early surgery were considered to be 

1. a diminution in the stressful situation experienced by 
the parents ; 

2. the ability to reconstruct soft tissue deformity once 
the bony abnormalities had been corrected; and 

3. the attainment of normal milestones (eye movement, 
breathing, speech) after reconstructive craniofacial 
surgery. 

Neurosurgical aspects of craniofacial anomalies con
cern the presence and treatment of complicating hydro
cephalus (as in the cJoverleaf skull and some cases of 
Crouzon-Apert), excision of synostotic calvarial su
tures, the reflection of a birfontal flap, preserving the 
orbital frontal band, measuring 2 cm in length as it 
extends from the supraorbital rims - Tessier's 15 linch
pin for correcting hypertelorism and craniofacial dys
ostosis. 

The skin incision invariably used is a bicoronal inci
sion, wh ich should be brought from antitragus to anti
tragus, running immediately behind the hairline, spar
ing the facial nerves. Periosteal fl aps, as already de
scribed, are reflected anteriorly (over the inferior frontal 
bone) but left adherent to the (frontoparietal) bones 
posteriorly: the anterior periosteal flap is a pedicJe flap 
and is held in reserve to cover the frontal sinus if it 
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Figure 14.12. (A) Anterior extent of suturotomy across cor
onal suture (1) and into frontal bone (2). (B) Postcrior extcnt 

is present and opened; the posterior flap will be used 
if it becomes necessary to reconstruct the dura along 
the olfactory rootlets. 

Because of the severe anomalies of shape, thickness, 
and abnormal ridges of the inner table of the frontal 
bone in these children, one may not reflect the bifrontal 
bone flap described in Chapter 3. Instead, two para
sagittal burr holes are placed, one to either side of the 
midline, just anterior to the coronal suture ; two posteri
or frontal burr holes on the either side, 2 cm above 
the supraorbital rim and at the insertion ofthe tempora
lis muscle along the superior temporaliine; two antero
medial burr holes, each 2 cm above the line of the su
praorbital rim, and each in the same parasagittal plane 
as the posteromedial openings. It is extremely difficuIt 
to dissect the dura form the rootlets of the olfactory 
nerves, at the cribriform plate, with this orbital frontal 
band. 

Separation of the dura mater from the inner table 
of the skull along the orbital frontal band is performed 
with fluffies and telfa. At times, this separation is com
pli ca ted by the presence of abnormal spurs of bone 
extending perpendicular to the orbital roof, ethmoid 
bone, and inner table of the frontal bone. There are 
generally two spurs, or keels, of bone extending into 
the dura, separating the underlying brain in two com
partments from the inner table of the skulI, located 
at the lateral borders ofthe frontal sinus, and sometimes 
a third at the midline in direct continuity with the crista 
galli. They crease the dura and underlying brain, render
ing it difficult for the surgeon to remove them without 

of suturotomy ac ross lambdoidal suture (1) and into squa
mous occipital bone (2). 

nicking the dura mater. Disseetion of the dura from 
the cribriform plate may be facilitated by resection of 
the crista galli. I ts separation from the skull is best 
begun posterior to the lesser wing of the sphenoid, then 
extended lateral to the pterion and medially to the ante
rior clinoid: cxposing completely the floor of the anteri
or fossa (orbital roofs, cribriform plate, planum sphe
noidale). At times, these crests may be so large and 
so awkwardly placed as to oblige the surgeon to reflect 
the bifrontal flap in one, two, or even three segments. 
Individual openings in the dura should be repaired as 
they occur, using either simple closurc, purse-string, or 
periosteal grafts. 

Coronal Synostosis: Plagiocephaly 
Plagiocephaly may be unilateral or bilateral, resulting 
either in the characteristic harlequin deformity of one 
orbit, or remarkable frontal bone changes with bilateral 
harlequin deformity and constriction, shortening, and 
verticalization of the anterior fossa. This latter causes 
compression of one or both frontal lobes, and displace
ment (proptosis or exorbitism) of the globe of the eye, 
so as to put stereopsis at risk . It is incorrect-incom
plete - to consider this anomaly to be synonymous with 
coronal synostosis, a misnomer that resulted in incom
plete surgical treatment (resection of only the closed 
coronal suture) between the time the first linear craniec
tomies were performed in 1890 by Lannelongue 16 and 
the time McLaurin and Matson 1 7 recommended, in ad
dition to the linear coronal craniectomy, subtemporal 
decompression, extension of fhe craniectomy posterior-



ly along the fused squamosal suture line and, if fusion 
of the orbital bone had resulted in exophthalmus, re sec
tion of the roof and lateral orbital wall. Their work 
preceded the recommendation of Anderson and John
son,18 who added resection of the sphenoid wing, an 
additional cut in the frontal bone extending from the 
lower end of the coronal craniectomy, immediately 
above the supraorbital ridge to the midline, and a verti
cal cut connecting this to the coronal channel. It was 
not until the 1970s that the entire superior and lateral 
aspects of the orbital rim were reconstructed. 19 

When both coronal sutures are synostotic, the frontal 
lobes are compressed and dislocated posteriorly. Both 
globes are displaced from the normal li ne of vision. 
In either event, the exorbitism may be so severe as to 
impede lid c1osure, and thereby subject the cornea to 
ulcera ti on and/or opacification. 

This synostosis involves invariably the coronal su
ture, but mayaiso involve the frontonasal and fron
toethmoidal sutures as weil as the zygomaticofrontal 
suture. Some authors have suggested that even the 
sphenopterygoid and pterygomaxillary sutures are in
volved. Consequently, the operative procedure must be 
designed to provide the surgeon access to the coronal 
suture from the anterior fontanel to the anteroinferiorly 
displaced pterional region, the frontonasal and fron
toethmoidal sutures, and the intracranial and intraorbi
tal surfaces of the orbital roof. 

The purpose of the operation to correct plagioceph
aly is twofold: (1) to resect the synostosed coronal and 
temporosphenoidal sutures ; and (2) to reconstruct the 
superior and lateral aspects of the orbital rim! If the 
frontonasal and frontoethmoidal sutures are synos
tosed, the procedure must be done in conjunction with 
a plastic surgeon experienced in craniofacial surgery. 
For unilateral plagiocephaly, one must, therefore, al
ways reconstruct the superior and lateral aspects of the 
orbit, and on occasion also reconstruct the medial as
pect. For bilateral plagiocephaly, the corrective proce
dure involves both orbits, the ethmoid and nasal bones. 

The various involvement of individual sutures, and 
the degree of deformity resulting from their synostosis, 
may not be conceptualized as isolated entites. Rather, 
they coexist to differing degrees and in different combi
nations. Clinical examination of the orbital and cranial 
deformities, as weil as studying the plain x-ray films 
and CTT scans, assist in determining which sutures need 
resection and what procedure should be performed. 
Consequently, one is advised to read this section as 
a continuum. It is not my intention to present these 
anomalies as independent and distinct anatomicopatho
genic entities. 

Unilateral Plagiocephaly 
Frontosphenoidal Synostosis (Figures 14.13 to 14.22). 
Unilateral plagiocephaly, extending into the pterional 
sutures (parietosquamosal, sphenosquamosal, fronto-
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Figure 14.13. The scalp flap has been reflected, exposing the 
periosteum from over the frontal bone to a line running across 
the supraorbital ridge so that one may identify the glabella 
(1), the left supraorbital foramen (2), and the zygomatic pro
cess of the frontal bone (3). The posterior Iimb of the flap 
has been sewn out of the way, exposing the region of the 
anterior [ontanet (4) and the line of the coronal suture (5). 
Note that the line of the coronal suture extends anteriorly, 
almost upon the zygomatic process of the frontal bone. Reten
tion sutures, starting at the zygomatic process of the frontal 
bone (6), are now placed. 

sphenoid al) is referred to as "frontosphenoidal." One 
need only resect the synostosed suture and reconstruct 
the superior and lateral surfaees of the orbit. 

A unilateral frontal skin ineision is used for this ex po
sure. Onee the flap is reflected, the anterior portion 
should be laid over a roll of gauze sponges and then 
retention sutures run along the line of junetion of Galea 
and periosteum, over the supraorbital ridge, as far later
ally as the zygomatie process of the frontal bone. At 
this point sutures should be put in along the anterior 
surface of the zygomatie process of the frontal bone 
as far inferiorly as the zygomatie areh. When these re
tention sutures are brought over the rim of the orbit 
and zygomatie proeess of the frontal bone and put on 
the stretch, they expose completely the glabella, su
praorbital ridge and sulcus, zygomatieofrontal suture, 
pterional region and zygomatic areh. Posterior retrae
tion of the sealp flap should be brought far enough 
to expose the entirety of the coronal suture and the 
temporalis musc1e. This latter will already have been 
cut parallel to and 0.5 em beneath the superior temporal 
line, stripped from the underlying bones of the pterional 
region, to expose the squamous portion of the temporal 
bone and the lateral aspect of the greater wing of the 
sphenoid - as one would for reflecting a lateral frontal 
flap. Stripping of the temporalis musc1e from these 
bones is followed by insertion of retention sutures into 
the temporalis musc1e, sewing it out of the way. 

At this point the frontal bone, greater wing of the 
sphenoid, and squamous temporal bones are exposed, 
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Figure 14.14. The periosteum has been in
eised, permitting one to reflect it from the 
planned osteotomy lines. It is Ieft adherent to 
the frontal bone (1), but dissected from the 
supraorbital rim (2) and sewn out of the way 
(3). The periosteum and temporalis muscle (4) 
have been stripped from the zygomatic process 
of the frontal bone (5) and the bones of the 
pterional region (6). 

Figure 14.15. The left frontal flap has been reflected, permit
ting one to appreciate the alm ost vertical course of the coronal 
suture line (1) from the anterior fontanel (2) to the pterion 
(3), which has been displaced anterior to the zygomatic process 
of the frontal bone (4). Note that the temporal lobe (5) is 
so far anterior that it has come to rest lateral to the orbit. 
The periosteal dissection from over the orbital rim (6) has 
extended inferiorly, along the zygomatic process of the frontal 
bone, to the lateral surface of the orbit (7). One notes the 
fused zygomaticofrontal suture (8). 



Figure 14.16. A 3-dimensional artistic representation of the 
inner surfaces of the neurocranium, illustrating the extension 
of the craniectomy, along the synostosed coronal suture (1) 
from the pterional region (2), superomedially, to the lesser 
wing of the sphenoid. At this point it is extended into the 
unroofed orbit (3), and slightly inferomedially into the superi
or orbital fissure (4). The osteotomy for unroofing the orbit 
is represented by the broken line. 

as is the hyperostosed coronal suture from the region 
of the anterior fontanel to the pterion. The periosteum 
is incised by using the flat edge of the electrocautery 
blade, the periosteum is reflected over the supra orbital 
ridge, and the burr holes are placed 

1. close to, not at, the glabella; 
2. just posterolateral to the junction of sagittal and cor

onal sutures; 
3. immediately posterior and superior to the zygomati

cofrontal suture; and 
4. posterosuperior to the pterion. 

It is important to note that the keyhole burr hole 
is superior and posterior to where one normally would 
pi ace it for a frontal flap! This is because the coronal 
synostosis results in elevation of the pterion, harlequin 
deformity of the orbit, increased bony growth along 
the parietotemporal suture, and remarkable anterior 
displacement of the middle fossa with the temporal lobe 
being located just medial to the region of the "key
hole." Consequently, if one were to place the keyhole 
burr opening in the exact anatomical position used for 
frontal flaps, it would open into the middle (temporal) 
fossa, exposing the temporal lobe rather than the fron
tal lobe ! 

The premature closure ofthese sutures-coronal syn-
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Figure 14.17. The floor of the anterior fossa is exposed by 
retracting the frontal lobes. The periosteum (arrow) is dis
sected from the roof of the orbit with a Penfield # 3 dissector, 
separating the periosteum and periorbita from the orbital rim 
and roof. 

ostosis is really an incomplete description of this clinical 
entity, since at least four sutures are synostosed-de
forms remarkably the anatomical relationship between 
orbit, anterior fossa, middle fossa, and malar bone. In
stead of being located entirely posterior to the orbit, 
the temporal lobe is stretched over and draped around 
its lateral surface. The pterion is located immediately 
behind the zygomaticofrontal suture, the greater wing 
of the sphenoid is converted into a vertical ribbon of 
bone, and the synostosed coronal suture extends antero
inferiorly to the lateral surface of the orbital rim. 

On the intracranial surface the frontoparietal suture 
is hyperostosed, taking the form of a keel, deeply 
wedged into the dura. It exerts a constrictive force upon 
the underlying brain, one which is so compressive that 
there is a spontaneous accumulation of fluid in the sub
dural space within about 3-5 minutes of the time the 
frontal flap and hyperostotic suture are removed. This 
is remarkable. The fluid ranges in color form brownish 
red to yellow. 

The lesser wing of the sphenoid runs in an almost 
vertical direction from the innominate line at the pter
ion to the anterior clinoid, compressing the frontal, pa
rietal, and temporal operculae. The underlying dura is 
a den se band of tissue which also exerts a constrictive 
force, but does not need to be opened: it relaxes, becom-
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ing unfolded by the brain, after the synostosed sutures 
have been removed from the anterior fontanel to the 
superior orbital fissure. 

Knowledge of the location of internal hyperostosis 
along the line of synostosed sutures permits one to cut 
across the area of keellike deformity, without damaging 
the underlying dura or brain. One should connect the 
bUff holes with a craniotome, not the Gigli saw, though 
it is safest to pass the Gigli saw guide from the postero
superior burr opening to the one lateral to the glabella 
first, then to the posteroinferior hole. Lastly, passage 
of the guide from the glabella area to the keyhole allows 
the surgeon to separate dura from bone along three 
of the four osteotomy lines. It is unwise to attempt 
to pass the saw guide along the line extending from 
the keyhole to the posteroinferior burr hole, since this 
would oblige one to cross the keellike hyperostosis. 
Rather, once the three osteotomies have been cut with 
the craniotome, it is safest to perform a suturectomy, 
rongeuring away the synostosed sutures from the anteri
or fontanel down to the pterion, and from he re to the 
superior orbital fissure. The coronal suture is either in
cised or excised, depending upon the width of the hyper
ostosis. The bordering surfaces of the bones at the pter
ion are all removed with either a fine-jawed rongeur 
or a diamond burr, preferably the latter, extending the 
osteotomy along the lesser wing of the sphenoid from 
the pterion to the anterior clinoid and into the superior 
orbital fissure. This latter extension, because of the con-

Figure 14.18. Fluid that accumulated in the subdural spacc. 
after the synostosed coronal suture and frontal bone wcrc 
removed. is being aspirated. 

Figure 14.19. A Penfield *4 dissector is being uscd to separate 
the periorbita from the orbital surfaee of the roof 01' thc lcft 
orbit. For orientation purposes. the glabella (1) and zygomatic 
process of the frontal bone (2) are indicated. 

tinuity of superior and inferior orbital fissures at the 
posteroinferior aspect of the orbit, automatically frees 
bony adherences from the floor of the orbit. It does 
not free synostosis involving the pterygoid plates. 

This completes the first part of the procedure: remov
al of the prematurely closed coronal and temporosphe
noidal sutures. lt is accomplished after the frontal flap 
has been freed, and allows the surgeon to proceed to 
the second part of the procedure, reconstruction of the 
superior and lateral aspects of the orbital rim. 

The reflected frontal flap is stored in sterile saline, 
and the dura is then separated from the roof of the 
orbit, exposing the entire intracranial surface of the or
bital roof, from the cribriform plate medially to the 
zygomatic process of the frontal bone laterally, and 
from the superior orbital rim anteriorly to the lesser 
wing of the sphenoid posteriorly. At this time, one is 
advised to puncture the dura with a *' 21 needle and 
to aspirate the subdural accumulation of fluid. A simple 
nick in the dura mayaIso suffice. The fluid which accu
mulates in the subdural space ranges from red to yellow
ish, may contain hematogenous elements, and expands 
rapidly in volume. After it has been removed, it does 
not reaccumulate. 

The separation of the dura from the medial surface 
of the anterior fossa must be accomplished with great 
care, to avoid damaging the olfactory nerve and, more 
importantly, tearing dural sleeves from around the 01-
factory bulb outlets, risking creation of a cerebrospinal 



A 

c 

Figure 14.20. (A) A Penfield # 3 dissector (1) has been in
serted between the periorbita and the orbital surface of the 
roof of the left orbit. This pro vi des protection against inadver
tent perforation by the high-speed drill (2) as the osteotomy 
is being made. (D) The frontal burr holes (1) and craniotomy 
(2) have been made, and the perisoteum (3) left attached to 
the frontal bone. Two Adson forceps are holding the periosteal 
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flap (4), which will be sewn to the drapes to keep it stretched. 
(C) Placement of the medial (1) and lateral (2) osteotomy 
lines in the supraorbital rim, so that it may be freed en bloc. 
The periosteal flap (3) has been sewn over the supraorbital 
rim. CD) The supraorbital ridge and orbital roof have been 
freed, and may be removed . 
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Figure 14.21. The Penfield # 3 dissector has been inserted 
deep to the osteotomy line, affording protection to the perior
bita and intraorbital contents. 

fluid leak. One need not proceed completely to the mid
line unless the frontoethmoidal and frontonasal sutures 
are synostosed, in which case the appropriate tech
nique-(described in the section on frontonasal, nasal, 
and frontoethmoidal stenosis in this chapter) is used. 
Once the dura has been freed from the bones bordering 
the anterior fossa, the next step, freeing of periosteum 
and periorbita, is taken, but retractors are not left over 
the frontal lobe. 

Periosteum is now dissected from the supraorbital 
ridge, from medial to lateral, taking care not to damage 
the lacrimal gland, since this occupies the most supero
lateral portion of the orbit. A Penfield *4 dissector, 
or an Oldberg periosteal elevator, is desirable for com
pleting the separation of perioste um from the rim of 
the supraorbital ridge. A Penfield * 3 dissector, because 
of its curved blade, is helpful in separating periorbita 
from the orbital roof. Once the Penfield * 3 dissector 
is inserted into the orbit, between periorbita and orbital 
roof, one may either see through the almost transparent 
orbital roof, or at least identify the location of the dis
sector tip by the indentation it causes when pressed 
against orbital roof. 

The Penfield * 3 dissector is used to protect the in
traorbital contents during osteotomy, medial and later
al, of the supraorbital rim and orbital roof. One now 
has fully exposed the orbital rim from just lateral to 
the glabella to the zygomatic process of the frontal 
bone, the periorbita from the region of junction of the 
periosteum to the superior orbital fissure. 

Figure 14.22. The medial and lateral osteotomy lines have 
been completed. They extend posteriorly along the orbital 
roof. 

Zygomaticolrontal Synostosis (Figures 14.22 and 14.23). 
Synostosis of this suture may occur as an isolated (ex
tremely rare) anomaly or, most often, in conjunction 
with frontoethmoidal or frontonasal/nasal/frontoeth
moidal synostoses. If it exists as an isolated entity, a 
simple suturotomy suffices as treatment. If it exists in 
conjunction with frontosphenoidal synostosis, its treat
ment must be incorporated into the overall freeing of 
the superior and lateral surfaces of the orbital rim. 

The lateral rim of the orbit is freed by fracturing 
the zygomaticofrontal suture either with one's thumb 
and forefinger, or with the use of a rongeur. There is 
no need to discard the bone fragments, they are the 
lateral rim of the orbit. These steps free the superior 
and lateral aspects of the orbit, allowing the globe am
pie accommodation to ass urne a normal position vis-a
vis the optic nerve, freed optic canal, and optic chiasm. 
The freeing of the supraorbital ridge from its medial 
to lateral borders permits both the frontal lobe and 
orbital contents to remold the bone into a circular, am
pIe orbit. After the orbital roof is removed and its later
al surfaces freed, one may complete the removal of the 
middle and medial thirds of the lesser wing of the sphe
noid, assuring opening into the superior orbital fissure. 

The supraorbital rim is now taken from the saline 
soaking solution and reapproximated, loosely, into its 
normal position, either simply laying it in place, or us
ing 4-0 sutures to moor it into place. The frontal bone 
is then brought back into position, laying it over the 
frontal lobe Of, as für the supraorbital firn, mooring 



Figure 14.23. (A) The craniotomy Iines and burr holes are 
iIlustrated for the reflection of the frontal flap, and thc osteo
tomy Iines for removal of the supraorbital rim are made . (8) 
After the frontal flap bas been reflected , thc exposcd dura 
is seen and a spatula placed over thc frontal lobe. The brokcn 
Iines indicate the next steps: osteotomies along the synostosed 
coronal suture into the inferior orbital fissure and along the 
roof of thc orbit posteriorly into the superior orbital fissure. 
(C) Cross-sectional drawing of the inferior surfaee of the orbit, 
with the supraorbital rim and roof of the orbit removed . The 
zygomaticofrontal suture (1) is being eraeked, with the pur
ehase of the zygomatie proeess of the frontal bone (2) being 
taken between the surgeon's thumb and forefinger. The frontal 
proeess of the zygoma (3) is not disturbed. Note that the 
eranieetomy has extended along the lesser wing of the sphe
noid and over the orbital roof into the superior orbital fissure 
(4), and that it is not necessary to extend it into thc inferior 
orbital fissure (5) beeause this laHer is in direet eontinuity 
with the former. The frontonasal (6) and nasal (7) sutures 
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are identifted to assist in orienting the reader. C 
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Figure 14.24. (A) 8urr hole placement if one chooses to reflect 
the supraorbital rim, orbital roof, and lateral wall of the orbit 
in one piece (stage), after osteotomizing the frontoethmoidal 
suture and synostosed pterional sutures into the superior or-

it into place. If it is severely deformed, as often occurs 
in older children, it is fractured, molded, and rota ted 
1800 before being placed over the frontal lobe. This 
provides an agreeable contour and a pleasant cosmetic 
result. The scalp is closed and a firm, not tight, dressing 
is applied. 
Frontonasal, Nasal, and Frontoethmoidal Stenosis (Fig
ures 14.24 and 14.25). When the unilateral plagiocephaly 
involves the medial (frontonasal, nasal, and frontoeth
moidal) as weil as the lateral sutures, then one must 
free completely the nasal and ethmoidal bones from 
the frontal bone. This must be done along the line of 
the orbital roof and at the supraorbital rim. Conse
quently, the placement of the inferomedial burr hole 
is particular, as is the location and extent of the osteo
tomy. In sum, one reflects a frontal flap which includes 
the supra orbital rim and orbital roof, and which ex
tends along the frontoethmoidal suture medially, across 
the zygomaticofrontal suture laterally, along the pter
ional/lesser wing of sphenoid plane to the superior orbi
tal fissure and anterior clinoid process posteriorly. 

The standard unilateral, frontal skin incision is used, 
and the periosteum is incised and elevated in the usual 
manner. However, the periosteal flap freed from over 
the supraorbital rim cannot be reflected in one piece 
because of its length and the need to extend it over 
the frontonasal and glabellar areas. It is necessary to 
incise it perpendicular to the medial rim of the orbit, 
so that it may then be sewn back over the reconstructed 
supraorbital rim at the end of the procedure. 

The posteromedial (coronal) and posterolateral 
(squamosal) burr holes are placed as for reconstruction 
of the superior and lateral orbital rims, but the antero
medial (glabellar) and anterolateral (keyhole) openings 
are not. In fact, they are placed so as to permit access 

bital fissure. The broken line indicates the osteotomy along 
the calvarium, into the orbital roof, and over the nasal bone. 
(8) Resection ofthe synostosed coronal/frontosphenosquamo
sal suture (arrows). 

to the ethmoid bone medially and the inferior surface 
of the sphenoid wing, through the middle fossa, lateral
ly. This placement permits en hloc removal ofthe frontal 
bone with the entirety of the superior half of the orbital 
rim if the surgeon so chooses, or a two-stage removal 
if this seems undesirable or inopportune at the time 
of surgery. One-stage reflection entails 

1. freeing the dura from the orbital roof and frontoeth
moidal suture; 

2. osteotomizing the pterional synostoses and lesser 
wing of the sphenoid into the superior orbital fissure ; 
and 

3. freeing the periorbita from medial, superior, and lat
eral orbital surfaces. 

In either event, performing a one- or two-stage reflec
tion of the frontal bone and superior half of the orbital 
rim, one must osteotomize the frontonasal, nasal, and 
frontoethmoidal sutures. Synostosis along these suture 
lines is responsible for deformity of the medial orbital 
rim and the hypotelorism. 

If there is remarkable, unsightly, flatenning of the 
squamous portion of the frontal bone, it may be sepa
rated from the orbital rim and rota ted 180°, simply 
cracked and remolded, or buttressed with bone grafts 
be fore repositioning it. The orbital rim and squamous 
frontal bone must not be tightly anchored at the time 
of closure, they should either be loosely moored into 
position or just laid over the periorbita and the dura, 
allowing the growing brain to mold them. 

Bilateral Coronal Synostosis: Plagiocephaly 
(Figures 14.26 and 14.27) 
Bilateral plagiocephaly may result in such severe exor
bitism as to subject the sclerae and corneae to destruc-
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Figure 14.25. This view from the vertex illustrates the osteo
mies over the vault and along the floor of the anterior fossa. 
(A) The solid line indicates the osteotomy and illustrates the 
flattening of the frontal eminence. The broken line outlines 
the lesser wings and body of the sphenoid. (B) The frontal 

Figure 14.26. (A) The exorbitism which children with bilateral 
plagiocephaly suffer may be extraordinary. (B) In such in-
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bone has been removed, permitting illustration of the osteoto
mized floor of the anterior fossa, over the sphenoid body and 
medial to the frontoethmoidal suture to the frontonasal su
ture. The shaded area illustrates restitution of the frontal emi
nence attained by rotating the frontal flap 180°. 

stances, bilateral tarsorrphaphies are necessary. 

B 
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tive damage. The operative procedure for the correction 
of bilateral plagiocephaly is quite different from the 
procedure for the unilateral deformity in that it involves 
opening the coronal, pterional, and medial (nasal, fron
tonasal, frontoethmoidal) sutures, the causative factors 
ofthis severe craniofacial deformity. Its correction must 
not be undertaken without the participation of an expe
rienced plastic surgeon. 

The procedure consists of freeing, en h/oc, the squa
mous portion and supra orbital rims of the frontal bone 
and then allowing it to be displaced anteriorly by the 
frontal lobes and superiorly by the globes. This corrects 
the exorbitism. The hypotelorism is corrected by the 
implantation of a bone graft between the osteotomized 
supraorbital rims. Standard plastic surgery texts should 
be consulted for details of the operative procedure. In 
the very young (less than 3 months of age) one may 
perform a radical craniectomy, removing and discard
ing the frontal and pterional bones. 

Hypertelorism (Figure 14.28) 
If one remembers that the term" ocular hypertelorism" 
is misleading, since it indicates the interpupillary dis
tance, and that the term" orbital hypertelorism" is ex
pressive of the true situation, then an understanding 
of what the plastic surgeon is attempting to accomplish 
is immediate. "Ocular hypertelorism" was coined in 
1924 by Greig,20 "orbital hypertelorism" in 1972 by 
Tessier. 21 The earliest attempts to treat surgically or
bital hypertelorism were really "patchwork," since the 
surgeons limited themselves to correcting extraorbital 
malformations of the epicanthus, eyebrows, root of the 
nose, and so on, by transposing skin or hair grafts and 
fat pads. In 1962 Converse and Smith9 displaced the 
medial canthus and medial wall of the orbit along with 
the nasal rim, medialward. In 1963 Tessier did much 
the same but also displaced the inframedial angle with 
the lachrymal system, and then, in 1965, he first moved 
the floor of the orbit medialward. Subsequent to this, 
in 1973, Tessier lO published his dassic work on the sur
gical management of orbital hypertelorism, stating that 
"the objective is dear: to bring the eyes doser together 
without the risk of a meningeal infection, or affecting 
ocular, oculomotor, or respiratory functions. Since 
these deformities of the interorbital space lie on the 
cranial base, the intracranial route must be used in the 
majority of cases. " 

Reflection of abifrontal flap for hypertelorism entails 
considerations that the crista galli may be remarkably 
hypertrophied, the dura may be deformed by an asso
ciated meningocele or meningoencephalocele, and that 
one may be able to preserve the olfactory nerves because 
the olfactory grooves are displaced la te rally with the 
orbits. If a meningocele or encephalomeningocele is 
present, the olfactory grooves and nerves cannot be pre
served. The various complications one may encounter 

Figure 14.27. Stages in the performance of radical craniec- ~ 
tomy in the young infant for bilateral plagiocephaly. (A) The 
periosteum has been stripped along the suture line, and a pcri
osteal elevator inserted between the outer layer of the dura 
and inner surface of the skulI, separating thc two from one 
another. (B) At this age, it is not necessary to use either a 
craniotome or a Gigli saw. Mayo scissors suffice to perform 
the craniotomy. (C) The left frontotemporal craniotomy has 
been performed, revealing thc remarkably tense underlying 
dura. (D) After the bilateral frontotemporal craniotomies have 
been performed, the periosteum and periorbita are separated 
from thc supraorbital rim and orbital surface of the orbital 
roof, so one may proceed to resect these bony structures. (E) 
The dura is separated from the roof of the orbit, from lateral 
to medial, as far posteriorly as the lesser wing of the sphenoid 
and as far medially as the ethmoid bones. The preserved fron-
tal nerve may be seen along the Galeal surface of the frontal 
scalp flap. (F) The orbital roofs, zygomatic processes, and 
pterional bones, are rongeured and discarded. (G) The frontal 
bone, with its supraorbital rims and zygomatic processes, has 
been removed, as have the roofs of the orbits and the synos
tosed pterional bones, extending the craniectomy into the su
perior orbital fissures bilaterally. One notes the metopic suture 
line (1), the frontal lobes (2), the periorbita contouring the 
orbital contents bilaterally (3). The scalp is simply closed over 
the dura, since the bone will regenerate completely at this 
age. 

in performing this proccdurc to correct hypertelorism 
are meningitis, blindness, oculomotor palsy, extraocular 
musde weakness, and damage to the neurovascular 
bundle. 

The steps in performance of craniofacial reconstruc
tion for hypertelorism, the A-3 Tessier procedure, 
through the intracranial route as discussed here are 
taken from the 1972 publication by Tessier, Guiot, and 
Derome. 22 

Crouzon and Apert 
The term craniofacial dysostosis may be used to de
scribe both Crouzon's and Apert's deformities, since, 
for all intents and purposes, the dinical condition and 
surgical considerations are the same. It still is not dear, 
however, in either of the two genetic entities what the 
relationship is between the cranial synostosis and the 
very characteristic facial deformities, though some au
thors23 have postulated that such facial hypoplasias as 
facial stenosis, independent of the presence of retrusion 
of the maxilla, are pathogenically identical to cranios
tenosis. 

The aim of surgical treatment of craniofacial dysosto
sis is correction of the remarkable exorbitism, the mal
ocdusion secondary to retrusion of the maxilla, the 
compressive obliteration of the nasal pharynx, and the 
recession of the frontal bone which is an expression 
of coronal synostosis. 
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In 1950 Sir Harold Gilles6 was the first surgeon to 
perform amidface advancement for craniofacial dysos
tosis, leading the way for subsequent plastic surgeons 
to revolutionize completely the treatment of this and 
other congenital anomalies of the facial bones. In 1958 
Tessier24 performed his first midface advancement, 
which was followed by aperiod of ni ne years of surgical 
experience. In 1967 Tessier25 published these experi
ences and described his surgical approach to the treat
ment of craniofacial dysostosis. This is predicated upon 
a careful study of the stress lines of the facial bones 
as expressed elinically by facial bone fractures, and ana
lytically by the LeF ort8 elassification of these fractures: 
I, 11, 111. In fact, Tessier was successful in displacing 
the entirety of wh at he refers to as the "useful orbit " 
a minimum of 8 mm and a maximum of 10 mm off 
the orbital apex, in three directions, permitting hirn to 
treat hypertelorism, the facial retrusion of cranial synos
tosis and facial stenosis, orbital dislocation secondary 
to trauma, and orbital-facial elefts. The possible varia
tions on manipulation of the orbit unlock the anatomi-

c d 

Figure 14.28. Hypotelorism. A-3 Tcssier procedurc through 
intracranial route. The drawings are schcmatic rcprescnta tions 
of Tessier's technique, to provide only general information . 

cal restraints for treating surgically a variety of facial 
and craniofacial abnormalities. 

Though one may consider both Apert's and Crou
zon's to be the same disease entities with regard to surgi
cal planning and management, it may be of some 
value-if nothing else, academic- to note that Crou
zon's disease is characterized by a less prominent su
praorbital ridge, bregmatic bump, and recessed frontal 
bone. The exorbitism, consequently, is more remarkable 
in Apert's, especially in light of the fact that the reces
sion of the supraorbital rim in Apert's is more severe 
than the facial retrusion. Also, patients suffering 
Apert's syndrome have a transverse frontal skin furrow, 
a crossbow deformity of the upper lip with anterior 
open bite, oculomotor paralysis, asymmetrical exorbit
ism and ptosis, and hyperseborrhea. These are relative 
distinctions. The only absolute distinction between 
Apert's and Crouzon's is the presence of syndactyly 
in Apert's disease. 

The fundamental elements of Tessier's technique 26 

for correction of craniofacial dysostoses are as folIows: 



1. Total correction of the orbital and maxillary anoma
lies; 

2. A monoblock osteotomy, extending to the pterygoid 
processes of the facial mass; 

3. Infrabasal and orbital rim osteotomies with sagittal 
splitting of the lateral walls of the orbits; 

4. Frontonasal and frontomalar tripie osteosynostosis 
for fixation; 

5. Bone graft wedges used to fix the intercranial and 
facial separations used to correct inframaxillism, fa
ci al shortness, and vertical atresia of the orbit; 

6. Correction of hypertelorism, if present; 
7. Advancement of the inferior portion of the frontal 

bone via the cranial route if the frontal cranial defor
mity needs correction. 

Kleeblattschädel (Cloverleaf, Trilobed) 
Skull Deformity 
In 1960 Holtermüller and Wiedermann27 reported 13 
cases of cloverleaf skull deformity (12 of which had 
been previously published in the German literature but 
described as hydrocephalus, chondrodystrophic). The 
deformities these authors described consisted of a very 
characteristic cloverleaf appearance of the skull, accom
panied by inferior displacement of the ears; hypertelor
ism, mandibular abnormalities, nasal flattening; micro
myelia and skeletal abnormalities; and hydrocephalus. 
The trilobar skull (cloverleaf) was considered to be the 
result of synostosis of calvarial and basal sutures, com
pounded by hydrocephalus, which blows out the anteri
or fontanel and the squamosal sutures. The authors 
considered the possibility of some relationship between 
kleeblattschädel and achondroplasia, Crouzon's cranio
facial dysostosis, and Apert's acrocephalosyndactyly. 

The surgical treatment consists of two distinctly dif
ferent approaches: compensation of the hydrocephalus 
when present (it has recently been demonstrated
Turner and Reynolds28 in 1980-that hydrocephalus 
is not an invariable accompaniment of kleeblattschädel) 
and cerebral decompression, either by performing a to
tal craniectomy or resecting the synostosed coronal and 
lambdoidal sutures. Cases of synostosis of the sagittal 
suture, in addition to coronal and lambdoidal, have 
also been reported, in which instances the remarkable 
bulging of the anterior fontanel accounts for the vertical 
leaf of this cloverleaf deformity. Because of the severe 
deformities of the basicranium, it is best to manage 
the child with kleeblattschädel in collaboration with a 
plastic surgeon. 

Arachnoidal Cysts 
Midline Arachnoidal Cysts (Figures 14.29 to 14.31) 
The entrapment of cerebrospinal fluid within fibrosed 
arachnoid, around wh at was once anormal cistern, 
freely communicating with surrounding cisterns and 
subarachnoid spaces in the midline, occurs in the para-
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sellar area, around the corpus callosum, within the re
gion of the quadrigeminal cistern posterior to the colli
cular plate, in the superior cerebellar cistern over the 
culmen monticuli, and in the cisterna magna. Cysts of 
the septum pellucidum or a cavum Vergae have ependy
mal walls, are in free communication with the ventricu
lar system, and have not been reported to be patho
genic. No surgical procedure, consequently, should be 
performed on them. 

At the present time, there are two schools of thought 
concerning surgical management of midline arachnoidal 
cysts. 

Craniotomy 
Craniotomy involves resection of the cyst membrane 
and reestablishment of communication between the cyst 
cavity and surrounding cisterns or subarachnoid spaces. 

If one elects to resect the cyst membranes, then it 
is important to carry the dissection lateralward, past 
the line of coalescence between arachnoidal membranes, 
and into subarachnoid cisterns until the arachnoid may 
be identified as a single membrane completely separated 
from parenchymal structure. When this has been ac
complished one may see cerebrospinal fluid well up into 
the field intermittently, either with cardiac pulsations 
or respirations. The difficulty with this procedure is that 
the mesenchymal arachnoid tends to reform scar tissue 
postoperatively, once more sealing off a cystic cavity. 
The ideal would be to identify the ostium, through 
which cerebrospinal fluid gains access to the arachnoi
dal cyst, so as to seal it rather than resect the fibrotic 
cyst wall. Theoretically, the CO2 laser, through a ventri
culoscope, could be used more simply and effectively 
to vaporize the cyst wall and seal to ostium. However, 
experience with the instrument and technique are want
mg. 

Cystoperitoneal Shunting 
Cystoperitoneal shunts drain continuously the cerebro
spinal fluid from ependymal or arachnoidal cysts, pro
viding the possibility that the ostium may seal itself 
off spontaneously. The proximal end of the shunting 
system may be inserted into the cyst cavity either stereo
taxically or through a ventriculoscope. Ultrasound IS 

of great assistance for stereotaxic placement. 

Chiari IV Malformation 
Aplasia of the entire cerebellum with the exception of 
the flocculonodular lobes results in the ex vacuo dilation 
of the IV ventricle, cisterna magna, and pontine cistern. 
There is no obstruction to the flow of cerebrospinal 
fluid. This primary dysplasia has no surgical treatment. 

Lateral Arachnoidal Cysts (Figure 14.32) 
It is difficult to state precisely whether cerebrospinal 
fluid-(CSF) containing cysts located over the cerebral 
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Figure 14.29. (A) This is an arachnoid cyst involving the infra
chiasmatic and interpeduncular cisterns, displacing the optic 
chiasm (1), optic nerves (2), and pituitary stalk (3) anterosu
periorly. The glistening, fibrosed arachnoid (4) may be seen 
to form the anterior superior wall of the cyst and engulf the 
pituitary stalk. (8) The araehnoid has been taken from the 
right optic nerve (1) and the lateral surface 01' the pituitary 
stalk (2), but left intact between the pituitary stalk and the 
left optic nerve (3). Note that. despite the fact that the arach
noid has been coagulated to the right of the pituitary stalk, 
the cystic chamber on the left remains distended, thereby indi
cating that this arachnoidal cyst is eomposed 01' many smaller 
chambers. rather than one single compartment. The realiza
tion of this fact permits one to understand why rescction of 
the arachnoid cyst is not always followcd by a eure, and inser
tion 01' shunt ti ps into the cyst cavities does not always drain 
the en tire cys t. 



Figure 14.30. Arachnoidal cyst of the cisterna magna. One 
should distinguish between a large cisterna magna, which is 
not pathogenic, and cystic transformation of the cisterna 
magna, which is pathogenic. Here, a child with cystic transfor
mation of the cisterna magna is illustrated. Note the very 
dense arachnoid (1) that had formed the posterior wall of 
the cyst, and the displacement of the vermis (2) and the eere
bellar hemispheres (3). Note also the white, fibrotic, arachnoid 
membrane, the anterior wall of the arachnoidal cyst of the 
cisterna magna, densely adherent to the pyramis (4), and the 
inferior medial surfaces of the cerebellar hemispheres. This 
cyst could not communicate with the subarachnoid spaces. 

Figure 14.31. Arachnoidal cyst of the cisterna 
magna. In this child, different from the one 
in the previous figure, the arachnoidal eyst oc
cupied alm ost the entirety of the posterior 
fossa. The posterior arachnoidal membrane 
(1) has been opened and partially resected. The 
very dense anterior membrane (2) is adherent 
to the cerebellar vermis in the midline, and 
the remarkably compressed and flattened ce re
bellar hemispheres on either side (3). 
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Figure 14.32. (A) Arachnoidal cyst of the Sylvian fissure. A 
right frontotemporal eraniotomy has been rctleeted and the 
dura opened. One notes the frontal lobe (I) tlattened and 
draped over the expanding cyst 0" the Sylvian fisslIre (2). (B) 
Thc cyst has been drained and its membrane (1) is being re
sected. The frontal lobe has fallen into a normal position (2). 
(C) After resection of the cyst membrane, one was able to 
look directly into the temporal horn . Thc ependymal slirface 
of the temporal horn (1), choroidal fissure (2), and proximal 
end of the shunting system which had been inserted into the 
cyst (3) are shown. 



or cerebellar hemispheres are arachnoidal cysts, ependy
moarachnoidal cysts, or dysplastic areas of brain with 
leptomeninges bridging over them. In either event, these 
CSF-containing compartments are only partially cov
ered by an arachnoidal membrane. 

The surgical options of treatment of lateral arachnoi
dal cysts are the same as for midline cysts: resection 
of the arachnoidal membrane or insertion of a cysto
peritoneal shunt. Arachnoid membrane resection for 
lateral cysts, however, has the added complication of 
possibly resulting in accumulation of increasing 
amounts of CSF in the subdural space: resection of 
the cyst wall permits the CSF to flow directly into the 
subdural space, thereby collapsing the cerebral hemi
sphere as increasing amounts of fluid pool within this 
compartment. Resection of the arachnoid membrane 
is followed by surgical opening into the lateral or medial 
cisterns, providing avenues for passage of CSF from 
over the cerebral hemisphere. One may not expect the 
CSF to percolate into the subarachnoid spaces. 

Irrespective of whether the decision is made to resect 
the arachnoidal membrane or to shunt the cyst cavity, 
lateral arachnoidal cysts should be opera ted per emer
gency if the child develops a clinical picture of an in
crease in intracranial pressure. Otherwise, he may be 
operated on electively, but then only if there is a clinical 
indication. The success rate for permanent obliteration 
of the cyst and cerebra I reexpansion is not such as to 
permit one to operate without definite clinical indica
tions of impending intracranial hypertensive decompen
sation, progressive neurologic deficit, itractable sel
zures, or incapacitating episodes of headache. 

Craniofacial Encephalomeningoceles 
Ingraham and Swan,29 in their 1943 paper on spina 
bifida and cranium bifidum, defined encephalocele as 
"all meningeal protrusions, whether or not associated 
with nerve tissue, whose osseous defect was in the skull 
(cranium bifidum)," excluding dermoid cyst arising 
from the dura and extending through the bone. Etymo
logically speaking, this definition is undesirable, since 
it is limited to meningeal protrusions but, in fact, in
cludes extrusions of cerebral parenchyma. It is prefera
ble to speak of craniomeningocele when the protrusion 
is composed of dura mater, arachnoid, and subarach
noid cerebrospinal fluid (CSF); to speak of cranial ence
phalocele (adding, of course, the anatomical location) 
when the protrusion also includes cerebral parenchyma 
and/or ventricular CSF. This distinction is most impor
tant since it has prognostic value: parenchymal tissue, 
especially if a portion of the ventricle is included within 
the encephalocele, indicates an extremely poor progno
sis, whereas, conversely, the absence of cerebral paren
chyma and ventricular CSF indicates an excellent prog
nOSlS. 
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Since the time of Christian Fenger's30 first operation 
on a basal encephalocele in 1895, the surgical technique 
has not changed, being limited to the development of 
the meningocele (or encephalocele) sac at its base, and 
then excising it (with neural elements if they are con
tained within the sac) and closing the dura tightly, be
fore repairing the soft tissue over it and then closing 
the skin. The sole exception to this change in technique 
is the recent use by few pediatric neurosurgeons, but 
most plastic surgeons, of bone grafts to re pair the bony 
defect. The plastic surgeons use the grafts invariably 
in their repair of the basal defects, the neurosurgeons 
gene rally do not use bone to repair defects in the neu
rocranium. This is unfortunate, since bony defects over 
a repaired encephalocele may be responsible factors for 
progressive ventricular "blowout" which progresses to 
porencephaly. 

These anomalies, fundamentally dysraphic in nature, 
may involve the base of the skull (chondrocranium) 
only, the vault and facial bones (with a concomitant 
anomaly of the ethmoid invariably present), or primar
ily the frontal bone. In its broadest terms, consequently, 
one may speak ofbasal and/or sincipital encephalomen
ingoceles, the former limited entirely to the chondro
cranium and the latter involving the frontoethmoidal 
area. 

From a purely surgical point of view, a modification 
of the 1974 Charoonsmith and Suwanwela31 classifica
tion of craniofacial encephalomeningoceles is recom
mended. The terminology is predicated upon anatomi
cal structures, permitting one to identify immediately 
the location of the encephalocele and to undertake ap
propriate clinical and diagnostic studies to determine 
feasibility and technique of surgical repair. 

The treatment of basal encephaloceles has been con
troversial and, in general, disappointing. Blind rem oval 
of the encephalocele with asnare, under the mistaken 
diagnosis of a nasal polyp, has been performed in small 
lesions. Lewin and Schuster32 successfully repaired a 
basal encephalocele by the trans oral route. Upon open
ing the sac, the encephalocele contained no cerebral 
tissue. The sac was liga ted, the stump replaced into 
the endocranial cavity, and the bony defect covered 
with an osteoperiosteal graft. It has been commonly 
agreed that the associated harelip or palatal defect 
should be repaired at a later date. 29, 33, 34 

Blumenfeld and Skolnik35 suggested not to treat 
asymptomatic small basal encephaloceles in neonates 
and infants. Robinson36 recommended a tracheostomy 
in neonatal life when the encephalocele is large and 
interferes with sucking and breathing. The intracranial 
procedure can be performed later, under better condi
tions. 

Surgery by the transnasal route should be disco ur
aged in favor of craniotomy because of increased risk 
of cerebrospinal fluid infections. The intracranial ap-
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pro ach to the encephalocele permits thorough inspec
tion of the herniated cerebral structures, amputation 
if feasible, and repair of the bony defect with bone graft 
and fascial coverage for the dural defect32, 37, 38, Fre
quently, however, the size of the defect and the involve
ment of important cerebra I tissue in the encephalocele 
limit the procedure to only an exploratory operation, 
The presence of vital structures such as hypothalamus 
and pituitary gland in the herniated sac preeludes its 
excision and adequate repair of the bony defect, wh ich 
would result in profound hypothalamic dysfunction and 
death, This proved to be the case in reported 39 - 41 in
stances. Therefore, the surgical treatment of basal ence
phaloceles has been frustrating and unsatisfactory, and 
is associated with a 50% mortality. 

The repair of transsphenoidal, sphenoethmoidal, and 
sphenoorbital encephaloceles may be through a com
bined transfrontal and transethmoidal approach, with 
external excision of the encephalocele, duraplasty, rib 
graft to elose the bony defect, and, where possible, mu
cosal elosure. When associated with eleft palate, the 
approach should be primarily transoral. One must not 
attempt to reduce the encephalocele into the intracrani
al compartment through the nasal cavity. Preferably, 
use the transcranial route to dissect the ostium at the 
cranial end, the transoral/nasal route to resect the ence
phalocele, and then do the dural and bony repair 
through, respectively, the transcranial and transoral/na
sal routes. This approach can be used for the sphenoeth
moidal and sphenoorbital encephaloceles, but not for 
the transsphenoidal. This latter encephalocele must be 
repaired entirely by the transoral/nasal route. 

The single most recurrent, and important, observa
tion in a systematic review of the subject of basal (in
tranasal) encephaloceles is the high incidence of diagno
sis by serendipity, usually with very negative effects 
upon the child's well-being: the nasal mass is diagnosed 
as a polyp and "polypectomy" is performed. Recurrent 
meningitis and persistent cerebrospinal fluid rhinor
rhea, in fact, are so common following this procedure 
that Choudhury and Taylor42 stated "the diagnosis of 
encephalocele should be considered in any patient with 
a nasal polyp, especially in children and in patients with 
recurrent bacterial meningitis, with or without rhinor
rhea, in the absence of cranial trauma or surgery, or 
in the absence of extern al craniospinal anatomical de
fects." One may safely add that the presence of CSF 
rhinorrhea following (nasal) polypectomy forces the 
physician to diagnose a basal encephalocele. 

Craniofacial Encephalomeningoceles 
Basal Craniofacial Encephalomeningoceles 
Basal craniofacia encephalomeningocela result from de
fects in the clivus (basiocciput, sphenooccipital syn
chondrosis, basisphenoid), the sella turcia (body of the 
sphenoid), the planum sphenoidale, the ethmoid. 

It is not unusual to observe radiolucencies within the 
sphenoid bones of the newborn and infant, though they 
disappear by the second or third year. These are residua 
of vascular channels, considered by some to be the em
bryologic and anatomic basis of congenital defects in 
the sphenoid bones, which result in craniopharyngeal 
encephalomeningoceles. Accordingly, Heinecke 
(1882)43 identified the sphenoorbital and sphenoid al 
(which he called sphenopharyngeal) categories, also de
scribing a third (sphenomaxillary) category, which we 
presently group with the sphenoethmoid since the mass 
occupies the posterior nasal cavity. 

Since the first extensive review of the subject in 1947 
by Gisselsson,44 the severity of the anomaly and the 
operative morbidity/mortality have been well known 
and progressively led surgeons to be cautious and con
servative. Twenty-four of the patients reported by 
Gisselsson died either of associated anomalies or menin
gitis, there was a 50% mortality in the 13 patients who 
had been operated. The first surgeon to treat success
fully an intranasal meningoencephalocele was Fenger, 
in 1895, but it is not known whether his was an ethmoi
dal, sphenoidal, or a frontoethmoidal defect. 

Sphenoidal Encephafomeningoceles 
Encephaloceles enter the sphenoid sinus through either 
the sella turcica or basisphenoid. They may either re
main within the sphenoid bone or, more commonly, 
bulge into the retropharynx. 
Transsphenoidal Encephafoceles. The transsphenoidal 
encephalocele is characterized by a total absence of ex
ternal signs indicative of the lesion, with the sole excep
tion of those reported cases, by Lichtenberg45 and Vir
ChOW,46 where the masses bulged through the nares and 
mouth. 
Sphenoethmoidal Encephafoceles. Sphenoid al enceph
aloeeIes present in the posterior nasal cavity, extending 
through the interval between the sphenoid and ethmoid 
bones, at the planum sphenoidale. 
Sphenoorhitaf Encephalocefes. Defects in the sphenoid 
bone, at the junction between the greater wing and the 
body, result in the encephalocele extending through the 
orbital fissures (superior and inferior) and into the or
bit, causing remarkable exophthalmos. These defects 
in the sphenoid and orbital roof are common in, though 
not characteristic of, neurofibromatosis. 

Ethmoidal Encephaloceles (Figure 14.33) 
The encephalocele extends through the ethmoid bone 
and into the nasal cavity posteriorly. 

Frontal Ethmoidal Encephaloceles: 
Sincipital Encephaloceles 
Frontal ethmoidal encephaloceles are characterized by 
a defect between the ethmoidal and frontal bones, at 
the foramen cecum, with the crista galli at the posterior 
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Figure 14.33. After the encephalocele has been resected, bone 
grafts should be lain into the defect and the dura reconstructed 
and/or grafted. (A) The defect in the ethmoidal bone is filled 
with bone grafts (1). The orbital roofs (2) are intact. (B) The 
prepared perioste al flap (1) is then brought over the frontal 

rim of the defect. The facial bones (inferior frontal and 
orbital rim, nasal, lacrimal, and maxillary) are displaced 
in varying directions and destroyed to varying degrees, 
depending upon the specific route and length of the 
encephalocele. 

Sincipital encephalocele is the term used to describe 
those encephaloceles that protrude at the frontoethmoi
dal junctions, invariably bulging so much that they are 
readily visible and most often covered by intact skin. 
They are subclassified into nasal orbital, nasal ethmoi
dal, and nasal frontal, so that they may be distinguished 
readily from the basal encephalomeningoceles pre
viously described and the cranioschisis and cranioen
cephalomeningocele that are described later. 

It was not possible to provide any information con
cerning the geographic distribution of this particular 
congenital anomaly before the work of Suwanwela and 
coworkers,34 since this classification had not yet been 
suggested and since authors reported cases as encepha
loceles or meningoceles rather than subdividing them 
anatomically. Suwanwela and his colleagues state that 
" in Thailand, anterior encephalomeningoceles stand 
out as an exceptionally common and most interesting 
malformation of the nervous system. " In an eight-year 
period they treated 100 cases of sincipital (frontoeth
moidal) encephalomeningocele, but only 1 temporal, 3 
vertex, 11 occipital, and 35 spinal meningoceles, stating 
that the incidence of sincipital encephalomeningocele 
is one in 5000 living people in Thailand. They do not 
give information concerning incidence of the anomaly 
among live births or stillbirths. 

At birth, the sincipital encephalomeningocele gen er
ally (though certainly not invariably) is quite smalI, but 
it increases steadily in size as the facial deformity wor-

bone and bone grafts, before being sewn to the dura posterior 
to the grafts. As the frontal lobes come back into position 
to rest upon the orbital roofs (2) and cribriform plate, this 
periosteal graft comes to be interposed between the dura of 
the frontal lobes and bone graft. 

sens with increasing age, suggesting the advantages of 
early surgery. Another indication for early surgery is 
the presence of exposed parenchymal tissue or the ab
sence of full-thickness skin covering. 

Two different surgical approaches may be used, ex
tracranial and intracranial, with the former being rec
ommended when the encephalomeningocele has a short 
stalk and an ostium wide enough to permit access to 
the intracranial component (forehead and frontal nasal 
junction defects). The intracranial approach, converse
ly, is indicated when the stalk is quite long and the 
ostium smalI, so that dural repair must be performed 
from the intracranial surface. One may reconstruct the 
entire craniofacial anomaly in one sitting if the extra
cranial approach is used, but a second operation is nec
essary to correct the facial anomaly if the intracranial 
approach is used. 

If a complicating hydrocephalus is present, it should 
be treated with ventriculoperitoneal shunting before 
any attempt is made to resect the encephalomeningocele 
(and reconstruct the facial anomalies), since the diminu
tion in ventricular volume and press ure minimizes the 
anomaly and arrests its progression. Of course, a shunt 
should not be inserted if parenchymal tissue is exposed, 
the surface of the encephalomeningocele is infected, or 
there is a cerebrospinal fluid leak. In these instances, 
one may find it advantageous to insert an external ven
tricular drain, which has the same effect as a shunting 
system but provides added protection against infection. 
Once the infection is cured or the skin defect repaired, 
one may proceed to internalize a sterile shunting system 
and then wait for an appropriate time to resect the 
encephalomeningocele and reconstruct the craniofacial 
anomaly. 
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Nasal Orbital Encephalomeningocele 
The mass generally protrudes between the medial rim 
of the orbit and the nasal bone, obliterating the nasola
bial fold and displacing the globe superolaterally. The 
frontal bone, glabella, nasal bone, are normal, but de
fects are present within the maxilla, at the nasal and 
frontal junctions, the lachrymal bone, and the cribri
form plate of the ethmoid. Parenchym al contents of 
the frontoorbital encephalomeningocele include the 01-
factory bulb, nerve, and gyrus. 

The nasal bone forms the anterior rim of the ostium, 
along with the maxillary bone, whereas the lachrymal 
bone and lamina papyracea of the ethmoid form the 
posterior rim, with the stalk being quite long. The extru
sion extends from the frontoethmoidal junction intrac
ranially, across the maxillary rim of the orbit and along 
the midfacial plane. 

The surgical repair consists of performing abifrontal 
craniotomy and then using an extradural approach to 
separate the dura mater from both orbital roofs and 
the cribriform plate. Take care to coagulate, one at 
a time, the dura and arachnoid covering the individual 
olfactory rootlets as they penetrate the perforations in 
the cribriform plate on the normal side, if the nasal 
orbital encephalomeningocele is not bilateral. The dura 
is separated weil behind the posterior rim of the fron
toethmoidal defect(s), and then the dural covering of 
the encephalomeningocele is separated from adherent 
tissue using fluffy cottons, as the disseetion is extended 
anteriorly, inferiorly, and slightly laterally around the 
sac, into the medial surface of the orbit, and from the 
lateral surface of the nose. As soon as the horizontal 
plane of the ostium (orbital roof, supraorbital rim, eth
moid) has been identified and freed of dural adhesions, 
enough of the dural protrusion to permit a sturdy and 
watertight closure is reduced into the intracranial com
partment. The stalk is double-liga ted (with the ligatures 
placed at a 4-mm distance from one another) and tran
sected between the two ligatures. The proximal, cranial, 
portion of the stalk is then invaginated and the redun
dant dura imbricated over it and sewn snugly to normal 
dura, obliterating the pouchlike extrusion and reinforc
ing the area of herniation. 

Before placing the bone graft over the ostium, the 
distal portion of the encephalomeningocele is removed 
from its bed, if this may be easily performed, or freed 
as extensively as possible and then advanced into the 
subcutaneous space at the region of the nasolabial fold 
if not. A periosteal graft (taken from the surface of 
the frontal bone at the time of craniotomy), is then 
lain along the intracranial surface of the ostium, cover
ing the entirety ofthe ostium and the floor ofthe anteri
or fossa, and anchored at its periphery to the dura, 
leaving an opening large enough for insertion of the 
bone graft. This creates, in essence, a pouch of perios
teum: the outer layer of the dura, which is the inner 

layer of the cranial periosteum, and thc periosteal graft, 
which will be the outer layer of the cranial periosteum. 
The bone graft is then inserted into the pouch, over 
the ostium, covering completely the frontoethmoidal 
defect, and then the opening in the pouch is closed, 
sealing the bone graft and locking it into position over 
the defecL It is preferable to insert a graft that is much 
larger than the surface area of the defect, so that it 
will cover it as a lid and not fit snugly into the defect. 
This minimizes risk of slough or dislodgement of the 
bone graft. 

If the distal portion of the encephalomeningocele has 
not been removed through the intracranial approach, 
one proceeds to bring the frontal bone flap back into 
position, anchor it into place, and close the skin, before 
removing the distal portion of the encephalocele 
through a facial incision made along the nasolabial fold. 
Considerations ofthe feasibility and technique ofrecon
struction of the orbital rim are matters for the plastic 
surgeon. 

Nasal Ethmoidal Encephalomeningocele 
(Figure 14.34) 
The encephalomeningocele extends through the frontal 
ethmoidal region, behind the nasal bones and the fron
tal process of the maxilla, and in front of the nasal 
septum and cartilage at their attachment to the ethmoid 
nasal mucosa. This forms the medial surface, the medial 
wall of the orbit forms the lateral surface. The nasal 
ethmoidal encephalocele has a long stalk that extends 
from the frontoethmoidal defect to the junction of nasal 
bones and cartilage, between the inner canthi of the 
eyes on either side. The nasal bone is displaced supe
riorly, and the nasal cartilage inferiorly along with the 
most anterior portion of the ethmoid at the foramen 
cecum. 

The operative procedure is identical to the one de
scribed for the nasal orbital subcategory of frontal eth
moidal encephalomeningoceles. Because of the superior 
displacement of the nasal bone and the midline location 
of the encephalomeningocele, there is considerable bony 
deformity around the bridge of the nose and medial 
aspect of the orbit, necessitating reconstructive surgery 
in most, but certainly not all, instances (Fig. 14.35). 

Nasal Frontal Encephalomeningocele 
The extrusion of the nasofrontal encephalomeningocele 
is through an interval between the frontal and ethmoi
dal bones intracranially, and the frontal and nasal 
bones at the face, with a resultant short stalk. The me
dial orbital walls, at the lachrymal bones, are displaced 
laterally, and the ethmoidal bone is displaced posteroin
feriorly. The crista galli is wedged into the stalk at its 
posterior inferior surface, both orbital roofs are dis
placed inferiorly and lateralward. The nasal septum, 
cartilage, and bones have normal relationships with one 
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Figure 14.34. (A) Preoperative nasal ethmoidal encephaloce1e. 
(H and C) Postoperative results. Note that the procedure was 

Figure 14.35. Postoperative result of arepair of the nasoeth
moidal subgroup of sincipital (frontal ethmoidal) cranioence
phalocele. (A) The repair was performed by the intracranial 

performed by a combined intracranial and nasal-frontal ap
proach. 

route, and all of the encephalocele was removed, (H) The dura 
is repaired and the bony defect is grafted with autogenous 
bone. Reconstructive nasal surgery still needs to be performed. 

B 
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another and the frontal processess of the maxilla. Thus, 
the encephalomeningocele presents as a mass within the 
region ofthe glabella.1t varies in size, form, and content 
much more than either the nasal orbital or nasal eth
moidal subgroups. 

Because of this great variation in form, size, and con
tent of the nasal frontal encephalomeningoceles, one 
may expect olfactory nerves and gyri, frontal poles and 
lobes, optic nerves and chiasm, internal carotid and an
terior cerebral arteries, and even the ventricular system 
and temporal lobes to be herniated into the sac to vary
ing degrees, depending upon the volume of the nasal 
frontal encephalomeningocele. Consequently, the sur
gery must vary both in extent and technique, since the 
small defects are compatible with life and, in some 
cases, anormal life. The very large defects tend to be 
fatal in abrief period of time. Surgery on the larger 
defects should be undertaken only to facilitate nursing 
care and to render the child less grotesquc, so that the 
family and medical personnel caring for hirn may do 
so with some degree of ease and with a minimum of 
psychological shock. The technique for the smaller de
fects is the same as already described for the nasal orbit
al and nasal ethmoidal subgroups. Orbital reconstruc
tion is reserved for those children who will be viable. 

Facial deformities in all three frontal ethmoidal en
cephalomeningocele subgroups tend to become less se
vere over the months and early years following resection 
of the encephalomeningocele and repair of both the 
dura and bone. One should not, therefore, undertake 
reconstructive surgery of the face at an early age. When 
the facial reconstructive surgery is performed, whether 
in a single stage with the re sec ti on of the encephalomen
ingocele, or in two stages, the orbital reconstruction 
is performed only after the encephalomeningocele has 
been resected, the dural defect repaired, and the bony 
defect elosed. 

Cranioschisis 
Cranioschisis describes elefts in the neurocranium, ba
sicranium, facial bones, and acrania or anencephaly. 
One may subdivide cranioschisis into four developmen
tal anomalies: 

1. cranial: upper facial eleft 
2. basal: lower facial eleft 
3. acrania 
4. anencephaly 

The upper and lower facial eleft anomalies are not seen 
by the pediatric neurosurgeon. Anencephaly has no sur
gical treatment. I have never seen a case of acrania. 

Cranial Encephalomeningocele 
Cranial encephalomeningoceles are limited to the neu
rocranium, occurring along the sagittal plane from the 
region of the metopic suture anteriorly to the craniover-

tebral junction posteriorly, so that one may encounter 
interfrontal, anterior fontanel, interparietal, posterior 
fontanel, and occipital (cervical) encephalomeningo
celes. As the craniofacial encephalomeningoceles, they 
vary considerably in presence or absence of skin cover
ing, form, volume, and content. Also, the mortality and 
morbidity are directly related to thc size of thc encepha
lomeningocele and the cranial ostium. 

Orbital Encephaloceles 
Orbital encephaloceles most commonly protrude from 
the medial aspect of the orbit, through the lachrymal 
and ethmoidal plates, displacing the globe laterally, 
swelling somewhat beneath the nasal bone. Occasional
ly, an encephalocele may protrude through a dysplastic 
orbital roof, displacing the globe inferiorly and expand
ing beneath the superior palpebral fissure. Bulges at 
the lateral aspect of thc orbit are suspect when consid
ered encephaloceles. Rather, thought should be given 
to the most Iikely probability of an orbital tumor of 
one kind or another ranging from dermoid through 
lachrymal gland, or, more likely, Recklinghausen's dis
ease. 

The medial or superiorly locatcd orbital encephalo
cele should be repaired through a medial frontal cranio
tomy, extradural approach, with the child in the supine 
position. Removal of the superior and medial aspects 
of the orbital rim, as when approaching an intraorbital 
tumor, exposes the encephalocele. One need not open 
the dura. It is sufficient either to imbricate the redun
dant dural prolapse, layer over layer, reinforcing the 
area of defect. The bony orbital rim is then replaced 
and securely anchorcd. If the bony defects are extensive, 
one may choose to take a small graft from the posterior 
frontal or anterior parietal bones, mold it into thc de
sired position, and thereby reinforce the areas where 
one expects prolapse. The dura must be imbricated and 
bone grafts placed in the superior and medial aspects 
of the orbit. If this is not done, the intraventricular 
pulsatile force may result in the formation of a porence
phalic cyst and displace compressed cerebral mantle 
through the bony defect. 

Interfrontal Encephalomeningocele 
Interfrontal encephalomeningocele occurs within the re
gion ofthe metopic suturc, so that the two frontal bones 
are displaced from the midline, forming the lateral 
borders of the defect. The glabellar region forms the 
inferiormedial border, and the two parietal bones at 
the sagittal suture the posterior border. The frontal and 
a portion of the parietal lobes herniate into the dural 
sac. 

The surgical procedure consists of resection of the 
encephalocele sac and its contcnts, watertight repair of 
the dural defect, and skin elosure. If the defect is small 
and the underlying cerebrum is normal or only mini-



Figure 14.36. This is an interparietal encephalomeningocele 
that was operated on because the underlying brain was intact 
(as determined by cerebral angiography and pneumoencepha
lography). The encephalomeningocele (1) is bilobed and quite 
smalI, whereas the bony defect (2) is large. An S-shaped inci
sion (3) was used to cxpose the sac and stalk of the encephalo
meningocele. 

mally dysplastic, one should place a bone graft over 
the defect. This minimizes the risk of recurrence or the 
development of an underlying porencephalic cavity. 

Anterior Fontanel Encephalomeningocele 
The frontal and parietal bones, along with the metopic, 
coronal, and sagittal sutures, form the borders of this 
defect. The surgical implications are the same as those 
already described for interfrontal encephalomeningo
cele, with the exception of consideration of implanta
tion of a bone graft. 

Inter parietal Encephalomeningocele 
(Figures 14.36 and 14.37) 
The anterior and posterior fontanels represent, respec
tively, the anterior and posterior extremities of the de
fect, which is bordered laterally by the parietal bones. 
These defects invariably are associated with severe cere
bral dyplasia and herniation of the hemispheres into 
the encephalocele. The arte rial and venous structures 
are also displaced into the encephalocele sac. 

Surgical considerations should be limited to serving 
humane, social, and psychological purposes. 
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Figure 14.37. This child has an enormous interparietal ence
phalomeningocele, which contained most of both cerebral 
hemispheres, the anterior and middle cerebral arteries. This 
type of encephalocele is not a surgical entity. 

Posterior Fontanel Encephalomeningocele 
(Figure 14.38) 
Posterior fontanel encephalomeningoceles are as severe 
as the interparietal, from which they are separated only 
by the presence of parietal bones along the anterior 
surface of the herniation. 

Chiari 111 Malformation: 
Occipitalor Cervical Meningoencephalocele 
Originally, the Chiari III malformation was considered 
to be a superior (occipitocervical, or upper cervical) 
meningoencephalocele or meningocele. Subsequently, 
authors included occipital encephaloceles under this ter
minology. Consequently, it is best to use the term Chiari 
III malformation for occipital, occipitocervical, and up
per cervical meningoceles or encephalomeningoceles. In 
essence, the anatomical changes are not all that differ
ent, with the exception of the (very rare) pure me
ningocele, often covered by skin, of the upper cervical 
region. 

The anatomopathological complexities of these dys
raphic malformations are very variable, ranging from 
a simple occipital encephalocele containing fragments 
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Figure 14.38. Encephalomeningoce1e of thc posterior fon
tanel. (A) Note that this posterior fontanel encephalomeningo
cele is completely covered by normal skin. (B) The base of 

of cerebellar tissue, through coexistent Chiari 111 and 
Dandy-Walker malfonnations with cystic transforma
tion of the IV ventricle, to displacement of portions 
of the cerebrum and hindbrain into the encephalocele. 

The operative procedure consists simply of resecting 
the dermal and dural components of the encephalocele, 
along with the dysgenetic neural elements. Major vascu
lar structures, identified preoperatively with cerebral 
angiography, should be separated from dysgenic brain 
and preserved. The dura mater and skin are closed as 
separate layers. No attempt is made to place the her
niated dysgenic brain in the cranial cavity. 

Craniocerebral Disproportions : Chiari Malformations 
Actually, it was Cleland,47 in 1882, who first gave a 
detailed description of wh at is now referred to as the 
Chiari 11 malfonnation. Arnold 48 did describe a case 
of spina bifida, in which there was downward displace
ment of the cerebellum into the cervical canal, but his 
description of the hindbrain changes was limited. 

As we know them today, there are four Chiari mal
fonnations (the author prefers to define them as Chiari 
malformations and not Arnold-Chiari malformations), 
all of which have in common only one thing: varying 
degrees of ehanges in content, relative loeation, andform 
of the posterior fossa or the struetures within it and the 
upper eervieal eanal. The classification of these anoma
lies, on the basis of changes in anatomy of the hindbrain 

the dural sac (1) is quite broad in another child with a posteri
or fontanel cnccphalomcningocele which was bilobed, with 
a constriction (2) at its midportion. 

associated with congenital hydrocephalus, is, of course, 
incorrect: the Chiari I and IV malformations are only 
rarely associated with congenital hydrocephalus. The 
Chiari II malformation is associated with hydrocepha
lus in approximately 78% of the children, the Chiari 
111 malformation in approximately 50%. Thus, the 
Chiari malformations are discussed independent of thc 
associated hydrocephalus which, in fact, is either an 
independent entity or a complication. 

These four distinctly different anomalies are as fol
lows: 

Chiari I: characterized by variable displacement of the 
tonsils into the upper cervical canal 

Chiari II: variable displacement of the inferior portion 
of the cerebellar vermis and hemispheres, plus similar 
caudal displacement of the medulla oblongata, the 
elongated IV ventricle, and the lower portion of the 
pons Varolii into the upper cervical canal 

Chiari 111: downward displacement of the medulla ob
longata and herniation of portions of the cerebellum 
and, in some instances, the hindbrain into a high 
cervical or suboccipital meningocele 

Chiari IV: hypoplasia of the cerebellum, with the IV 
ventricle expanding into the entire posterior fossa and 
the pons Varolii being absent. Only the flocculonodu
lar lobes are prescnt 

Any discussion 01' surgery to treat either the Chiari I 
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Figure 14.39. (A) Chiari I, anatomical variant. The caudal 
loop (arrowhead) of the posterior inferior ce rebell ar artery 
(PICA) is located inferior to the rim of the foramen magnum. 
(B) This is a CTT of a child with Chiari I malformation. 
Notice the displacement of the tonsils into the upper cervical 
canal (Courtesy Thomas Naidich). (C) Myelography illus
trates in sagittal seetion the extension of tonsils below the 
foramen magnum (Courtesy Giorgio Belloni). 

or Chiari 11 malformations must be preceded by an 
explanation of the anatomical pathology and the patho
genesis. This is especially true in light of the fact that 
the operative procedures are decompressive, designed 
to remove what is considered to be a constrictive force 
from the cerebellum, medulla oblongata, medulla spina
lis. 

Chiari I" Malformation" (Figure 14.39) 
The Chiari I "malformation " is not a malformation ! 
It is an anatomical variant, present in a sm all percentage 
of human beings (children of all ages, and adults), who 
suffer neither cerebellar nor medullary compression, 
who have neither hydrocephalus nor syringomyelia. Its 
diagnosis is either angiographic or CTT. It may, conse
quently, be encountered in normal and asymptomatic 
children as well as an individual who suffers from hy
drocephalus and syringomyelia. If metrizamide cister
nography in a patient who has cerebellar tonsils below 
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the level of the foramen magnum reveals ample spaces 
around the medulla and anormal eisterna magna, one 
must look elsewhere for the causative faetors or con
cIude they eannot be identified . By definition then, a 
Chiari I anatomie al variant is a neuroradiologieal diag
nosis, more specifically a vertebral angiographie or CTT 
diagnosis, characterized by location of the caudal loop 
ofthe lateral medullary segment of the posterior inferior 
cerebellar artery (PI CA), or the tonsils, inferior to the 
horizontal plane of the foramen magnum. This is an 
anatomieal variant, not a pathogenic factor, because 
the loeation of the caudal loop of PICA, in and of 
itself, eannot cause neurological deficit. Similarly, the 
tonsils may be located within the foramen magnum and 
not be pathogenic. Certainly, deeompressing the fora
men magnum, along an are no greater than one fourth 
of its circumferenee, in a child with normal eisterna 
magna and perimedullary eisterns, eannot be expeeted 
to be therapeutic. 

B 

c 
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Figure 14.40. Chiari II malformation. A large portion of the 
squamous occipital bone has been resected (1), as have the 
arches of Cl (2}-C3 (3). The dura (4) has been opened, expos
ing the underlying tonsils (5). They are covered by adherent 
arachnoid. Opening the dura across the junction of spinal 
and cranial dura mater (6) was extremely bloody, because 
of the labyrinthine dural sinuses, necessitating application of 
hemoclips along the entire opening. Cephalad is inferior. 

Chiari II Malformation (Figures 14.40 to 14.44) 
The Chiari 11 malformation is an extraordinarily com
plex and variable anomaly, one which is still neither 
understood nor has an effective surgical treatment or 
palliation. Attractive though it may be to the neurosur
geon, compression of the neural structures within the 
posterior fossa and foramen magnum probably is nei
ther the sole nor most significant pathogenic factor in 
the Chiari II brainstem and upper spinal cord anatomi
copathology. Consequently, surgical decompression 
does not result in a cure, an arrest, or amelioration 
of the neurological defects secondary to ischemic cellu
lar changes of the brainstem (motor and sensory V, 
hind cranial nerve, superior olive, nuclei gracilis and 

Figure 14.41. This is another child with a Chiari II malforma· 
tion on whom cervicallaminectomy and opening of the dura 
(1) was performed. The child is prone. One has an excellent 
view of the spinal cord (2), but the ledge of the squamous 
occipital bone (3) obstructs complctely the surgeon's line of 
vision to the rim of the foramen magnum, and impairs access 
to the cerebellar hemispheres. Cephalad is inferior. 

cuneatus, tractus solitarius, reticular formation) or spi
nal cord nuclei. Similarly, it is not followed by disap
pearance of {he myelomalacia, which is diagnosed clini
cally, in its end stage, as hydromyelia. The parenchymal 
changes, gliosis of the optic tracts and geniculate bodies 
and aplasia of the periaqueductal grey matter, are most 
probably elements of the primary dysgenesis. The latter 
often results in nodular hypertrophy of the tectal area, 
occlusion of the aqueduct, cardiorespiratory irregulari
ties, vocal cord paralysis, and disturbances in diaphrag
matic tone and function. 

Ischemia, anoxia, and growth oj" {he child are much 
more likely causesfor the progressive change,l" infunction 
and structure than hony compression. The ischemia re
sults from diminution in arteriallumen and diminished 
arterial flow secondary to stretching of the vertebroba
silar system and its perforating and circumferential 
branches on the arterial side, and from diminished ve
nous drainage secondary to dural sinus anomalies on 
the venous side. The tissue anoxia is a result of the 
ischemia. Growth puts greater demands on the neu
romuscular structures and further stretches the vessels, 
closing the vicious circle. 

A shunting procedure, when hydrocephalus is pres
ent, is not adequate treatment for the symptoms and 
signs of the Chiari II malformation (resulting from con
strictive and distractive forces centering around the 
brainstem, from the midbrain to the medulla oblon
gata). This is attested to by the fact that it does not 
palliate the symptoms and signs of bulbocervical defi-
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Figure 14.42. (A) This is still another child with a Chiari II 
malformation, on whom resection of Cl and C2 was per
formed to decompress the underlying cervieal spinal cord (1). 
The cerebellar tonsils (2) are seen at the level of the rim of 
the foramen magnum. The photo graph was taken from the 
caudal end of the patient, along a line of vision perpendicular 
to that of the surgeon, putting into relief the difficulty or 

cits. The shunting only compensates the hydrocephalus. 
In fact, in many instances the clinical picture (stridor, 
nuchal rigidity, paresis of the upper extremities, aspira
tion) does not appear until after a shunting procedure 
is performed. 

Some surgeons have suggested resecting the posterior 
arches of the upper cervical vertebrae, some craniec
tomy of the squamous occipital bone immediately 
around the posterior rim of the foramen magnum, 
others a combination of the two, and still others a co m
bination of the two with opening of the dura mater 
over the cervical cord. There is presently unanimity con
cerning the extreme difficulty and unacceptable dangers 
of opening the dura mater subjacent to the squamous 
occipital bone. It has been postulated that opening the 
dura over the cervical cord relieves the compressive 
forces from the herniated cerebellar tonsils and medulla 
oblongata. However, very little may be accomplished, 
at great risk, with no reason to expect clinical improve
me nt. There is great controversy over the efficacy of 

impossibility for the surgeon to visualize adequately the squa
mous occipital bone and foramen magnum. Cephalad is supe
rior. (B) This is the same child as in A. Attempts to open 
the dura from over the cerebellar hemisphere were fraught 
with severe bleeding, necessitating application of hemoc1ips 
and preventing further dural opening. Cephalad is superior. 

cervicallaminectomy and dural opening. [ see no justifi
cation for this procedure. 

If one undertakes to perform a decompressive proce
dure for treatment of the Chiari 11 malformation (a 
procedure I discourage), he should be alerted that (1) 
the squamous portion of the occipital bone is so de
formed as to become an almost horizontally placed 
structure; (2) the dura over the posteroinferiorly dis
placed occipitallobes and cerebellar hemispheres repre
sents the parieties of a labyrinth of venous sinuses; (3) 
the are of the posterior rim of the foramen magnum 
that can be craniectomized measures no more than 
1 cm; and (4) the dura mater over the inferiorly her
niated cerebellar tonsils and medulla oblongata is ad
herent to the underlying leptomeninges. 

The operative procedure for occipital, occipitocervi
cal, or cervical bony (and dural) decompression is per
formed with the child prone. Flexing the head on the 
neck may add to the distracting and constrictive pres
sures upon the brainstem, so it is safest to keep it neu-
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Figure 14.43. The ledge-Iike squamous occipital bonc (1), and 
resected arches of Cl (2) and C2 (3) are illustrated, as is the 
patch graft (4) of fascia used to cover the underlying cervical 
cord after the dura had been opened to decompress the cord. 
Cephalad is inferior. 

tral. After the skin incision has been made and the mus
cles dissected from the squamous occipital bone and 
the desired posterior cervical arches, self-retaining re
tractors maintain adequate exposure of the bony struc
tures. Because of the "horizontalization" of the squa
mous occipital bone, this structure becomes vertical to 
the horizontal plane when the child is prone. Therefore, 
the surgeon, working at the head of the patient, has 
a ledge obstructing his line of vision to the region of 
the foramen magnum. Lowering the child's head dimin
ishes this somewhat, but never enough to have either 
an adequate view of the region of the foramen magnum 
or control of bleeding that may occur within the area. 
The view of the upper cervical spine, however, is com
plete. 

After the periosteum has been stripped from the 
squamous occipital bone and the posterior arches of 
the cervical vertebrae, one may perform the craniec
tomy and laminectomy most precisely with the use of 
power driven diamondhead burrs, extending the crani-

Figure 14.44. Posterior fossa venographic study of the same 
child illustrated in Figure 14.43. Note the staining of the poste
rior two thirds of thc thalamus (T) , in order to apprcciatc 
fully thc anteroinferior displacement of thc thalamus so typical 
of aqueductal stenosis . The perimesencephalic vein (pmv) is 
weIl shown as is the hypertrophy of the crus cerebri (CC). 
The collicular plate (CP) outlines thc inferior surfacc of thc 
quadrigeminal cistern. Thc great vein of Galen (G) is stretchcd, 
flattened , and horizontalized. It enters the straight sinus (SS) 
at a right angle. This represents the sinus changcs typical of 
aqueductal stenosis. Thc torcular Herophili (TH) rests in thc 
same horizontal plane as the horizontalized squamous portion 
of the occipital bone. The very dramatic herniation of the 
inferior half of the cerbellar hemispheres and the hemispheral 
tonsils through the foramen magnum and down to the level 
of C4 is outlined by the arrowheads. The remarkable dilation 
of the superior cerebeIlar eistern (sec) may be identified. 

ectomy on each side to the most medial aspect of the 
condyles of the occipital bone. The laminectomy is ex
tended to the medial surfaces of the pedicles. The bone 
edges should be waxed often, with very soft beeswax, 
to diminish the risk of air emboli. 

If one chooses to open dura mater, it is safest to 
start at the lowermost cervicallevel, performing the du
rotomy from inferior to superior, with a right-angle 
dural scissors. The greatest danger of the procedure 
is the extension of the durotomy across the point at 
which the outer layer of the cranial dura and the inner 
layer of spinal dura separate: the annular sinus at the 
rim of the foramen magnum. This is because of the 
extensive intradural venous sinuses and the inferior dis
placement of the transverse sinuses in children with the 
Chiari II malformation. Opening the dura in this area 
is discouraged! 

Those who recommend only opening the dura over 
the herniated (into the cervical canal) cerebellar tonsils 
justify this with the observation that the medulla oblon-



Figure 14.45. Röentgenograms of the skull made at the age 
of 5 days. Note absence of bony septum and overriding of 
parietal bones. 

ga ta is herniated into the upper cervical canal, a conclu
sion drawn from the observation that the upper cervical 
cord may be both stretched and buckled, and the IV 
ventricle elongated. If this is done, the dura should not 
be left open and one should not attempt to separate 
the tonsils from the underlying medulla and spinal cord. 
Adhesions between the leptomeninges and the remark
ably constricted cerebellomedullary structures are not 
easily freed. A duraplasty, using fascia lata or perios
teum, is advisable. 

The muscle and the skin are closed, as already de
scribed for suboccipital and cervical procedures. 

Separation of Craniopagus Twins 
The following is a transcription of the paper" Surgical 
Separation in Craniopagus Twins" by H. Grossman, 
O. Sugar, and P. Greely.49 

On Sept. 16, 1951, craniopagus twins were born in Rock 
Island, III. The record of birth and course during the first 
six weeks has been adequately described by Durf. 50 The pres
ent preliminary communication will give aresume of the se
quence of events that led to the eventual surgical separation 
of the twins and of the postoperative course. 

The babies were admitted to the University ofIllinois Hos
pitals on Oct. 2, 1951. They were in a conjoined state of cranio
pagus parietalis [Figure 14.45]. Their general condition was 
good, with normal increments of growth and neuromuscular 
development. Their measurements on the Stuart-Vickers 
tables ranged form the 25th to the 50th percentile for their 
age. The babies had obviously independent activities; they 
slept at different times, could eat at separate times, made sepa
rate movements, had independent bowel and bladder func
tions, and had individual body temperatures. In all, there was 
c1inical evidence of two autonomous nervous systems. There 
was a mirror-imaged moderate asymmetry ofthe head (incIud
ing the face), the right side of R.L.B. and the left side of 
R.D.B. being more prominent. 
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Figure 14.46. Pneumocephalograms made at the age of 6 
weeks. Air was injected into lumbar subarachnoid space of 
R.D.B. The subarachnoid air is confined to one brain. Note 
the height of the III ventricle between lateral ventricles. (There 
was questionable agenesis of the corpus callosum.) 

Both babies had systolic murmurs, which were loudest to 
the left of the sternum at the level of the third interspace. 
It was considerably louder in intensity in R.D.B. There was 
no evidence of impaired cardiac function. The left side of 
the chest of R.D.B. was larger-corresponding to asymmetry 
of the face. This was mirrored in R.L.B. The heart sizes were 
normal. The murrnurs were believed to represent an intraven
tricular septal defect. 

The problem at hand was whether or not a surgical separa
tion could be attempted. Unfortunately there was little materi
al in the literature that was of any pertinent value. The few 
previous attempts at separation of other craniopagus twins 
had failed. 

Before an actual separation could be attempted, the follow
ing basic questions had to be answered: 

1. Could the babies withstand numerous diagnostic and opera-
tive procedures? 

2. Were the brains separate? 
3. Was there a dural septum? 
4. Were the cerebral arteries separate? 
5. Were the venous sinuses separate? 
6. Could the anticipated defects in the scalp and skull be 

c1osed? 

Except for the obvious malformation of a conjoined state, 
resuIts of all studies, including Roentgen examination of the 
chests and long bones, blood studies, and urinalyses, were 
within normal limits. The systolic murrnurs of neither child 
appeared to be of any functional significance; their general 
physical condition was good. 

Clinical observation of independent activity indicated the 
probability that the brains were functioning independently. 
Electroencephalography disclosed similar but independent 
patterns of electrical activity normal for their age (2 months). 
Adequate placement of electrodes over the entire cerebrum 
was impossible because of the juxtaposition of the heads. 
Pneumoencephalography [Figure 14.46] by the lumbar route 
disclosed separate subarachnoid spaces and indicated a dural 
septum between the two brains. 



418 Congenital Anomalies 

Figure 14.47. Angiogram in R.D.B. at age 5 months. Iodopyr
acet (Diodrast) in the middle cerebral artery distribution ap
pears to cross over to the opposite hemisphere, but the midline 
dye is actually from the anterior cerebral arteries. No dye 
appears in the cerebrum of R.L.B. 

Carotid angiography was carried out after operative expo
sure of the common carotid artery (the right carotid artery 
of R.D.B. and left carotid artery of R.L.B.). Direct intraarte
rial injection ofiodopyracet (Diodrast) permitted visualization 
of the intracranial circulation of R.D.B.; owing to technical 
difficulties, adequate films were not obtained for R.L.B. [Fig
ure 14.47] shows independent arterial circulation: the delayed 
phase showed dye in the venous return of only the baby into 
whom injection had been made. There was no way of accu
rately predicting from these films what the venous drainage 
might be. In one attempt at dural sinography through thc 
anterior fontanel at age 6 weeks, the sinus could not be found. 
Even through a midline anterior burr hole, the sinus could 
not be located (age 9 months). At 11 months of age, thc junc
tion oftwo occiputs was explored, and one parasagittal vcnous 
lake was found. Attempts to obtain contrast visualization of 
this sinus failed. 

Preparation of skin flaps 

If separation were accomplished, adequate covering for the 
exposed intracranial structures would have to be provided. 
It is weil known that any free skin graft will grow on exposed 
brain or dura. It will adhere tightly, however, and such a 
covering would not be satisfactory for it would later' become 
necessary to insert so me structural support between the skin 
covering and dura in order to protect the brain. Transplanted 
skin and subcutaneous fat, but not a free graft, could be reele
vated in the future (much as one might do with anormal 
covering), the mechanical support inserted, and the soft tissue 
covering then replaced. Since skin with its underlying fat will 
not grow as free graft, some type of pedicle flap arrangement 
had to be planned in order to maintain its own viability. 

Although specific information concerning the venous drain-

Figure 14.48. Pedicle flaps, wh ich werc rcplaccd aftcr thc first 
attempt at separation on Nov. 26. 1952. 

age systems was inadequate, it was agreed that separation 
should be attempted. Thc skin flaps wcrc prcparcd first. Many 
different places werc considcrcd as thc sourcc of thc flaps. 
The most logical solution sccmcd to bc to use direct circumfer
ential flaps taken from around thc hcad. Thcy could bc trans
ferred very simply, without discomfort and without the neces
sity of immobilization in awkward positions. The base of the 
flaps, in thc occipital arca, could bc brought to the forward 
part of the skull opcning and thus provide some hair where 
it was most necded. The donor areas from wh ich the flaps 
were taken could bc covcred rcadily with frec skin grafts, with 
which an acceptablc cosmctic rcsult might bc anticipated. 

When the use of scalp flap had been decided on, it was 
found by actual measurcment that cach flap would be approxi
mately 14 in (35 cm) long by 3 in. (7.5 cm) in width. This 
is very long as compared with the width, especially when the 
normal blood supply coming in from the vertical axis would 
be cut off and thus makc maintenancc of nutrition of these 
narrow flaps still more hazardous. All of this could be done 
successfully, however, if sufficient patience and time were 
used. Repeated "delaying" operations would give adequate 
circulation if enough time elapsed between the various stages. 
Each stage would cut off more and more blood supply coming 
in through the main arteries, namely the frontales, supraorbi
tal, and superficial temporal arte ries of the two sides. As this 
source of nourishment was gradually diminished, it would si
multaneously stimulate increased vascularity rising from the 
base of each flap in the occipital area and also produce a 
new additional blood supply in the transverse axis, i.e., parallel 
to the linear direction of the flap. 

The foregoing plan was started on May 14, 1952 [Figure 
14.48]. After three stages, the scalp flaps were completely di
vided around their peripheries. During the next five months 
(occupied by several neurosurgical diagnostic procedures) 



large transverse veins appeared in each flap . These proved 
to be of intestimable value in preventing venous congestion 
at the time of transfer. During the first attempt at separation 
on Nov. 26, 1952, the scalp flaps were elevated completely 
from their beds. Their blood supply was excellent even though 
both were 14 in. (35 cm) long by barely 3 in. (7.5 cm) wide. 

Very early in the course of our observations of the babies, 
it was evident that there would be numerous diagnostic and 
surgical proccdures, some ofwhich would require an anesthet
ic agent. During all procedures there was an anesthesiologist 
with a separate set of instruments (anesthesia machines, laryn
goscopes, endotracheal tubes, etc.) with each infant. In each 
anesthetic procedure, the infants were given only enough of 
some basal anesthetic agent to produce astate of sleep. This 
was supplemented by inhalation anesthesia when indicated. 
Local anesthesia was used as the primary technique where 
applicable, utilizing basal anesthesia by the rectal route with 
tribromoethanol (Avertin), thiopental (Pentothal), or paralde
hyde, and the inhalation of a mixture of nitrous oxide, oxygen, 
and trichloroethylene as a supplement where necessary. In 
this way psychic trauma was avoided as the children fell asleep 
and knew nothing about the procedure. Intubation with soft 
rubber endotracheal tubes was used in all procedures in which 
manipulation would endanger the airway. 

The respiration of each infant was supplemented or con
trolled as individually required. At all times, the aim was to 
have minimal toxicity at the time of operation and minimal 
residual toxicity, in order to diminish the possibility of damage 
from repeated anesthesia. During the operations, continuous 
consultation between the anesthesiologists and the pediatri
cians permitted proper fluid replacement. Even in operations 
done with a small amount of local anesthesia, there was inte
gration of management by all concerned. 

In the major procedures that required long periods of time, 
the problem was magnified by the blood loss and the danger 
of trauma to the airway from having the tube in place for 
as long as 12 1

/ 2 hours. The danger of trauma was accentuated 
by the manipulations necessary during surgery. The problem 
was one of maintaining the vital functions throughout. The 
anesthesia was maintained at a light plane to avoid cumulative 
damage, but yet had to be deep enough to prevent interference 
from movement of the patients. The chief agent used was 
nitrous oxide with as high an oxygen concentration as possi
ble. Trichloroethylene was added only for a few minutes at 
a time to reestablish adequate depth of anesthesia. 

First Qttempt at separation 

For the first attempt at separation, an incision was made at 
the junction of the frontal and parietal bones (right side of 
R .D.B. , left side of R .L.B.), and a channel 1.5 cm wide from 
the vertex to the occiput was made. An attempt was then 
made to split the dura mater into its two fused portions. This 
proved to be impossible beyond a depth of about 1 cm, be
cause the two leaves of dura mater were fused into one sheet; 
furthermore, as dissection continued in this plane, there was 
considerable venous bleeding, the source of which could not 
be determined. Accordingly, incisions were made on either 
side of the midline septum, exposing the subarachnoid space 
on either side of the septum. It could be seen that the dural 
septum did, in fact, separate two brains; however, because 
of the peculiar position of the two heads and their immobility 
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Figure t4.49. Artist's drawing of findings during final separa
tion (age 15 months). 

with respect to each other, it was impossible to look into 
the depths on either side of the septum . The dural septum 
was then incised toward the midline between the two brains. 
This allowed visualization, at a distance of so me 6 cm, of 
two longitudinal sagittal sinuses that did not appear to com
municate with one anothcr in the frontoparietal region, which 
was the limit of the exposure at this time. This exploration 
and the antecedent elevation of the scalp flaps had taken six 
and a quarter hours, and it was felt that complete separation 
could not be accomplished then and that the procedure should 
be terminated . The incised dura mater was sutured at its pe
riphery, and the wounds closed . The scalp flaps were resutured 
into their original beds. The postoperative convalescence was 
uneventful, except for a short left focal seizure in R.D.B. , 
involving the arm, and lasting less than a minute, that was 
followed by a mild transient hemiparesis for about 18 hours. 

Final separation 

The final separation was made on Dec. 17, 1952. This was 
started at the frontal junction with an incision made parallel 
to the septum and few millimeters from it, to avoid the bleed
ing encountered when separation of the dura mater had been 
attempted in the earlier operation . It was believed that the 
dural defect created by going on R.L.B.'s side of the septum 
might be covered with polyethylene film. The falx of R.L.B. 
was found and cut while the numerous vessels were clipped 
as necessary. After a few centimetcrs of exposure, it became 
evident that, in order to permit visualization into the depths, 
it would be necessary to clip the veins running from the surface 
of the brain to the dural septum. This would inevitably inter
fere with the venous return from one of the twins . By the 
time this information was obtained, there was enough interfer
ence with the brain of R.L.B. that it was clear that complete 
separation would not markedly increase the impairment of 
cerebra I function already anticipated [Figure 14.49]. Accord
ingly, the fa Ix was cut completely, and the veins that drained 
the surface of R .L.B.'s cerebrum were also clipped and cut 
as they entered the dural sinuses. These were found to be 
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Figure 14.50. (A) Diagram of arrangement of abnormal dural 
venous sinuses as disclosed by operation. Note the dural defect 
over the right hemisphere of R.D .B. (B) Reconstruction of 
arrangement of dural venous sinuses, seen in coronal section. 
Note the apparent absence of the falx in R.D.B. 

three in number [Figure 14.50); they lay within the dural sep
tum. One was far out in the periphery, forming a semicircle 
on the left side of R.D.B.'s brain , and there was one on either 
side of the cut falx, whieh had extended from R.L.B.'s brain 
to the dural septum. It was possible to reach the posterior 
part of the falx where there were huge venous lakes connecting 
all of the lateral sinuses and all of the sagittal sinuses, as 
weil as the circumferential sinus posteriorly in what amounted 
to a eonjoined torcular Herophili. With the ineision being 
made on R.D.B.'s side, these enormous conjoined sinuses were 
cut through. Hemostasis was obtained with difficulty, and the 
babies went into shock, which was counteracted by liberal 
administration of blood. 

Thus was accomplished the complete separation of the two 
infants, 10 112 hours after the operation was begun. R.L.B.'s 
brain had the typical appearance of congestion with petechial 
hemorrhage that would be expected from a brain with an 
intact arterial supply but virtually no venous outflow. 
R .D .B.'s brain appeared to be normal except for some conges
tion and edema in the right parietal region where the dural 
septum was defective, presumably as a result of failure of 
healing of the incision made in the dural septum on that side 
in the first separation attempt. 

The problem now arose as to how to covcr the denuded 
brains, which had no dura mater. Polyethylene film was used 
for this purpose ; it was sutured to the dural edge of R.L.B.'s 
brain and to the dural and/or subeutaneous tissues over 
R.D.B.'s brain. The blood loss had been so great and the 
operation had taken such a long time that it was feit unwise 
to consider reflecting the scalp flaps and placing them in posi
tion on top of the polyethylene film , for this would have meant 
more ho urs of operating time and more loss of blood that 
might not have been withstood . ft had originally been planncd 
to put polyethylene plates in plaee at this time, but the molding 
of these plates and their anchoring into the wound would 
again have been too onerous a burdern, so Ihis, too , was 
omitted and we were content 10 use sterile aluminum foi! to 
cover the top of each head before putting dry dressings and 
sterile bandages. The aluminum foil was easily molded. could 
be sewed, and was believed to be mildly bacteriostatic. The 
entire procedure required 121/2 hours. R.D.B. received 
2,500 ec 01" blood and R.L.B. 3,500 cc during the procedure. 

After separation, R.D.B. cried spontaneously; R.L.B. 
showed attempts at crying while the endotracheal tube was 
still in place. A small catheter placed in the tube revealed 
an obstruction. The quick removal of the tube and tracheo
bronchial aspiration showed that the accumulated secretions 
had become rubberlike, blocking the airway. After this resusci
tative procedure, the baby cried weakly. 

Course oj" R.L.B. - At the time 01' separation when it was 
necessary to separate the venous plexus, there was a sudden 
loss of blood that resulted in a severe eardiovascular collapse 
in R .L.B., so that no pulse, blood pressure. or heart sounds 
were detectable. The very rapid administration of oxygen by 
pressure on the breathing bag, positive pressure on the thorax , 
and rapid intravenous infusion 01' blood restored essentially 
normal cardiovascular function. He did not respond to painful 
stimuli. About eight hours after operation, there was marked 
irregularity of rate and depth of respiration, with retraction 
of the suprasternal and infrasternal regions. Secrctions from 
the hypopharynx were aspirated easily, with the patient in 
an atmosphere rieh in oxygen and moisture, but signs of right 
upper pulmonary atelectasis appeared. Although it was con
sidered probable that mueh of thc respiratory difficulty might 
be due to central nervous system derangement, trachcotomy 
was done by Dr. Cecil Riggs of thc departmcnt of otolaryngo
logy, to provide as open an airway as possible. Periodic 
breathing of the Biot type appearcd, howcver, indicating a 
central nervous system cause for the respiratory difficulty. Ac
cordingly, the head dressings were removed, when it was seen 
that the swelling and engorgement of the cerebrum seen during 
the operation had progressed. Relief of press ure by removing 
the artificial coverings of the brain brought immediate im
provement in breathing. The taehycardia observed during the 
Biot breathing beeame slower. 

With the long exposure of the brain , contamination and 
possible infection were anticipated, so penicillin and strepto
mycin were given intramuscularly. Organisms sensitive to 
these antibiotic agents were suppressed, but an infection with 
Pseudomonas aeruginosa was detected on the fourth postoper
ative day. This was controlled by daily local applications of 
2112 % polymyxin B to the surface of the brain and by intra
muscular injections of 2 mg per kilogram of body weight per 
day. No evidence of systemic toxicity was discovered, although 
the antibiotic was given until his dcath 34 days after separa-
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tion. By this time, the surface infection of the brain was com
pletely controlled. Staphylococcal organisms were controlled 
by intermittent administration of aureomycin, oxytetracycline 
(Terramycin), and erythromycin. Eleven days after operation, 
signs of diffuse bronchopneumonia appeared, with marked 
expiratory difficulty and very tenacious secretions. In order 
to liquefy these, water was nebulized over the tracheotomy 
tube. Since high humidity alone proved insufficient, a solution 
of trypsin (Tryptar) was given as an aerosol through the nebu
Iizer (20,000 to 50,000 units of trypsin in 2 to 3 cc diluent 
at pH 7.4) every six to eight hours. On several occasions, 
Alevaire (a solution of glycerine, sodium bicarbonate, and 
a detergent, Triton WR-1339, in distilled water) was used in 
a similar manner. Marked liquefaction of the secretions re
sulted, permitting their aspiration and resulting in marked 
improvement in respiration. No evident signs of toxicity to 
the drug were noted. Thc signs of bronchopneumonia sub
sided. During the survival period, the infant remained coma
tose and exhibited signs of decorticate rigidity. Parenteral fluid 
therapy was given for the first few post-operative days, and 
thereafter nutrition was maintained by feedings through a 
# 19 polyethylene nasogastric tube. UP to 4,500 calories daily 
were necessary. During the last week of life, there were marked 
variations in rectal temperature (108 F to 94 F), the peaks 
not responding to antipyretic measures. Respiratory irregular-
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Figure 14.51. Origin of circumferential pedicle 
flaps of both infants and stages in covering 
exposed intracranial contents by skin flaps in 
R.D.B. Reelevation of skin flaps and transfer 
to cover the posterior half of the exposed in
tracranial structures of R .D.B. (Dec. 30, 
1952). The arrows indjcate the severance sites 
of the terminal end of the flap. 

ities of central nervous system origin appeared again on Jan. 
19,1953, and he died on Jan. 20, 1953. 
Course 0/ R.D.B. - Immediately after the separation R .D.B. 
cried and moved all extremities. He took fluids by mouth 
the following day and responded to familiar persons. He was 
kept in oxygen with supersaturated humidity to minimize the 
effects of the prolonged period of intubation. Supplementary 
parenteral fluids and antibiotics were given with R.L.B. On 
fourth postoperative day, he was irritable and refused oral 
feedings . There was an odor from the head dressing character
istic of a Ps. aeruginosa infection, so the dressings were re
moved, and the surface infection which was found was treated 
with polymyixin B in the same manner and dose as in R.L.B. 
The thick tenacious exudate typical of infection with this or
ganism gradually subsided. It had not completely disappeared 
by Dec. 30, when the clinical status of the patient was im
proved sufficiently to permit proceeding with the plastic sur
gery. On this day, the scalp flap was reelevated and transferred 
to cover the posterior half of the exposed intracranial struc
tures [Figure 14.51]. The terminal end of the flap was turned 
to cover part of the anterior defecL All of this flap grew weil 
except for a short segment along the distal edge. This ultimate
ly was trimmed off. After the flap was transferred, the donor 
si te from which it was taken was covered with a large autoge
nous split skin graft taken from his back [Figure 14.52]. 
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Figure 14.53. Extension of the proximal end of the full-thick
ness flap by delay of circulation to the base (lan. 17, 1953). 

On lan. 17, 1953, the base ofthe pedicIe in the occipital 
area was divided so as to stimulate additional return circula
tion from the opposite end of the trans plan ted flap [Figure 
14.53]. On Feb. 10, the proximal end ofthe flap was complete
Iy detached from the occipital area and transferred forward 
to cover nearly all of the remaining open defect [Figure 14.54]. 
Donor sites were covered in each case by split-thickness grafts, 
some of which had to be revised later. 

On March 11, the "dog ear" in the flap was divided in 
its central portion. The anterior part of the flap was reelevated 
until it could be shifted anteriorly without tension to cover 
the balance of the open cranium. The excess "dog ear" was 
trimmed off and its edges sutured. By this time, thc infection 

Figure 14.52. Covering 01' exposed donor site 
01' pedicIe flap with split-thickness graft from 
the back 01' the pedicIe flap (lan. 6, 1953). 

was not apparent. This twin, too, showed no signs 01' toxicity 
from the antibiotics. 

Several days after the separation, when there was more 
spontaneous activity, it became apparent that there was a Icft 
hemiparesis and left astereognosis. Although he was able to 
hold objects when he looked at them, he did not know what 
to do with them if his eyes were turned away, nor did he 
place his extremities properly if he did not see them. The 
hemiparesis disappeared within the first month, but the aster
eognosis still continues, although less marked than before. 
There are no hyperactive stretch reflexes on the Icft, nor is 
there any loss 01' common sensibility. There are intermittent 
Babinski signs on both sides, which are considered to be nor
mal for his age. 

Before the separation, the neuromuscular development 01' 
the twins was considered normal. This was assessed with diffi
culty because 01' the peculiar nature 01' the junction of the 
heads, wh ich undoubtedly interfered with the development of 
head control, tonic neck reflexes, and the ability to sit and 
stand. Both had normal infant jargon. During the three 
months that followed separation, R.D.B. showed only a slow 
progression of development. This is attributed to the trauma 
of separation, debility, infection, and repeated operations that 
took place during this period. Since the head covering has 
been completed, he has shown a considerable advance in devel
opment and improvement in his general physical state. He 
has had a considerable amount of occupational and physical 
therapy, which has contributed to this improvement. He can 
now sit alone, but cannot pull hirnself into the sitting position. 
He has good control of his head and good coordination 01' 
all extremities, and his jargon has increased in amount and 
intelligibility. He is alert, responds to favored personneI, and 
makes attempts to feed hirnself. The hip flexors (which were 
tight, presumably owing to lack of standing) have become 
normal with physical therapy. It is difficult to assess the degree 
of development in all spheres because of the many factors, 
biological, traumatic, and psychological, that have affected 
his present state. 
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Figure 14.54. Completion of the rotation of the full-thickness 
graft to cover the remaining exposed intracranial structures 

There is still no solid protcction for the brain, and the solu
tion of this problem is now under active consideration. We 
are reluctant to use any foreign material over such a large 
surface of dura mater and under skin flaps because of the 
hazards accompanying buried foreign bodies. Autogenous 
bone grafts appear to offer the best replacement for the calvar
ium that never developed, but the extensiveness of the defect 
make accomplishment of closure by this means difficult. 

All professional and technical skills have basically one ob
jective-to permit this baby to grow and develop as a happy, 
effective human being. His handicap-Iike other handicaps
need not prevent him from fulfilling this goal. It has been 
necessary throughout, therefore, to provide for him as weil 
as his family an understanding and comfortable environment. 
Without such an environment-and without the help of his 
parents and our help to them in understanding his problems
the boy's development might not have proceeded so weIl. The 
future planning must involve most careful attention to his 
emotional and social development. This will consist of his 
parents' greater and greater participation in his care as his 
physical problems permit, continued medical and surgical ef
forts to correct his physical difficulties with as littIe pain as 
possible, and long-term planning to assure stimulating educa
tional opportunities that are compatible with this capacities. 
These provisions, associated with increasing understanding of 
all handicapped children by the public, will provide the best 
assurance that this boy will have the opportunities that should 
come to all children-that of the fulfillment of his greatest 
potentialities as a human being. 

My thanks to Dr. O. Sugar for his permission to 
transcribe this classic report. 
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(Feb. 10, 1953). The donor sitc is covered by a split-thickness 
graft (March 1, 1953). 

Vertebrospinal Congenital Anomalies 

The matter of vertebrospinal traumatology has already 
been discussed. Suffice it to repeat here that this is a 
most unusual event in infancy and childhood. 

Vertebrospinal congenital anomalies, the opposite of 
vertebrospinal injuries, are common, becoming clini
cally obvious either at birth, in toddlers when the chil
dren begin to walk, and during the enormous growth 
spurt wh ich occurs during the transition from juvenile 
into adolescent years. In broad terms, these anomalies 
may be subdivided into two groups: those associated 
with the dysraphic state and those characterized by con
genital tumors or anomalies without defects in the pos
terior vertebral arch. 

The Dysraphic State 
Surgical anomalies ofthe dysraphic state include myelo
cele, meningomyelocele, meningocele; lipomeningocele, 
lipomeningomyelocele; some hamartomas (lipoma, 
dural fibrolipoma, leptomyelolipoma, anterior spina bi
fida, enterogenous cysts) extending from the intrame
dullary area into the subcutaneous space; and diastema
tomyelia. With the rarest of exceptions, these do not 
exist as pure, anatomical anomalies. Rather, one almost 
invariably blends imperceptibly into another hand, in 
many instances such as lipomeningomyelocele and ha
martomas, several may coexist. 

Before undertaking an operative procedure, one asks 
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hirnself what specifically he expects to attain: closure 
of a defect to protect against infection, anatomical re
construction to restore function, resection of mass to 
relieve compression, or sectioning of a tethering struc
ture to eliminate stretching. 

Despite some rather startling claims made many years 
ago (and subsequently corrected), by Sharrard and co
workers 51 it is a well-accepted fact that closure of a 
myelocele, meningocele or meningomyelocele in a new
born does not result either in improved neurologicalfunc
tion or in increasing the possibilities of subsequent reha
bilitation. Similarly, the particular closure technique 
used does not affect subsequent neurologic function. 
The closure simply provides the central nervous system 
protection from infecting organisms. It does not mini
mize the incidence of adhesions between the dysraphic 
spinal cord and repaired dura (postoperative tethering). 
The neuroradiological observation of the latter in a 
child years after repair is not a sine qua non to explain 
motor or sensory impairment; progressive scoliosis and 
hydromyelia likely are much more significant. There
fore, the procedure and the timing of its performance 
are to be interpreted only on the basis of protecting 
the central nervous system from bacterial and physical 
damage. 

When the lipomatous portion of a lipomeningomye
locele, or a medullary lipoma, compresses the medul
laspinalis, removing it affords similar, but not identical, 
beneficent results as removing a neuron oma or men
ingioma. The results are similar, not identical, because 
it is not possible to remove the intramedullary portion 
of the lipoma. Consequently, the decompression is 
never complete and the potential for lipoma regrowth 
is always present. Removal of a diastematomyelic spur, 
when it is pathogenetic of spinal cord deficit, may be 
considered palliative, as may severing of the filum ter
minale when it is pathogenic of a conus medullaris syn
drome. "Prophylactic" surgery for rem oval of subcuta
neous lipoma, supported by some neurosurgeons but 
opposed by most, must be evaluated critically. 

In light then of the previous comments, techniques 
for the surgical treatment ofthe individual developmen
tal anomalies associated with the dysraphic state are 
described, with the realization that one anomaly may 
blend imperceptibly into others. Nowhere in the field 
of pediatric neurosurgery do "feelings" so disrupt ob
jective analysis of indications, treatment, and results 
as in the dysraphic state. What a pity! 

Any decision to operate a patient suffering from one 
or more anomalies of the dysraphic state is predicated 
upon a detailed understanding of the developmental 
anatomy and pathology of the clinical entity. Precise 
terminology assists one neurosurgeon to communicate 
his observations and concepts to another. The reader 
is referred to the works of Duckworth, Sharrard, Lister, 
and Seymour (1968)52; Lebedeff (1881)53; von Reck-

linghausen (1886)54; Morgagni (1761)55; Patten 
(1953)56; James and Lassman (1962)57; Ingraham and 
Matson (1954)58; Talwalker and Dastur (1970)59; 
Emery and Lendon (1973)60; Rokos (1973)61. 

Amyelia 
The clinical entity known as amyelia is of significance 
to the neurosurgeon only from one point of view: pro
viding evidence that muscle masses may develop and 
dorsal roots may be found within the spinal canal of 
severely deformed fetuses and newborns who have no 
spinal cord at all. This allows one to understand thai 
neural elements may be present within the dysraphic 
area independent of a medulla spinalis, that the pres
ence of somatosensory evoked potentials between the 
lower extremities and the spinal area is not indicative 
of functional spinal cord. 

Defects in Closure of the Spinal Cord 
and Posterior Vertebral Arch 
It is unfortunate that we generaUy speak indiscrimi
nately of "M -M" as through aU children born with 
a sack on their back had the same congenital anomaly. 
This confuses treatment and prognosis. With this in 
mind, the foUowing classification, taken from the 1976 
edition of Greenfield's Neuropaihology62 is recom
mended: 

Myelocele (Figures 14.55 to 14.59) 
Failure of closure of the neural tube (myeloschisis) re
sulting in a f1attening of the spinal cord. The defect 
is covered by granulation tissue, which is highly vascu
larized and surrounded by a translucent membrane that 
establishes continuity between it and the peripheral 
skin. If the f1attened cord lays normaUy within the ven
tral aspect of the spinal cord, it is referred to as simple 
myeloschisis. If it is floating on an arachnoidal cyst 
which separates it from the ventral aspect of the spinal 
canal it is cystic myelocele. If the vascularized granula
tion tissue covering the myeloschisis organizes and 
epithelializes, simple myeloschisis or cystic myelocele 
may be confused with meningomyelocele when, in fact, 
it is a scarred myelocele. This confusion of two distinctly 
different dysraphic states has led some authors to sug
gest that it is possible to reconstruct the unclosed spinal 
cord in meningomyelocele. The placode of men
ingomyelocele is quite different, nonfunctional, patho
logical tissue. 

The developmental pathological anatomy of the mye
locele results in f1attening of the spinal cord, which has 
not closed into a tubular structure, with mediallocation 
of the ventral horns and roots and lateral location of 
the dorsal horns and roots. Consequently, aU roots exit 
from the ventral surface of the malformed cord. On 
the dorsal surface there are glial scars, dysgenetic epen
dyma, ectopic islands of neural tissue and extensive ar-



Figure 14.55. Simple myelosehisis (myeloeele). 
Hs surfaee (1) is a eomposite of glial sear, ee
topie neurons, patehes of ependyma, and de
generative changes. This is the medullovaseu
losa. It is bordered by a zone of tissue devoid 
of neural or epithelial tissue (2) which, in turn, 
is surrounded by the zona epitheliosa (3). Note 
the unclosed spinal cord (4) with ventral (5) 
and dorsal (6) roots. The araehnoid (7) and 
dura (8) rest along the ventral surfaee of the 
spinal eanal (9). 

Figure 14.56. Cystic myelosehisis. This is a 
myeloeele floating on an araehnoidal eyst, 
wh ich separates it from the ventral surfaee of 
the spinal eanal. 

I<'igure 14.57. Searred myelocele. The posteri
or surfaee of myelosehisis, simple or eystie, 
may be covered with granulation tissue, which 
is organized and epithelialized. This is a 
scarred myelocele, an entity easily eonfused 
with meningomyeloeele. 
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eas of degenerative changes. This is important to re
member because closure of a myelocele necessitates sep
arating this nonfunctional, pathological tissue from the 
underlying opened cord and nerve roots (dorsal and 
ventral), prior to dural and fascia imbrication. One 
must not close exposed, contaminated granulation or 
epithelial tissue (placode surface) into the spinal canal: 
infection or a dermoid tumor may result. 

Meningocele (Figures 14.60 to 14.65) 
The hernia sac consists only of meninges, covered by 
skin or epithelialized tissue, and the posterior spinal 
arch defect is limited to one vertebra. The spinal cord 
is located normally within the spinal canal, resting upon 
its ventral surface. Nerve roots may float into the hernia 
sac or be tethered to its neck. When the posterior arch 
defect involves two or more vertebrae the spinal cord 
itself may be tethered to the neck of the hernia, closely 
resembling the meningomyelocele. 
Surgical Technique for Meningocele. If the meningocele 
is covered with skin at the time of birth, one may profi
tably wait until the child is several months old to repair 
it. If, on the other hand, it consists of a thin layer 
of epidermis, it is best to repair it immediately lest it 
rupture and serve as a portal of entry for bacteria. 

An incision, eliptical in form, is extended along the 
midline from superior to inferior, to the base of the 
meningocele, where it is bifurcated to either side of the 
pedicle, taking care to leave enough skin for the closure. 
At the inferior portion of the pedicle, the incisions from 
either side of the pedicle are brought into the midline 
from whence a single incision is extended inferiorly for 
a distance of about 2 cm. Only the epidermal and der
mallayers ofthe skin should be cut, attempting to avoid 
incising the underlying pachy- and leptomeninges. The 
skin bleeding is stopped as one progresses to extend 
the incision superior and inferior to the meningocele. 
This permits the surgeon to expose the fascia, facilitates 
exposure of the underlying dura, and allows inspection 
of its contents for neural elements. If the meningocele 
is covered completely by skin, one may make the inci
sion around the pedicle in a line of his choosing, allow
ing adequate skin flap for a cosmetically desirable clo
sure. If, however, it is covered by a thin layer of epider
mis, one should make the incision along the li ne of 
transition between full-thickness skin and epidermis, 
postponing the planning of the skin closure until after 
the meningeal component of the meningocele has been 
repaired. In those instances in which the meningocele 
is covered only by a thin layer of epidermal tissue, the 
dura will be opened unavoidably when one cuts along 
the transition of full-thickness skin into epidermis. 

In both instances, once the skin incision has been 
completed and the loose subcutaneous connective tissue 
separated from the underlying fascia, the exposed dura, 
whether intact (as in the case of meningoceles covered 

Figure 14.58. A nonscarified myelocele (A) is illustratcd with ~ 
a scarified myelocele (B) to permit one to appreciate how 
scarification converts the appearance of a myelocele into a 
dysraphic anomaly which is visibly almost indistinguishable 
from the mcningomyelocele. (A) Thc myelocele (1) and its 
zona neurovasculosa are readily identified, as is thc transi
tional, nondescript tissuc (2) between it and the zona epithe
liosa (3). The bulging of the zona epitheliosa and the zona 
neurovasculosa (the cystic varicty) results from an arachnoidal 
cyst located betwecn the ventral aspcct of the open, flattcned 
cord and the dorsal aspect of the dysraphic vertebral bodies. 
(B) The myelocele (arrows) is scarified, rendcring it indistin
guishable from a meningomyeloce\c. 

with skin) on dysgenic (as in the ca se of meningoceles 
covered with epidermis) is opened. An Adson-Brown 
forceps is used to grasp the dura and put it under slight 
traction prior to cutting it with a tenotomy scissors. 
Magnification is essential to ascertaining that no neural 
elements are damaged. The egress of cerebrospinal fluid 
occurs immediately if the meningocele is covered only 
by an epidermal layer, but not until the arachnoid is 
opened if the covering is full-thickness skin. In the 
former event, the surgically isolated portion of skin is 
separated from the underlying dura and discarded. The 
dura is then cut in the midsagittal plane, from the inferi
or to the superior extremities of the dysplastic posterior 
vertebral arch and then incised perpendicular to the 
sagittal cut on both sides, superiorly and inferiorly. This 
fashions two trapdoors. The arachnoid should be inten
tionally opened only to free and reduce the tethered 
roots (small hernia neck) or spinal cord (large hernia 
neck) in the event they are present. Whether it is inten
tionaUy or inadvertently opened, it should be closed 
be fore reconstructing the dura. 

One of the two fashioned dural trapdoor openings 
is then laid snugly over the arachnoid and sewn to the 
inner surface ofthe dura on the opposite side, maintain
ing the normal dural circumference, using 4-0 or 5-0 
sutures. If it is necessary to imbricate the dura at the 
superior and inferior durotomies in order to eliminate 
the pouch, this should be done with interrupted sutures. 
The dural trapdoor from the other side is then brought 
over the now closed and imbricated dura, sewing it 
down so as to provide additional support to the area 
of prolapse. Fascia from the paraspinal muscle masses 
is then fashioned into a flap on either side, and, in 
turn, imbricated one over the dura first and then the 
other over the fascial flap, giving a four-layer closure. 
The skin is closed with interrupted mattress sutures. 

Meningomyelocele 
In the meningomyelocele the spinal cord is herniated 
into a sac of intact meninges which is located in the 
subcutaneous space. It may either be flattened out over 
a ventral arachnoidal cyst (cystic meningomyelocele), or 
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Figure 14.59. (A) Myelocele. The zona neu
rovasculosa (short arrows) consists of thc flat
tened. opened spinal cord. Onc notes a groovc 
(1) at the center of the open cord. Betwccn 
the zona neurovasculosa and the zona epithe
liosa (2) there is a nondescript membrane (3). 
varying in contour and cxtcnt. Normal skin 
(4) surrounds the zona cpithcliosa. (B) Thc 
first stage in c\osure of a myelocele. as in a 
meningomyelocele. is to incisc along thc linc 
of demarcation between the zona epitheliosa 
(1) and skin (2). This is a relatively bloodless 
phase of the procedurc. The underlying fascia 
of the laterally displaced paravertebral musc\e 
masses (3) is seen on eithcr side. as the zona 
neurovasculosa sinks into the dcpth of the her
nia cavity after cerebrospinal fluid cscapes 
from the underlying arachnoidal cyst. At this 



time, one picks up the zona epitheJiosa be fore 
proeeeding to incise it perpendicular to the 
margin of the zona neurovasculosa. (C) Iris 
scissors are used to cut across the zona epithe
liosa and nondescript tissue to the edge of the 
zona neurovasculosa. Then, the surgeon cuts 
the nondescript tissue from the edge of the 
zona neurovasculosa (1) so that it may be free 
to reduce itselfinto the hernia cavity. No effort 
is made to force reduction. Vaseular structures 
(2) should be left intact. (D) After the zona 
neurovasculosa of the uncJosed spinal cord has 
dropped to the bottom of the hernia cavity, 
one iden ti fies first the dura mater (1) and frees 
it, preparatory to imbricating it over the mye
locele. Subsequent to this, the fascia of the 
paravertebral muscJe mass (2) will be sepa
ra ted in a similar manner, and also imbricated . 

c 
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Figure 14.60. Simple meningocclc . (A) Thc 
small defect in a single a rch (1) borders thc 
neck of the hernia (2), through which dura 
and arachnoid (3) hcrniate. The sac is a simple 
meningocele, extending through the neck, dor
sal to normal cord and roots. (B) Whcn therc 
is a wide defect in a single arch , thc mcn
ingocele may entrap one or more nerve roots, 
tethering the cord indirect ly. (C) The mcn
ingoeele which herniates through a wide defect 
in two or more arches has meninges and cord 
within the center of the sac. T he cord a ttaches 
to the meninges, tethering itself, at the most 
caudal level of the dysraphism. 
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Figure 14.61. (A) This is a lateral photograph of a child with 
a meningocele (1) located at the lumbosacral area, immediately 
superior to the buttocks (2). (B) The myelogram reveals that 
the meningocele neck is limited to the 5th lumbar vertebra 
(1). Two nerve roots (2) are tethered at the hernia neck (3). 
This is one of thc two types of "tethering meningocele, the 
spinal root varitey. " 

Figure 14.62. This child has a relatively large, fingerlike me
ningocele located at the lumbosacral junction. 

it may be located normally within the spinal canal but 
have at its center an enormous hydromyelic cavity (men
ingomyelohydrocele) which distends and deforms its 
dorsal surface pushing it into the hernia sac. Thus, the 
meningmyelohydrocele has three layers within the her
nial sac: dura, arachnoid, and deformed dorsal surface 
of cIosed spinal cord. 

In the cystic meningomyelocele, dysgenetic neural tis
sue (consisting of any combination of portions of spinal 
cord, conus medullaris, and nerve roots) is pathoana
tomically continuous with the epidermal membrane ex
ternally and spinal cord elements centrally. There is no 

Figure 14.63. Myelography reveals that the laminae of two 
vertcbrac (1) are dysraphic, pcrmitting exit of thc neck (2) 
of the meningocele (3). The spinal cord (4) is tethered at the 
neck. This is the spinal cord variety of tethered meningocele, 
tbe type illustratcd diagrammatically in Figurc 14.60B. 

functional continuity, the "placode" is not a function
ally or anatomically intact structure, nor does it hold 
anatomically intact neural elements. It is as much dys
genic neural tissue as are the epithelial sac and dys
raphic vertebral arch, respectively, dysgenic skin and 
somites. 

One should speak of surgical closure , not surgical re
pair of a meningomyelocele. ft is impossible to repair 
(that is to say to restore anatomical and functional in
tegrity). The procedure, therefore, cIoses the opening 
between the spinal canal and the environment, bringing 
neural and connective tissue elements, respectively, into 

B 
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Figure 14.65. Spinal cord variety of tethered meningocele. The 
spinal cord (I) is stretched and adherent to the neck (2) of 
the hernia sac inferiorly, to the reader's left. The dura (3) 

the spinal eanal and onto one another. This seals eere
brospinal fluid within the spinal eanal and baeteria and 
foreign substanees from it. 

The operative proeedure eonsists of making an inei
sion along the point of transition between skin and epi
thelial membrane, stopping individual bleeders as one 
proeeeds by applying small-toothed hemostats to the 
underlying eonneetive tissue, or by using very low volt
age bipolar eoagulation . Onee the skin has been ineised , 
full 1hiekness, around the entire eireumference of this 
transitional area, it is separated from the underlying 
loose subcutaneous eonnective tissue until the para ver
tebral muscle fascia is identified . One then disseets his 
way immediately beneath the approxirnately I-mm lip 
of dermoepithelial membrane transition tissue, until the 

Figure 14.64. This CTT study illustrates the buttocks (1), iliac 
crests (2), first sacral vertebra (3), and thc very narrow neck 
(4) of the meningoeele (5). A small lipoma (6) was attaehed 
to the tethered cord, and lies along the surface of the me
ningocele. 

has been reflected superiorly. Visible nerve roots are thick
ened. 

subarachnoid space is entered , at which time eerebrospi
nal fluid weHs out of the fjeld . This occurs whether 
the flattened cord is floating on a ventral arachnoid 
cyst (cystic meningomyelocele), or it has a grossly di
lated central canal with the thinned posterior cord ad
herent 10 the meninges (meningomyelohydrocele). 
Cystic Meningomyelocele (Figure 14.66). The cystic 
meningomyelocele is a dysraphic sta1e with ventral 
arachnoid cyst and a closed, deformed cord: the plac
ode. If one identifies a placode along the dorsal surface 
of the sac, and is certain that this is not a scarred myelo
cele, he should proceed 10 open dura and arachnoid, 
dissect the epithelialized placode from the underlying 
roots (maintaining these latter intact if possible), dis
card the epithelialized placode, and then reduce nerve 



c 

Figure 14.66. Meningomyelocele: the placode, the arachnoid 
cyst elevating it, and the attachment of neural elements (in 
this case spinal cord and nerve roots) to it. (A) The elevated 
placode (1) has been dissected from the dura matter (2), expos
ing thickened arachnoid along its base (3). (B) Another child 
with meningomyelocele. The epithelialized placode (with its 
ectopic ganglion cells, degenerated and rudimentary glial and 
neural elements, and hemorrhagic granulation tissue) has been 
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removed and discarded. The underlying arachnoidal cyst 
bulges into the field. (C) After the cyst has been opened, one 
may identify the spinal cord (1), a thickened nerve root (2), 
and the cystic space ventral to the cord (3). (D) Meningomye
locele with ventral arachnoid cyst (1) and c10sed deformed 
cord: placode (2). The ventral (3) and dorsal (4) roots follow 
an almost vertical course because of the cyst. Arachnoid, dura, 
and epithelium fuse at the lateral border of the placode (5). 
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roots and intact spinal cord into the spinal canal, if 
possible, before proceeding with the meningeal, fascial, 
and skin closure. 

Tenotomy or iris scissors are used to cut the arach
noid around the circumference of the now centrally 
placed, totally isolated, epithelial membrane surround
ing placode, separating this from the full-thickness skin. 
When the epithelial membrane and centrally placed 
placode are elevated, one will see dysgenic nerve roots 
adherent to the undersurface of the placode. The epithe
lialized tissue and dysgenic placode are then cut from 
the underlying posterior roots which may be adherent 
to it. The nerve roots are allowed to fall back into the 
intact inferior half of the neural arch, and the now freed 
placode and epithelial membrane discarded. If it is pos
sible to identify arachnoid on either side, the two edges 
should be sewn to one another at this time. One should 
not attempt to force nerve roots or other dysgenic neu
ral tissue into the spinal canal, since this may result 
either in compression of these elements or adhesions 
between the neural and mesenchym al components of 
dysraphic tissue. Subsequently, the dura should be freed 
from the paraspinal muscle fascia on either side, as de
scribed above for meningocele, fashioning as generous 
trapdoor dural flaps as possible. These latter are 
brought first one over the arachnoid and underlying 
nerve roots, and then the other over it. The dural flaps 
are sewn to dura with interrupted 5-0 sutures, making 
every effort to attain a seal. The first trapdoor dural 
flap is brought across the congenital defect and sewn 
to dura on the opposite side, superiorly and inferiorly, 
taking ca re to avoid producing a constriction. The sec
ond dural flap is laid over the former, and sewn down 

Figure 14.67. Meningomyelohydroce\c. The 
spinal cord has blown out around the enor
mously dilated central canal (1), so that the 
dorsal cord (2) is converted into a membrane 
and the ventral cord (3) flattened. The dorsal 
and ventral roots are in relatively normal posi
tion. 

similarly. Then, as described under meningocele, fascial 
flaps are fashioned and sewn one over the other, giving 
four imbricated layers of closure. 
Meningomyelohydrocele (Figures 14.67 and 14.68). If 
the central canal is blown out into the hernia sac, its 
disrupted and dysgenic ependymallayer and the mem
branized dorsal portion of the spinal cord fuse with 
the arachnoid and dura to form the sac. This latter 
may be more or less epithelialized, though it is never 
covered completely by skin. At times, cloacal extrophy 
exists as an associated anomaly. 

Its repair consists of an identification of as many 
individual anatomical elements of the sac as possible 
(though one seldom is able to identify more than a 
single fibroepithelial-appearing membrane), and then 
closure over the ventrally displaced and flattened spinal 
cord. If one extends the dissection into the area immedi
ately medial to the paraspinal muscle masses, he may 
be able to identify arachnoid which has a glistening 
surface. If so, this should be closed and then the dura, 
in turn, identified, freed from the adjacent paraspinal 
muscle fascia, is closed with imbricating sutures. The 
fascial and skin closures are the same as for a men
ingomyelocele and meningocele. 

Concerning skin closure of all forms of the dysraphic 
state (Fig. 14.69), depending upon the size of the defect 
and the degree of posterior vertebral arch dysplasia, 
one may find it necessary to perform a Z-plasty in order 
to effect closure. Spurs of bone from the dysraphic artic
ular and transverse processes should be rongeured to 
avoid compression necrosis of the skin. The skin is best 
closed with interrupted 4-0 mattress sutures, placing 
them alternatively at the superior and inferior edges, 
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Figure 14.68. Meningomyclohydrocele. (A) The meningomyc
lohydrocele is located over the sacrum and buttocks. This 
child did not havc an accompanying cJoacal extrophy, some-

working one's way from peripheral to central, whether 
or not a Z-plasty is necessary. Thus, one may contin
uously correct for uneven segments of skin by lengthen
ing or shortening the interval between sutures on one 
side or the other. 

Diastematomyelia (Figure 14.70) 
Diplomyelia is invariably present, to a greater or lesser 
degree, when there is either a diastematomyelic spur 
or fibrous band. In essence, the spinal cord is eleft over 
a variable distance, with each independent medullary 
segment being covered by its own lepto- and pachymen
inges, by a spur wh ich generally has bone at its base, 
cartilage at its tip, and a connecting fibrous band ex
tending from the cartilagenous tip to the dorsal segment 
of the vertebral arch. Occasionally, a lipoma may be 
present in this pathological tissue. This septum, or sep
tum and lipoma, in its simplest terms, is the point of 
division between the two spinal cord segments, and is 
pathogenetic only in that the spinal cord presses against 
it as the child grows, or flexes and extends the vertebral 
spine. Consequently, one may have intermittent epi
sodes of neurological deficit, or, more commonly, slow
ly progressive neurological deficit, referable to the spi
nal cord. The deficit is not radicular in nature, as one 
sees in the lipoma: it is medullary, upper motor. At 
times the bony spur is not present but, rather, the eleft 
between the double spinal cords contains a more or 
less dense fibrous band which stretches from the ventral 
to the dorsal surfaces of the spinal canal. The net result, 
when clinically obvious, is the same since the fibrous 
band is strong enough to compress the spinal cord. 

A lipoma may be within the spur or attached to it. 

thing which is more obvious becausc of its grotesqucncss than 
its incidence. (B) In this child, the spinal cord (1) is herniatcd 
through the neck (2) and tethercd to thc sac (3) of thc hernia. 

Hence one could he justified in considering diastemato
myelia as an intermediate congenital anomaly hetween 
the dysraphic state and hamartomous lesions. Irrespective 
of any other considerations it is recommended that the 
diastematomyelic spur, osteocartilagenous or fibrous , 
with lipoma ifpresent, be resected immediately the diag
nosis is made, even if the diagnosis is one of serendipity. 
Therisks of surgery are so minimal and the possible 
damage to the thoracic spinal cord, the level at which 
the diastematomyelic spur most often occurs, is so great 
that this course of action is fully justified. 

The operative procedure consists of performing a 
three-level laminotomy centered over the diastemato
myelic spur. Care must be taken in removing thc la
minar flap, since one should avoid attempting to roll 
the flap away from the underlying diplomyelic deformi
ty until he is certain that either there is no fibrous band 
connecting the diastematomyelic spur to the posterior 
surface of the spinal canal or, if one is present, that 
it be cut away before the laminar flap is lifted from 
the field. Once this is done, the surgeon has a view 
of the spinal cord, a single spinal cord above and below 
the diastematomyelic spur, with a segment of diplomye
lia, each covered by intact dura mater, on either side 
of the spur. With few exceptions, one may state that 
the spur is extradural, so that its removal does not ne
cessitate opening the dura mater. In fact , this is to be 
avoided. When lipoma is present, however, it is general
ly intradural. In these cases, one must open the dura. 

If the spur consists of nO more than a fibrous band, 
the operation will have terminated when the lamino
tomy flap is lifted from the field , since the surgeon al
ready will have transected the bridging, anchoring, fi-
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Figure 14.69. Stages in the cJosure of a myelocele, menin
gomyelocele, meningomyelohydrocele, and tethered (spinal 
cord or nerve root) meningocelc. All four of these dysraphic 
states have in common herniation of meninges and neural 
elements into a sac composed of meninges and epithelial tissue 
which vary from nonrecognizable, luminescent membranes to 
completely developed anatomical structures. In its simplest 
terms, the cJosure consists of removing dysgenetic epithelium 
and meninges, along with the epithelialized surface of the pla
code, in meningomyelocele ; reducing the preserved neural ele
ments into the ventral surface of the spinal canal without 
forcing them. Meninges, fascia, and skin are then cJosed. In 
the rnyelocele, the zona neurovasculosa must be preserved 
since it is the uncJosed spinal cord. In the rneningornyelocele, 
the vascular granulation and epithelial surfaces of the placode 
must be dissected from the underlying neural elements, dis
carding the former and preserving the latter. In the spinal 
cord variety of tethered rneningocele, one frees the latter from 
the former prior to cJosure of the defect. In thc rneningornyelo
hydrocele, the redundant herniated epithelial and meningeal 
elements are resected; the fibroghotic posterior rim of the cord 
is identified and preserved if possible (something which only 
rarely occurs). 

The stages in c1osure: (A) After the surface of the hernia 

sac has been disinfected with surgical soap and germicidal 
prep, plastic draping is placcd over thc surrounding skin but 
not to the surface of the hernia sac. (B) The !ine of demarca
tion between the zona epithcliosa and nondescript tissue is 
identified and incised, permitting one to separate this tissue 
(1) from the underlying meninges (2). (C) The nondescript 
tissue has been completcly removed, the cyst wall (1) pre
served, along with the uncJosed spinal cord (2). This child 
has a myelocele, so the cord is left intact. lf this were a child 
with a meningomyelocele, thc exposed surface of the placode 
would be separated from the underlying neural tissue and dis
carded. If it were a meningocele with the spinal cord tethered 
to the hernia sac, the epithelial and dysgenetic surfaces of 
the sac would be separated from the spinal cord so that thc 
latter could be preserved. (D) After thc neural elements have 
been allowed to fall back into the ventral surface of thc spinal 
canal, the dura (1) is dissected from the paravertebral fascia 
(2) on either side, mobilizing enough to permit one to imbri
cate it. The dura is cJosed without constricting the underlying 
cord and para vertebral fascia mobilized on both sides, with 
the fascia from the right being brought across the dorsal sur
face of the dura and sewn to the base of the fascial pedicJe 
on the left (5). Subsequent to this, the left fascial flap is imbri
ca ted onto the one on the right. 



brous band running from the ventral to the dorsal sur
fa ces of the spinal canal. He might choose to inspect 
the cleft between the diplomyelic segment of the spinal 
cord, to ass ure hirnself that there is not a cartilagenous 
or bony segment protruding from the ventral surface 
of the spinal canal, one which could potentially be 
pathogenic. 

When the diplomyelic spur is an osteocartillagenous 
spur, the surgeon should remove it with the finest tipped 
rongeur available, biting away one or two mm frag
ments at a time. The disadvantage of using a high-speed 
drill, even one with a diamond burr, to do this rests 
in the necessity to retract the diplomyelic segments of 
the spinal cord laterally, thus running the risk of co m
pressing the spinal cord. lt is preferable, therefore, to 
use the fine tipped rongeur, inserting it so that the jaws 
open in the longitudinal (sagittal) plane, avoiding the 
risk of damaging the spinal cord in its narrowest, most 
vulnerable, horizontal plane. There is gene rally little 
or no bleeding associated with the removal of the spur, 
so one need not be concerned. After the diastemato
myelic spur has been removed, the operative procedure 
is considered completed. There is no need to open the 
dura mater. 

Dysraphic Hamartomas 
What are commonly referred to as lipoma or dermoid 
tumors in neurosurgical parlance are, in fact, heteroge
neous groupings of congenital and developmental 
anomalies which belong in the neuropathological cate
gory of hamartomas in dysraphic children. The dys
raphic hamartomas may be lipomatous, dermoid, or 
endodermal. 

The simplification of grouping all lipomatous hamar
lomas into lipoma and lipomeningocele has resulted in 
recommending surgery for every child with subcutane
ous fatty tumor, and in very confusing interpretations 
of surgical results. lt is recommended, therefore, that 
one speak of lipomatous hamartomas, and that they 
then be subclassified as (1) lipoma, (2) leptomyelolipoma, 
(3) duralfihrolipoma, and (4) lipomeningocele. 

Lipomatous Hamartomas 
Lipomatous hamartomas (the so-called lipomas) almost 
never cervical, very rarely thoracic, most commonly 
lumbar, present as subcutaneous masses, variable in 
size, which may remain in the midline or expand over 
one or both gluteal areas. They present either as subcu
taneous masses, without neurological deficit, or with 
varying degrees of radiculopathy. 
Lipomas (Figures 14.71 to 14.74). By far the single most 
common dysraphic hamartoma, lipomas are generally 
located within the region of the filum terminale and 
cauda equina. They either remain confined within the 
subarachnoid and subdural spaces or perforate the 
meninges at one discrete point to expand through the 
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Figure 14.70. Lipoma of diastematomyelia. The diastemato
myelic spur consists only of a fibrocartilaginous band. The 
diastematomyelic mass consists of a well-circumscribed and 
encapsulated lipoma whose bed (1) may be seen between the 
2 spinal cords (2) extending caudally from the single cord 
(3). It was necessary to open the dura in order to identify 
and remove the lipoma. This entity is a transitional phase 
between the dysraphic state and hamartoma. 

defect in the posterior vertebral arch and within the 
subcutaneous spaces. 

The indications for surgery are either esthetic or neu
rological. If the child is perfectly normal neurologically, 
the indication for surgery is esthetic. If a neurologic 
deficit becomes apparent, however, surgery is to be rec
ommended. Some neurosurgeons, especially at the pres
ent time, are recommending elective resection of the 
lipoma even in children without neurological deficil. 
There is no evidence that the children they operate elec
tively do not subsequently develop a neurological defi
cil. In fact, quite the opposite is true. For the present, 
consequently, it appears that the recommendation for 
e1ective surgery or for observing the child is one of 
judgment of the individual neurosurgeon, that one can
not assure a family either that the child will not subse
quently suffer progressive neurologic deterioration or, 
if he does, that it will not be as severe as if he were 
not operated " prophylactically. " The author prefers to 
observe asymptomatic children, and to operate on only 
those who develop clinical signs or symptoms. 
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Figure 14.71. Lipoma. The lipoma expands to either side 01' 
the dura, within both the epidural and subeutaneous eompart
ments. The subeutaneous expansion may be within thc midline 
or, as in this ease, lateral to it. In fact, the lipoma (1) is 
loeated between the skin (2) and musc\e mass (3) of the ehild's 
left buttoek. 

Figure 14.72. After the skin is ineiscd and the 
subcutaneous portion (1) of the lipoma dis
sec ted from the underlying faseia (2), one may 
identify the extension of a lipomatous bundlc 
(3) from thc subcutaneous lipoma through the 
fascia at the neck of the hernia (4). 



Figure 14.73. A laminotomy (not a laminec
tomy!) should be performed over 2 or 3 verte
bral levels superior to the neck (1) of the li
poma. This uncovers the spinal canal, expos
ing thc dural extension of this lipoma (2). 

Surgical technique Jor lipoma. It is best to make a mid
li ne incision over the center ofthe subcutaneous lipoma, 
and then to retract the skin laterally before proceeding 
to resect the entire mass of subcutaneous fatty tissue. 
This is best done by working within the loose, subcuta
neous, connective tissue surrounding the lipoma, freeing 
it completely from both the overlying skin and the un
derlying fascia of the paravertebral muscle masses. This 
enables the surgeon to elevate the entirety of the lipoma, 
so as to identify the area where it penetrates the dys
raphic vertebral arches and intervertebral ligaments, 
prior to cutting the subcutaneous component of the 
lipoma from the hourglass extension into the spinal ca
nal. One may cut this with impunity, since nerve roots 
are never located within this portion of the lipoma. 

With the subcutaneous lipomatous mass removed, 
one has excellent visualization ofthe dysraphic and nor
mal posterior vertebral arches, so that they may be 
cleared of paravertebral muscle masses by subperiosteal 
dissection, using periosteal elevators. It is recommended 
that one strip muscular and periosteal tissue [rom at 
least two spinous arches beneath the hourglass exten
sion of lipoma, and three above it. The performance 
oJ laminectomy in order to ex pose the spinal canal is 
discouraged, especially since these children already suf
fer the destabilizing effects of the dysraphic state, 
greatly predisposing them to scoliosis. Most probably, 
the intermittent or progressive deterioration in motor 
and sensory function that occurs at varying periods of 
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time, generally measured in years, after surgery is the 
result of scoliosis or instability secondary to laminec
tomy, not only or exclusively recurrent "tethering". 
Consequently, one is advised to perform a laminotomy, 
a procedure which not only contributes significantly to 
diminishing postoperative scoliosis, but also one wh ich 
allows the surgeon to expose as extensive an area of 
the spinal canal as he chooses. It is recommended that 
the laminotomy be extended fron two vertebrae below 
the hourglass extension of lipoma to the superior sur
face of the arch of the third vertebra above this trans
vertebral extension of lipoma. 

Once the laminotomy has been performed and the 
epidural bleeders stopped, one may inspect the underly
ing dura above and below the transdural extension of 
tumor. Some surgeons recommend opening the dura 
from above downward, reasoning that they prefer to 
expose normal spinal cord first and then to work to
wards the lipoma. Others prefer just the opposite, for 
just the opposite reasons. It is a matter of surgical judg
me nt and familiarity: what works well for one surgeon 
is not necessarily incorrect for another. 

In either event, whether beginning to work from the 
spinal cord down ward, or from below the lipoma up
ward, individual nerve roots must be identified, so that 
one is obliged to work under the operating microscope 
and to proceed slowly in dissecting the lipoma from 
within the spinal canal. In essence, the entire indication 
for the procedure rests with successful decompression 
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of the spinal roots coursing through or being splain 
over the lipoma. One does not, and cannot, resect com
pletely all lipomas : some (the leptomyelolipomas) grow 
from within the center of the spinal cord, wh ich tele
scopes the fingerlike extension of lipoma fron its center. 
Others, the lipoma and dural jibrolipomas, may occa
sionally be separated from the cord and roots. These 
facts, in essence, are the crux of diagreement between 
those neurosurgeons recommending elective removal of 
lipoma and those who prefer to observe the child, re
serving recommendation for surgery until neurological 
deficits appear. It is not possible to know pre-opera
tively whether one can remove a lipomatous hamar
toma completely, since it may extend into the spinal 

Figure 14.74. One may follow the intraspinal lipoma (I) to 
the point of its entry into the eonus medullaris (2). Although 
all lipomas do not extend into the eonus medullaris, the major
ity do. [t is this whieh renders the effieaey of prophylactic 
surgery of lipoma questionable: one cannot safely remove a ll 
the lipoma from the spinal cord , and ratty tissue varies in 
volume with age. 

Figure 14.75. Leptomyelolipoma. In this 
anomaly, the lipoma (/), out 01' foeus , is nei
ther limited to the dura or remote areas, nor 
does it extend through the dysraphic posterior 
vertebral arches and dura into the subarach
noid spaces and spinal cord as a discrete mass. 
It does not compress, extrinsically, the neural 
elements. In fact, the leptomyelolipoma con
sists or ratty tissue and fibrous bands, neural 
elements and meninges, as an inseparable 
mass. Here, one notes the lipoma (1), the men
inges (2), and Iipomatous invasion 01' the 
eauda equina nerve roots (3). 

cord, engulf the spinal cord and the nerve roots, or 
simply compress neural (cord and/or root) elements. 
Thc use of the laser eliminates traction on the lipoma, 
and, eonsequently, traction on the spinal cord and nerve 
roots. lntraoperative somatosensory evoked potentials 
may be helpful, but are generally of little value. 

Onee one has removed all of the lipoma he is com(orl
able with removing (this, and only this, should represent 
the end point of his operative proeedure), the dura is 
closed . It is only rarely possible to remove the lipoma 
completely, since it extends into the spinal cord! lnspec
tion of the cul-de-sae allows one to aseertain that a 
tongue 01' fatty tumor is not left attached to neural 
elements at one end and dura at the other, lest the 



Figure 14.76. Dural fibrolipoma. The child's buttock (1) is 
to the left of the bulgc from the dural fibrolipoma (2). After 
the skin has been opened, one immediately encounters the 
subcutaneous lipoma. Dural fibrolipomas may be adherent 
to thc dura or, as in this case. remote to it. 

end subsequently become tethered . It is often impossible 
to elose the dura without bringing a fascial graft into 
place. The laminotomy flap should be brought back 
into position, anchored down , and the paraspinal mus
eies, in turn, sewn to the interspinous ligaments. Redun
dant skin is resected and the remainder of the elosure 
is effected with inverted mattress sutures. The operative 
procedure itselfpredisposes to the production of tethering 
by the adhesions between cord, residual lipoma, closed 
dura or dural graft , subcutaneous connective tissue der
mal scar. 
Leptomyelolipoma (Figure 14.75). The simple lipoma is 
extremely difficult to distinguish from the leptomyeloli
poma, which may expand from within the conus medul
laris out into the cul-de-sac, engulfing completely the 
filum terminale and varying numbers of dorsal and ven
tral nerve root components of the cauda equina. These 
latter tumors are difficult, if not impossible, to deal 
with surgically, since they are composed of fatty tissue, 
nerve fibers , meningeal strands, and fibrous bands. One 
simply is not able to distinguish a fibrous band from 
a meningeal strand from a nerve fiber , or from an en
trapped nerve root. 
Dural Fibrolipoma (Figure 14.76). In contrast to lepto
myelolipomas, dural fibrolipomas are quite easy to 
identify and resect completely, since they expand as 
well-delimited tumor masses, dumbbell fashion, within 
the intra- and extradural compartments, on either side 
of the dysraphic posterior vertebral arch. These are 
similar in histology and point of origin to the lipomas 
wh ich may be found within mesenchymal tissue, and 
dura, seprating the two halves of a diastematomyelia. 
Lipomeningocele. The lipomeningocele is, in essence, a 
lipoma which has expanded into both the extra- and 
intradural compartments and which has a cystic compo-
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Figure 14.77. Dermal hamartomas (1) are connected to the 
skin (2) either by asolid or tubular stalk (3). 

nent at either end of the dumbbell. In using elassifica
tions, the reader is urged to consider the use an author 
means for them to serve. Lemire and colleagues63 con
sider this entity as one in which the fatty mass expands 
on either side of dura, which it penetrates as a fibrous 
stalk , but state little more since their perspective is de
velopmental pathology. I have chosen to use the ana
tomically more detailed, and surgically valuable, c1assi
fication, which has evolved from the works of James 
and Lassman 57

, and Karch and Urich. 64 

Dermoid Hamartoma (Figures 14.77 to 14.81) 
Dermoid hamartomas are announced c1inically by a tuft 
or patch of hair, abnormal pigmentation of the skin, 
a dimple or pit or sinus tract connected to an intraspinal 
dermoid tumor. There may be digitlike growth along 
the midsagittal plane of the body . 

The surgical technique for removing them consists 
of isolating the dermal sinus, if present, and performing 
an elliptical incision around it, taking care not to open 
it or empty its contents into the surgical field. Once 
the ellipse of skin has been cut and the incision extended 
into the subcutaneous area, it is best to tie a ligature 
around the sinus tract and cut away the portion in con
tact with the skin so as to remove it from the field . 
The disseetion then extends around the sinus tract, or 
fibrous band, separating this latter from the surround
ing tissue, and continues toward the posterior vertebral 
arch. If the tract extends through the vertebrae, it must 
be followed into the spinal canal and, subsequently, 
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Figure 14.79. Dermnoid sinus traets, extending through the 
skin, muscle, posterior vertebral areh or interspinous liga
ments, dura, and into either the subaraehnoid spaee or neural 
elements (eord and roots) are very variable in surfaee appear
anee. They are, however, perforations of the skin and, there-

Figure 14.78. The dermal hamartoma may extend into the 
subaraehnoid spaee either as fibrous bands, stalks, tubes, or 
(as in this ease) Iipomatous masses. 

fore, must be distinguished from dimpIes. (A) A tiny pit (ar
row) is loeated at the lumbosacral junction. (B) There is a 
relatively large fold (1) located immediately ahove the interglu
teal fold (2). (C) The pit (arrow) is located at the depth of 
a bluish exerescenee of skin. 

B 

Figure 14.80. Though dermoid sinus tracts 
have a hole within the skin as a sine qua non 
for their diagnosis, dermoid tumors extending 
from the skin and into the spinal canal or cord 
may be associated with a subcutaneous mass, 
hypertrichosis, hemangioma, digitlike exten
sions of skin. (A) Hypertrichosis (1), entoder
mal hemangioma (2), and redundant skin (3) 
overlie a lipoma and dermoid tumor extending 
from L5 into the spinal canal. (B) One notes 
the subcutaneous lipoma (I) and digitlike ex
cresence of skin (2) in this ehild. 

c 
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Figure 14.81. The technique for removing dermoid tumors 
is no different from that for removing other tumors of the 
spinal cord, nerve roots, spinal canal, meninges, posterior spi
nal arch. One characteristic of dermoid tumors, however, is 
that they very often involve all tissue elements from the skin 
into the spinal cord and/or roots. Their disseetion becomes 
progressively more tedious and dangerous as the tumor ex
pands. Another eharacteristic of dermoid tumors is that they 
consist of dysgenetie tissue, so that one may find it difficult 
to separate normal from abnormal tissue within the tumor 
or the structures bordering it. This figure illustrates some of 
these points. (A) Fatty (1) and pearly white (2) components 
of this dermoid tumor extend from the subcutaneous area 
into the region of the uncJosed posterior vertebral arch. (B) 
The dura (1) has been opened but the araehnoid (2) is intaet. 
Pearly white tissue (3), with a vascularized surfaee (4), occu
pies the superior portion of the subarachnoid space. The tu
mor invades a nerve root (5), increasing greatly its size, and 
obstructs the subaraehnoid space, producing a eomplete bloek 
and a subarachnoid cyst (6). (C) In this child the dermoid 
tumor (1) extends ventral to the cauda equina (2). (D) One 
notes that the dermoid tumor (1) extends through the dura 
mater (2), directly into the conus (3) and nerve roots (4). It 
does not involve all elements of the cauda equina (5). 
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through the dura if it penetrates this structure. If one 
is obliged to enter the spinal canal, it is best to perform 
a laminotomy, and to plan to reconstruct the posterior 
vertebral arches after the dermal tumor has been re
moved. Opening the dura allows the surgeon to evaluate 
the extent ofintradural tumor and to remove it, ifpossi
ble. Since these tumors almost invariably consist of der
mal elements, hair, epithelial rests, and so on, it is im
possible to predict what one will find. When the der
moid tumor is associated with a lipoma, the mass may 
invade the cord making resection impossible. Removing 
dermoid elements from the surface of the roots and 
spinal cord, avoiding attempts to dissect tumor from 
within either of these neural elements is the essence of 
this dissection. 

Endodermaf Hamartoma (Figures 14.82 to 14.86) 
The endodermal hamartomas are associated with ven
tral meningocele, a result of failure of the two sides 
of the vertebral body to fuse to one another. A hernia 
sac extends into the retroperitoneal lumbar or sacral 
(very rarely retropleural) areas. At times, there is a fistu
lous connection to the gut. Consequently, one may en
counter rudiments of intestinal tissue in either the her
nia sac or spinal canal. Also, mucus-producing colum
nar epithelium may line the ventral surface of the spinal 
canal. 

Surgical elosure of the anterior meningocele entails 
identifying and opening the meningeallining of the neck 
of the hernia sac, inserting a plug of bone graft into 

Figure 14.82. Ventral meningocclc. The ven
tral meningoeele is an hamartoma. After the 
dura (1) has been opened, the radicular ele
ments of thc cauda equina (2) are identilicd 
and found to have been splain over a cystie 
mass oeeupying the ventral aspect ofthe spinal 
canal (3). 

the defect in the vertebral body (ies), and then using 
either a periosteal or fascia fata graft to elose the dural 
defecL If the intraabdominal (retroperitoneal) mass is 
of significant size, the general surgeon should remove 
it through a laparotomy. 

Nondysraphic Spinal Cord Anomalies 
and Congenital Tumors 
Hydromyelia 
In its simplest terms hydromyelia consists 01' a dilation 
of the central canal. Though it very often complicates 
myelocele, meningomyelocele, and meningocele, ex
tending the fulliength of the lumbar and thoracic cords, 
it seldom extends into the medulla oblongata. Depend
ing, consequently , upon its severity and extcnt it may 
consist of a minimally dilated central canal or volumi
nous chamber which has expanded to fill thc entire spi
nal canal, compressing the surrounding spinal cord into 
a membrane which is slightly thicker ventrally than dor
sally. 

If the hydromyelia is severe, irrespective 01' its associ
ation with spinal dysraphism, it should be treated. The 
recommended treatment consists 01' laser penetration 
of the spinal cord, so as to establish a fistulous tract 
between the hydromyelic central canal and the sub
arachnoid spaces. The arachnoid should be opened ap
proximately 1.5 to 2 cm from the point of laser fenestra
tion and then, after the fi stula has been made, a water
tight c10sure of the arachnoid performed. 



Figure 14.83. The communication (1) bctween 
the anterior (intraabdominal) meningocele 
and thc spinal canal (2) is small and circular. 
One should use fascial grafts, sewn over in
serted bone grans, to seal the defect so as to 
minimize the risks of recurrence. 

Figure 14.84. Entodermal hamartomas consist 
of herniation of bowel through the dysraphic 
vertebrae and into the subcutaneous compart
me nt. Here, one notes bowel (1) occupying all 
of the subcutaneous space. There is lipoma (2) 
adherent to thc under surfacc of the subcuta
neous compartmcnt. 
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Figure 14.86. A ventral meningocele (endodermal hamar
toma) (1), illnstrating the bony (2), neural (3), and hamarto
matons (4) components. 

Figure 14.85. One is able to identify the rudi
mentary bowel (1) and its mescntery (2) . 

SyringomyeLia (Figures 14.87 to 14.89) 
The operative treatment for syringomyelia is the same 
as for hydromyelia. 

The Tethered Cord (Figure 14.90) 
In its broadest sense, one could use the term " tethered" 
to indieate any bridling of the spinal cord or nerve 
roots, which results form a band of mesenchymal tissue 
extending form the spinal cord to the dura mater. Thus, 
a fibroticfilum terminale, extending from the tip of thc 
conus medullaris to the dura, anchoring one to the other, 
may cause tethering. The cord may be anchored to the 
meninges of a meningocele. Similarly, a mass of lipoma
tous tissue extending from the center of the spinal cord 
through the dysraphic posterior vertebral arch mayaIso 
cause tethering. A common cause of tethering may be 
scar tissue binding the spinal cord and nerve roots 01' 
a previously opera ted meningomyelocele or lipomatou 
hamartoma to the repaired dura or skin. 

Whether these pathoanatomical conditions are 
pathogenic is something which the physician must de
termine before deciding whether to recommend surgery. 
The simple identification of a continuity between cord, 
cauda eq uina, nerve roots and the dural sac is not justi
fication for surgery. There must be a resultant neurolog
ical deficit which one may expect to be cured or ([rrested 
in its progress. Otherwise. what is to be gained? 

The surgical implications for removing lipomatous 
tissue which may serve as a tethering band have already 
been described. Whether one is justified to reoperate 
a meningomyelocele child, with a fixed neurological def
icit, because myelography reveals tissue continuity be
tween the terminal portion 01' the spinal cord and the 
area 01' meningomyelocele repair is scriously qucs-
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Figure 14.87. Syringomyelia. Whether idiopathic or traumatic. the surgical treatment 
for syringomyelia consists ofmarsupializing the syringomyelic cavity to thc pial surface 
of the spinal cord and then c\osing the arachnoid. thus crcating a fistula between 
the syringomyelic cavity and the subarachnoid spaccs. (A) Thc marsupialization, if 
performed without a laser, is carried out by using thc bipolar forceps to coagulate 
the dorsal surface of the spinal cord immcdiately abovc thc widcst portion of the 
syringomyelic cavity (arrow). Thc cord and wall of thc syringomyelic cavity are then 
incised. (B) The bipolar forceps are used to open thc cavity (arrow) and to coagulate 
the opening so as to impede glial scar formation and c\osurc. This produces the 
marsupialization betwccn the cavity and pi al covcring of thc cord. thus permitting 
fluid from within the cavity to drain dircctly into thc subarachnoid spacc. No tube 
is needed. 
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Figure 14.88. If the laser is availablc, it is 
mueh more preeise and effeetive in produeing 
marsupialization between the syringomyelic 
cavity and the pial surface 01' the cord. In this 
illustration the laser is being used to perforatc 
the pial sur1'ace and underlying wall of the syr
ingomyelic cavity (arrow). 

Figure 14.89. This patient suffered posttrau
matic syringomyelia. The glial hypertrophy 
and scar formation (1) are seen at the right, 
and the pial wall of the posttraumatic syr
ingomyelie eavity (2) at the center. A laser is 
being used to per fora te the pial wall and enter 
the cavity. 



Figure 14.90. Tight thick filum at operation 
in child with tethered spinal cord. Courtesy 
ofDr. H. Hoffman. 

tioned, since the tissue will scar again and, therefore, 
tether again. There is nothing to ga in and the loss is 
clear: operative morbidity and further weakening of the 
vertebral spine. 

The surgical procedure for freeing a fibrotic li/um 
terminale which tethers the conus medullaris consists of 
nothing more than the performance of a laminotomy, 
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" ... and so there ain 't nothing more to write ahout, 
and I am rotten glad ofit, because [f J'd 'a' knowed 
what a trouble it was to make a book I wouldn 't 'a ' 
tackled it, and ain 't a-going to no more. But I reckon 
I got to light outfrH the territory ahead ofthe rest, 
because Aunt Sally she's going to adopt me and sivilize 
me, and I can 't stand it. I been there hefore." 

MARK TWAIN 

Adventures of Huckleberry Finn 



Introduction 

In his work, the seats and causes of diseases investigated 
by anatomy, G.B. Morgagni, in 1761, called attention 
to the fact that the earlier investigators of increased 
cranio-cerebral size did not have particularly clear ideas 
as to where beneath the skin the fluid present in hydro
cephalus was located 1. Specifically, pathologist, ana
tomist, and clinical pathologist, were dubious as to 
whether the fluid was located beneath the skin, beneath 
the skull, beneath the dura, or within the brain itself. 
By and large, it is safe to assurne that the anatomists 
and physicians prior to Vesalius were of the mind that 
the fluid accumulated beneath the scalp. Indeed, Vesa
lius 2 was apparently the first to give a clear description 
of internal hydrocephalus by stating that, "Galen de
clared that this shape of the skull may be imagined 
to come from another world but not to exist in the 
nature wh ich surrounds uso A boy was seen by me in 
Venice, one deformed and insane, with an enormous 
and mis-shapened head. Also, there was a beggar in 
Bologna with a square head which is wider than it is 
long. A beggarwoman in Genoa carries about a little 
boy as she goes from door to door, and gives hirn to 
comedians who would use hirn in their show to illustrate 
a head which is larger than the two comedians heads 
together! It is my own thought that the boy suffers 
the same disease I first observed in Augsburg in a little 
girl who, at the age of seven months, had a head larger 
than that of any man I had ever seen. The disease I 
am describing was called hydrocephalus by the ancients 
because of the water which collected within the head 
but, in this child, the water did not collect outside of 
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the skull and beneath the surrounding membranes nor 
did it collect within the skin-as most medical books 
teach-but, within the center of the brain itself, in the 
right and left ventricles of the brain. The depths and 
the breadths of these ventricles so increased, and the 
brain was so very swollen that they contained 9lbs. 
of water, or 3 Augsburgs wine measures (so help me 
God !). lust as the brain itself at the ver tex was mem
brane-like in thinness indistinguishable from its own 
membraneous coverings so was the skull membraneous, 
but the base of the skull was in harmony with that 
of the young child before her head took on abnormal 
proportions. The cerebellum and the brainstem were 
in their natural state, so were the nerves coming from 
the brainstem. I found water in no other place in the 
ventricles of the brain; the girl was in control of all 
her senses until she died. When I examined her a few 
days before her death I no ted that whenever her head 
was raised she coughed, her respirations became diffi
cult, her face became red with the flow of blood, and 
tears dripped from her eyes." This confirmed Vesalius's 
observation that the accumulation of fluid in hydro
cephalus is within the ventricles, and established the 
basis for his conclusion that hydrocephalus in infants 
causes an increase in head size, but that this macroce
phaly does not occur in the adult who mayaIso suffer 
hydrocephalus. 

Robert Whytt 3 first distinguished between internal 
and external hydrocephalus in 1768 by accentuating the 
fact that he had never encountered water between the 
dura mater and the brain, in the interhemispheral 
fissure, or over the corpus callosum, in the 10 children 
between the ages of 2 and 15 years that he studied 
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at necropsy. The notable absence of subdural hygroma, 
subdural hematoma, subdural effusion, in this study 
may well be due to his exclusion of children und er the 
age of 2 years. Despite its cursory form his report defini
tely identified with precision the fact that in the more 
common forms of hydrocephalus cerebral spinal fluid 
accumulates within the ventricular system, dilating the 
ventricles and increasing head size. 

Hydrocephalus has been considered simply to consist 
of an accumulation of cerebral spinal fluid, excessive 
in relation to brain volume, within the intracranial cavi
ty. Accordingly, a distinction between external and in
ternal hydrocephalus, depending upon whether the ex
cessive fluid was over the surface of the hemispheres 
or within the ventricles, had long been made. 

By and large, it was assumed that external hydro
cephalus and subdural effusions were identical anatom
ic and clinical entities, characterized by accumulation 
of fluid within the subdural space, a much thinner than 
normal cerebral mantle, markedly enlarged subarach
noid spaces, and a dilated ventricular system. Compu
terized transmission tomography has recently provided 
us with additional information: cerebral spinal fluid 
may accumulate in pathological volumes within the sub
arachnoid spaces, in the absence of ventricular dilation, 
and it may pass freely across the arachnoidal membrane 
into the subdural spaces. Consequently, the term exter
nal hydrocephalus was expanded to include accumula
tions of cerebral spinal fluid within the subdural space, 
and to be characterized anatomically by a much thinner 
than normal cerebral mantle, markedly enlarged sub
arachnoid spaces, and a ventricular system varying in 
volume from normal to dilated. 

It was once thought that differentiation between ex
ternal hydrocephalus and cerebra I atrophy was possible 
only when the child demonstrated the clinical picture 
of increased intracranial pressure, something considered 
characteristic of all forms of hydrocephalus, but not 
present in cerebral atrophy. However, spontaneous ep
isodic increases in intracranial pressure were detected 
in patients with normotensive hydrocephalus and have 
been correlated with REM sleep. These increases in in
tracranial pressure, recorded during sleep in patients 
with normotensive hydrocephalus, were postulated to 
be expressive of an inability to compensate for rapid 
volume variations in intracranial contents. It was ob
served that some hydrocephalic children may, paradoxi
cally, continue to function normally for prolonged peri
ods of time inspite of a patently obstructed shunting 
system or neuroradiologic evidence of progressive ven
tricular dilation. These observations were suggestive of 
the establishment of compensatory mechanisms for the 
absorption of CSF. Changes in intracranial pressure 
occur during the early stages of sleep and during REM 
sleep, they are episodic and rapid in onset and cessation, 
therefore expressive of the fact that alterations in pro-

duction or absorption of cerebral spinal fluid are not 
the causative factors. Rather, alterations in cerebral 
flood flow (CBF), media ted by cerebral vaso-dilation 
and induced by neuronal or humoral mechanisms, re
sulting from cerebral vaso-dilation cause a greater in
crease in intracranial pressure (because of the exponen
tial relationship between intracranial volume and pres
sure) in children with defective CSF absorptive mecha
nisms. These factors were identified as explanatory of 
how one may repeatedly record normal pressure in pa
tients who actually have progressive hydrocephalus. 
This observation ofsignificant episodic variation in lCP 
suggested the necessity to substitute the concept 01' 
"time-related pressure variations" for the older one of 
"level of pressure " in patients with defective I CP con
trol mechanism. 

Clinical and experimental evidence has been inter
preted to indicate that the CSF is absorbed through 
the arachnoid villi along the superior longitudinal sinus 
... though these villi are microscopically absent in the 
newborn and infant. Irrespective of this observation, 
it has been presumed that the subarachnoid channels 
adjacent to the arachnoid villi represent the first cere
bral spinal fluid compartment to dilate, reducing the 
CSF pressure, thereby establishing an equilibrium. 
When the equilibrium shifts to the left, with progressive 
dilation 01' the subarachnoid channels, the increase in 
cerebral spinal fluid pressure is transmitted to the ven
tricular system, resulting in its dilation. Progressive ven
tricular dilation obliterates the subarachnoid spaces as 
the hemispheres are compressed against the dura, result
ing in apparent internal hydrocephalus in the absence 
of extern al hydrocephalus. 

Thus, subarachnoid space or ventricular dilation oc
cur as a result 01' intermittent increases in extraparen
chymal cerebral spinal fluid volume: the primary pres
sure force emanating from the subarachnoid and sub
dural spaces in external hydrocephalus and from the 
intraventricular compartment in internal hydrocepha
lus. The hydrocephalic child suffers both direct pressure 
on his brain and a progressive increase in head size. 
The early forms of both external and internal hydroce
phalus are more characterized by changes resulting 
from increases in fluid volume and pressure within the 
subdural or intraventricular compartments, respective
Iy, than by marked dilation of these compartments or 
increased head size. Internal hydrocephalus, therefore, 
may be present in a child who as yet does not have 
dilated ventricles but in whom both CSF volume and 
pressure are increased. Thus, it becomes obvious that 
the term internal hydrocephalus is of little significance, 
since increases in intraparenchymal fluid -cerebral 
edema -cause the same volumetric changes as increases 
in intraventricular fluid volume. The head will increase 
in size whether there is an increase in intraparenchymal 
or intraventricular fluid. 



Definition and Classification 

It has, therefore, become necessary to consider criti
caHy whether hydrocephalus is characterized by: 1) an 
increase in intraventricular pressure ; 2) an increase in 
intraventricular cerebral spinal fluid volume; 3) in
creased, or increasing, ventricular size. With the obser
vations which the CTT scanner has provided us, namely 
that subdural, subarachnoid, or periventricular areas 
may hold pathological increases in fluid volume, one 
may expand the classification of hydrocephalus to in
clude cerebral edema, of either the vasogenic or cyto
toxic varieties. This permits the inclusion of metabolie 
disorders, arteriovenous fistulae, hormonal or humoral 
causes for alterations in cerebral flood flow. 

We still do not have a definition of hydrocephalus 
which is both implicit and explicit, which includes the 
physiological condition of degree of cerebral hydration 
or "bathing," as well as the anatomo-pathological state 
of inverse relationships between cerebral spinal fluid 
(CSF) volume and parenchymal bulk. We look upon 
CSF as a cushion, not a system for transporting ceHs, 
hormones, metabolites; not, as I suggest, a neurophy
siologie ion transfer medium. 

In order to define hydrocephalus, we must first define 
"brain fluid." It is not reasonable to think in terms 
of a multitude of intracranial fluids: 

CSF: sulcal, eistemal, ventricular, peri-neural, cen
tral canal, spinal; 

Extracellular: white matter, gray matter, areas with-
out blood brain barrier; 

Intracellular: ganglionic, glial, perivascular glial cell; 
Axo Myelinic: intra-axonal, myelogenous; 
Lymphatic: Perivascular spaces, basement mem-

brane. 
We ignore, at least in experimental and clinical ap

proaches to the problem of hydrocephalus, the neuro
humoral and cellular (ganglionic) transport functions 
of CSF, as weH as its role in ion transfer and pH buffer
ing activities. Therefore ... if the CSF is considered to 
be all fluid (liquid), other than blood or the derivatives 
of its breakdown, normally contained within the brain, 
its cavities, and its spaces ... independent of its organo
electric composition, one may then consider "brainfluid" 
in its most elemental form. 

Such adefinition of CSF permits thinking in terms 
ofit as an ion transfer and liquid medium which permits 

1) transmembranous passage, 
2) direct and reverse pinocytotic transport, 
3) bulk flow across cellular layers or through extra

cellular spaces, 
4) secretion and absorption, 
5) changes in organo-electric concentrations and gas 

partial pressure both over time and in different 
anatomie locations, 
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6) pulsatile intraventricular flow from one chamber 
to another, 

7) percolation through the aqueduct and foramina, 
8) pooling within basal and medial ci sterns, 
9) antigravitational rise through subaraehnoid spaces 

via eapillary pressure. 

Pathological inereases in intracranial CSF volume, 
independent of hydrostatie or barometrie pressure, 
then, eould be eonsidered a definition of hydroeephalus 
which would be acceptable to clinieians and basic scien
tists. It would permit the basic scientist to establish eri
teria for determining whether the increase is a primary 
or seeondary event, to study the permutations and vari
ations of each. It would also permit the clinician to 
evaluate volume increases as individual pathogenetie 
events, whieh could then lead hirn to identify the specific 
anatomo-pathologie entity against whieh he eould di
reet his treatment: (vasogenie or eytotoxie) eerebral 
edema, aqueduetal occlusion or obstruction of a fora
men of Momo, high flow arteriovenous shunt into the 
trans verse sinuses, ete. 

Such a classifieation obliges one to distinguish be
tween CSF whieh has passed into the subdural spaees, 
through the arachnoid membrane, in the very early 
(neonatal) phases of hydroeephalus and immediately 
after a shunt has been inserted, from subdural bleeding, 
and, in turn, subdural blood break-down produets from 
liquefaetion of a pyogenie exudate and blood reaetive 
elements. 

By hydrocephalus, one means a pathological increase 
in intracranial cerebral spinal fluid volume, independent 
of hydrostatic or barometrie pressure. It may be classi
fied as 

I. Intraparenchymal (cerebral edema) 
A. Intraeellular 
B. Extracellular 

11. Extraparenehymal 

A. Subaraehnoid 
1. Transient, self limiting; 
2. Early states of "eommunieating hydrocepha

lus" ; 
3. Transformation into regional or loculated 

araehnoid cysts. 

B. Cisternal 
1. Cyst of cisterna magna; 
2. Cysts of basal or sagittal eisterns ; 
3. Cysts of Sylvian fissure with or without paren

chymal dysplasia. 

C. Intraventrieular 
1. Monoventrieular (lateral); 
2. Biventrieular (both lateral); 
3. Triventricular (111 and both lateral); 
4. Tetraventricular (IV, 111 and both lateral). 
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The anatomical natural history of hydrocephalus be
gins with an accumulation of fluid within the parenchy
ma, as cerebral edema. Subsequently there are dispro
portionate accumulations (shifts) of fluid into the sub
arachnoid spaces, the subdural spaces, the cisterns, and, 
lastly, the ventricles. This latter, resulting in structural 
changes of the ependymal cells and the junctions which 
hold them together, permits pathological amounts of 
fluid to pass into the cerebral parenchyma, first com
pounding cerebral edema and, ultimately, causing pa
renchymal destruction and porencephaly. Occasionally, 
the parenchym al destruction is so massive as to result 
in fistulization between the ventricular system and the 
subarachnoid spaces. 

Hydrocephalus, then, is not a single disease entity, 
nor is it a syndrome. The various etiologic factors range 
from congenital malformations through neoplasms to 
meningitis. For well over 65 years now, we have thought 
of hydrocephalus in a purely mechanistic sense, follow
ing Dandy's classification of external and internal, with 
the latter subdivided into communicating and obstruc
tive subgroups. During the past 15 years, the additional 
category of constrictive (as in the Chiari II malforma
tion) hydrocephalus was added. The observations that 
toxic substances, vitamins, nutritional disturbances, 
etc., could result in hydrocephalus were made but were 
not integrated into a new classification. 

The most commonly followed classification ofhydro
cephalus was put forth when it was assumed that there 
were neither compensatory pathways nor transependy
mal flow, when it was thought that cerebral spinal fluid 
could not cross the arachnoidal membranes to enter 
the subdural spaces, when the interrelationships be
tween cerebral blood flow and CSF pressure were not 
understood, and when it was assumed that hydrocepha
lus necessarily entailed increased intraventricular pres
sure. At that time, in the face of considerable contro
versy concerning the exact site of formation of CSF, 
whether by the ependymal cells or the choroid plexus 
of the lateral ventricle, there was unanimity regarding 
the fact that fluid was formed within the lateral ventri
cles. Also, most authors agreed that the choroid plexus 
of the lateral, III, and IV ventricles served as the driving 
force to propel the cerebral spinal fluid through the 
ventricular system and into the basal cisterns. The 
water-hammer effect created by the pulsatile choroid 
plexus gives a to and fro movement to the cerebral 
spinal fluid within the ventricular system, allowing it 
to pass from one ventricular chamber to another, and 
from the IV ventricle into the cisterns. The circulation 
of cerebral spinal fluid through the foramina of 
Luschka and Magendie, around the brainstem, and its 
percolation up through the basal cisterns and over the 
surface of the brain offered the basis for the conclusion 
that: 1) the CSF may circulate freely throughout the 
entire ventricular system and the cisterns, but may not 
be adequately resorbed, in which case one spoke of 

communicating hydrocephalus; or 2) the CSF passage 
from one ventricle into another or from the ventricular 
system into the basal cisterns may be obstructed totally 
or partially, causing obstructive hydrocephalus. 

Communicating hydrocephalus was considered any 
form of ventricular dilation in the absence of an ob
struction to the flow of fluid into the basal cisterns. 
Obstructive hydrocephalus, on the other hand, was 
characterized by a blockage of CSF flow somewhere 
along the CSF pathways, and subdivided into: 1) atresia 
of the foramen of Momo, 2) aqueductal stenosis and, 
3) occlusion of the foramina of Luschka and Magendie. 
These three clinical entities varied from one another 
only in-so-far as the site of obstruction to the passage 
of CSF changed. The Dandy Walker cyst (atresia of 
the foramina of Luschka and Magendie) was observed 
to be associated with dysgenesis of the corpus callosum 
in approximately 75% of the cases. It is true that the 
variation between these 3 obstructive forms of hydro
cephalus is anatomical, but it is not true that the same 
pathogenesis applies to the three. Atresia of a foramen 
of Momo has, with only two exceptions published in 
the world literature, invariably been secondary to infec
tious processes of the ependyma, or of subependymal 
astrocytoma growing within the region of the anterior 
commissure or the passage of the column into the body 
of the fornix. 

Aqueductal stenosis is of such significance, historically 
and pathogenetically, as to merit a rather extensive dis
cussion. It is a narrowing of the aqueduct of Sylvius 
which becomes clinically obvious, results anatomically 
in partial or functionally complete obstruction to the 
flow of CSF from the III ventricle into the IV ventricle. 
Complete obliteration of the aqueduct, independent of 
the microscopic patho-anatomical architecture, has 
been considered to be aqueductal occlusion. The dis
tinction between non-tumorous aqueductal occlusion 
and the rarely encountered membraneous occlusion 
may be made in the living patient only after appropriate 
neuroradiologic studies: combined positive contrast III 
ventriculography and pneumoencephalography with 
the patient in the sitting position. 

Such terms as forking, atresia, and gliogenous occlu
sion, are of purely historical value and, consequently, 
the reader is urged not to consider them distinct etio
pathoanatomic entities. Forking, atresia, gliogenous oc
clusion, stenosis, aqueductal occlusion, and membrane 
formation represent a spectrum of stages or degrees 
of obstruction to CSF flow, and varying responses to 
ependymitis and cerebral edema. They are not individ
ual, specific entities, expressive of discretely different 
etiologic causes or maldevelopmental processes. 

The history of the identification of the aqueduct of 
Sylvius as an anatomical structure is as complicated 
and, to a certain extent, controversial, not to mention 
speculative, as are the varying concepts and opinions 
concerning its size, its form, and its pathological alter-



ations. Anatomists, neuropathologists, clinicians, neu
roradiologists, have all undertaken the study of the aq
ueduct, each using his own investigative techniques and 
instrumentation, and each coming to conclusions 
which, at times, unfortunately, were at odds with one 
another. 

Berengarius 4 is given credit for the first description 
of the aqueduct in 1521. Jacobus Sylvius, the teacher 
of Vesalius, published in his "Isogoge", in 1515 that 
" From the In ventricle a long and narrow meatus much 
larger in a living person, passes under the corpora quad
rigemina into the IV ventricle." 5 Twenty years after 
Berengarius published his observations on the aque
duct, Vesalius described the aqueduct of Sylvius in his 
Fabrica as a "meatus that extends from the In to the 
IV ventricle ... behind and below ... the testes and 
nates, or corpora quadrigemina." Arantius, in 1578, ap
parently was the first to refer to this meatus as "a canal 
or aqueduct." 6 According to Baker's review,7 another 
anatomist coincidentally and confusedly also named 
Sylvius, Franciscus-in the mid seventeenth century, 
wrote "From this In ventricle formed between the con
joined roots of the spinal cord (crura cerebri) there is 
a canal or aqueduct passing toward the IV ventricle." 

Interestingly, two neuroscientists, Bonnevie in 1943 8 

and Russell in 1949 9 came to two diammetrically oppo
site conclusions concerning the etiology of aqueductal 
occlusion. Bonnevie, studying primarily the experimen
tal animal, concluded that the aqueductal occlusion was 
a consequence of the hydrocephalus, not its cause! 
Thereafter, Russell, studying human children at nec
ropsy and correlating these studies with clinical obser
vations of her neurosurgical and neurological col
leagues, concluded that "this (the interposition of some 
obstruction in the cerebral pathway) is responsible for 
at least 90% of all cases of internal hydrocephalus." 
Dr. Russell's manuscript refers to obstructive hydro
cephalus in the broad sense as being secondary to a 
physical obstruction at one of the narrowings along 
the pathways-which she technically described as ob
structive hydrocephalus- though she also allowed that 
defective absorptive mechanisms could be the cause for 
communicating hydrocephalus. Her work was probably 
influenced by the work of Dandy and Blackfan 
(1913),10 which suggested a distinction between com
municating and non-communicating hydrocephalus on 
the basis of intraventricular injections of phenol-sul
phonphthaleine, wh ich may be recaptured normally 
from the urine in 10 to 12 min and the lumbar subarach
noid space in 2 min. In obstructive hydrocephalus this 
marker was found in the lumb ar subarachnoid space 
much later, whereas in communicating hydrocephalus 
the dye was found in the lumbar subarachnoid space 
in anormal period of time, though its excretion from 
the urine is remarkably delayed. 

Reovirus, adenovirus, polyomavirus, and myxovirus 
have all been found to be causes of aqueductal stenosis 
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when injected intracranially or intraperitoneally. Abrief 
period of inflammation preceeds the patho-anatomical 
changes which result in drastic alterations of ependyma 
and periaqueductal glia. The aqueduct becomes oc
cluded, without pathological evidence of gliosis. The 
historical significance of these studies is their demon
stration that the absence of gliosis is not sufficient evi
dence to conclude that aqueductal occlusion (stenosis, 
forking, atresia) is the result of a developmentallesion. 
Forking of the aqueduct may be distinguished from 
either gliogenous stenosis or occlusion by the absence 
of gliotic tissue in the maldevelopmental forms and its 
presence in the latter forms. Aqueductal stenosis had 
always been looked upon mechanistically as the site 
of primary pathology and not the result of parenchymal 
changes related to cerebral edema. Raimondi et al. 11 
demonstrated, in experimental animals with congenital 
hydrocephalus, that aqueductal stenosis and occlusion 
result from periaqueductal edema. Johnson and John
son,12 in their studies of injecting myxovirus into new
born hamsters reported a short period of inflammation 
in which viral particles were limited to the ependyma 
and choroid plexus, followed by the development of 
hydrocephalus. When the inflammatory process sub
sided, extensive ependymal loss remained and the ste
nosed, occluded, or forked aqueduct without gliosis was 
found. 

Russel found it difficult to reconcile the absence of 
pyogenic exudate in the periaqueductal subependymal 
glia-her evidence for the maldevelopmental, non-in
flammatory, origin-with the fact that there is hyper
trophy of this tissue, in the absence of cellular inflamma
tory exudate, in some cases (){ postmeningitic hydro
cephalus. 

Independent of Von Recklinghausen's disease, or 
such other neoplastic or quasi-neoplastic entities as tu
berous sclerosis or subependymal astrocytoma, isolated 
heterotopic islands of grey matter have been identified 
as causative factors in obstructing or narrowing the aq
ueduct of Sylvius. Fulminant leptomeningitis with ven
triculitis may result in the silting of pyogenic exudate 
within the aqueduct, thus occluding the CSF channel 
with thickened pus. The ependymitis of the aqueduct 
invariably results in its denuding and secondary peri
aqueductal gliosis, a more common occurrence in in
fants and young children than adolescents. Such forms 
of meningitis as diphtheroid, bacterial, sarcoidosis, can
dida albicans, have all been reported to cause aqueduc
tal stenosis and hydrocephalus with pathological chan
ges resulting in the ependyma, and proliferation of glial 
cushions resulting in gliogenous stenosis. Ventriculitis, 
as a concommitant infection of neonatal meningitis, has 
been considered a rather frequent cause for aqueductal 
obstruction which may either precede or be a result 
of the hydrocephalus. 

Hereditary forms of aqueductal stenosis in laboratory 
mice have been known since 1943 when Bonnevie first 
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suggested that the aqueductal stenosis and/or occlusion 
likely are a consequence of hydrocephalus, not the pri
mary cause. Grüneberg 13 described hereditary forms 
of aqueductal stenosis in laboratory mice, and Millen 
demonstrated that this stenosis could be produced in 
newborn rabbits if the doe were deprived of vitamin 
A. Interestingly, in a subsequent work the same author 
showed that, by with-holding vitamin A from the doe 
for prolonged periods of time, the newborn rabbit de
veloped hydrocephalus but did not show evidence of 
aqueductal stenosis untillate in the disease process. Mil
len et al. 14 postulated that hydrocephalus was second
ary to over-secretion of CSF, but did not consider that 
cerebral edema could be a factor in the development 
of aqueductal stenosis. Dorothy Russell was aware of 
the fact that in 1933 Clark reported an inherited form 
of hydrocephalus in mice which was transmitted as a 
simple Mendelian recessive, a form of hydrocephalus 
characterized histologically by narrowing of the aque
duct. She observed that malformation of the aqueduct 
is commonly seen in congenital hydrocephalus and that 
it may occur either simply, as a stenosis, or as atresia. 

Kesterson and Carlton 15 induced aqueductal stenosis 
in weaning mice by dietary substitution of hydroziene 
to tupraziene with selective mesencephalic encephalitis 
and periaqueductal edema occurring before loss of 
ependymal cells, gliosis, astrocytosis, demyelination, 
and then severe status spongiosus. Despite the fact that 
they observed evidence of cerebral edema and destruc
tion of the lateral ventricular ependymal cells prior to 
occlusion ofthe aqueduct, they considered the aqueduc
tal stenosis to be primary. During the 1970's the causal 
relationship between viral infection of the brain, the 
induction of hydrocephalus in experimental animals, 
and aqueductal stenosis were postulated with Johnson, 
Johnson, and Edmunds 16 inducing hydrocephalus by 
injecting mumps virus directly into hamster brain. They 
concluded that the aqueductal stenosis resulted from 
a selective ependymitis involving the entire ventricular 
system, but producing obstructive changes only in the 
aqueduct. Pathological changes consisted of perivascu
lar inflammatory reactions, selective ependymitis, and 
proliferation of subependymal microglial cells. It is re
markable that there is no gliosis underlying the area 
of ependymal destruction. From this, and the observa
tion that oral-nasal portals of entry could be used 
to introduce pathogenetic virus into hamster brain, one 
came to learn that a common virus (natural strain of 
mumps virus) may produce hydrocephalus in the fetus 
or newborn. In order for this to occur there must be 
a low frequency of transplacental passage and some 
fetal systemic disease of benign character which allow 
survival within the major extraneural residua of infec
tion. 

Consequently, viral invasion of the developing ner
vous system may cause 1) a mild form of neurologic 
disease which does not result in parenchymal destruc-

tion; 2) a rather specific infection of the ependyma 
wh ich results in cytolysis; 3) glial-vascular repair; 4) 
aqueductal stenosis, and, consequently, 5) obstructive 
hydrocephalus. Other etiologic factors for producing 
stenotic aqueducts in animals with hydrocephalus are 
hypo-vitaminosis A, hyper-vitaminosis A, delurium, cu
prizone, diaszo dies, autologous antisera, salisylates, 
and ionizing radiation. 

The most significant matter historically is the fact 
that the Hy-1 mice described by Clark in 1934 17 to 
have hydrocephalus which was secondary to aqueductal 
stenosis was subsequently reported by Bonnevie in 
1943 8 to suffer generalized hydrocephalus first and 
aqueductal stenosis second! 

Very likely, then, the same pathogenetic factors are 
active in the production of hydrocephalus whether in 
intrauterine or extrauterine life. Also, it seems quite 
artificial to attempt to identify certain pathologic agents 
which are capable of selectively damaging the ependy
mal cells in the periaqueductal glia of the aqueduct of 
Sylvius, leaving intact lateral, III, and IV ventricle epen
dyma. One is hard-put to explain in dynamic pathologi
cal terms how a given pathogenetic agent may cause 
edema, gliosis, axonal and dendritic degeneration, neu
ronal changes, spongiosis, etc., in one portion of the 
brain but leave the other quite intact. Very likely, what 
we are observing are single events in selective examples, 
in which the most severe changes observed occurred 
in one or another portion of the brain and, conse
quently, it is impossible to conclude that selective 
pathological processes may occur within the area of 
the aqueduct of Sylvius and not be the expressions of 
overall cerebra 1 or ependymal involvement. 

Functional aqueductal occlusion may result from ex
pansile forces within both the supra and infratentorial 
compartments with remarkable dilation of the III and 
IV ventricles. The foreshortened aqueduct produces a 
plication between the III and IV ventricles which oc
cludes completely communication between these 
chambers when they are maximally dilated. This was 
described by Raimondi et al. 18 in their study of patients 
with the Dandy Walker cyst and confirmed by Jakur
bowski and Jefferson. 19 

Occlusion of the foramina of Luschka and Magendie 
impairs the passage of CSF from the IV ventricle. Con
sequently, this chamber is transformed into a cystic 
structure. There is very often present an associated dys
genesis of the inferior third of the vermis, with resultant 
antero-superior displacement of the remaining two
thirds of cerebellar vermis. The cerebellar hemispheres 
are displaced laterally, anteriorly and superiorly, as the 
cisterna magna fails to develop and the IV ventricle 
itself extends inferiorly to the level of the second cervical 
vertebra. This transformation of the IV ventricle into 
a massive cyst is expressed anatomically by elevation 
of the tentorium and the torcular herophili, and for
ward displacement of the brainstem. 



As of 1942, when Taggart and Walker 20 reported 
three patients with atresia of the foramina of Luschka 
and Magendie, only six previous cases had appeared 
in the literature, and only two of these cases had und er
gone surgical intervention. In the majority of published 
cases since then, the diagnosis was made either at opera
tion or at post-mortem examination. Today, however, 
the literature contains no case of atresia of the foramina 
of Luschka and Magendie diagnosed an te mortem in 
a child under six weeks of age. 

The treatment suggested consists of cyst resection 
after posterior fossa exploration, or shunting from the 
lateral or III ventriele. In 1956, Matson 21 outlined the 
plain skull film, ventriculographic, and dural sino
graphic characteristics of prenatal obstruction of the 
IV ventriele and emphasized that "intelligent and suc
cessful treatment of hydrocephalus depends upon an 
accurate knowledge of the location and type of obstruc
tion to normal cerebrospinal fluid movement." 

There has been a good deal of controversy concerning 
the definition of the embryologic chronology as weH 
as the description of the specific pathological changes 
associated with this particular elinical entity. Taggart 
and Walker maintained that failure in development of 
the foramina of Luschka and Magendie, in the fourth 
month of fetallife, produces hydrocephalic enlargement 
of the IV ventriele. This, in turn, preeludes the develop
ment of the inferior vermis and prevents the normal 
descent of the torcular Herophili and lateral sinuses. 
Brodal and Hauglie-Hannsen 22 point out that the cere
bellar anlagen fuse long before the fourth fetal month, 
and that thus the cerebellar agenesis could not be the 
result of later foraminal atresia. They conelude that 
the entire process is precipitated by a previously existing 
hydrocephalus of unknown cause. Benda 23 suggested 
that atresia of the developing IV ventricular foramina 
is only apart of the syndrome and not its cause, because 
in some cases reported, the foramina were found to 
be patent. He stated that the main pathologie process 
was the "meningomyelocele" sac-like dilation in place 
of posterior medullary velum which results in the eleft 
cerebellum and the hydrocephalus. Gibson, 24 through 
careful examination of the cystic membranes, coneluded 
that there is no true cerebellar agenesis or aplasia and, 
therefore, that the whole process may well be secondary 
to persistent elosure of the foramina of Luschka and 
Magendie. D'Agostino et al.,2s in a review of their 
pathological material, came to the same conelusion. 
Gardner 26 ineludes the Dandy-Walker cyst among 
many dysgeneses, all the result of persistent fetal hydro
cephalus secondary to impeded flow of CSF through 
the attenuated roof of the IV ventriele. The foraminal 
atresia mentioned by others, according to hirn, is there
fore, merely a more remarkable example of the imper
meability of the rhombic roof. 

I shall avoid this controversy and consider the basic 
elinical problem to be the presence of a cyst in the 
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posterior fossa which is entirely within the confines of 
the IV ventriele, and which is secondary to the complete 
ocelusion of the foramina of Luschka and Magendie. 

Increase in head size and dolichocephaly are the most 
commonly observed signs in this syndrome. The occur
rence of a soft and sunken fontanel in patients with 
an enlarged head is particularly noteworthy, as is hyper
telorism. Dilation of the IV ventriele and associated 
dysgenesis of the cerebellar vermis are essential features 
of the Dandy-Walker syndrome, and pneumoencepha
lography demonstrating both of these pathologie char
acteristics essential to the precise diagnosis. Cerebral 
angiography and/or CTT scanning are not reliable in 
distinguishing the Dandy-Walker syndrome from an 
arachnoidal cyst of the posterior fossa or a 'large 
ci sterna magna '. A shunting procedure, whether cysto
peritoneal or ventriculoperitoneal, or both, is the treat
ment of choice. Suboccipital craniotomy with resection 
ofthe cystic membrane does not afford the child reason
able chances of eure or palliation. The outcome of treat
ment of patients with Dandy-Walker syndrome is to 
be considered unfavorable with regard to psychomotor 
development, very likely because of associated cerebral 
anomalies. These unfavorable results are not indicative 
of unsuccessful surgical management of the problem 
of intracranial pressure or hydrocephalus. 

Treatment for Dandy-Walker syndrome is a shunting 
procedure, either cystoperitoneal, ventriculoperitoneal, 
or both. The cystoperitoneal shunt results in an increase 
in the size of the cerebellum and areduction in the 
size of the ventricular cyst. 

The outcome of treatment is not favorable in terms 
of IQ (2/3's of the patients have an IQ below 69). The 
major dis ability before and after treatment is distur
bance in gross motor function, especially difficulty in 
walking. 

Children with a craniovertebral anomaly such as ba
silar impression or plalybasia, as well as children who 
have meningomyelocele associated with the Chiari 11 
malformation, may develop a particular form of hydro
cephalus which I prefer to caH constrictive hydrocepha
{uso It is true that a sizable percentage of children born 
with meningomyelocele and who develop hydrocepha
lus may have aqueductal stenosis. In the Chiari 11 mal
formation, the aqueduct is invariably lengthened and 
passes imperceptibly into the flattened, elongated IV 
ventriele from a posteriorly and inferiorly displaced 111 
ventriele. Remembering that dysplasia of the tentorium 
is common in this congenital malformation, and that 
there is also a posterior and inferior displacement of 
the parietal, occipital, and temporal lobes, one may 
imagine immediately the ease with which the inferior 
medial surfaces of the temporal lobes may abut upon 
the elongated midbrain, setting up ideal anatomo
pathological conditions for midbrain compression and 
pathologic changes within it which result in ocelusion 
of the aqueduct. Many of these children, as well as 
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all those who develop hydrocephalus, do not have ana
tomic or functional stenosis ofthe aqueduct, suffer con
striction of both the brainstem and the inferior half 
of the cerebellum within the foramen magnum. This 
constrictive process obliterates the cisterna magna, the 
medullary and pontine cisterns, the ambient cistern. The 
passage of CSF out of the IV ventricle is either impossi
ble, or severely impaired despite the patent foramina 
of Luschka and Magendie. These children do not devel
op a dilated IV ventricle or aqueduct. Actually, the 
posterior half of the III ventricle is relatively normal 
in size, and the anterior portion of the III ventricle 
is blown out as are the occipital horns of the lateral 
ventricles. The quadrigeminal and superior cerebellar 
cisterns may be enormous. The cerebellar tonsils and 
IV ventricle are displaced across the foramen magnum, 
which is remarkably dilated, and the cisterna magna 
is either non-existent or only a potential cavity. 

It has long been thought that such intraventricular 
tumors as the choroid plexus papilioma of the lateral 
ventricle are capable of producing increased amounts 
of CSF, and that, accordingly, this type of tumor causes 
communicating hydrocephalus of the hypersecretory 
variety. Certainly, it is ture that children with choroid 
plexus papilloma show a clinical picture of both the 
space occupying lesion and hydrocephalus. In addition, 
a large majority of these children require ventricular 
shunts after the choroid plexus papilloma has been to
tally removed. The reasons for this are not clear. Conse
quently, after a diagnosis of choroid plexus papilioma 
of the lateral ventricle has been made in either a new
born or an infant and the tumor removed, a medium 
to high pressure shunt may need to be inserted so as 
to render the postoperative course smooth and to di
minish the possibility of progressive ventricular enlarge
ment. 

Milhorat, et al. l
? have shown that the rate of cerebral 

spinal fluid formation in a 5 year old child who had 
undergone bilateral choroid plexectomy for communi
cating hydrocephalus during infancy was 0.35 ml/min, 
plus minus 0.02 standard deviation: well within normal 
limits. This failure of choroid plexectomy as a treatment 
to hydrocephalus had been extensively documented in 
the world literature previously. Consequently, the cere
bral spinal fluid which continues to be secreted at a 
normal rate is also produced in extrachoroidal sites. 
Therefore, the hypersecretory hydrocephalus which re
sults from a papillary tumor of the choroid plexus, may 
not necessarily be cured when the papilloma is resected 
... probably because of irreversible changes at the sites 
ofCSF absorption, changes which result from the extra
ordinarily high levels of pro tein secreted by the papil
lary tumor. Other intraventricular tumors such as sube
pendymal astrocytoma, tubers in association with tu
berous sclerosis, ependymoma, medulloblastoma, may 
be associated with permanent hydrocephalus ... after 

the tumor (whether obstructing or not) was totally re
moved. 

Hydrocephalus and Infratentorial Tumors 
Although the neoplasm itself causes symptoms and 
signs, the complicating secondary hydrocephalus is of
ten responsible for the increased intracranial press ure 
(ICP), thus superimposing the clinical picture of "mid
line syndrome" (an increase in ICP without lateralizing 
signs) upon those signs resulting from the destructive 
and compressive effects of the tumor. Accordingly, the 
child with hydrocephalus complicating a primary brain 
tumor (especially of the posterior fossa) may be consid
ered to have two distinctly different diseases which co m
plicate one another and contribute to the complex clini
cal picture of increasing ICP: 1) a neoplasm, and 2) 
hydrocephalus. Changes in cerebral blood flow that re
sult from an increase in ICP and ventricular dilation 
must be considered in the pathogenetic cycle of events. 
It is not always possible to ascertain with precision the 
specific nature of the hydrocephalus, or to predict in 
which patients the hydrocephalus will remain as a per
manent condition even after the associated tumor, be
nign or malignant, is totally removed. Thus, the hydro
cephalus may be temporary or permanent, obstructive, 
communicating, or hypersecretory. 

Increased intracranial pressure and papilledema asso
ciated with intraspinal tumors are now weIl documented, 
though the causes remain unknown. Hydrocephalus in 
children with spinal cord tumors may not be attributed 
to any single etiologic or pathogenetic factor, since there 
is a wide variation in location (spinal level and intrame
dullary or extramedullary) and nature (benign or malig
nant) of the tumors. One may safely exclude spinal cord 
block, leptomeningeal infiltration by tumor cells, signif
icant elevation in CSF protein level as single and defini
tive causative factors. 

Though it is quite uncommon, hydrocephalus may 
occur as a complication of an arteriovenous fistula. 
These may be transcranial, dural, mixed-dural-pial, or 
purely pi al. The origin of blood supply depends, quite 
naturally, upon the type of arteriovenous maIforma
tion, but is of no significance regarding the genesis of 
hydrocephalus. Increased venous press ure, with retro
grade flow of arterial blood through major draining 
veins and sinuses, and into the capillary bed produce 
remarkable increases in venous pressure and results in 
communicating hydrocephalus. Very few documented 
cases of obstructive hydrocephalus resulting from arte
riovenous fistulae have been reported. These have all 
been characterized by enormous intradural pools of 
blood, occupying the tentorium, falx cerebri, or Galenic 
system. The same etiology-increased venous press ure 
at the torcular herophili and the resultant diminished 
absorption of cerebral spinal fluid, has been attributed 
to the hydrocephalus resulting from superior vena cava 



thrombosis or occlusion of the transverse sinuses. Cu
riously enough, occlusion of the superior sagittal sinus 
has not been reported to cause communicating hydro
cephalus. 

Genesis of Parenchymal Destruction 
Irrespective of the etiology, pathogenesis, or type of 
hydrocephalus, micro and macro vascular changes are 
a direct cause of parenchymal destruction in infantile 
hydrocephalus. Ventricular enlargement causes dis
placement of primary cerebral arteries, followed by 
stretching and a decrease in the caliber of primary, sec
ondary, and tertiary vessels (arterial and venous). Ulti
mately, there is a reduction in the number and caliber 
of the microvasculature, resulting in diminished cere
bral blood flow and cerebral edema. Tissue destruction 
leading to ependymal rupture, parenchymal cavitation, 
and the formation of porencephalic cysts within the 
edematous parenchyma ensues. The ventricular enlarge
ment occurs at the expense of the surrounding tissue, 
most notably the white matter, which becomes marked
ly thin. The most common end-stage changes found 
in the parenchyma of the hydrocephalic brain are atro
phy, palor and swelling, vacuolation and chromotolysis 
of nerve cells, hypertrophy of astrocytes, axon al demye
linization and degeneration, and a decrease in synapses. 
It had been suggested that these changes are the result 
of an increase in intracranial pressure which induces 
a dimunition in cerebral blood flow in the hydroce
phalic brain, in either hypertensive or normal press ure 
hydrocephalus. Early observations of the brain's vascu
lature in human hydrocephalus by Penfield and Elvidge, 
in 1932, were contradictory.28 They stated that "There 
may be a decrease in the intramedullary capillary bed. 
This decrease is only a supposition, not a proven fact, 
but it seems likely that vascular obliteration begins in 
the smallest branches of the vascular tree and that fur
ther passage of blood through these branches is pre
vented by their compression without thrombosis and 
congestion as in other forms of vascular occlusion." 
Hassler 29 and De,30 independently, from studies of ex
perimental hydrocephalus, found a significant loss of 
smaller vessels (capillary and precapillary) around di
lated ventricles, and concluded that ischemia is respon
sible for the associated changes in all structures along 
the ventricular surface. The variability of observations 
of cerebral damage in experimentally induced hydroce
phalus is well known, and probably results from lack 
of uniformity of species, of technique, and of reproduc
ibility. In the hydrocephalic process, it is possible to 
postulate a sequence of events leading to irreversible 
brain damage. After the initial, remarkable dilation of 
the subarachnoid spaces and cisterns, ventricular dila
tion occurs and is, in turn, followed by periventricular 
lucency, cerebral edema, obliteration of the subarach
noid spaces, progressive cerebral edema, aqueductal oc-
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clusion. The progressive cerebral edema involves first 
the white matter, but soon extends to the grey matter. 
Only in the very late, terminal, stages of hydrocephalus 
does edema occur within the basal ganglia. 

Transependymal CSF perfusion, a compensatory 
mechanism which certainly occurs also in the normal 
state, is a response to high intraventricular hydrostatic 
or pulse pressure. The intraventricular cerebral spinal 
fluid and extracellular fluid of the cerebral parenchyma 
act as one liquid medium, with bulk flow proceeding 
freely in both directions across the ependymal barrier. 
The increased head of press ure both compresses and 
stretches the cerebral vasculature, displacing and de
forming them, causing their caliber to diminish, and 
resulting in changes in CBF. 

The first vascular changes in the development and 
progression of hydrocephalus consists of a decrease in 
the caliber of cortical and white matter cerebral vessels, 
not of the perforating branches going to the brainstem 
or basal ganglia. There is subsequently a decrease in 
the number of the secondary and tertiary vessels, which 
begins in the white matter but rapidly involves the vas
culature of the cortex. Then, the normal "palisade" 
pattern disappears, the edema and atrophy of the peri
ventricular white matter follow, and ischemia occurs. 
The end result is the following sequence of events, lead
ing to irreversible brain damage: 1) accumulation of 
intraventricular CSF under either elevated hydrostatic 
pressure or increased pulse pressure ; 2) increased trans
ependymal flow; 3) parenchymal vascular compression; 
4) ischemia; 5) increased extracellular fluid and commu
nication between intraventricular and extracellular 
fluid; 6) cellular disruption and tissue destruction. The 
onset of irreversible brain damage becomes obvious 
with the identification of porencephalic cavities and the 
disappearance of the tertiary branches of the anterior 
and middle cerebral arteries. Consequently, one may 
conclude that decompression of the intraventricular 
pressure-head, by a shunting device, after the second 
stage of hydrocephalus (before parenchym al vascular 
compression results in irreversible changes in cerebral 
blood flow) offers no hope of recovery of cerebral func
tion. On the other hand, if one intervenes at the begin
ning of the second stage of hydrocephalus, when early 
edema of the white matter and enlargement of the extra
cellular spaces have only begun, and there is no more 
than a minimal decrease in the caliber of cerebral vessels 
with displacement ofthe primary and secondary vessels, 
drainage of CSF has a beneficent effect. In fact, a signif
icant increase in caliber of the cerebral arteries after 
ventricular drainage, as evidenced by follow-up with 
cerebral angiography, suggests that the increase in in
tracranial press ure associated with progressive hydro
cephalus is transmitted from the ventricles by the extra
cellular space to compress, deform, and displace the 
cerebra 1 vasculature and, therefore, results in dimin-
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ished cerebral blood flow. These changes are com
pounded by the progressive cerebra I edema, and may 
be directly correlated with clinical observations that the 
earlier a hydrocephalic child is shunted, providing the 
shunt remains functional, the greater the chances for 
the patient to attain normal intellectual and motor func
tion. 

Diagnosis 
As early as 1918, Walter Dandy 31 recognized the ad
vantages of a water soluble or water missible medium 
for ventriculography, but subsequently abandoned the 
procedure because the substances he used were either 
too toxic or cleared the ventricular system too slowly. 
He concluded his studies by discovering air ventriculo
graphy. During the 1920's Thorotrast enjoyed abrief 
reign of ventriculographic popularity, only to be aban
doned when it was found to cause serious late sequellae. 
In recent years, stereotaxie surgery put into relief the 
need for adequate 111 ventricular visualization without 
laborious repositioning of the patient's head. In 1962, 
various investigators found Conray 60 to have little 
toxic effect and to produce excellent roentgenographic 
contrast in animals. In the period 1962-1964, Hein
berger et al. studied the dosage, relative toxicity, and 
radiopacity of intraventricular injections of Conray 60 
in animals and, subsequently, in over 100 patients. 32 

They found that the toxicity of the substance, when 
confined to the intraventricular ependymal surfaces, 
was not significant, and denoted the rapid diffusion 
and the clearing of this substance as it passed through 
the ventricular system. Subsequent to this Conray 60 
was used to perform serial ventriculography in hydroce
phalic infants, so as to outline the criteria for diagnosing 
communicating hydrocephalus, aqueductal stenosis, the 
Chiari 11 malformation, and such ventricular and arach
noidal cysts as the Dandy Walker malformation, III 
ventricle cysts, arachnoidal cysts of the cisterna magna. 

The use of small amounts of pantopaque to identify 
specific sites of obstruction (foramen of Monro, aque
duct of Sylvius, outlet foramen of the IV ventricle) en
joyed temporary popularity. However, use of even small 
amounts of this substance required the same manipula
tion as the use of gas or dyes, and provided no more 
information. Since these complicated procedures were 
not always performed, shunting procedures had been 
carried out on infants with hydrocephalus as soon as 
the generic diagnosis was made. 

In 1951, Tolosa 33 reported preliminary angiographic 
studies on hydrocephalic infants, and in 1959 Faun~ 
and Gruson 34 described the arteriographic characteris
tics of such specific tumors as the craniopharyngioma. 
Paillas, 35 et al. studied the diagnosis and localization 
of vascular anomalies and suspected vascular tumors 
such as the choroid plexus papilioma with cerebra I an
giography. However, with few exceptions, the work 

published on angiography in childhood concerned itself 
with the juvenile and adolescent age groups. Subsequent 
to this, angiographic studies in the newborn and infant 
were undertaken to diminish the limited state of knowl
edge concerning normal variations, and the changes in 
arterial and venous angiographic characteristics which 
vary in accordance with birth weight and with fontanel 
and suture closure. Studies on technique, normal vascu
lar anatomy, and arterial and venous changes in con
genital anomalies of the craniocerebrum, as weil as in 
craniocerebral traumatology of the newborn, served as 
a basis for the systematic analysis of the angiographic 
characteristics of hydrocephalus. It thus became possi
ble to make an angiographic diagnosis of hydrocepha
lus, to determine whether the hydrocephalus was exter
nal or internal, in internal to learn whether it was of 
the communicating or obstructing variety, if obstructive 
to learn the nature and exact point of occlusion, and 
to evaluate, most important of all, the status of the 
cortical and brainstem vascularization as an index of 
the reversibility of the hydrocephalic process 36 .Compu
terized transmission tomography (CTT) simplified dra
matically and added immeasurably to the needs of diag
nosing hydrocephalus in general, and to evaluate with 
precision the individual stages of the development of 
the hydrocephalic process. Specifically, one became able 
to identify hydrocephalus, to distinguish between a 
communicating and obstructive variety, to learn that 
dilation of the subarachnoid spaces preceeds the ap
pearance of periventricular edema and that this latter 
preceeds ventriculomegaly. Of more importance still, 
one obtains the means of distinguishing reversible from 
irreversible hydrocephalus and of outlining the individ
ual stages of the irreversible form, something which per
mits proper timing ofthe shunting procedure. Advances 
in computer technology have rendered the use of posi
tive contrast material superfluous, whether ventricular 
or vascular. 

Treatment 
Any form of treatment for hydrocephalus, whether in
ternal or external, whether primary or secondary, must 
be predicated on one of three basic concepts: 1) dimin
ishing the amount of cerebral spinal fluid being formed; 
2) diverting the cerebra I spinal fluid outside of the ven
tricular system and subarachnoid spaces so that it may 
be absorbed elsewhere in the body; 3) increasing the 
amount of cerebral spinal fluid being absorbed. 

Bypassing the point of obstruction does not provide 
an acceptable alternative, since, with the rarest of excep
tions, obstructive processes (occlusion of the foramen 
of Monro, aqueductal stenosis, occlusion of the fora
mina of Luschka and Magendie ) are secondary! Those 
authors who have reported successes from IrI ventricu
lostomy for aqueductal stenosis, suboccipital cranio
tomy, and resection of arachnoid from the region 01' 



the foramina of Luschka and Magendie, cannalization 
of a stenotic or atretic aqueduct of Sylvius, have all 
performed these procedures on children who enjoyed 
prolonged periods of functioning ventriculojugular or 
ventriculoperitoneal shunts. 

The use of hypertonic agents, carbonic anhydrase in
hibitors, steroids, etc., have not been successful in di
minishing the amount of cerebral spinal fluid formed. 
No drug has been used to increase the amount of cere
bral spinal fluid absorbed. The treatment today, as 
when the first shunting procedure was performed in 
the late ninteenth century, consists of deviating cerebra I 
spinal fluid outside of the central nervous system to 
another portion within the body from whence it may 
be absorbed. A listing of these procedures would serve 
no purpose, since, in fact, every absorptive surface with
in the human body has been used: middle ear, the oral 
cavity, the venous system, the ileum, the Fallopian 
tubes, the ureters, the peritoneum, etc., etc. Similarly, 
a discussion of the value and significance of valvular 
systems may be reduced to the basic question: "Is it 
possible to regulate the flow from the ventricular system 
with a valvular device?" The answers are as variable 
as the devices used. 

Of significance, on the other hand, are the facts that 
we have been extraordinarily successful in treating 
(compensating!) primary and secondary hydrocephalus, 
and that we have managed to identify most of the com
plications of these operative procedures. The reported 
successes in our treatment range from 70 to 85% of 
opera ted hydrocephalic newborn and infants. The oper
ative mortality has been reduced to less than 0.5% per 
procedure performed. The complications, ranging from 
transient ileus to intracerebral hematoma, average ap
proximately 35% per operation performed. 

Concerning shunting procedures, Davidoff37 sites 
Hippocrates as the first physician to attempt to control 
hydrocephalus by decompressing the ventric1es. In 1886, 
Zrenner implanted the first extern al ventricular drain
age system and, in 1893, Mikulicz inserted the first in
ternal shunt. Using gold, glass, or platin um tubes, Suth
erland and Cheyne 38, developed techniques to connect 
the ventric1es with either the subarachnoid or subdural 
spaces. Ballance compared the merits of gold and plati
num to glass. Cerebral spinal fluid was first shunted 
from the lumbar subarachnoid space to the peritoneal 
cavity by Ferguson in 1898;39 from the lateral ventric1e, 
using a small caliber rubber catheter into the peritoneal 
cavity by Kausch in 1908,40 and into the circulatory 
system by Payr in 1908.41 Haynes, in 1913, drained 
CSF from the cisterna magna into the cranial sinuses.42 

Following these pioneering innovations, enthusiasm 
for shunting procedures waned. Not until mid century 
did the favorable experiences of Ingraham et al. with 
plastic (polyethylene) shunt tubing rekindle interest.43 

Subsequently, a number of different shunting tech-
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niques were attempted. Following the initial report of 
the use of a silastic valve-regulated system by Nulsen 
and Spitz in 1952,44 neurosurgeons began to accumu
late experience with ventriculovenous and ventriculo
peritoneal shunts. The multi system complications of the 
ventriculovenous shunt caused many surgeons to prefer 
the ventriculoperitoneal shunt. Some comparative ob
servations were reported. Matson 45 stressed the indica
tions for use of the ureter, Ransohoff46 for the pleural 
cavity, and Harsh 4 7 for the Fallopian tube for entrance 
into the peritoneal cavity. These latter three authors 
were searching for a better absorptive site, one less 
fraught with complications from the blood stream and 
more reliable than direct insertion of an open ended 
tube into the peritoneal cavity where the problems en
countered were complications and difficulties of surgi
cal opening, kinking of the subcutaneous or elastic tub
ing along its course, or plugging of its opened distal 
end by insinuating omenturn. 

Two of the complications of peritoneal shunting, ex
trusion through skin and organ perforation, had al
ready been identified as complications of jugulo-cardiac 
shunting. The third, ascites or accumulation of CSF 
in cystic pockets within the abdominal cavity may be 
broadly compared to the pericardial tamponade. Volvu
lus in ventriculoperitoneal shunting was reported by 
Sakoda et a1.48 and inflammatory pseudotumor of the 
mesentery by Keen and Weitzner.49 Other abdominal 
complications consist of peritonitis, bowel obstruction, 
perforation of an arterial or venous structure, shunt 
tubing lost in the abdomen, abdominal cyst formation, 
inability of the peritoneal cavity to absorb CSF, gastro
intestinal bleeding, low pressure syndrome, intestinal 
perforation. The intracranial complications consist of 
shunt tubing lost in the ventric1e, subdural hematoma, 
unsuccessful ventricular cannalization, intraventricular 
or intraparenchymal hemorrhage, brain abscess, hemi
paresis. The general complications consist of stitch in
fection, wound break down, electrolytic imbalance, ap
nea. It soon became apparent that the number of com
plications per patient were related to the number of 
revisions per patient, and that the number of revisions 
was directly, though not entirely, related to the inci
dence of shunt infection and disconnection. The causa
tive organisms in most of the infections are the common 
flora ofthe skin-so epidermides and S. aureus. The only 
exceptions occur in the meningomyelocele children, who 
tend to develop gram negative ventriculitis. The inci
dence of shunt infection is much higher in those new
born, especially with meningomyelocele, who are shunt
ed during the first weeks of life ... so that it is advisable 
to postpone surgery to the fourth week of age if possible. 

Intellectual Development and Quality ol Survival 
Many studies have been published concerning the intel
ligence of hydrocephalic children. These have inc1uded 
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work evaluating shunted hydrocephalics and those eval
uating non-operatively treated hydrocephalics. 

It is impossible to evaluate the literature regarding 
intellectual function in children with treated and un
treated congenital hydrocephalus unless one knows the 
exact criteria on which the diagnosis of this congenital 
disease was based. Progressive increase of head size, 
bulging fontanel, split sutures, transillumination, posi
tive Macewen sign, "setting sun" phenomenon, shiny 
scalp, and distended scalp veins, are all indicative of 
an increase in intracranial press ure, but are not diagnos
tic of congenital hydrocephalus. Subdural hematoma, 
intraventricular tumor, parasellar tumor, posterior 
fossa tumor, and toxoplasmosis are just a few of the 
diseases in the newborn that commonly cause similar 
slgns. 

In reviewing the literat ure, one finds that it is difficult 
to compare one study to another. Some of the difficul
ties inelude, 1) the lack of information regarding the 
shunt and the child who is shunted, 2) the use of differ
ent instruments to measure intelligence quotients, 3) dif
fering methods of data presentation and definition of 
"normal," 4) inelusion ofvarying causes, and 5) sampie 
bias. 

The most difficult information to obtain has been 
that regarding the maintenance of a functioning shunt 
system, the age at which the shunt was first inserted, 
and specific information regarding the "intactness" of 
the compressed brain (e.g., presence of cerebral dyspla
sia, porencephaly). 

Not all papers inelude the same hydrocephalic groups 
and their analyses. Some studies inelude patients with 
meningomyelocele but analyze the results separately, 
some inelude meningomyeloceles but do not analyze 
the results separately, some exelude any diagnosis but 
primary congenital hydrocephalus, and so me exelude 
only meningomyelocele. 

Few of these papers state whether the hydrocephalus 
may have been secondary to intrauterine, perinatal, or 
postnatal meningitis. Also, information is wanting as 
regards the possibility that the shunted hydrocephalic 
child may have suffered ventriculitis or meningitis either 
as an immediate or a delayed complication ofthe shunt. 
The effects of associated brain anomalies, such as agen
esis of the corpus callosum, porencephaly, hydrance
phaly, agenesis of the cerebellum, or temporal lobe dys
plasia, on intellectual function have not been subjected 
to critical analysis; nor has mention been made of their 
exelusion from statistical cohorts. 

The average I.Q. of patients born with congenital 
porencephaly is 37.2, or just barely within the range 
of trainable mentally handicapped. On the basis of this 
information, one may conelude that the presence of por
encephaly prior to the first shunting procedure is ade
quate evidence that the child will certainly be retarded. 
Consequently, the rationale for shunting, namely, to 

provide the child with an opportunity to devclop nor
mal intellectual functions, is absent. 

There seems to be no reason to believe that the new
born child with large ventrieles and a thin cerebra I man
tle prior to initial shunt placement will ultimately be 
less intelligent than a child with relatively mild hydroce
phalus, other factors being equal. The literature argues 
most persuasively in favor of surgical treatment for hy
drocephalic children with even the thinnest mantle and 
the largest ventrieles. Although no relationship has been 
found between I.Q. and severity of hydrocephalus prior 
to initial surgery, it has been shown that the patient 
with meningomyelocele has, in general, less severe hy
drocephalus prior to surgery than did those with inter
nal hydrocephalus. These results may be explained by 
the fact that the children with meningomyelocele are 
watched very elosely from birth to see whether hy
drocephalus develops. Thus, the hydrocephalus is prob
ably opera ted on before it progresses to severe stages. 
Results regarding age at the time of the first shunt indi
ca te that the earlier the shunt is placed the better the 
chance for normal development, but only with regard 
to children with internal hydrocephalus. This does not 
see m to apply to the group with meningomyelocele and 
hydrocephalus. It may be that meningomyelocele chi 1-
dren who were shunted late did not develop hydroceph
alus untillate and shunted immediately upon diagnosis, 
whereas patients with internal hydrocephalus who were 
shunted late had the developing hydrocephalus over a 
prolonged period of time. This explanation is in accord 
with the observation that children with meningomyelo
cele have less severe hydrocephalus prior to initial 
shunting. Both observations indicate that the child with 
meningomyelocele is followed-up carefully over a peri
od of time, and that the hydrocephalus is treated 
promptly if it occurs. 

Certain variables definitely affect the patients' intel
lectual development while others do so to a lesser de
gree. Those variables which seem to have a large impact 
are shunt function, race, socioeconomic level, and age 
at first shunt. The less important variables are number 
of revisions and degree of hydrocephalus at initial shunt 
placement. 

Surgical Treatment 

The rational surgical management of hydrocephalus 
whether congenital, postmeningitic (bacterial, hemor
rhagic), or secondary to neoplasia, rests entirely upon 
identification ofwhether the fluid accumulation is intra
parenchymal (the cerebral edema of pseudotumor cere
bri) or intraventricular. In the former, a lumbar perito
neal shunt often suffices as a compensatory procedure. 
In the latter, one must determine which ventrieles are 
dilated: all four, the lateral and III, both lateral, one 



lateral. Thus, one may speak oftetra-, tri-, bi-, or mono
ventricular hydrocephalus. 

Tetraventricular hydrocephalus may be shunted ei
ther from the lumbar subarachnoid space or one of 
the two lateral ventricles providing the child does not 
have a Dandy-Walker cyst (atresia of the foramina of 
Luschka and Magendie with cystic transformation of 
the IV ventricle). In this latter event, one may attempt 
to shunt initially from either lateral and/or the IV ven
tricle(s). Within a relatively brief period of time, it al
most invariably becomes necessary to insert two inde
pendent shunts, one from the lateral ventricle and one 
from the IV ventricle. Triventricular hydrocephalus 
may be shunted from either lateral ventricle, biventricu
lar hydrocephalus necessitates bilateral ventriculoperi
toneal shunts, and monoventricular hydrocephalus ne
cessitates a single shunt from the single dilated lateral 
ventricle. 

Interventricular shunts (cannulation of the aqueduct 
of Sylvius. permitting communication between the BI 
and IV ventricles), and ventriculocisternal shunts (111 
ventriculostomy ventriculocisterna magna), though not 
considered effective by a majority of pediatric neurosur
geons have been used by some. 

Choroid plexectomy is of no value in the treatment 
of hydrocephalus, though lateral ventricle choroid plex
ectomy is necessary (using the technique already de
scribed) when performing hemispherectomy. 

Since there are so many different types of shunts 
used, and so many different connectors, reservoirs, 
flushing devices, and so on, there is no constant tech
nique recommended for joining the proximal (ventricu
lar) and distal (venous) portions of a ventriculoatrial 
shunt. Implantable device manufacturers have taken 
great care to describe their individual shunt elements 
and, in many cases, the technique for inserting them. 
United States government regulations concerning the 
production and use of these have resulted in relatively 
complete listings of precautions and possible complica
tions. The descriptive circular for each system should 
be studied repeatedly, until one is familiar with limita
tions and use of the shunting system, its individual ele
ments, and insertion and instrumentation. 

In its broadest terms, shunting may be subdivided 
into three operative procedures: 

1. Deviation of the cerebrospinal fluid out of the central 
nervous system (into either another body cavity or 
an external reservoir) 

2. Interventricular shunting 
3. Ventriculocisternal shunting 

In all instances the cerebrospinal fluid must be de
viated either from the ventricular system or the lumbar 
subarachnoid spaces. Presently, the ventricular shunts 
used, depending upon the surgeon's preferences and the 
child's condition, are ventriculoatrial, ventriculoperi-
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toneal, ventriculopleural, and ventriculogallbladder. 
The ventriculoureteral shunt is no Ion ger used because 
of the prohibitively high incidence of electrolyte imbal
ance (from loss of cerebrospinal fluid through the uri
nary tract), and ascending infections. The same con
traindications apply to shunting into the Fallopian 
tube. 

The indications and technique for external ventricu
lar drainage have been described in the chapter on infec
tions. 

Techniques for Cannulation 
of the Ventricles 

The lateral ventricles may be cannulated through either 
the occipital or frontal horns, the IV ventricle through 
the ci sterna magna or cerebellar hemisphere. 

Occipital Horn Cannulation (Figure 15.1 to 15.3) 
The location of the occipital horn should be plotted 
out on a CTT scan, through coronal sections, measur
ing the distance from occipitoparietal cortex to the di
lated occipital horn, and then identifying the coordi
nates for puncture of the occipital horn and threading 
the catheter into the body ofthe lateral ventricle. Points 
of reference should be the roof of the orbit, the trans
verse sinus, the superior sagittal sinus, the base of the 
mastoid. (One should not use only external indicators, 
such as the parietal eminence, the midline, the external 
occipital protrusion, the nasion.) Once the proper coor
dinates have been determined, the child's head should 
be positioned so that the surgeon may superimpose 
visually the predetermined coordinates onto the head 
(which has been placed in a plane which is orthogonal 
to the trunk). Settling for an obliquely positioned head 
may prove to be dangerous. 

Either a semilunar or, preferably, horseshoe-shaped 
incision is then made, taking care that it be large enough 
to permit placement of the anchoring clip (or reservoir) 
so that these will be totally covered by skin, with no 
portion of the incision passing immediately over the 
foreign body. Either twist drill or a 10-nm burr hole 
opening is then made, the dura coagulated in a cruciate 
manner and incised along the lines of coagulation. Any 
underlying vessel on the cortical surface should be co
agulated and then the arachnoid cut with a '* 15 blade. 
The cannula, through which the proximal end of the 
shunting system will be passed, is then inserted along 
the planned trajectory. One does not often fee 1 a distinct 
"pop" as the ependymal barrier is breached and the 
cannula enters the ventricle, so that it is best to extend 
the insertion no farther than 1 cm beyond the measured 
distance. When one sees flow of cerebrospinal fluid 
through the distal end of the cannula, the obturator 
is removed and the proximal end of the shunting system 
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Figure 15.1. The insertion of a eannula into the lateral ventri
eIe should be planned with the use of a CTT sean, in order 
to plot out coordinates for the line of insertion, rather than 
rclying upon externallandmarks such as the parietal eminence, 
supraorbital rim, external auditory eanal, sagittal suture, ete. 
(A) A lateral projeetion, scout sean, with horizontal planes 
(I-ern interval) plotted out, permit one to identify a known 
landmark or to cross reference with a single CTT cut in order 
to sekct the most appropriate li ne of insertion of the cannula 
into the occipital horn and body of the lateral ventricle. (B) 

B 

The 4-em line reveals the left oecipital horn to extend to within 
approximately 2 em of the occipital cortex surface, at a dis
tanee of 2 cm from thc sagittal plane. (C) Thc 5-em cut reveals 
both oeeipital horns to be weil filled and the preeise loeation 
of the right and left oecipital horns and trigones. Onc may 
conclude that the ideal insertion would be at the 5-em line, 
since the eannula may be directed immediately into the oecipi
tal horn, preferably the right, and then threaded for a distanee 
of abo ut 5 cm within the ventricle from occipital horn 10 tri
gone. 

Figure 15.2. Making a eruciate ineision in the dura, it is advis
able to aseertain that the ineision is large enough to pcrmit 
the troear free passage, for if it is small the surgcon may 
strip the dura from the skull as he inserts the troear. This 
may result in a post operative epidural hematoma. 

inserted through the barrel of the cannula into the ven
triele. The cannula is removed and the distal end of 
the shunt tubing inspected to document flow of cerebro
spinal fluid. Air pockets may obstruct the flow of fluid , 
so that it is often necessary to irrigate with 2-3 ce of 
saline. When free flow is observed, the proximal end 
of the tubing is inserted to the previously measured 
distance, always observing flow from the distal end so 
as to be certain the proximal tip is neither kinked nor 
penetrating cerebral tissue. 

One attempts to position the tip of the proximal end 
of the shunting system at the foramen of Monro, theo
retically to minimize insinuation of choroid plexus into 
the perforations, but this is seldom possible: the ventri
cles diminish in size as the hydrocephalus is compen
sated, so that one's parameters at the time of surgery 

should be predicated upon the projected ventricular size 
and contour 6 months later. 

The multiperforated, flange-tipped ventricular cathe
ter is subject to greater adhesions of choroid plexus, 
rendering it potentially more prone to complications 
than the smooth ventricular tip which has perforation 
openings. The use of a rigid obturator, placed in the 
shunt lumen, to permit insertion of the proximal end 
of the shunting system into the ventriele has two very 
real disadvantages : (1) brain tissue may plug the perfo
rations at the tip of the shunt, and (2) one may inadver
tently insert the shunt into the thalamus, basal ganglia, 
opposite hemisphere. The use of the cannula diminishes 
considerably the incidence of brain tissue insinuating 
into the catheter perforations and threading the catheter 
into the basal ganglia or thalamus. 

c 
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Figure 15.3. (A) Inserting thc split trocar into thc lateral vcn
tric\e. (B) Egress of cerebrospinal fluid through the split tro
car. (C) Withdrawal of the plastic obturator, holding the bar
rel of the trocar firmly in place, with an assistant ready to 
thread the ventricular end of the Uni-Shunt into the barrel 
of the trocar for passage into the ventric\e. (D) Removal of 
the obturator (A) so as to facilitate threading the ventricular 
tip of the Uni-Shunt into thc ventricIc along the barrel of 
the split trocar (B). 

\ 
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Frontal Horn Cannulation 
Coronal reconstruct CTT scans should be used to ob
tain information concerning volume, contour, and loca
tion of the frontal horn, prior to planning the coordi
nates. The same type of skin incision and size of skuH 
opening should be used as when one cannulates the 
occipital horn. Also, the dural opening and cortical inci
si on are performed in the same way. The trajectory 
should be determined by a study of the CTT scans, 
horizontal and coronal reconstruct, and the cannula 
(with its obturator) inserted no deeper than 5 mm from 
the measured distance between the superior surface of 
the ventricle and the inner table of the skulI! This pre
caution minimizes risks of penetrating the thalamus and 
caudate nucleus. After there is egress of cerebrospinal 
fluid and the shunt tubing has been placed in the lateral 
ventricle, one should not advance the catheter more 
than an additional 5 mm, so as to avoid entering the 
III ventricle, which is undesirable only in so much as 
choroid plexus may engulf it, increasing the risk of tear
ing the internal cerebral vein when removing the shunt
ing system electively or for revision. 

Fourth Ventricle Cannulation 
The IV ventricle should be cannulated with the proxi
mal end of the shunting system only when the child 
suffers cystic transformation of the IV ventricle (the 
Dandy-Walker cyst). This congenital, or postinfectious, 
clinical entity results in such a remarkable dilation of 
the IV ventricle that the dura mater, leptomeninges, 
and dysplastic ependyma abut upon one another, ren
dering insertion into the IV ventricle easy. It is advisable 
to make the opening in the squamous portion of the 
occipital bone approximately 1.5 cm lateral to the mid
line, weH below the transverse sinus, and just beneath 
the lowest nuchalline. This ass ures avoiding perforation 
of a venous sinus. It also provides an adequate amount 
of soft tissue to cover the shunting system, and either 
the anchoring clip or a reservoir (whichever is used). 
The bone and dura are opened in the same manner, 
with cerebrospinal fluid often pouring out as soon as 
the dura is cut: the arachnoid of the cisterna magna 
and the ependyma of the IV ventricle are densely adher
ent to the dura. The catheter tip should be inserted 
no more than 3 cm, making sure that cerebrospinal fluid 
is flowing through the shunting system throughout the 
insertion. No cannula is necessary. 

Shunts 

Ventriculoperitoneal Shunt (Figures 15.4 to 15.22) 
It is very important to remember that when general anes
thesia is being used, one must allow the patient to become 
very light prior to perforating the peritoneal cavity (with 
the peritoneal spüt trocar) to avoid damage to the in-

Figure 15.4. Areas of extrusion, diseonneetion, breakage, eol
onization, and oeclusion along the path of the ventrieulopcri
toneal shunt. At the eranial end (1) one may observe diseon
neetion of the shunting system if it is a three-pieee unit (but 
not if it is a Uni-Shunt), cxtrusion of either a three-pieee unit 
or a Uni-Shunt, and eolonization of a reservoir if one is pres
ent. At the supraclavieular area (2) the shunt tubing may ex
trude, as it may from the umbilieus (3). A three-pieee system 
may beeome diseonneeted at the abdominal end, and either 
the three-pieee system or the Uni-Shunt may extrude at this 
point (4). 1t is not unusual for a ehild to develop clinieal 
evidenee of an inguinal hernia after a ventrieuloperitoneal 
shunt has been inserted, sinee the eerebrospinal fluid puts into 
evidenee the preexisting museular weakness (5). Lastly, if the 
abdominal end of the shunting system penetrates the bowel, 
it may deliver itself through the anus (6). Additional points 
of importanee eoncerning sites of loeation of shunt diffieulties 
are the faet that choroid plexus may grow into the perforations 
of the proximal end of the shunt system, binding thc latter 
to the former. Consequently, when removing the proximal 
end of the system from the ventricle at the time of shunt 
revision one should not exert force: the ehoroid plexus may 
be tom and intraventricular hemorrhage result. The distal end 
of the shunting system, the intraabdominal portion, may be
eome coated with a proteinaeeous material, which effectively 
seals thc slit valvc, obstrueting drainage. 
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Figure 15.5. Recommended position for the patient. The tract 
for passage of the shunt through the subcutaneous space is 
indicated by the broken line, the skin incision by the intact 
lines. 

traabdominal viscera and vessels! If the anesthesiologist 
allows the patient to become very light, then the perito
neum will tighten, like a drum, when the split trocar 
is pressed firmly against it, thereby allowing the surgeon 
to perforate the peritoneum cleanly. The Valsalva ma
neuver is not an alternative. If the patient is deeply anes
thetized, the peritoneum will be relaxed and penetration 
becomes impossible, increasing the risk of damage to 
the intraabdominal viscera and vessels. 

Surgical opening of the peritoneum adds to the mor
bidity by prolonging the postoperative recovery time, 
and increasing the risk of entering a viscus. It is also 
likely that the surgical opening of the peritoneal cavity 
predisposes the child to adhesions between the visceral 
and parietal peritoneum, increasing the probabilities of 
the shunt (a foreign body) eroding into the intestinal 
tract. There have been reported cases of passage of the 
shunt system through the gastrointestinal tract. These 
have all been in patients in whom the peritoneum was 
opened surgically, in children opera ted under general 
anesthesia without allowing them to lighten, in men
ingomyelocele children with varying degrees of abdomi
nal flaccidity. The shunt, as all foreign bodies, may 
penetrate another structure or extrude through the skin 
at any point along its path. 

In Figure 15.5 the child is shown in the correct posi
tion for a ventriculoperitoneal shunt. Padding is placed 
under the thoracolumbar vertebrae, the shoulder and 
the neck. The head is turned fully to the contralateral 
side and the neck extended, thereby placing the abdo
men, the thorax, the neck and the skull in a line so 
as to eliminate ridges and valleys. The broken line ex
tending from McBurney's point to the supraclavicular 
space, and from he re to a point immediately posterior 
to the parietal eminence, indicates the path along which 
first the guide, and then the shunt is passed. A linear 
incision is made at McBurney's point and a horseshoe 
incision posterior to the parietal eminence. It is best 
to make at least a 3.5- to 4-cm incision in the abdomen. 
Small incisions provide inadequate working space. 

After the incisions have been made and clamps put 
on either the subcutaneous tissue or the Galea, normal 
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Figure 15.6. Normal saline is being injected into the subcuta
neous space so as to separate the skin from the body wall. 
This permits an atraumatic and easy passage of the guide. 

Figure 15.7. Molding of the subcutaneous guide. 

Figure 15.8. Passage of the guide through the subcutaneous 
space. 
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Figure 15.9. (A) The skin incision is being deepened, so as 
to permit exit of the leader tip and guide. (B) The leader 
tip and guide shaft have exited. (C) The leader tip is being 
pulled through the guide shaft. 

saline is injected into the subcutaneous space, along 
the proposed shunt path, separating the subcutaneous 
connective tissue from the abdominal wall, the thoraeie 
cage, the periosteum. The injection of saline is be gun 
at the incision at McBurney's point. This separates the 
tissue planes, allowing for ready passage of the subcuta
neous guide, and minimizes the risk of damaging the 
skin by the guide as it is passed within the subcutaneous 
space. This is illustrated in Figure 15.6, where one sees 
that saline has been injected subcutaneously, beginning 
at the abdominal end and proceeding superiorly toward 
the clavicle. There is no need to add local anesthetic 
to the saline. 

The subcutaneous guide shaft is malleable and may, 
accordingly, be molded into any contour desired. One 
must be cautious not to bend the tubing, or mold it 
quickly, since it may kink, thereby rendering impossible 
the passage of the leader and the shunt. Rather, gentle 
molding is best effected by holding the guide firmly 
in both hands, and curving it to the desired form be
tween the thumbs. This should be done be fore inserting 

Figure 15.10. The ventricular end of the shunt is being readied 
for insertion into the clasp of the leader. Below, it has aiready 
been nestled into the clasp and the leader is being drawn 
through the guide shaft, pulling the shunt into the subcutane
ous space. 

Figure 15.11. The guide rests in the subcutaneous space and 
the shunt is within it. When the guide shaft is withdrawn, 
the shunt will rest within thc subcutaneous spacc. 

Figure 15.12. Passage of the guide and leader tip through the 
subcutaneous space from the parietal eminence to the supra
clavicular space. 
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Figure 15.13. Making a cruciate incision in the dura. 

Figure 15.14. With the ventricular tip of the shunt in the ven
triele, the barrel of the split trocar is withdrawn as the shunt 
is held securely in place. 

the guide into the subcutaneous space: molding it there
after may cause skin damage. 

The skin and subcutaneous connective tissue at the 
abdominal incision may be picked up with an Adson
Brown forceps. The guide is inserted directly into the 
subcutaneous compartment, prior to advancing it with
in the space distended by the injected saline. It is ad
vanced superiorly beyond the clavicle, as indicated, in 
directing the tip by trapping it between the thumb and 
index finger of the left hand. One may hold the guide 
either along its shaft, or at the handle. Once the tip 
(which is the leader tip) has passed over the clavicle, 
it is pushed forward to the previously placed supracla
vicular incision (placed 2.5 cm cephalad to the clavicle) 
permitting exit first of the tip and then the subcutaneous 
guide itself. No attempt should be made to pass the 
guide directly from the abdomen to the scalp opening, 
it stretches and tents the skin in the neck. 

Once the tip and guide have been advanced through 
the supraclavicular opening, the leader tip is withdrawn 
for a distance of 3 to 4 cm. The guide handle is removed 
and then the ventricular end of the shunt tubing is nes
tled into the clasp at the distal (abdominal) end of the 
leader. The leader tip is drawn through the subcutane
ous guide, cephalad, and the guide shaft withdrawn cau
dally through the skin at the abdominal opening, there
by bringing the shunt to rest in the subcutaneous space 
and removing the guide. 

Figure 15.15. The trocar is brought against the peritoneum, 
exciting the guarding reflex so as to tighten the peritoneum 
and facilitate puncture into the peritoneal cavity. The perito
neum must be rigid be fore puncturing it, lest intraabdominal 
vessels and viscera be damaged! 

Figure 15.16. The peritoneal cavity is punctured and the ob
turator is being removed, leaving the barrel of the split trocar 
in place. 
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Figure 15.17. (A) The peritoneal end of the shunt is being 
threaded into the barrel of the trocar for passage into the 
peritoneal cavity; (B) then the barrel is removed. 

8 

Figure 15.18. (A) The two disarticulated pieces of the clip; 
(B) locked into one another over the shunt. 

Cranial 
Clip in Place 

Figure 15.19. Anchored lock-clip locking shunt into place at 
cephalic end. 

The procedure for passage of the subcutaneous guide 
and the leader system from the posterior parietal area 
down to the supraclavicular space is performed in ex
actly the same manner as the passage from the abdomi
nal end up to the supraclavicular space. However, it 
is helpful if the surgeon uses either a Kocher or a Peon 
to open a channel between subcutaneous connective tis
sue and the fascial layers, especially across the line of 
insertion of the erector capiti muscles to the occipital, 
highest and lowest, lines. The guide and leader tip are 
brought through the supraclavicular incision, and the 
leader tip is withdrawn entirely. Then, the clasp of the 
leader system is inserted through the subcutaneous 
guide beginning at the cephalic end and proceeding to
ward the supraclavicular space. Once the clasp end is 
advanced through the guide and exits at the supracla
vicular space, the ventricular end of the shunt tubing 
is reinserted into the clasp, and then pulled up toward 
the parietal eminence. The subcutaneous guide shaft 
is withdrawn cephalad over the shunt tubing and leader 
tip. The clasp of the leader tip is then disconnected, 
leaving the shunt resting within the subcutaneous space 
from the posterior parietal area, neck, thorax, and ab
domen. 

At this time the periosteum between the parietal emi
nence and the sagittal plane is cut and stripped from 
the bone. A 1/4 -in. twist drill opening is made in the 
skull. The surface of the dura is coagulated with a bipo
lar forceps in a cruciate manner and then incised with 
an * 15 blade. 

The ventrieular split troear is then inserted through 
the dural opening and eompressed cerebral mantle into 
the dilated ventricle. This troear permits the surgeon 
to obtain the egress of ventricular fluid after he has 
punetured the ventricle. Ventrieular fluid may be re
moved for ehemieal and bacteriologieal analysis and 
then the obturator turned so as to close the system. 

The white plastie obturator is withdrawn gradually 
from the shaft of the trocar. An assisant holds the ven
trieular end of the shunt in a Cushing foreeps, provided 
with shodded tips whieh diminish the possibilities of 
damaging the shunt tubing. As the obturator is with
drawn, the ventrieular end of the shunt tubing is 
brought closer to the opening groove in the split troear. 
The surgeon must be eareful to withdraw the obturator 
very slowly and to insert the ventrieular tip of the shunt 
into the opening of the split troear quiekly so as to 
minimize the loss of eerebrospinal fluid. A rapid with
drawal of the plastie obturator will allow cerebrospinal 
fluid to pour from the ventricle be fore the tip of the 
shunt is fed into the barrel of the split troear. As the 
obturator is withdrawn the tube is inserted, and then 
advaneed, first quiekly and then slowly, along the troear 
and into the ventrieular system to the desired (pre
viously measured) distance. Onee there is a free flow 
of eerebrospinal fluid through the distal (abdominal) 
end of the shunt, the split troear is removed. The spring 



catheter is anchored in the two piece, plastic "lock
clip," which is then sutured to the periosteum. 

The same split trocar, as used for insertion of the 
ventricular end, is now used to perforate the peritoneum 
for entry into the peritoneal cavity. It is fixed snugly 
between the thumbs and fingers of both hands and in
serted through the abdominal musculature to the peri
toneum. Pressure is applied to the peritoneum itself until 
guarding is obtained, thereby assuring the surgeon that 
the peritoneum is rigid and may be punctured without 
perforating a viscus or damaging avessei. The puncture 
of the peritoneum should be performed with a quick, 
snapping, brisk movement, which is limited in excur
sion, so as to assure clean penetration of the peritone
um. Once the trocar is within the peritoneal cavity, the 
obturator is removed, leaving the barrel of the split 
trocar in place. The distal end of the shunt is then 
passed into the peritoneal cavity by threading it through 
the barrel of the split trocar. There should be no resis
tance to forward passage of the distal end. Once the 
insertion of the tubing has been completed, the spring 
catheter is held snugly in place by a pair of shodded 
Cushing forceps and the barrel withdrawn. The shunt 
is now in position and needs only to be anchored in 
place at both the cranial and abdominal ends. 

The plastic "lock-clip" consits of a two-piece molded 
system which is curved to provide proper direction to 
the ventricular end. The bottom half of the clip is in
serted beneath the spring catheter which is then posi
tioned snugly into the clip. The top portion of the clip 
is placed over the spring catheter, onto the bottom por
tion of the clip, and then snapped into place, thereby 
locking the spring catheter into the clip. The clip is 
anchored to periosteum at the cranial end. 

The single piece" slip-clip" is used for anchoring the 
abdominal end ofthe catheter. It is designed to facilitate 
gradual slippage of the catheter out of the peritoneal 
cavity, thus offering the advantage of a "growing 
shunt." To insert the catheter into the single piece" slip
clip," gently stretch the tubing and ease the catheter 
into the clip. The "slip-clip" is then anchored to the 
abdominal musculature. 

Ventriculoatrial Shunt 
Theoretically, one supposes that inserting the distal end 
of the shunt into the facial vein, and then threading 
it inferiorly into the internal jugular vein guarantees 
patency of the internal jugular vein so that venous 
blood may continue to drain through it. In fact, unfor
tunately, once a foreign body (the shunting system) is 
within the internal jugular vein, this vascular structure 
closes around the tubing and thromboses upstream of 
its entrance into the vein. Therefore, a ventriculoatrial 
shunt results invariably in thrombosis of, at least, the 
internal jugular vein. Very often, the subclavian vein, 
and, alas, the superior vena cava also thrombose. 

It is advisable to expose the facial vein, and its en-

Hydrocephalus 473 

Figure 15.20. Slip-clip (abdominal end). The clasp (1) directs 
the distal end of the shunt tubing into the peritoneal cavity. 
The groove (2) is smaller than the external circumference of 
the Uni-Shunt, so it holds it snuggly in place. The perforations 
on either side (3) are for passage of suture material for anchor
ing of the slip-clip to the abdominal wall. 

Figure 15.21. Anchored slip-clip holding shunt in place at ab
dominal end. 

trance into the internal jugular vein, prior to cannula
tion of the cerebral ventricle, but one should not open 
the cervical venous system until the proximal end of 
the shunt is in the lateral ventricle, and there is a free 
flow of cerebrospinal fluid through the distal end of 
the shunting system. Prior to insertion, one should mea
sure the distance from the facial vein to the carina, 
the anatomical landmark for entrance of the superior 
vena cava into the right atrium. 

After the facial vein has been dissected from the sur
rounding loose connective tissue, 4-0 sutures are placed 
in it, parallel to one another and separated by a distance 
of approximately 2~3 mm. These are used as suspension 
sutures, which may be lightly drawn apart to put trac
tion on the wall of the facial vein, permitting the sur
ge on to incise it and insert immediately the distal tip 
of the shunt tubing. This is threaded through the facial 
vein and then guided inferomedially into the internal 
jugular vein. The catheter is advanced gradually to the 
full length of the measured distance (to the point of 
entry of the superior vena cava into the right atrium). 

An intra operative flat plate of the chest confirms cor-
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Figure 15.23. Ventriculopleural shunt insertion. At the time 
of insertion of the distal end of the shunt tubing (1) through 
the parietal pleura (2) one should spread the ribs (3) and ask 
the anesthesiologist to collapse the lung (4), in order to allow 
the shunt tubing to pass freeIy into the pleural cavity. At 
the time of c1osure, the rib spreaders (5) are removed and 
the ribs allowed to come back into normal position prior to 
c10sing the intercostal muscles (6) . The lung is then inflated. 

reet cannulation of the internal jugular vein and the 
superior vena cava, and precise placement of the tip 
of the shunting system at the entrance of the superior 
vena cava into the right atrium. It is not uncommon 
to estimate incorrectly the distance to the right atrium, 
and to cannulate the right ventricle. In fact, at times 
the tip of the shunting system may be threaded into 
the inferior vena cava. 

After the shunt is placed entirely within the venous 
system the two previously placed 4-0 purse-string su
tures are tied to one another, thus closing the vein which 
is then anchored to the surrounding muscular tissue 
with care being taken to avoid kinking. 

The disadvantages of the ventriculoatrial shunt are 
many. Each insertion or revision, with few exceptions, 
entails the sacrifice of a major craniocerebral draining 
vein, superior vena cava thrombosis, vegetative endo
carditis, pulmonary infarct, renal infarct, inferior vena 
cava thrombosis, shunt nephritis, shunt tubing irretriev
ably lost in the right atrium or right cardiac ventricle. 

Figure 15.22. Four steps for inserting shunt if one 
uses split trocar for ventricular end. 

It is, consequently, recommended that the ventriculo
atrial shunt be performed only when, for one reason 
or another, a ventriculoperitoneal shunt is impossible, 
never as a procedure of choice. 

Ventriculopleural Shunt (Figure 15.23) 
There are times when one has no alternative other than 
to attempt to shunt the cerebrospinal fluid into the pleu
ral cavity, a potential space, which may occasionally 
be capable of absorbing the fluid. This, fortunately, 
is generally not the case, since the majority of shunts 
into the pleural cavity result in massive collections of 
cerebrospinal fluid in one hemithorax, and displace
ment of the mediastinum to the opposite side. This pleu
ral "effusion" impairs unacceptably the vital capacity 
of the patient. These inconveniences have been reported 
repeatedly since Ransohoff 50 first described the proce
dure. 

After the proximal end of the shunting system has 
been positioned in the appropriate lateral ventricle and 
the tubing passed subcutaneously from the scalp to the 
sixth intercostal space, the intercostal muscles are sepa
ra ted from one another, a rib spreader is positioned 
so as to open a distance of approximately 1.5 cm. It 
is best to ask the anesthesiologist to deflate the lung 
at this time, to facilitate opening the parietal pleura 
and diminish risks of cutting the lung. An adequate 
amount, 6-12 cm, of distal shunt tubing are inserted 
into the pleural cavity and then this latter is filled with 
saline. As the lung is reexpanded, air is forced from 
the pleural cavity. It is advisable to place an anchoring 
suture approximately 1 cm superior to the point of en
trance of the shunt tubing into the pleural cavity. Care 
should be taken to avoid kinking of the tubing. The 
intercostal muscles are closed so as to produce a water
tight seal. Routine ehest x-rays and respiratory therapy 
evaluations permit one to learn whether cerebrospinal 
fluid is accumulating in the pleural cavity. 51 

Ventriculogallbladder Shunt (Figure 15.24) 
The major activity of the gallbladder on bile composi
tion is to remove water and inorganic electrolytes. The 



rate of fluid absorption by the gallbladder in vivo is 
approximately 16% of the total gallbladder volume per 
hour. Water flux rate is approximately 25 ml/hr, or 
about 10% of the total gallbladder volume per hour. 
About 90% of the water is removed in the process. 
As a result, there is progressive increase in the concen
tration of the conjugated bile acids and diminution in 
the concentration of chloride and bicarbonate. The ulti
mate product is a solution in which bile acid, sodium, 
potassium, and calcium concentrations are extremely 
high, with the latter two averaging 10 to 25 meq/L, re
spectively. 

It is not possible to state with precision whether cere
brospinal fluid shunted into the gallbladder is entirely 
drained into the duodenum, through the common duct, 
or absorbed, to a greater or lesser degree by the gall
bladder epithelium. The resistance of the gallbladder 
epithelium to passive osmotic flow is high. Conse
quently, a considerable osmotic gradient must exist be
fore water or cerebrospinal fluid may move across it 
at adequate absorptive volumes. 

In 1958, Newman, Hoen, and Davis 52 treated a case 
of communicating hydrocephalus by shunting the cere
brospinal fluid into an isolated segment of ilium, dem
onstrating absorption over aperiod of ten months. 
Therefore, cerebrospinal fluid shunted into the gallblad
der may be absorbed by intestinal mucosa or, if there 
is a blockage of the cystic duct, by the epithelium of 
the gallbladder. In the same year Smith, Moretz, and 
Pritchard 53 diverted the cerebrospinal fluid into the 
gallbladder in ten hydrocephalic patients, shunting from 
the lumb ar subarachnoid space in patients with com
municating hydrocephalus and from the lateral ventricle 
in those with obstructive hydrocephalus. Of the ten pa
tients, three died within three months, and seven were 
alive two months, five months, twelve months, and two 
years later. 

Yarzagaray (L. Yarzagaray, unpublished observa
tions) reported a six-year follow-up of 50 children with 
hydrocephalus: thirty-five cases of Chiari types II and 
III; eleven cases of aqueductal stenosis; three cases 
of Dandy-Walker; and one ca se of sarcoma of the 
meninges. Of this number, 32 patients had previous in
fections: twenty with ventriculitis, and twelve with pre
vious peritonitis resulting in an inability to absorb 
CSF). Functioning shunts were reported to range from 
1 to 6 years (still functioning) in this cohort. Subse
quently, ten of his patients had their shunts changed 
from ventriculogallbladder to ventriculoperitoneal, by 
wh ich time the peritoneal surface reacquired its cerebro
spinal fluid absorptive capacity. At the time of conver
sion, laparotomy revealed the gallbladder to have an 
"hydrops" appearance: enlarged with thick walls, the 
peritoneum covering it was edematous. He reported no 
obstructions (intra operative cholangiography). 

H ydrocephalus 475 

Figure 15.24. Ventriculogallbladder shunt insertion. (A) 
About 2 cm of the distal (slit) valve and spring cathetcr are 
prepared to receive a straight eonnector. After this is inserted 
and secured with a 4-0 suture, the proximal portion of the 
spring catheter is mounted over the straight connector and 
also secured in place. (B) Then, the distal tubing is positioned 
in the gallbladder so that the straight connector is centered 
at the opening in the gallbladder and the purse-string suture. 
(e) After the purse-string suture has been tied and the straight 
connector anchored to the now closed gallbladder wall, the 
serosa is sewn over the purse-string suture to anchor the gall
bladder onto the straight connector. 

Yarzagaray Technique 
for Ventriculogallbladder Shunting 
A 5.0-cm incision is made in the right upper quadrant, 
two fingerbreadths below the costal margin and parallel 
to the ribs. The layers ofthe abdominal wall are incised, 
the peritoneum opened and the abdominal end of the 
spring catheter is cut 2 cm from the tip. It is then recon-

A 

B 
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nected to the spring catheter with a straight connector. 
The distal portion is secured with 2-0 suture material. 
(The only purpose for the connector is to serve as an 
anchoring point for the tube when it is introduced into 
the gallbladder lumen, permitting one to tie it in place 
without obliterating the shunt tube). The gallbladder, 
located immediately below the anterior border of the 
liver, is exteriorized with a Babcock forceps and a full 
thickness purse-string suture is placed in its fundus, 
leaving a 1.0 cm surface to permit puncture of the gall
bladder (18-gauge needle for pressure recording and bile 
culture), and introduction of the distal end of the valve 
and the straight connector. 

After the purse-string suture is tied, a serosal suture 
is placed to invaginate it, making certain the straight 
connector is anchored securely. A 25 cm loop of spring 
catheter is left in the peritoneal cavity, to allow for 
the child's growth. 

The peritoneum and abdominal wall are closed, 
avoiding angulation or constriction of the spring cathe
ter at its passage from the peritoneal cavity into the 
subcutaneous space. 

Retrograde flow of bile into the ventricles may occur. 
Some have reported this to be fatal, others reversible 
after ventricular lavage. Yarzagaray has reported that 
15 of his patients with "indirect clinical evidence of 
ventriculitis, as indicated by elevated CSF pro tein and 
low sugar" did not develop cholangitis, evidence of in
fection of the biliary pathways, or cholelithiasis. I have 
had two cases of bile ventriculitis, one fatal within less 
than 48 hours. 

Ventriculoamniotic Shunt: 
J. T. Brown Technique 54 (Figure 15.25) 
The question is "can a fetal abnormality (hydrocepha
lus) be diagnosed in utero and, if so, should attempts 
be made to treat it prior to birth." If the hydrocephalus 
is progressive and impairs fetal development, it should 
be opera ted "in utero." Before concluding this treat
ment plan, however, it is important to look thoroughly 
via aminocentesis and real-time ultrasonography for ad
ditional abnormalities and notjust to treat what is obvi
ous, lest alethal, uncorrectable anomaly be overlooked. 

Ventriculoamniotic shunts placed either percuta
neously or via hysterotomy, have been performed in 
the laboratory in hydrocephalus-induced sheep 55 and 
primates. 56 Most recently, percutaneous ventriculoa
minotic shunts have been placed in human fetuses under 
sonographic direction. 57 , 58 

One might attempt to summarize the management 
options available when progressive hydrocephalus has 
been diagnosed in utero. If the diagnosis is made prior 
to 20-24 weeks gestation, then abortion may be an op
tion for some. Clearly, this is an unacceptable option 
for others. If the diagnosis is made after 24 weeks then, 
perhaps, the fetus could be delivered early (32-34 

weeks), after steroid-induced pulmonary maturity in fe
male fetuses. One, of course, could opt for delivery after 
normallung maturation around 37 weeks gestation. De
livery could also occur at term with or without a cranial 
destructive procedure. This, however, as abortion, is not 
an option for many people. Finally, if the diagnosis of 
fetal hydrocephalus is made from 20-32 weeks gesta
tion, then a ventriculoamniotic shunt becomes an addi
tional management option. 

The surgical team consits of a specialist in maternal
fetal medicine and high-risk obstetrics, an obstetrical 
ultrasonographer and a pediatric neurosurgeon. 

In preparation for the procedure, the mothers are 
sedated with intravenous diazepam and meperidine. 
These medications are also given to reduce fetal move
ment. The same medications are intravenously supple
mented, as needed, during the course of the procedure. 
At no time are betamimetics or other such labor inhibi
tory drugs needed. 

After the maternal abdomen is prepped and draped 
in a standard fashion, a sterile (draped) sonographie 
probe is used to locate the precise position of the fetus' 
head. Not surprisingly, the fetus is often in a breech 
presentation. A ver tex presentation, however, does not 
prec1ude placement of a ventriculoamniotic shunt. 

A fetal mannequin in the operating room is useful 
in giving all participants a three-dimensional view of 
the exact fetal position. After the location of the fetal 
head is determined, the maternal abdominal wall in that 
area is infiltrated with 1 % Xylocaine local anesthesia 
and a 4- 5-mm stab wo und made with a scapel. At 
this point, a 12-gauge trocar with a sharp stylet is in
serted into the amniotic sac and amniotic fluid is with
drawn by removing the stylet. The stylet is then rein
serted and, again, under sonographie guidance the fetal 
cranium is encountered. It is preferable to maneuver 
the fetal head manually, beneath the path of the needle, 
rather than to direct the needle toward the fetal head. 
Sonographically, one can easily see the needle encounter 
the fetal head and then indent the skull. 

The site of trocar penetration into the cerebral ventri
c1e often varies, but usually occurs at or just in front 
of the coronal suture. Alternatively, one may insert the 
trocar just behind the parietal eminence directing it an
teromedially. The right hemisphere is chosen for pene
tration whenever possible. 

As one penetrates the thin scalp, skull, and cerebral 
mantle, a distinct "give" is noted. The sharp stylet is 
withdrawn and cerebrospinal fluid is allowed to egress. 
The cerebrospinal fluid is always under considerable 
pressure (20-25 cm H 20), and usually slightly xan
thochromic and proteinaceous. The fluid is vented until 
it no longer exits under pressure. This is done for fe ar 
that if the shunt is placed while the cerebrospinal fluid 
is still under pressure, the shunt may be extruded from 
the ventric1e. 
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Figure 15.25. (A) Diagrammatic representation of vernix pro
tector. (B) Distal (amniotic) end of new fetal shunt with vernix 
protector. (C) Ventriculoamniotic shunt driven down trocar 
by blunt stylet. (D) Twelve-gauge trocar with sharp stylet en
countering fetal cranium. (E) Proximal (ventricular) end of 
new fetal shunt with ventricular flange. (F) Newly proposed 
fetal shunt. 
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After cerebrospinal fluid is vented, the Newkirk * 
ventriculoamniotic shunt is placed into the hollow tro
car. The shunt is then driven down the trocar to a prede
termined depth with a blunt stylet. At this point the 
trocar is withdrawn over the blunt stylet, leaving the 
shunt in situ with one flange in the lateral ventricle 
(to prevent external migration of the shunt) and the 
other flange just beyond the scalp (to prevent internal 
migration). A Steri-Strip or Band-Aid is placed over 
the mother's skin opening. 

Lumbar Peritoneal Shunt 
The lumbar peritoneal shunt may be performed either 
by the open or closed technique, making a skin incision 
and exposing the laminae and interlaminar space in the 
former, but simply puncturing the subarachnoid space 
with an appropriate trocar for the latter. The closed 
technique is preferable. 

Open Technique for Lumbar Peritoneal Shunt 
For the open technique one should place the child in 
the lateral decubitus position and expose the HI and 
IV lumbar laminae on either side of the L3-L4 inter
space. The yellow ligament is then dissected from the 
laminae and hemilaminotomies performed on the inferi
or portion of L3 and the superior portion of L4, taking 
care not to perform a hemilaminectomy at either level, 
since this predisposes to scoliosis. The dura is exposed 
and opened, and then parallel 5-0 sutures are placed 
in the arachnoid and very gently pulled apart. The 
arachnoid is incised with a * 11 blade, between the 
parallel sutures, opening an ostium large enough to per
mit entrance ofthe proximal end ofthe shunting system. 
The shunt tubing should be guided inferiorly from the 
L3-L4 interspace for a distance of 3-4 cm, and then 
the purse-string arachnoid sutures tied to one another, 
closing the arachnoid snugly around the shunt tubing. 
This diminishes the incidence of cerebrospinal fluid 
leakage around the tubing. The dura is then closed 
around the tubing, taking care to create aseal, without 
constricting or kin king the shunt. An anchoring stitch 
is used to secure the shunt to the lumbar paraspinal 
muscles. 

A subcutaneous guide is passed from the lumbar area 
around the flank, to McBurney's point, where a 4.0-cm 
incision is made to permit exit of the subcutaneous 
guide and, subsequently, the shunting system passed 
through it. One may introduce the distal end of the 
shunt into the peritoneal cavity, either by using a perito
ne al trocar, as recommended for ventriculoperitoneal 
shunting, or by using the muscle splitting technique to 
open aspace through the abdominal mUScles and surgi
cal opening of the peritoneum. When the parietal and 

* Denver Surgical Developments, Inc., 6851 Highway 73, Evergreen, 
Colorado. 

visceral peritoneum have been separated from one an
other, tenotomy scissors are used to open the former 
and permit entry into the peritoneal cavity. Great care 
must be taken not to damage the visceral peritoneum, 
since this predisposes to penetration of the shunt tubing 
into the intestinal lumen! In the newborn and infant, 
distinction between parietal and visceral peritoneum is 
most difficult. Hemostats or toothed forceps are uscd 
to pick up the cut edgcs of the parietal peritoneum, 
opening an ostium through which the distal end of the 
shunt tubing may be passed into the peritoneal eavity. 
Thc peritoneum is loosely sewn around the shunt tub
ing, which is, in turn, anchored to the abdominal mus
eulature. lt is essential to anehor lumbar peritoneal 
shunts at both the lumbar and abdominal areas. 

Closed Technique for Lumbar Peritoneal Shunt 
For performance of thc closed tcchnique the patient 
should be put in the lateral deeubitus position, both 
legs extended so as to permit the surgeon to expose 
eompletely the abdomen on the uppcr side. Following 
surgieal scrub and draping, which should expose the 
left side of the abdomen, the flank, and the vertebral 
spine from L 1 through L5, the proeedurc is begun. 

A 1-em ineision is made over the interval between 
the bulges of the spinous processes of L2 and L3 and 
a Toughy needle inserted into the subaraehnoid space, 
so that the eurved portion of the tip of the needle is 
facing (eaudal) toward thc lumbar subarachnoid eul-dc
sae. The obturator is removed to ascertain that eerebro
spinal fluid is flowing freely, and then the proximal 
end of the special lumbar peritoneal shunting system 
inserted and its tip guided through the Toughy needle 
caudally into the lumbar subarachnoid cul-de-sac. The 
shunt tubing is firmly held in place as the Toughy needle 
is withdrawn from over it, leaving the tubing in position 
with the Toughy needle completely removed. If a one
piece lumbar subarachnoid peritoneal system is being 
used, a lock-clip (or anehoring suture) should be placed 
at the point of exit of the shunting system from the 
interspinous ligament. If, on the other hand, a 2- or 
3-piece system is being used, a right-angle connector 
should be inserted into the proximal shunt tubing and 
this latter anchored over the right-angle eonncctor, 
which should, in turn, have the distal end of the shunt 
tubing inserted over thc distal end of the right-angle 
connector. After anchoring this distal end of the shunt 
to the right-angle connector, the remainder ofthe proce
dure is completed. 

Whether a one-piece or multiple-piece shunt is used, 
the remainder of the procedure is the same. The subcu
taneous guide is passed from the lumbar skin incision, 
around the flank, to MeBurney's point on the left, 
where a 4-cm ineision is made. Once the tip of the guide 
is passed through the 4-cm incision, the distal end of 
the shunting system is, in turn, passed through the lu-



men of the guide and this latter is removed from the 
abdominal end, taking care to avoid pulling the tubing 
from the lumbar subarachnoid space. If a 3-piece system 
is used, care must be taken not to disconnect the tubing 
from the right-angle connector. Insertion into the peri
toneal cavity is performed by using the same technique 
as for a ventriculoperitoneal shunt, and the tubing is 
anchored to the abdominal wall with a slip-clip, just 
as when performing a ventriculoperitoneal shunt. It is 
wise to get x-rays on the operating table to ascertain 
that the proximal end of the shunting system is in the 
lumbar subarachnoid cul-de-sac and that the distal end 
is in the peritoneal cavity before taking the child from 
the operating room. 

Shunt Revisions (Figure 15.4) 

Malfunctioning shunts are common. In fact, one may 
safely state that a child with hydrocephalus will average 
2.1 shunt revisions per 3 years of life, with the range 
(in my clinic) being no revisions for the first 15 years 
of fife to 21 revisions in the first year of life. The tubing 
may break, it may come disconnected from the an chor
ing devices, either the ventricular or distal end may pull 
from the cavity into which it had been inserted, either 
end may get plugged with normal tissue (choroid plexus, 
blood, omen turn) or debris. For reasons which are not 
understood, the system may be intact but simply will 
not function in a particular child. Often, the distal (peri
toneal) end is covered by a proteinaceous "glove" ad
herent to the parietal peritoneum. This obstructs the 
flow of cerebrospinal fluid into the peritoneal cavity. 
However, when, at the time of revision, the surgeon 
withdraws the tubing from the peritoneal cavity there 
is free flow through the distal end. In such cases, reinser
tion should be through another portion of the abdomi
nal wall. Three piece systems have the additional failure 
risks of 

1. disconnection at the proximal end with its loss into 
the brain and ventricle; 

2. colonization of the reservoir by bacteria; and 
3. disconnection of the distal end with loss of the tubing 

into the peritoneal cavity. 

When the decision has been made to revise a shunting 
system because of malfunctioning, it is recommended 
that the distal end be withdrawn from the absorptive 
cavity first, in order to learn whether that end is oc
cluded. If so, one should clear the obstructive material 
from the tubing and then observe whether there is a 
free flow of fluid. If so, the distal end is simply rein
serted into the peritoneal cavity. If, after the occlusive 
material has been cleared from the distal end of the 
shunt system there is not an adequate flow of cerebro
spinal fluid through the tubing, one proceeds to open 
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the scalp over the proximal end of the tubing and to 
remove this latter from the ventricle. In the ca se of 
a lumb ar subarachnoid peritoneal shunt, one should 
attain complete exposure of laminae and yellow liga
ments be fore withdrawing the tubing from the lumbar 
subarachnoid space. 

At the ventricular end, the tubing should not be 
slipped out of the ventricle as soon as it is freed from 

. its anchor, since it is surrounded by leptomeninges and 
cerebrum, passing through these obliquely. It is best 
to take the time to coagulate the tissues surrounding the 
shunt tubing so as to shrink them away from the shunt 
tubing, opening a wide ostium and preventing the sur
rounding tissue from oozing into the space left by the 
withdrawn catheter. This will render reinsertion of a 
proximal catheter less difficult. One should then grasp 
the proximal end of the shunt tubing with atraumatic 
tissue forceps and gently lift it from the underlying 
brain, withdrawing it from the ventricle. If the ventricu
lar tip ofthe shunt tubing is tethered, necessitating more 
than the most gentle traction to withdraw it from the 
lateral ventricle, one is urged 10 desist : "jamais force!" 
When one encounters resistance to extraction of the 
proximal end of the shunt, it is advantageous to irrigate 
saline through the shunting system as tubing is with
drawn, with the ho pe that the irrigating solution will 
flush the debris from the interstices of the proximal 
tubing, freeing it so that it may be atraumatically re
moved. This is not invariably successful, so that one 
may be obliged to cut the tubing at the cortical surface, 
leave it in situ, and reinsert an entirely new shunting 
system. It is possible, and likely, that the proximal end 
of the shunt tubing is enmeshed in choroid plexus, so 
that forcefully withdrawing it may result in tearing a 
choroidal vessel and causing an intraventricular hemor
rhage. Though this is not invariably a complication 
which results in morbidity, it may do so. 

After the proximal end of the shunt has been removed 
from the ventricle, a fluffy cotton should immediately 
be placed over the ostium of the shunt tract to prevent 
draining of the ventricle. The shunt tip should then 
be inspected and all debris removed, prior to flushing 
it with abundant amounts of saline in order to clear 
debris from within the system and to assure oneself 
that it is fully patent. If there is any question about 
the patency or integrity of the shunt, it should be re
moved and a new one brought into position within the 
subcutaneous space. The proximal end of the system 
is then inserted into the ostium of the previous transce
rebral shunt tract and threaded to the desired depth, 
measuring always from the inner surface of the skull. 
It is best to use the same shunt tract, rather than intro
duce the shunt through the cerebral parenchyma, in 
all instances except, of course, when one has found it 
advisable to cut the proximal end of the shunt and leave 
it in situ. 
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Once the proximal tip has been inserted to the appro
priate depth, one should inspect the distal tip to look 
for flow of cerebrospinal fluid. If it does not appear 
immediately, this does not indicate that the system is 
obstructed, since air bubbles may serve as airlocks, ob
structing egress of cerebrospinal fluid from the ventri
cles. Gentle aspiration through a blunt needle inserted 
into the distal tip, using a 2-cc syringe with a wet barrel, 
will start flow, siphoning cerebrospinal fluid, which 
should continue once the needle has been removed from 
the distal tip of the shunt. If so, one is advised to wait 
approximately 5 minutes before proceeding to reinsert 
the distal tip into the absorptive cavity to assure himself 
of steady flow and, more importantly, that there is not 
intraventricular bleeding. This latter may not become 
obvious to the surgeon for several minutes, since the 
blood gravitates to the bottom of the ventricle and the 
shunt tubing to the top. 

In the event the cerebrospinal fluid is blood tinged, 
one should wait long enough to determine whether the 
fluid tends to become clear or red. It may be reinserted 
immediately if it remains clear, but it must not be rein
serted into the absorptive cavity if it reddens: this very 
likely will result in plugging of the tubing with clot 
and, consequently, the need for another revision within 
a few hours. 

The intraventricular bleeding generally stops within 
3 to 5 minutes, though, quite naturally, intraventricular 
blood discolors all of the cerebrospinal fluid. One may 
allow the bloody cerebrospinal fluid to drip gradually 
through the shunt until it clears, or, preferably, occlude 
the distal tip with an atraumatic bulldog clamp and 
wait for about 15 minutes, opening the shunt tubing 
every 2 or 3 minutes just long enough to vent the intra
ventricular pressure and to evaluate the colorimetric 
status of the fluid. The purpose for this waiting period 
is to allow the bleeding to stop and the blood to form 
a clot. Once this has occurred, only xanthochromic cere
brospinal fluid will flow through the system, since the 
cellular elements of the blood will have coalesced into 
a clot, which will gravitate to the recumbent portion 
of the ventricle. The shunt tip floats to the superior 
portion of the ventricle, away from the forming clot. 
In fact, intraventricular clots do not obstruct a shunting 
system, since they dissolve slowly, over days or weeks, 
gradually releasing the liquefied elements of the clot 
into the ventricular system. It is fresh intraventricular 
blood that obstructs a shunt because it clots within the 
tubing. Though irrigation of the tubing with 2-4 cc of 
saline may be advantageous in clearing blood from the 
tubing, repeated irrigation should not be performed be
cause it distributes the blood uniformly throughout the 
ventricle. This greatly increases the chances of clot 
forming within the shunt tubing. It also subjects the 
child to uncontrollable and potentially dangerous fluc
tuations in intraventricular pressure. Persistent flow of 
fresh blood through the shunt tubing over a prolonged 

period of time indicates to the surgeon that the bleeding 
is continuing, that he should not internalize the system 
but proceed to external ventricular drainage. 

If at the time of shunt revision one encounters evi
dence of infection either (in the subcutaneous tissue, 
the peritoneal cavity, the cerebrospinal fluid flowing 
through the tubing), he should proceed directly to exter
nal ventricular drainage. One may opt simply to convert 
the shunt into an extern al ventricular drainage, or to 
remove it completely and then to insert an external ven
tricular drain (EVD) on the same side, saving the oppo
site side for insertion of another shunting system after 
the infection has been cured. One should not leave an 
infected shunting system in place, settling for treating 
the child with intravenous antibiotics, if the infected 
shunt is functioning. Similarly, if the infected shunt is 
not functioning, one should not leave it in place, insert 
a fresh shunt on the opposite side, and treat the child 
with antibiotics. All foreign bodies (and a shunting sys
tem is a foreign body) must be removed when the child 
has ventriculitis, or cellulitis, or peritonitis! In the event 
a portion of the shunting system has extruded through 
the skin, through the umbilicus, or penetrated the intes
tinal tract, remaining coiled within the lumen of this 
latter or protruding through the anus, the entire system 
must be removed and the child put on EVD. Removal 
of an extruding system is performed by cutting the tub
ing and withdrawing it from the most contaminated 
portion, to avoid drawing contaminated or grossly in
fected tubing through a clean area. 

Intracranial Shunting 

There are two broad categories of intracranial shunting 
procedures, ventriculoventricular and ventriculocister
nal. Neither, unfortunately, has proven to be particular
ly effective, though both have been used extensively 
in many centers, and repeatedly, over many years. 

Ventriculoventricular Shunting 

The ventriculoventricular shunt is performed when a 
portion of the ventricular system, because of a mechani
cal obstruction, is excluded from the normal cerebrospi
nal fluid pathways. Examples of this are occlusion of 
one foramen of Momo, isolating one single lateral ven
tricle, and aqueductal stenosis, whether anatomico
pathological or "functional." 

Craniotomy, cerebrotomy, and either cannulation of 
the obstructed foramen of Momo or marsupialization 
of the septum pellucidum, are the interventricular 
"shunts" used for occlusion of one foramen of Momo. 
Unfortunately, for unknown reasons, these procedures 
are gene rally unsatisfactory so that sooner on later one 
finds it necessary to proceed to a shunting operation. 
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Figure 15.26. The III ventriculostomy, open technique, entails 
the performance of a right medial frontal craniotomy, dural 
opening, retraction of the frontal lobe, and sectioning of the 
right olfactory nerve immediately proximal to the olfactory 
bulb. The olfactory nerve is followed posteriorly to the optic 
nerve, and then the optic and supraoptic cisterns are opened. 
The gyrus rectus on either side is retracted lateralward. (A) 
After lamina terminalis is opened, one may look into the III 

Cannulation of the aqueduct of Sylvius is recom
mended (only after the child has had a functioning ven
triculoperitoneal shunt for several years) by LaPras (e. 
LaPras, personal communications) for the treatment of 
aqueductal stenosis. The technique consists of a suboc
cipital craniotomy, exposure of the IV ventriele, and 
insertion of a double-flanged silastic tube through the 
aqueduct so that the tip and superior flange rest within 
the 111 ventriele. The caudal (draining) end and the infe
rior flange rest in the IV ventriele. It is preferable to 
insert the Silastic tubing through the stenosed aqueduct 
without an obturator, to avoid perforating the peria
queductal tissue. Unfortunately, this is not always pos
sible, so that one may be obliged to use an obturator. 

VentricuIocisternostomies 
The best known of the ventriculocisternostomies is the 
111 ventriculocisternostomy. It was used for the treat
ment of aqueductal stenosis before the introduction of 
the valve-regulated shunt. The Torkildsen procedure 
(placement of tubes between the lateral ventrieles and 
the cistern magna) has been used both for the treatment 
of aqueductal stenosis and tumors obstructing commu
nication between the III and IV ventrieles. Fourth ven
triculocisternostomy has been used unsuccessfully for 
the treatment of atresia of the foramina of Luschka 
and Magendie. 

III Ventriculostomy 
The III ventriculostomy may be performed either by 
the open or elosed technique. 

Open Technique for III Ventriculostomy (Figure 15.26) 
A medial frontal craniotomy and single trapdoor open-

ventric1e (1) and at the optic chiasm (2). One should remember 
that the III ventric1e has two anteroinferior recesses: the su
prachiasmatic, extending over the optic chiasm, and the infun
dibular, extending to the region of the base of the pituitary 
stalk. (H) The opening in the lamina tcrminalis (1) is out of 
focus because the operating microscope has been adjusted to 
bring the infundibular recess (2) and the posterior floor of 
the III ventric1e (3) into focus. 

ing of the dura mater are followed by anterolateral re
traction of the right frontal lobe, sectioning the olfacto
ry nerve immediately posterior to the olfactory bulb, 
and identifica:tion of the optic nerve. The arachnoid 
around the optic nerve is opened and the optic chiasm 
fully exposed. One then passes superiorly, identifying 
the subcallosal gyrus and the genu of the corpus callo
sumo The bulging lamina terminalis may be readily iden
tified between the (inferior) optic chiasm and the (supe
rior) genu of the corpus callosum, by following the sub
callosal gyrus posteriorly. Bipolar forceps are used to 
coagulate the lamina terminalis and gain entry into the 
111 ventriele. Once the lamina is opened, its edges should 
be coagulated minimally. One may now look directly 
into the III ventriele, and identify the supraoptic and 
infundibular recesses, which are separated from one an
other by the ledgelike bulge of the optic chiasm into 
the floor of the 111 ventriele. It is now possible to poke 
through the posterior floor of the 111 ventriele, between 
the infundibular recess and the mammillary bodies, to 
gain access to the interpeduncular cistern. This is best 
done with bipolar coagulation, using long-tipped, bayo
net microforceps, and proceeding slowly. Do not use 
laser. The basilar artery fundus may rest along the 
ci sternal surface of the floor of the IH, between the 
tuber cinereum and the mammillary bodies or these lat
ter and the peduneles. In hydrocephalus associated with 
aqueductal ocelusion the posterior floor of the III ven
triele is extremely thin, so that one may almost see 
through it into -the interpeduncular cistern. If, as recom
mended by some neurosurgeons, the III ventriculos
tomy is not performed until a child has had a function
ing ventriculoperitoneal shunt for one or more years, 
both the lamina terminalis and the posteroinferior floor 
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of the III ventricle will be normal in appearance, will 
not be bulging, and, consequently, perforating them will 
be considerably more difficult. I t is recommended, in 
either event, that perforation of the lamina terminalis 
and the posteroinferior floor of the III ventricle be ac
complished under the operating microscope. Once the 
posteroinferior floor of the III ventricle has been perfo
rated, the edges of the created ostium should be coagu
lated to minimize the possibilities of glial overgrowth 
and closure of the opening. 

Closed Technique for III Ventriculostomy 
(Figure 15.27) 
The closed technique for III ventriculostomy may be 
performed through a burr hole placed immediately an
terior to the coronal suture and 2.5 cm to the right 
of the sagittal plane. The dura is opened in a cruciate 
mann er after it has been coagulated and the underlying 
leptomeninges and cortical surfaces are, in turn, coagu
lated and incised. One may then insert a Silastic tube 
(with an obturator in place) into the lateral ventricle, 
removing the obturator when there is egress of cerebro
spinal fluid. The Silastic tubing is now advanced infero
medially, passing through the dilated foramen of 
Monro, into the III ventricle, until the tip comes to 
rest upon the posteroinferior floor of this chamber. 
Under x-ray, or CTT, control, the obturator is rein
serted into the Silastic tubing and then one punctures 
the membranous floor of the III ventricle, passing the 

Figure 15.27. Stereotaxic, transventricular, III ventricuIos
tomy. A catheter (1) has been inserted into the III ventricIe 
(2) through the right lateral ventricIe (3). One notes the posi
tive contrast media within the inferior III ventricIe and, within 
the chamber, the suprapineal (4) and pineal (5) recesses. Gas 
may be seen within the pontine (6), interpeduncular (7), and 
ambient (8) cisterns as weil as within the IV ventricIe (9). 
The catheter tip (10), under x-ray control, was poked through 
the floor of the IIr ventricIe and into thc intcrperduncular 
cistern, establishing a III ventriculostomy. 

Silastic tubing into the interpeduncular cistern. Use a 
stereotaxic needle to perform this procedure. 59 

It is my opinion that the III ventriculostomy is not 
adequate treatment for hydrocephalus associated with 
aqueductal stenosis or occlusion, and that stereotaxic 
perforation of the noor of the III ventricle--a blind 
procedure-is potentially dangerous. 

The Torkildsen Procedure (Figure 15.28) 
Bypassing the obstructed, midline ventricular system by 
inserting tubes between the lateral ventricles and the 
cisterna magna (lateral ventriculocisternostomy) is a 
major neurosurgical proccdure. It was an acceptable 
procedure many years ago, be fore shunting techniques 
were developed to their present state of efficiency. Pre
sently, the author does not recommend the procedure, 
since it entails placement 01' two occipital burr holes, 
cannulation of both lateral ventricles, a suboccipital 
craniotomy and, often, section of the arch 01' Cl, in 
order to insert the proximal portions of the tubes into 
the lateral ventricles and the distal portions into sub
arachnoid spaces from the cisterna magna down to the 
level of approximately C2. There is no simple way to 
revise this system if it obstructs. It is not to be consid
ered an alternative to a ventriculoperitoneal shunt. 

IV Ventriculocisternostomy (Figures 15.29 and 15.30) 
The IV ventriculocisternostomy procedure has been 
used in vain in attempts to cure cystic transformation 



Figure 15.28. Drawing of the skull with the head placed 
obliquely to illustrate placement of 2 catheters into the lateral 
ventricles (1) and their passage through the subcutaneous 
space (2) down to the cisterna magna (3). 

of the IV ventricle since this, the Dandy-Walker cyst, 
was first described by Dandy. It consists of a suboccipi
tal craniotomy, resection of the ependymopiaglial cyst 
membrane, and establishing communications between 
the IV ventricle and the perimedullary and pontocere
beHar cisterns. At the end of the procedure one sees 
the hind cranial nerves, the posterior inferior cerebellar 
artery, and the vertebrobasilar system. The reason for 
the failure of this procedure must rest in the fact that 
the subarachnoid spaces do not permit circulation and/ 
or absorption of the cerebrospinal fluid: the Dandy
Walker cyst is a result of the disease process, not its 
cause. 

Basic Structure of Shunt Systems 
The basic structure of the first valve regulated shunt 
systems (Fig. 15.31) used consisted of three functional 
parts: (1) ventricular catheter, (2) reservoir/valve, and 
(3) peritoneal/atrial catheters. Subsequently, improve
ments evolved into two-piece functional systems, join
ing proximal and distal catheters at a single connector, 
and then into a one-piece system to provide maximum 
simplicity and efficiency. 

1) Ventricular catheters: Fig. 15.32-For ventricular 
catheterization, ordinary and spring armored catheters 
are available. Barium loaded and spring armored cathe
ters are useful far radiographic visualization with plain 
craniography. Previously described artifacts ascribable 
to them are not as disturbing as once considered. 
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Fanged catheters, designed to be advantageous in 
that they are not obstructed by the choroid plexus or 
the ventricular walls, are liable to become unremovable 
at the time of revision. The X-ray marked, at one centi
meter intervals, catheters are convenient for insertion 
into the ventricle. 

2) Flushing devices-Theoretically flushing devices 
are classified into two types: i.e. one which functions 
as reservoir (Fig. 15.33) and the other which, in addi
tion to the above function, has a press ure-controlling 
valve (Fig. 15.34). The hoped for objectives of placing 
a reservoir are the ability to evaluate shunt patency 
and to permit sampling ofthe cerebrospinal fluid. How
ever, the reliability of the evaluation of shunt function 
by palpating the reservoir is as low as 60% and, though 
a reservoir permits CSF sampling when a shunt infec
tion is suspected, puncturing it carries very real risks 
of introducing infection. Therefore, serious doubts exist 
concerning the placement of a reservoir for these pur
poses. Basing clinical decisions upon the tactile impres
sions received from compressing a flushing device is 
discouraged, puncturing it is ill-advised. 

For the flat bottom type device, the twist drill hole 
fits well, but, with the burr hole type device, better 
fixation of the reservoir can be achieved; consequently, 
pressure upon the skin may be reduced. In neonates 
and infants, since the placement of a reservoir may 
cause tension in the skin and eventually lead to skin 
necrosis, it is desirable to use a right angle tube, connec-
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Figure 15.29. The Dandy-Walker cyst should be treatcd only 
with lateral, and IV ventriculoperitoneal shunts. There rcally 
is no place for suboccipital craniotomy and establishment of 
communication between the encysted IV vcntricle and basal 
cisterns in thc management of this disease! Though this opera
tion has been performed rcpeatedly since it was initially intro
duced by Walter Dandy, no one (including Dandy) has dem
onstrated its efficacy. These operative photographs are uscd 
only to illustrate the anatomical findings, not to suggcst that .. 
this is an operative procedurc which thc author recommends. 
(A) This child had had lateral ventriculoperitoncal shunting 
performed at birth. Her hydroccphalus was compensated until 
the time of this surgery, whcn her shunt obstructed and thc 
surgcons chose to perform a suboccipital craniotomy and 
"freeing of adhesions between the cerebellum and brainstem 

A so as to establish communication betwecn IV ventriclc and 

B 

D 

basal cistcrn." The informative observation hcre is thc extraor
dinary thickness of the skulI, something which one commonly 
observes in children shuntcd at birth, with long-standing com-



A 

pensated hydrocephalus. (B) The suboccipital craniotomy and 
reflection of the dura mater have been performed, revealing 
the posterior inferior aspect of the cystic IV ventriele (arrows). 
(C) After the dura mater (1) has been reflected superiorly 
and the posterior inferior aspect of the cncysted IV ventriele 
(2) opened, one looks directly at thc floor of thc IV ventriele 
(3) and the enormously dilatcd aqueduct of Sylvius (4). (D) 
This is another child. The dura (1) has been reflected super
iorly and the posterior inferior aspect of the cncysted IV ven
triele (2) completely resected. There are extensivc arachnoidal 
adhesions (3) extending from the lateral mcdullary ci sterns 
to the surface of thc cerebellar tonsils. One notes the floor 
(4) and lateral walls (5) of the IV ventriele. (E) The colliculus 
facialis (1) and hypoglossal triangle (2) of the floor of the 
IV ventriele, as weil as the lateral walls (3) are glistcning white. 
There is no inferior vermis. Communication between the IV 
ventriele and the lateral medullary eisterns (4) has been estab
lished. 

Figure 15.30. Though unusual, the encysted IV ventriele may 
expand lateral to one or the other cerebellar hemispheres, rath
er than in the midline along the vallecular opening into the 
void left by the dysplastic inferior cerebellar vermis. When 
this happens, the cercbellar hemisphcres are displaced to one 
side, with the elinical picture being that of a cystic cerebellar 
hemisphere tumor rather than a congenital anomaly. (A) The 
inferior cerebellar triangle craniotomy has been performed and 
thc dura (1) sewn out of thc way superiorly. Thc cercbellar 
hemisphercs (2) are displaced from right to left by the cystic 
transformation of the IV ventriele (3) which has expanded 
lateral to the right cerebellar hemisphere and into the region 
of the lateral rccess of the IV ventrielc. (B) The posterior 
wall (arachnoid-pia-glia) of the posterior lateral extension of 
the cystic transformation of the IV ventriele has been opened, 
exposing the underlying normal surface of the right cerebellar 
hemisphere (1) and the most anterior extension of thc cyst 
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wall (2). (C) The anterior wall of the cyst has now bcen re
sected, exposing the enormously dilated lateral recess of thc 
IV ventriele (1) and the atretic foramen of Magendie (2). 

B 

c 
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Figure 15.33. Variou type or flushing re crvoir. 
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Figure 15.34. Variou type of pre ure-controlling valvcs. 



Raimondi type 

Figure 15.35. Various types of peritoneal catheters. 

tor, or preferably, Unishunt so as to avoid the use of 
a reservoir. Recently, a reservoir with a sm aller outside 
diameter so as to exert less pressure on the skin has 
been produced for use in infants. 

3) Peritoneal catheter-Fig. 15.35-Regarding peri
toneal catheters, the spring armored kink-proof and 
hard king-resistance types are available. The kink-proof 
catheters are not kinked within the abdominal wall and 
can be used safely. 

The tip of the catheter is equipped with a slit valve. 
According to the length of the slit, the valves are classi
fied into three types : i.e. , low, medium, and high pres
sure valves. When the reservoir has a built-in pressure 
control valve, a peripheral catheter with a low pressure 
valve is used. When a reservoir has an antireflux valve, 
an open-ended catheter may be used. 

4) Other devices-With the hope of preventing exces
sive CSF drainage due to the "siphon effect" in the 
sitting or standing positions, antisiphon devices and on
off valves to control the intracranial pressure 
(Fig. 15.36) are sometimes used . Shunt filters, their effi
cacy is doubtful, to prevent dissemination of tumor cells 
into the abdominal cavity, have been recommended for 
use in children with malignant pineal tumors. 

Characteristics of the Flow Rate 
The drained CSF volume (mI) per minute is shown in 
the pressure-flow rate (resistance) curve (Fig. 15.37). In 
interpreting this curve, it is important to compare the 
pathological features of the patient reflected in this 
curve with the CSF production per minute (Approx. 
0.35 mI/minute) and the CSF pressure (approx 40 10 
110 mm H 20) in normal infants and children. When 
the CSF pressure is more or less normal, the flow rate 
at each pressure does not vary greatly. However, when 
the CSF pressure is high, in some systems the flow rate 
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Figure 15.36. Other devices. 

at the low press ure is greatly increased as compared 
with those at medium and high pressures. 

The pressure flow-rate curve is obtained by plotting 
the flow rates at various press ure differences examined 
by using two water baths (Fig. 15.38). The different 
curve profiles depending on various systems, are ascrib
able to differences in the pressure control valve, and, 
on the basis of Poiseuille's law (Fig. 15.39), in the diam
eter and length of catheters used in each system. 

Opening Pressure and Closing Pressure 
The opening and closing press ures can be measured by 
introducing small air bubbles into the shunt system. 
Having adjusted the water surface levels of the water 
baths at the ventricular (proximal) and peritoneal (dis
tal) ends to be equal, the distal water surface level is 
gradually lowered. The opening pressure is indicated 
by the difference in the water surface level between the 
two baths at the point when the air bubbles begin to 
move. Similarly, the closing pressure is indicated (when 
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Figure 15.37. Prcssure- flow rate curve. 

the water surface level at the peripheral side is gradually 
elevated) by the difference in the water surface level 
between the two baths at the point when the air bubbles 
cease to move. 

The ideal shunt system is one which normalizes the 
elevated intraventricular pressure without collapsing the 
ventricular system, thus facilitating CSF drainage with
out causing overdrainage or underdrainage. 

Since the pathological features of hydrocephalus and 
the anatomo-physiology of children vary among cases 
and age categories, a shunt system which functions sa
tisfactorily in all patients has not yet been developed. 
Shunt system selection, therefore, is somewhat subjec
tive and this varies from neurosurgeon to neurosurgeon. 
Since shunt systems are permanent, it is desirable to 
select one which will cause fewer complications and will 
be easily revised in case a shunt obstruction occurs. 
Therefore, the system should be simple! 

Currently, three types of valves are available 
(Fig. 15.34). In slit valves, the flow rate is liable to 
change when the intraventricular pressure changes, 
while in spring-ball valves and diaphragm valves the 
low rate theoretically is maintained at a constant level, 
even if the intraventricular pressure and the viscosity 
of CSF change (Fig. 15.40). These types of shunt sys
tems are thought to be useful, for example, in cases 
of hydrocephalus secondary to meningitis, where the 
CSF pro tein levels are elevated and shunt occlusion is 
common. However, these two types of valves have been 

prox ima.1 
reservOir 

flushing 
device 

distal 
reservOir 

hydrostatic 
pressure 

Figure 15.38. Measuremen t of thc flow ratc of shunt systems. 

F = volume passing through the tube each second 
P = pressure difference between the inlet and out/et 
n =viscosity of the fluid 
r = radius of the tube 
l = length of the tube 

Figure 15.39. Poiscuille's law. 
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considered by some to be subject to the so-called "si
phon effect," and overdrainage has been reported to 
occur when patients are in the sitting and standing posi
tions (Fig. 15.41). 

It is desirable to control the pressure of the shunt 
system with a proximal valve. When more devices are 
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It totters when she lieks it with her tongue. 
I shan't be gone long- You eome too. 

ROBERT FROST 

The Pasture 



Chapter 16 

Pediatric N euroanesthesia 

Several factors are responsible for the advances we wit
nessed over the last decade in the field of pediatric neu
rosurgery. Better understanding of the pathophysiology 
of increased intracranial pressure and its control, the 
pharmacological effects of anesthetic agents on the cere
bral blood flow and metabolism, preoperative control 
of metabolic disturbances, specialized postoperative in
tensive care units, aggressive invasive monitoring, and 
newer diagnostic tools, such as computed transmission 
tomography and somatosensory evoked potentials, en
abled the pediatric neurosurgeon to deal successfully 
with lesions considered inoperable a few years ago. 

Physiologie Aspeets 

Cerebral Blood Flow 
Measurement ofCerebral Blood Flow (CBF) 
Kety and Schmidt1 pioneered the quantitative measure
ment of CBF, using nitrous oxide as an inert tracer. 
The lower limit is 44 ml/100 g/min, which represents 
the global blood flow. With the introduction of radio
isotopes as tracers (85 Kr, 133Xe) and the use ofmultiple 
external scintillation counters, regional or focal blood 
flow was found to range between 20 ml/100 g/min in 
the white matter to 80 ml/1 00 g/min in the gray matter. 2 

Other methods for determination of CBF are the hy
drogen clearance technique, where injected or inhaled 
hydrogen is measured by a small platin um electrode 
inserted in different areas of the brain,3 and the injec
tion of microspheres 4 and autoradiographic studies of 
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diffusible tracers. 5 Because of their invasiveness, the usc 
of these techniques is limited to animal studies. 

Control ofCerebral Blood Flow (CBF) 
Arterial Carbon Dioxide Tension (PaCO z) 
Respiratory acidosis due to increased PaC0 2 causes in
creased CBF. On the other hand, respiratory alkalosis 
due to passive or active hyperventilation causes arterio
lar constriction and decreased CBF (Fig. 16.1). Carbon 
dioxide, being highly soluble, crosses the blood-brain 
barrier easily and increases the H + concentration in 
the perivascular and extracellular fluid, causing dilata
tion of smooth muscle in the arteriolar wall, thereby 
reducing vascular resistance and increasing CBF. 6 The 
clinical application of hyperventilation in neurosurgical 
patients is weil recognized, although it was found that 
the cerebral vessels are maximally constricted at a 
PaC0 2 of 20 torr and that the brain may show signs 
of hypoxemia at extreme degrees of hyperventilation. 7 

Readjustment of the cerebrospinal fluid bicarbonate 
during chronic hyperventilation limits the usefulness of 
long-term control of CBF by mechanical ventilation. 8 

There is also so me evidence that this relationship be
tween PaC0 2 and CBF may be different in premature 
and newborn infants, as it was shown that, in the sheep 
fetus and newborn lamb, an increase in PaC0 2 causes 
an increase in CBF, while a decrease in PaC0 2 is not 
associated with a drop in CBF. 9 Other investigators 
found a lack of reactivity of CBF to changes in PaC0 2 

in the newborn monkey.l0 
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PaC02 (torr) 

Figure 16.1. The effect of PaCOz on cerebral blood flow. 

MAP(torr) 

Figure 16.2. The effect of mean arterial press ure (MAP) on 
cerebral blood flow. 

Cerebral Perfusion Press ure (CPP) 
The CPP is defined as the difference between the me an 
arterial pressure (MAP) and the intracranial pressure 
(ICP). The ability of the cerebral blood vessels to main
tain constant blood flow over a wide range of perfusion 
press ure exists also in other vital organs, such as the 
heart and kidney, and is known as autoregulation 
(Fig. 16.2). 

The normal range of autoregulation in normotensive 
adults with a mean arterial pressure of 90 torr is be
tween 50 and 150 torr. 1 1 In hypertensive patients with 
a mean arterial pressure of 125-180 torr, it was found 
that the lower limit of autoregulation is 90-125. 12 It 
is of interest to note that the breaking point of the 
lower limit of the autoregulatory mechanism in both 
normotensive and hypertensive adults is approximately 
two thirds the mean arterial pressure. Furthermore, 
there is evidence that the same relationship may exist 
in the healthy newborn infant whose normal blood pres
sure is reported to be 72/47,13 with a me an arterial 
pressure less than that required for adequate cerebral 
perfusion in the adult, indicating that the breaking 
point is set at a lower level than that in adults. This 
was shown experimentally in newborn lambs with a 
mean arterial press ure of 60 that evidence of inadequate 
cerebra I perfusion was apparent at a CPP of 40 torr. 9 

Other factors that affect the lower limit of autoregu
lation are shown in Figure 16.3. The autoregulatory 
mechanism is known to be lost in certain situations 
such as head trauma, hypoxia, tumors, exposure to in
halation anesthetics, and after the use of hypotensive 
durgS. 14 - 16 Thus it is important to control blood pres
sure in this group of patients, because any increase in 
blood pressure is associated with a passive increase in 
cerebra I blood flow, resulting in an increase in intracra
nial pressure, which in turn lowers CPP. 

Arterial Oxygen Tension (Pa02) 
The sensitivity of the brain to hypoxemia is explained 
by several factors: its high resting oxygen consumption, 
its dependence on oxidative metabolie pathways, and 
the lack of any appreciable oxygen stores. There is little 
change in cerebral blood flow during normoxia and 
hyperoxia, while there is marked increase of cerebral 
bloodflow in the presence of hypoxemia, at a PaOz 
of 50 torr or less 17 (Fig. 16.4); these data also correlate 
with the finding of tissue acidosis at this level,18 thus 
suggesting the same mechanism of change in the prear
teriolar [H] + , as in the case of hypercapnia. The prema
ture and newborn infants have anormal Pa02 of 65-70 
torr,19 indicating their higher tolerance for hypoxemia 
than the adult, although it was found in animal studies9 

that a drop in PaOz of 7-11 torr caused an increase 
in cerebra I blood flow in the lamb fetus, indicating a 
much narrower range of PaO z at which anormal cere
bral perfusion pressure is maintained. 
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Figure 16.3. Factors which influence the lower limit of 
autoregulation (Ref. 9, 24, 12,25). 

Metabolie and Neurogenie Control 
Marked changes in regional cerebral blood flow can 
occur with local activity of brain tissue,20 wh ich is cou
pled with an increase in cerebral oxygen consumption 
(CMR02).21 On the other hand, an increase in global 
blood flow is known to occur during grand mal seizures, 
and also secondary to pain or anxiety,22.23 hence the 
importance of avoiding painful stimulation during neu
rological examination, even in comatose patients. 

The autonomie nervous system does not contribute 
significantly to the regulation of cerebra I blood flow, 
as stimulation of the cervical sympathatic chain causes 
a 15% decrease in cerebral blood flOW24 - 26 

Intracranial Pressure (ICP) 
The importance of understanding the pathophysiology 
of increased lCP cannot be overemphasized for the 
practicing anesthesiologist, as many of the techniques 
and drugs routinely used have a profound effect on 
ICP. Monr0 27 and Kellie28 have postulated that, be
cause the skull is indistensible, in the presence of con
stant craniospinal volume an increase in volume of any 
of its constituents will cause an increase in pressure. 
Although their hypothesis is not literally observed in 
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Figure 16.4. The effect of Paü2 on cerebral blood flow. 



496 Pediatric Neuroanesthesia 

Mass Volume 

Figure 16.5. Intracranial volume-pressure relationship (Com
pliance curve). 

patients, it forms the basis of the intracranial volume
press ure relationship (Fig. 16.5) in which a gradual in
crease in intracranial volume, such as in a growing mass 
lesion, is associated with an initial small rise in pressure, 
which is due to increased absorption of cerebrospinal 
fluid. This process is pressure-dependent. 29 Also, com
pression of the thin-walled cerebral vessels cause a re
duction in cerebral blood volume, thus allowing the 
mass lesion to expand temporarily with minimum 
change in ICP. Exhaustion of these compensatory 
mechanisms results in a marked rise in ICP with any 
further, even slight, increase in volume to a plateau 
where ICP equals the mean arterial pressure, a level 
at which cerebral blood flow ceases. The progressive 
rise in ICP causes areduction in cerebral perfusion pres
sure, wh ich results eventually in lowered tissue perfu
sion and metabolic acidosis due to the accumulation 
of lactic acid, which in turn pro duces cerebrovascular 
paralysis. 3 0 Furthermore, the absence of vascular reac
tivity increases the cerebral blood volume in the pres
ence of arterial hypertension, thus accentuating intra
cranial hypertension and also enhancing the formation 
of cerebral edema. 31 

Role 0/ Blood Pressure 
in Intracranial Pressure (ICP) 
In the presence of intact auto regulation, changes in ar
terial blood pressure have little effect on ICP except 
in extremes of blood press ure, that is, a me an arterial 
pressure of more than 150 torr or less than 50 torr. 
Loss of autoregulation due to intracranial pathology 15 
or exposure to inhalation anesthetics32 during and fol
lowing deliberate hypotension 16 or hypovolemic hypo
tension,33 can cause a passive change in ICP with chan
ges in me an arterial pressure. Control of arterial pres
sure in neurosurgical patients during the recovery peri
od, and also when moderate hypotension is present, 
may improve surgical conditions by reducing the brain 

bulk due to decreased flow to those areas of the brain 
with lost autoregulation. 

Role 0/ Arterial Blood Gases 
in Intracranial Pressure (ICP) 
The influence of changes in arterial oxygen and carbon 
dioxide tension on cerebral brain flow has been dis
cussed. Hypocapnia, by reducing cerebral brain flow, 
thereby causing a reduction in ICP, is an established 
technique in neuroanesthesia and in the management 
of nonsurgical patients with increased ICP. Extreme de
grees ofhypocapnia should be avoided because the cere
bral blood vessels are maximally constricted at a PC02 

of 20 torr, and further hyperventilation does not pro
duce added reduction in cerebral blood flow. Also, signs 
of brain ischemia, as evidenced by increased tissue lac
tate levels, are present with excessive hyperventilation. 7 

Finally, the large tidal volumes required cause a reduc
tion in cerebra I perfusion due to the accompanying in
crease in the mean intrathoracic pressure. 34 It should 
be noted that the effect of hyperventilation on reducing 
ICP is a temporary one because of decreased absorption 
of cerebrospinal fluid during the period of hyperventila
tion, and the readjustment of cerebrospinal fluid pH 
regains the original vascular tone. 8 

Hypercapnia, on the other hand, causes an increase 
in cerebral blood volume and a corresponding increase 
in ICP, which returns rapidly to normal with correction 
of the respiratory acidosis, unlike the increase in ICP 
that follows hypoxemia, persisting even after correcting 
the hypoxemia. Arterial hypertension in the presence 
of hypercapnia enhances cerebral edema35 and in
creased ICP, which may persist after correcting the re
spiratory acidosis. A similar situation also exists in the 
presence of combined hypoxemia and hypercarbia (as
phyxia). 

Role 0/ Anesthetic Agents 
in Intracranial Pressure (ICP) 
All inhalation anesthetics used clinically were shown 
to increase ICP, 36 - 39 which is secondary to an increase 
in cerebral blood volume due to the vasodilatory effect 
ofinhalation anesthetics on the cerebral arterioles, lead
ing to distension of the cerebral veins due to the fixed 
drainage capacity of the venous sinuses.40 In contrast, 
intravenous anesthetic drugs such as thiopental and al
thesin, 41.42 sedative drugs such as droperidol,43 and 
potent analgesic drugs such as fentanyl, in the absence 
of respiratory acidosis,42 will cause a decrease in cere
bral blood flow and, therefore, intracranial pressure. 
Ketamine, on the other hand, is the only intravenous 
anesthetic agent that causes marked increase in cerebral 
flow and ICP,44 thus limiting its use in neuroanesthesia. 

The undesirable effect 01' inhalation anesthetics on 
ICP is weil documented in anima I models, and in hu
man beings. Furthermore, this effect seems to be accen-



tuated in the presence of intracranial mass lesions,45 
although it was found that the increase in ICP due to 
halothane could be markedly obtunded by prior hyper
ventilation to an arterial carbon dioxide tension of less 
than 30 torr46 before the introduction of halothane. 
This finding, by no means as universal as Gordon47 

has suggested, shows a marked rise in ICP when halo
thane was introduced after aperiod of hyperventilation 
in some patients with space-occupying lesions. Enflur
ane, apart from the fact that it increases ICP, which 
may not be abolished by hyperventilation,48 also causes 
seizurelike EEG activity, which may be enhanced by 
the presence of hypocapnia, auditory stimulation, or 
a high inspired concentration of the anesthetic,49 thus 
limiting its use in neuroanesthesia. 

Role 0/ Hypothermia 
in Intracranial Pressure (ICP) 
Hypothermia causes a predictable and consistent fall 
in the cerebral metabolie rate and oxygen consumption, 
an effect which is traditionally expressed as Q10 which 
represents the factor by which the cerebral metabolic 
rate changes with a 10-degree I alteration in body tem
perature and is considered to be in the range of 2-3 
in the human brain. 50 Hypothermia was also found 
to reduce cerebra 1 blood flow 51 and ICP. 52 But the 
morbidity associated with the use of hypothermia and 
because it is a time-consuming procedure, especially in 
adult patients, the use of this technique was curtailed 
in clinical anesthesia. In our institution, we reserve the 
use of moderate hypothermia-30-32° C-to patients 
with arteriovenous malformations and aneurysms, 
where temporary clamping of vital cerebral vessels may 
be considered. 53 

The clinical implications of the above discussion may 
be summarized as folio ws : 

1. Anesthetic agents that tend to increase intracranial 
pressure, such as inhalation anesthetics and ketamine, 
should be avoided in patients with signs of increased 
intracranial pressure. 

2. Hyperventilation followed by the introduction of 
halothane is warranted in this group of patients. 

3. The ideal anesthetics for neurosurgery include barbi
turates as an induction agent and neuroleptanesthetic 
drugs for maintenance. 

4. Because the effects of changes in the arte rial blood 
gases, blood pressure, and the mean intrathoracic 
pressure are cumulative on intracranial pressure, hyp
oxemia, hypocapnia, and bucking should certainly 
be avoided. 

Measurement and Interpretation 
o/Intracranial Pressure (ICP) 
The value of monitoring ICP in neurosurgical patients 
is weil established,54 since it provides an excellent diag-
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nostic tool, particularly in those patients where clinical 
signs of increased intracranial pressure are lacking. 
Also, it may have a pi ace in predicting the outcome 
in patients with severe head injuries. 55 Several methods 
have been used to monitor ICP insertion of an intraven
tricular catheter. This technique was described and used 
by early workers56 and is still utilized in our institution, 
especially in hydrocephalic children on extraventricular 
drainage. This method has several advantages, as the 
fluid coupling allows repeated calibrations of the exter
nally located transducer. Also, cerebrospinal fluid could 
be easily aspirated to control an acute rise in ICP. Ven
triculitis is the main hazard associated with this moni
toring technique,57 while obstruction with debris may 
interfere with the accuracy of recording. Extradural 
bolts were used for ICP measurement to avoid infection, 
and this method was shown to compare favorably with 
intraventricular pressure, 58 although misplacement of 
the device could again result in faulty pressure record
ing. Recently, a subarachnoid bolt was described59 in 
which the tip of the bolt is inserted through an opening 
in the dura. 

However, cerebrospinal fluid drainage is not possible 
while the incidence of infections is reduced by inserting 
a Micropore filter on the distal end of the tubing (which 
does not dampen the pressure tracing11 ) and by the 
use of prophylactic antibiotics. 60 

Lundberg61 considered ICP to be normal if it is be
tween 5 and 10 torr, slightly increased between 11 and 
20 torr, moderateiy increased between 21 and 40 torr, 
and severely increased if above 40 torr. The intracranial 
pressure waveform shows normal fluctuations with car
diac systole, and also slower fluctuations during respira
tion, whether spontaneous or controlled. This dynamic 
state of intracranial pressure waveform enhanced fur
ther studies to determine the usefulness of its analysis. 
Janny and coworkers62 observed the increase in intra
cranial pulse press ure with increased ICP. Furthermore, 
Schettini and coworkers63 calculated brain-relative 
stiffness from the slope of the dynamic pressure wave
form and demonstrated the effect of hyposmotic edema, 
induced hypotension, hypovolemic hypotension, in
duced hypertension, hypercapnia and cerebral venous 
hypertension (Fig. 16.6). These and other studies64,65 
seem to indicate that computer analysis of ICP pressure 
waveform is a promising technique. 

Preoperative Evaluation and Management 
of the Pediatric Neurosurgical Patient 

The incidence of congenital anomalies of the central 
nervous system, such as meningomyelocele, may require 
surgical interference during the first few hours following 
birth, when the presence of other factors, such as pre
maturity or respiratory distress syndrome, may compli-



498 Pediatric Neuroanesthesia 

130 

120 

110 

100 

20 

10 

Phenylephrine 

lPa=200 mmHgl 

(r=.969: p<O.Q1) 

Cerebral Venaus HypertenSion 

(Pt=26 mmHgl 
(r= 967, p< 0.01l 

~ 
Responsel0 

Initial Bleeding 

Bleeding + 

Phenylephrine 

lr= 698: N 5) 

Acute Hypercarbia 
(Pa CÜ2= 110 mmHg) 

(r=940.p<0011 

PB (mmHg) 
• Maximal Changes 

o Contral Value 

cate the anesthetic management. On the other hand, 
an adolescent with craniopharyngioma will require ade
quate preoperative control of intracranial press ure and 
any endocrine disturbances to minimize intra- and post
operative complications. 
Preoperative Evaluation o[ the Newborn Infant. The indi
cations of surgery in the newborn are few: repair of 
meningomyelocele (usually attempted during the first 
24 hours), shunting procedures in congenital, postinfec
tious, or posthemorrhagic hydrocephalus, and, rarely, 
for elevation of depressed skull fractures, which are al
most invariably due to birth trauma. The majority of 
newborns tolerate anesthesia weIl, with the exception 
of those recovering from meningitis or intraventricular 
hemorrhage, who may show other systemic and central 
nervous system dysfunctions or prematurity. 
Respiratory Distress and Failure. The common causes 
of respiratory distress in the neonate are pulmonary 
atelectasis, especially in low birth weight infants, idio
pathic respiratory distress syndrome, muconium aspira
tion, and spontaneous pneumothorax. These disorders 
are manifested clinically by intercostal and subcostal 
retractions, tachypnea, expiratory wheeze or grunt, 
cyanosis while breathing 40% oxygen, and deteriora
tion in the level of consciousness. Physiological signs 
include arterial carbon dioxide tension greater than 75 
torr and oxygen tension less than 100 torr while breath
ing 100% oxygen. The presence of 3 clinical and one 
physiological signs indicates acute respiratory failure. 66 

Preoperative management includes arterial blood 
gases and ehest x-ray, and, because of the danger of 
brain damage from hypoxia or retrolental fibroplasia 
from hyperoxia, controlled oxygen therapy is indicated. 
In severe respiratory distress, an endotracheal tube is 
inserted and respiration is either assisted by continuous 
positive airway pressure (CPAP) or controlled by me
chanical ventilator (Table 16.1). 
Fluid and Electrolytes. Induction of anesthesia will in
variably cause hypotension in dehydrated infants. Also, 
the presence of electrolyte disturbances could interfere 
with the action and duration of muscle relaxants. Clini-

Figure 16.6. The influence of cerebral vascular 
factors on the brain relative stiffness (From 
Schettini, Malig, Moreshead. In Intracranial 
Press ure, Springer-Verlag, Berlin, 1972). 

cally, dehydration may be classified as mild if the water 
deficit is 5% of the infant's body weight and manifested 
by dry skin, depressed fontanel in supine position; in 
moderate dehydration, the water loss is 5-10% of the 
body weight, and the infant shows mottled skin, tachy
cardia, oliguria, sunken eyeballs, and flaccidity; in se
vere dehydration of 15% or more of body weight, the 
infant is moribund and shows the classic signs of 
shock. 67 Hypovolemia is associated with arterial hypo
tension and low cardiac output, which predisposes to 
metabolie acidosis. This, in turn, leads to further de
pression of the myocardium, hence the importance of 
correcting any degree of metabolie acidosis (Ta
ble 16.2). 

Table 16.1. Respiratory Distress Syndrome: Signs and 
Management 

Respiratory Distress in Neonates 
Pulmonary atalectasis 
Idiopathic respiratory distress syndrome 
Muconium aspiration 
Spontaneous pneumothorax 

Signs (Clinical) 
Intercostal, subcostal retractions 
Tachypnea 
Expiratory wheeze or grunt 
Cyanosis on FiOz 0.4 
Deterioration in level of consciousncss 

Signs (Physiologieal) 
PaC02 > 75 torr 
Pa0 2 < 100 torr on Fi0 2 1.0 

Management 
Arterial blood gases 
Chest x-ray 
Controlled O 2 therapy 
Continuous positive airway press ure, controlled ventilation 



Table 16.2. Common Metabolic and Fluid Disturbances in 
Neonates 

Disorder 

Dehydration 
5%: Dry skin, slight 

depression of 
fontanel 

10%: Mottled, 
tachycardia, 
oliguria, sunken eyes, 
flaccid 

15% : Moribund, signs 
ofshock 

Acidosis 
Arterial or capillary 

blood gases 

Hypoglycemia 
Glucose level 

< 30 mg% in premature 
<40 mg% in term infant 

Hypocalcemia 
Serum calcium< 5 mg% 

Management 

Replace 1 j 2 the estimated 
deficit with lactated 
Ringer's during 
the first hour and 
remainder over the 
next 4 hours 

Sodium bicarbonate 1 meqjml 
required = base deficit x body 
weight (kg) x 0.3 

10% or 20% dextrose in water 

Calcium gluconate 100 mgjkg 

Table 16.3. Common Neurosurgical Procedures in Infants and 
Children 

1. Craniosynostosis 
2. Craniofacial synostosis (Crouzon's and Apert's syndromes) 
3. Aneurysms and arteriovenous malformations 
4. Hydrocephalus 
5. Tumors 
6. Intracranial hematomas 
7. Skull fractures 
8. Spinal cord injuries and tumors 

The older child may require surgery for a variety 
of conditions (Table 16.3). It must be stressed that the 
presence of intracranial pathology is often the cause 
of other systemic disturbances that should be evaluated 
and adequately controlled be fore surgery. 

Respiratory System 
Disturbances of respiration often accompany intracra
nial pathology, and may present as periods of apnea 
in infants with intraventricular hemorrhage. Upper air
way obstruction is also known to occur in the Arnold
Chiari malformation and hydrocephalus,68 which may 
be due to impairment of blood flow to the brainstem 
as it herniates caudally, and the resultant ischemia 
causes bilateral abductor vocal cord paralysis evidenced 
clinically by stridor. 69 Increased intracranial press ure 
leading to mechanical stretching of the vagus nerve or 
its cervical rootlets mayaiso be a factor. 70 Temporary 
relief of the laryngeal obstruction by the insertion of 
endotracheal tube may be required until surgical treat-
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ment as insertion of a shunt or decompression of the 
posterior fossa is undertaken, after which the respirato
ry obstruction gene rally improves. It should also be not
ed that some of these in fants still develop periods of 
apnea even after securing an airway; thus the use of 
an apnea monitor is recommended. 68 

Aspiration pneumonitis is a well-documented compli
cation in patients with head injuries, obtunded level 
of consciousness, also those with Chi ar i 11 malforma
tion due to cricopharyngeal achalasia. 71 Preoperative 
management of these patients consists of protecting the 
airway from further aspiration by an endotracheal tube, 
the administration of prophylactic antibiotics and chest 
physiotherapy to minimize the high mortality associated 
with untreated aspiration. 72 Respiratory pattern distur
bances occur secondary to head trauma, severe infec
tions, and intracranial tumors,73 while pulmonary 
edema may complicate the course of neurosurgical pa
tients with severe head injuries, intracranial hemor
rhage, tumors, and seizures. 74 Table 16.4 summarizes 
the indications of preoperative mechanical ventilation 
in neurosurgical patients. 

Cardiovascular System 
The occurrence of arterial hypertension in the presence 
of elevated ICP is part of the well-recognized Cushing 
triad. Electrocardiographic changes such as T-wave in
version, S-T segment depression, and even the appear
ance of Q waves were all described in patients with 
subarachnoid hemorrhage and space-occupying le
SiOllS. 76 Atrial fibrillation 77 and cardiac arrest were re
ported to follow head injuries,78 although the exact 
mechanism of these dysrhythmias remains unclear. 
Congestive cardiac failure may be the only presenting 
sign in infants with large arteriovenous malformations 
of the brain,79 and is evidenced by cardiac enlargement 
on x-ray film and signs of ventricular strain on the elec
trocardiogram. Adequate preoperative control with dig
italis and diuretics is required, although rareiy effective 
in the presence of a large fistula. 

Table 16.4. Indications for Preoperative Intermittent Positive 
Press ure Breathing 

1. Respiratory rate< 10jmin in adult or> 70jmin in neonate 
2. Markedly irregular respiratory patterns 
3. Combined chest and head injury with pulmonary involve-

ment 
4. Central hyperventilation with PaC02 < 20 torr 
5. Head injury in coma with impending respiratory failure 
6. Elevated ICP > 25 torr 
7. Severe intrapulmonary shunts VDjVT> 50% 
8. Upper airway obstruction 

Modified from Mil\er JD, Sullivan HG: Management of acute 
intracranial disasters. IAC 17: 59, 1979, with permission. 
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Table 16.5. Shapiro's Classification 

Condition 

Alert 

Lethargie 

Obtunded 

Stuporous 

Comatosed 

Stimulus 

Normal visual, auditory 
Somatosensory, visceral 

Augmented, external 

Augmented, external 

Intense, noxious 

Intense, noxious 

Central Nervous System 

Response 

Immediate, complete 
Proper verbalization 

Delayed, incomplete 
Proper verbalization 

Difficult to arouse 
Obeys, 

no verbalization 

Brisk defensive 
movements 

Inappropriate or 
absent 

Preoperative evaluation of the central nervous system 
is prerequisite for safe and successful intraoperative 
management of neurosurgical patients. The primary in
terest of the anesthesiologist lies in evaluating the level 
of consciousness, as weB as the presence of elevated 
intracranial pressure and the site of the lesion, as the 
latter will determine the position of the patient during 
surgery. Several scoring systems are used for evaluating 
the level of consciousness. Of these the Glasgow Coma 
Scale80 is widely used in neurosurgical units, while, for 
rapid evaluation, Shapiro's classification 11 is both ade
quate and useful, as shown in Table 16.5. However, 
the CCS, as described in this text, is preferable. 

The presence of elevated intracranial pressure is de
tected by the clinical and radiological signs, and it is 
usually managed preoperatively by one or more of the 
following regimen: 

1. Dexamethasone 0.25-0.5 mgjkgjday 
2. Glycerol1.5-2.0 gjkgjsingle dose via nasogastric tube 

or maximum dose of 3-6 gjkgjday 
3. Mannitol 1.5-2.0 gjkgjsingle dose iv or maximum 

dose of 4--8 gjkgjday 
4. Mechanical hyperventilation to control sudden rise 

in intracranial pressure 
5. Insertion of ventriculoperitoneal shunt is used rou

tinely in our institution in the management of pa
tients with intracraniallesions and elevated intracra
nial pressure a week prior to the planned craniotomy. 

Endocrine Disturbances 
Patients with parasellar and suprasellar tumors such 
as craniopharyngioma, optic nerve glioma, hypotha
lamic glioma, and also pituitary tumors, may present 
preoperatively with hormonal disturbances due to either 
direct pressure of the tumor mass on the pituitary gland 
or interference with the portal system of the pituitary 
stalk. The following table (Table 16.6) summarizes the 
different neuroendocrine disturbances that may accom
pany these tumors preoperatively. 

Table 16.6. Preoperative Hormonal Abnormalities 

Diabetes insipidus 
Polyuria 
Polydysia 
lnability to concentrate urine 
Urine/serum osmolality< 1.0 
Inereased serum sodium and osmolality 

Replacement: 
Vasopressin tannate 1-5 U q 24-48 hr 
DDAVP nasal spray 5-15 ~g q 1224 hr 

Adenocorticotropic hormone (ACTH) deficiency 
Low 17-0H corticosteroids in 24-hr urinc 
Low serum cortisol 

Replacement : 
Cortisone acetate 20 mg/m 2/day x 6 day of surgery 

Thyroid-stimulating hormone (TSH) deficiency 
Serum level of TS H < 10 mg/mI 
Serum level ofT4<4 mg/mI 
Decreased radioactive iodine uptake 

Growth hormone deficiency 
Insulin-induced hypoglyccmia test 

Gonadotropins deficiency 
Insignificant in children under 12 years 

The postoperative period requires careful manage
ment of the fluid and electrolyte balance, continued 
steroid therapy, particularly with alte red demand due 
to fever, and sodium retention or even decreased water 
intake in the presence of obtunded consciousness. 

Anesthetic Management 

Preoperative Medication 
The essential purpose of preoperative medication is 
twofold: to alleviate apprehension and fear, and to 
avoid excessive secretions and unwanted vagal reflexes 
such as bradycardia, which is common in the pediatric 
age group. 

Preoperative Medication 
for Children Over Two Years Old 
Patients over two years of age and with functioning 
ventriculoperitoneal shunts or without clinical or radio
logical signs of increased intracranial pressure may be 
sedated by pentazocine 1-1.5 mgjkg together with atro
pine sulfate 0.02 mgjkg intramuscularly 45 minutes be
fore induction of anesthesia. 

Preoperative Medication 
for Children Under Two Years Old 
Patients less than two years old, or those with malfunc
tioning shunts or with clinical or radiological signs of 
increased intracranial pressure are premedicated with 



atropine only because excessive sedation may cause an 
acute rise in intracranial pressure due to respiratory 
depression and retention of carbon dioxide, although, 
in agitated children, diazepam 0.1 mgjkg can be given 
orally the night be fore surgery and may be repeated 
two hours before the induction of anesthesia, as, in 
addition to its sedative effect, it causes reduction in 
intracranial pressure by reducing the cerebral blood 
flOW.

81 

Induction of Anesthesia 
Anesthesia in Infants 
Infants with open fontanels or children with functioning 
ventriculoperitoneal shunts and children without clini
calor radiological signs of increased intracranial pres
sure, inhalation induction with halothane is both rapid 
and pleasant and respiration is gradually assisted, then 
controlled as soon as the patient is adequately anesthe
tized. An intravenous route is then secured by using 
an indwelling cannula of appropriate size. 

Endotracheal intubation is facilitated by the use of 
the short-acting depolarizing muscle relaxant succinyl
choline in brief procedures such as shunt insertion. On 
the other hand, long-acting nondepolarizing relaxants 
such as pancuronium are used for longer operations. 
Intubation of the trachea is not attempted until full 
muscle paralysis has ensued, to avoid any increase in 
intracranial pressure that may accompany tracheal intu
bation. 82 

Anesthesia in Older Children and Adolescents 
In older children and adolescents, patients with signs 
of increased intracranial pressure, patients with mal
functioning ventriculoperitoneal shunts, and those chil
dren with full stomach, a rapid sequence induction of 
anesthesia is preferred in which, after securing an intra
venous route, a sleep dose of sodium pentothal (4-5 
mgjkg) is injected; following aperiod of preoxygena
tion, endotracheal intubation is rapidly accomplished 
with the use of succinylcholine in a dose of 2 mgjkg. 
Manual hyperventilation is then started, and a long
acting muscle relaxant is used for the remainder of the 
procedure. 

Maintenance of Anesthesia 
Ventilation is routinely controlled in all neurosurgical 
patients. We utilize for that purpose the Elema servo 
900B ventilator coupled with the Elema end tidal car
bon dioxide monitor which provides an accurate, yet 
a noninvasive, method of adjusting ventilation, thus 
eliminating the need for repeated determination of arte
rial blood gases. Also, this ventilator proved to be ex
tremely versatile, as it is easy to ventilate premature 
infants as weH as adults without the need to modify 
its circuit. All inspired gases are humidified, and, in 
longer procedures, particularly in small children, they 
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are also heated to 38° C. Anesthesia is maintained with 
a long-acting nondepolarizing muscle relaxant such as 
pancuronium together with 0.5-0.7 MAC of an inhala
tion agent as halothane or ethrane. The fluid deficit 
due to preoperative fasting and also for maintenance 
is replaced by the infusion of 5% dextrose in lactated 
Ringer's solution at the rate of 4 mljkgjhr. 

Intraoperative Monitoring 
All patients are placed on heatingjcooling mattresses 
thermostatically controlled to the desired temperature. 
Blood replacement is started if the blood loss exceeds 
15% of the estimated blood volume or to maintain a 
minimum hematocrit value of 30% at all times. Hourly 
determination of arte rial blood gases will check the ade
quacy of ventilation, and also will detect the onset of 
metabolic acidosis, wh ich may complicate the use of 
sodium nitroprusside. Furthermore, serum electrolyte 
levels may be required to detect any drop that may 
result from excessive diuresis. 

The inhalation agents are discontinued at the end 
of the procedure, when the muscle relaxant is reversed 
in the presence of adequate respiration, stable cardio
vascular system, and intact protective reflexes, such as 
coughing and swallowing. The patient is then extubated 
and transferred to the recovery room where close hemo
dynamic and neurological monitoring is continued. 

Special Considerations 
Meningomyelocele Repair 
and Chiari Malformation 
Because it may be difficult to place infants with large 
myelomeningoceles or encephaloceles supine during in
duction of anesthesia, we usually induce anesthesia in 
the lateral position. Also, as these patients are known 
to become hypothermic due to immaturity of the heat
regulating mechanisms, every effort should be made to 
keep their temperature within the normal thermal envi
ronment. Extreme care should be taken while position
ing patients with Arnold-Chiari malformation and both 
respiratory arrest and cardiovascular instability are re
ported during manipulation of the cervical spine before 
and during surgery.84,85 

Shunting Procedures 
The long-term treatment of some types of hydrocepha
lus, such as those secondary to aqueductal stenosis, of 
the postinfectious and posthemorrhagic varieties, as 
weil as the Arnold-Chiari malformation, may require 
shunting of the cerebrospinal fluid around the site of 
obstruction to different body cavities-commonly, the 
periotoneal cavity or the right atrium. Unfortunately, 
this procedure is compounded by a variety of complica
tions, which requires repeated exposure to anesthetics. 
The common complications the anesthesiologist should 
be familiar with are infection, obstruction, and discon-
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nection. Although the Uni-Shunt86 used routinely in 
our institution, is devoid of this complication, shunt 
tube extrusion, the formation of localized peritoneal 
cysts and hernias,87 catheter migration, and bowel per
formation,88 may occur. Ventriculoatrial shunts, on the 
other hand, are likely to have more serious complica
tions, such as arrhythmias or pulmonary valvular dys
functions due to migration ofthe distal end ofthe cathe
ter, and also embolization of the right atrium and the 
pulmonary artery.89 The anesthetic management of 
these children may cause different respiratory and car
diovascular changes, particularly bradycardia, which 
responds to small doses of atropine 0.1-0.2 mg. Inser
tion of the abdominal end of the catheter is usually 
facilitated by the use of a trocar, wh ich requires the 
presence of some tone in the abdominal muscles to 
avoid injury to internaIorgans or perforation of the 
bowel, and for this reason we do not use muscle relax
ants in those patients in whom the trocar will be used 
to insert the distal end of the shunt tubing into the 
peritoneal cavity. Ketamine should be avoided in hy
drocephalic children, and also ethrane, particularly in 
patients with a history of seizures. 

Posterior Fossa Craniotomy 
Exploration of the posterior fossa in the pediatric pa
tient is indicated for resection of a tumor, evacuation 
of an abscess or a hematoma, ligation of an aneurysm 
or arteriovenous malformation, and for implantation 
of electrodes for chronic cerebellar stimulation to con
trol epilepsy90 or to alleviate spasticity in cerebra 1 
palsy.91 The presence of space-occupying lesions in the 
posterior fossa results in some unique problems that 
may affect the anesthetic management: 

1. Increased intracranial pressure is liable to occur early 
because of rapid exhaustion of the compensatory 
mechanisms due to the small size of the posterior 
fossa. 

2. Blockade of the narrow aqueduct results in obstruc
tive hydrocephalus and ventricular enlargement. 

3. The increased pressure in the posterior fossa eventu
ally causes medullary coning evidenced clinically by 
stiffness of the neck, bradycardia, and periods of ap
nea. These patients require careful positioning, and 
marked flexion of the neck should be avoided. * 

5. The rigid tentorium could cause apressure gradient 
between the supratentorial compartment and the pos
terior fossa in the presence of space-occupying le
sions, which may be accentuated by exposure to hal
othane92 or by rapid reduction of the supratentorial 
pressure by hyperventilation, thus leading to upward 
or transtentorial herniation. The anesthetic implica-

* The reader interested in history, and the value of clinical examina
tion, is referred by the Author to his reference to Vesalius' comments 
on hydrocephalus for comparison to these observations by W. Johak. 

tions of these facts require avoiding excessive hyper
ventilation, particularly if the patient is placed in the 
sitting position, as this may, in addition, lead to rup
ture of one of the bridging veins and the formation 
of subdural hematoma. A similar situation mayaIso 
exist after the use of osmotic diurectis, such as manni
tol; therefore such drugs should be avoided. 

Access to the posterior fossa may be accomplished 
with the patient in the lateral or park bench position, 
which is ideal for insertion of cerebellar stimulator elec
trodes. The front of the chest should be prepped and 
draped to allow easy insertion of the stimulator mecha
lllsm. 

The prone position is used in children under one year 
of age to prevent the excessive weight stress on the de
veloping spine that the sitting position would cause. 
Although the prone position provides good access to 
the midline structures, lesions in the superior parts of 
the posterior fossa are difficult to deal with in this posi
tion. Further pooling of blood in the surgical field may 
hinder vision. From the anesthetic point of view, the 
prone position may present difficulties in airway man
agement, and, for that reason, the use of extralong flex
ible endotracheal tubes is advised. Also, proper support 
of the pelvis and the chest by placing the child on lateral 
rolls or a similar dcvice will allow adequate ventilation 
and prevent interference with venous return. 

The sitting position pro vi des an excellent visual and 
surgical approach to most posterior fossa lesions and 
is still preferred in our institution, yet it suffers two 
undesirable drawbacks. The first drawback is arterial 
hypotension caused by pooling of the circulating blood 
volume in the dependent lower limbs, and this is likely 
to happen in hypovolemic patients from decreased 
water intake or in whom osmotic diuretics were used 
preoperatively. This situation is easily corrected by 
rapid administration of lactated Ringer's solution to 
achieve a central venous pressure level of 2-4 torr, and 
by wrapping the legs with elastic bandages. It is also 
recommended that the patient be placed in a semireclin
ing position with the knees supported in flexion at the 
level of the heart; this position will not cause a signifi
cant drop in cardiac output, in contrast to that which 
occurs in patients placed in the upright sitting position. 
Venous air embolism, the second complication of the 
sitting position, is due to entrainment of air from an 
open venous sinus at the surgical field in the presence 
of a vertical gradient between the open vessel and the 
level of the heart, and also because the venous sinuses 
are attached to the dura, which prevent them from col
lapsing, thus allowing a continuous flow of air to the 
heart. The importance of the vertical gradient as an 
essential factor for the occurrence of air embolism was 
shown in a clinical study by Albin and coworkers,93 
where 25% of patients in the sitting position, 8% in 



the lateral posItIOn, 18% in the supine position, and 
10% in the prone position had clinical evidence of ve
nous air embolism in the presence of a vertical gradient 
ranging between 5 and 65 cm. Venous air embolism is 
by no means a rare occurrence in pediatric neurosurgi
cal patients. The incidence of air emboli sm in the sitting 
position is about 30% if sensitive methods of detecting 
air is used.94 The entrance of air to the right atrium 
initiates a sequence of changes depending mainly on 
the rate of entainment. If the rate is slow, it produces 
mechanical obstruction of the distal pulmonary vessels, 
and also a reflex spasm of the unembolized pulmonary 
arterioles.95 This leads to a rise in pulmonary artery 
pressure and an increase in ventilation perfusion mis
match, evidenced clinically by hypoxemia and a drop 
in end expiratory carbon dioxide concentration. Acute 
pulmonary edema is a documented complication of air 
embolism, 96 - 98 due possibly to the rise in pulmonary 
artery pressure or alveolar hypoxemia. Both the ventila
tion perfusion mismatch and the pulmonary edema lead 
to arterial hypoxemia, which, if sufficient, will cause 
myocardial failure, hypotension, and cardiovascular 
collapse. Hypotension, particularly in the sitting posi
tion, mayaiso cause ischemia of the vasomotor centers 
and a drop in the peripheral vascular resistence,99 thus 
accentuating the preexisting hypotension. The rise in 
pulmonary artery pressure eventually leads to a rise 
in right ventricular and right atrial pressures, which, 
in the presence of a patent foramen ovale, may cause 
paradoxical embolization of air to the systemic circula
tion. loo This may explain unexpected neurological defi
cits following neurosurgical procedures complicated by 
air embolism. Rapid entrainment of air causes an air 
lock in the right ventricle and the pulmonary outflow 
track, thus leading to a rapid drop in cardiac output 
and cardiovascular collapse. Early detection of air em
bolism is critical if its life-threatening sequelae are to 
be avoided, and of the noninvasive devices used, the 
doppler remains by far the most sensitive, 10 I as it is 
capable of detecting minute amounts of air-as small 
as 0.2 mI. Another noninvasive device is the end-tidal 
carbon dioxide analyzer, which we use as a backup for 
the doppler in all posterior fossa craniotomies in the 
sitting position. I 02 The insertion of a Swan-Ganz cathe
ter allows monitoring pulmonary artery pressure, which 
is another sensitive method of detecting air pressure, 103 
although it is an invasive technique and has its own 
morbidity. The clinical signs of air emboli sm appear 
after a fairly large amount of air is embolized. These 
signs include cardiac dysrhythmias, particularly tachy
cardia and, less often, bradycardia; premature ventricu
lar contractions; arterial hypotension together with hy
poxemia; and the Mill-Wheel murrnur over the heart. 
The treatment of venous air embolism should be ini
tiated if air entry is suspected, particularly during dis
section of the spinal muscles or the elevation of bone 
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flaps, with the aim of stopping further air entrainment 
by identifying and coagulating the open venous chan
neI. Lowering the head of the patient will decrease the 
vertical gradient, thus preventing further air entry. Then 
100% oxygen should be administered because the pres
ence of nitrous oxide in the inspired mixture of gases 
will increase the size ofthe air bubble. 104 The aspiration 
of air from an accurately placed central venous catheter 
may be extremely useful in removing the trapped air 
from the right side of the heart.105.106 Vasopressors 
are used to correct the hypotension. 

Anesthetic Adjuncts 

Deliberate Hypotension 
Pharmacologically induced hypotension in pediatric 
neurosurgery is becoming an important part of the an
esthetic management of not only patients with arterio
venous malformation of the brain, aneurysms, and vas
cular tumors, but also in long reconstructive procedures 
to minimize the blood loss and to improve the surgical 
field. Deliberate hypotension is used also to control, 
the intraoperative hypertension that may accompany 
light levels of anesthesia when inhalation agents such 
as halothane are avoided. Arterial hypotension can be 
induced by several methods, some of which, although 
effective, are not recommended because of their long 
duration of action or unwanted metabolic effects. 

Inhalation Agents 
Deep anesthesia with inhalation agents such as halo
thane produces hypotension by their depression of the 
myocardium, while they have no effect on the peripheral 
vascular resistance. 1 07 Thus these reduce agents tissue 
perfusion and predispose to metabolic acidosis. 

Vasodilators and Sympathetic Ganglion Blockers 
Presently the popular drugs used for deliberate hypo
tension include sodium nitroprusside (SNP), which is 
a direct vasodilator agent that acts mainly on the resis
tance vessels,108 and glyceryl trinitrate (GTN), a direct 
vasodilator that acts on the capacitance vessels.! 09 An
other useful group of drugs are the sympathetic gangli
on blockers such as trimethaphan camsylate and pento
linium tartrate, both of which produce arterial hypoten
sion by arteriolar and venular dilation. 11 0 Table 16.7 
summarizes the differences among the three most com
monly used hypotensive drugs. 

Close monitoring of the arterial blood press ure is es
sential, preferably by an indwelling arterial cannula, 
while catheterization of the urinary bladder will allow 
monitoring of urinary output, which is an indicator of 
adequacy of cardiac output. lt should be no ted that 
resistance to NIP is an early sign of toxicity, together 
with the development of metabolic acidosis and the 
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Table 16.7. Most Commonly Used Hypotensive Drugs 

SNP 

Onset Rapid 

Preparation 0.01% 

Initial dose 0.2-1.0 
mcg/kg/min 

Maximum dose 5 mg/kg 
(Ref: 111) 

Histamine Possible 
release 

Metabolism Cyanide 
thiothianate 

SNP = Sodium nitroprusside. 
GTN = glyceryl trinitrate. 

GTN Trimethaphan 

Rapid Rapid 

0.04-0.1 % 0.2% 

0.2-1.0 20-50 

Unknown Unknown 

None None 

Denitration Inactivated 
in thc liver by plasma 

cholinesterase 

presence of low arterial to mixed venous oxygen content 
difference, all of which are indications for discontinua
tion of the drug. 

Hypothermia 
At present there are few indications for the clinical use 
of hypothermia in neurosurgery. It is used mainly dur
ing the surgical clipping of cerebral aneurysms when 
temporary clamping of a major cerebral vessel is 
planned, or during surgical excision of a large arteriove
nous malformation. Hypothermia may be used when 
hypotension is contraindicated, for examples, in verte
bral and basilar artery aneurysms with signs of arterial 
steal from the brainstem. Moderate hypothermia, to 
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"Crito, We owe a cock to Aesculapius." 

SOCRATES 

(dying words) 



Chapter 17 

Neurologie Intensive Care 

Intensive care units represent a natural and expected 
extension in the care of critically ill patients who require 
elose medical and nursing observation because of rapid
ly changing physiological variables or are in need of 
advanced monitoring. At present, neurologie intensive 
care units (NICU) are limited to medical centers with 
adequate radiological support, ineluding computed 
transmiSSiOn tomography, and neurophysiological 
monitoring facilities such as EEG and somatosensory 
evoked potentials (SSEP). 

Criteria for Admission 
to the Neurologie Intensive Care Unit 

Severe Head Injuries 
The management of severe head injuries undoubtedly 
starts at the site of the accident or trauma, as some 
of the associated temporary conditions like airway ob
struction or apnea may worsen the initial intracranial 
insult, and are probably a reason for the high mortality 
during the first two hours after severe head injuries. 1 

Different studies2
•
3 have shown a significantly better 

outcome after severe head injuries in the pediatric age 
group, and for that reason all patients with head injuries 
are routinely addmitted to NICU even in the presence 
of an unfavorable prognostic score.4.5 The initial neu
rological assessment6 is done in the emergency room, 
and if the descision is made to seeure an airway that 
is compromised due to obstruction, hypoventilation, 
apnea, or even in the presence of marked spontaneous 
hyperventilation, which may be due to central lactic 
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acidosis from localized tissue hypoxemia following the 
cerebral insult. 7.8 Insertion of the endotracheal tube 
should only be performed after adequate anesthesia and 
muscular relaxation to avoid the increase in intracranial 
pressure that accompanies laryngoscopy or bucking 
during intubation. A CT sc an or occasionally an angio
gram may be required to exelude surgically amenable 
lesions be fore transferring the patient to NICU where 
treatment is continued. Pulmonary involvement is com
mon with head injury. It may be due to concomitant 
lung contusion, or hypoxemic insult during aperiod 
of arterial hypotension, manifested elinically as adult 
respiratory distress syndrome, 10 where progressive arte
rial hypoxemia, decreased lung compliance with re
duced functional residual capacity, and the appearance 
of the characteristic lung infiltrates of shock lung on 
ehest x-ray film are the elues for elinical diagnosis. 11 - 13 
Aspiration of vomitus shortly after the head injury may 
also lead to severe aspiration pneumonitis. Early treat
ment of the pulmonary complications with controlled 
ventilation, positive end expiratory press ure (PEEP) re
verse these changes in the majority of cases, 14 although 
high levels of PEEP, by increasing the me an intratho
raeie pressure transmitted to the right atrium may lead 
to a drop in the cerebral perfusion pressure (CPP).15 
Hence it is advisable not to exceed the optimum PEEP 
required for maximum therapeutic effect as evidenced 
by improved oxygenation. Also the patient should be 
nursed in a 30-degree head-up tilt, so as to counteract 
the hydrostatic effect of PEEP on the intracranial pres
sure. 16 Acute neurogenie pulmonary edema (NPE) is 
a well-documented serious complication of head inju-
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ry. I 7 It also occurs with other intracranial pathology 
and peripheral nervous disorders such as poliomyeli
tis. 18 The occurrence of NPE in patients with head inju
ries, even in the absence of previous pulmonary disease, 
may be due to an increase in ICP, which produces in
tense sympathetic stimulation in an effort to perfuse 
the ischemic medullary centers,19 causing marked sys
temic hypertension leading eventually to left ventricular 
failure and the development of pulmonary edema. The 
management of NPE consists of controlled ventilation, 
PEEP, diuretics, and cardiac support. 

States of Altered Consciousness and Coma 
When a comatosed child is admitted to NICU, he or 
she will require a rapid assessment of, not only central 
nervous system defieits, but other systemie dysfunetions 
that may present with eoma or altered eonseiousness. 
The presenee or absence of foeal neurologie signs will 
plaee the patient in one of four eategories20

: 

1. No foeal signs (normal ICP) 
a. Some metabolie eneephalopathies (renal, hepatie) 
b. Drug overdose 
e. CNS infeetions 
d. Trauma (eoneussion) 
e. Epilepsy (postietal state) 

2. No foeal signs (elevated ICP) 
a. Metabolie eneephalopathies (Reye's syndrome, 

lead poisoning, posthypoxie eneephalopathy) 
b. CNS infeetions 
e. Trauma (subdural, subaraehnoid hematomas) 
d. Brain tumors (midiine) 
e. Hydroeephalus 

3. Foeal signs (normal ICP) 
a. Vaseular oeclusions 
b. CNS infeetions (eneephalitis) 
e. Trauma (eontusion) 
d. Epilepsy (Todd's paralysis) 

4. Foeal signs (elevated pressure) 
a. Trauma (subdural, epidural hematomas) 
b. Tumors 
e. CNS infeetions (abseess) 
d. Vaseular (AVM) 

Foeal neurologie signs always indieate struetural brain 
disease, whieh ean often be deteeted by a CTT scan, 
EEG, or eerebral angiography. 

Severe Intracranial Infections 
Severe septic meningitis due to pneumocoecal or lIemo
philus infections and encephalitis are the usual eauses 
for admission to NICU in the pediatric age group, par
ticularly if rapidly progressive as evidenced by a dete
riorating level of consciousness or signs of brainstem 
impaction, and also the presence of other superimposed 
systemie infeetions. 21 Intensive treatment is directed to
ward management of the elevated ICP, avoiding the 

development 01' acute cerebral edema by fluid restriction 
and diureties, and proper antibiotie therapy. 

Postcirculatory Arrest Encephalopathy 
The presence of coma or other sings 01' CNS damage 
following hypoxie cerebral insult after suecessful resu
seitation from cardiac arrest, especially if witnessed, re
quire intensive management directed toward neuronal 
conservation. The importanee of such treatment after 
global brain insult was shown to be particularly crfee
tive in dealing with children who suffered near-drown
ing, where complete recovery was achieved even after 
apparently established brain death. 22 In one study, ag
gressive CNS-oriented therapy resulted in eomplete re
covery in 77% 01' comatosed children who suffered 
near-drowning,23 which is signifieantly higher than in 
a similar study where only routine therapeutic measures 
were taken,24 especially in deeortica te and decerebrate 
patients. 

Intractable Convulsions 
Recurrent convulsions are eommonly due to epilepsy, 
whether idiopathic or organic, which follow trauma, 
intraeranial hemorrhagc, and infections, or it may be 
secondary to different metabolie derangements such as 
hypoglyeemia from hyperinsulinism and adrenocortieal 
insuffieieney, as weil as hepatic and renal failure. Thc 
main objeetive 01' the intensive treatment is to control 
the acute eonvulsive phase and also to prevent reeur
renee by reeognizing the eause if permanent damage 
to the CNS is to be avoided. 25 

Postoperative care 
NI CU is often used for the postoperative monitoring 
and care of patients recovering from major neurosurgi
cal procedurcs. During this eritieal period, a marked 
rise in ICP may occur following craniotomies whcrc 
minimal or no decompression 01' thc intracranial con
tcnts was aceomplished, such as biopsy 01' a tumor. 26.27 
The availability 01' trained respiratory thcrapy person
nel helps to provide optimum oxygen therapy and me
chanical support to vcntilation and airway protection 
if required. 

Monitoring in the 
Neurologie Intensive Care Unit 

Guidelines for Monitoring 
One of the main functions 01' speeialized intensive carc 
units is to provide system-oriented monitoring, and this 
is no exccption to N I CU. To providc a rational and 
practical approach to the problem 01' monitoring, a pa
tient scoring systcm to dctcrmine the level of monitoring 
is proposed, derived from the Amcrican Socicty of An
esthesiologists' (ASA) physical status classifieation 2H in 



combination with Shapiro's CNS evaluation system,29 
as the former alone does not provide an adequate as
sessment of the CNS. 

The ASA physical status classification: 

1. Normal healthy patient 
2. Mild systemic disease 
3. Severe systemic disease, 

limited activity 
4. Incapacitating systemic disease 
5. Moribund, not expected 

to survive 24 hours 

Shapiro's CNS evaluation classification: 

1. Alert, with immediate appropriate 

one point 
two point 

three points 
four points 

five points 

response one point 
2. Lethargie, with delayed incomplete 

response and approporiate 
verbalization two points 

3. Obtunded, who is difficult to arouse 
but obeys with no verbalization three points 

4. Stuporous, obeys but without 
verbalization and responds in 
defensive movements four points 

5. Comatose, with no verbal and absent or 
inappropriate motor response five points 

A score of 2-3 requires minimum or basic monitor
ing; a score of 4-6 requires enhanced monitoring; spe
cialized monitoring is reserved for patients with scores 
of 6 or more. 

Levels of Monitoring 
Basic Monitoring 
Patients recovering from minor surgery and who had 
stable vital signs before and after surgery only require 
routine nursing observation on a more frequent basis, 
including the respiratory and pulse rates, temperature, 
and noninvasive measurement of the blood pressure by 
auscultation,30 oscillometry,31 distal flow detection,32 
or ultrasonic devices. 33 

Enhanced Monitoring 
For those patients with scores of 4-6, a more invasive 
monitoring approach may be required, which often in
cludes cannulation of a peripheral artery for continuous 
pressure and intermittent blood gases monitoring. An 
Allen test34 should be routinely performed before can
nulation ofthe radial artery at the wrist to avoid occlud
ing the arterial supply to the hand in the presence of 
a dominent radial artery. Central venous catheters, are 
also useful in fluid management, as they reflect the right 
atrial pressure, which represents the state of the cardiac 
preload, yet they are inadequate indicators of left ven
tricular function in the presence of multiple trauma, 
acute and chronic respiratory failure. 35 
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Specialized Monitoring 
This level of monitoring is recommended for patients 
with clinical scores of 6 or more, as it provides maximal 
amounts of data, which help in the management of 
these critically ill patients and may include intracranial 
pressure monitoring, as weil as pulmonary artery and 
pulmonary wedge pressure monitoring. 

System Monitoring in the Neurologie Intensive Care Unit 
Respiratory System 

1. Respiratory rate (B) 
2. Tidal volume (E) 
3. Minute volume (E) 
4. Vital capacity (E) 
5. End tidal carbon dioxide concentration (E) 
6. Inspired oxygen concentration (B) 
7. Arterial blood gases (E) 
8. Chest x-ray (B) 
9. Shunt fraction (Qs/Qt.) (S) 

10. Alveolar arterial oxygen difference (S) 

(B) Basic (E) Enhanced (S) Specialized 

From the abovementioned parameters, the rate, tidal 
volume, and minute volume are checked periodicaly in 
mechanically ventilated patients. Meanwhile an inereas
ing respiratory rate in a spontaneously breathing pa
tient may indicate the onset of respiratory failure or 
may be due to a hypermetabolie state as fever. Regular 
estimation of vital capacity is a helpful guide for the 
feasibility of extubation. Calculation of the shunt frac
tion or the alveolar arterial oxygen difference is reserved 
for patients with severe pulmonary involvement. 

Cardiovascular System 
1. Heart rate (B) 
2. Blood pressure (B) 
3. ECG (E) 
4. Arterial cannulation (E) 
5. Central venous pressure (E) 
6. Pulmonary artery wedge press ure (S) 

(B) Basic (E) Enhanced (S) Specialized 

The use of pulmonary artery catheters may be required 
as part of specialized monitoring of patients in barbitu
rates coma in whom measurement of cardiac output 
and cardiac index provides a handle on the fluid man
agement and consequently hemodynamic stability. 

Oxygen Transport 
1. Arterial oxygen tension (E) 
2. Arterial oxygen content (E) 
3. Arterial oxygen saturation (E) 
4. Mixed venous oxygen content (S) 
5. Arterial, mixed venous oxygen content difference(S) 
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6. Oxygen consumption (S) 
7. Oxygen flux (S) 
8.Pso (S) 

(E) Enhanced (S) Specialized 

Oxygen availability is dependent on three variables: the 
cardiac output, arte rial oxygen saturation, and the he
moglobin content. Those variables are evaluated collec
tively by determination of the oxygen flUX,36 while the 
Pso reflects the availability of oxygen at the tissue lev
el,37 which is affected by different factors, such as the 
level of 2,3-DPG, temperature, and pH. Excessive de
saturation of hemoglobin at the tissue level due to 
sluggish peripheral circulation is evidenced by increased 
arterial, mixed venous oxygen content difference, and 
may be an early sign of low cardiac output. 

Fluid and Eleetrolytes Balance 

1. Serum electrolytes: Na, K, CI, Ca, P04, Mg (B) 
2. 24-hour fluid balance chart (B) 
3. Serum glucose (B) 
4. Serum osmolality (E) 

(B) Basic (E) Enhanced 

Disturbances in water and electrolytes may occur in 
critically ill neurosurgical patients for a variety of rea
sons. Excessive hydration may result from the use of 
hypotonie solutions or 5% dextrose in water, or second
ary to the use of ultrasonic nebulizers to humidify the 
inspired gases. Furthermore, water retention is known 
to complicate prolonged mechanical ventilation. 3~.39 
The syndrome of inapropriate antidiuretic hormone 
(SIADH) may complicate the course of patients with 
head trauma, 40,41 meningitis,42 encephalitis,43 brain 
tumors,40 and subarachnoid hemorrhage,44 and is man
ifested by lowered serum osmolality and hyponatremia, 
wh ich may cause personality changes if slight, or vomit
ing and convulsions if severe. These patients respond 
weil to water restrietion, diuretics, and occasionally the 
use ofhyperosmolar saline solution (3%). On the other 
hand, dehydration may result from severe water restric
tion, chronic use of osmotic diuretics, or in the presence 
of diabetes insipidus. Daily estimation of serum glucose 
will detect intolerance or latent diabetis mellitus, which 
may be a late complication of head injuries.45 . 46 

Hematology and Hemostasis 

1. Hemoglobin estimation (B) 
2. Hematocrit (B) 
3. Red cell count (B) 
4. White cell count and differential (B) 
5. Prothrombin time (PT) (E) 
6. Partial thromboplastin time (PTT) (E) 
7. Platelet count (E) 

8. Blood cultures (E) 

(B) Basic (E) Enhanced 

Hematological parameters provide information regard
ing the capacity of oxygen transport and the adequacy 
of the defence mechanisms, while coagulation screening 
will detect any c\otting abnormalities known to be asso
ciated with severe head trauma,47.50 massive blood 
transfusions, or hemolytic reactions to incompatible 
blood, shock, and severe infections,51 usually in the 
form of hypercoagulability and increased fibrinolytic 
activity,48 which is thought to be due to increased sym
pathetic discharge,49 In this syndrome of disseminatcd 
intravascular coagulation (DIC), the formation offibrin 
thrombi and consumption of factors V and VII, togeth
er with 10ss of platelets and activation of the fibrinolytic 
system suggest the presencc of thrombin in the systemic 
circulation. 52 Clinically, patients with DIC may show 
thrombotic, hemorrhagic, or mixed signs. Occasionally, 
laboratory signs are thc only evidence of the presencc 
ofDIe. The presence ofprothrombin time (PT) ofmore 
than 15 seconds, fibrinogen level of less than 160 mg/ 
100 ml, and platelet count of less than 150,000 confirms 
the diagnosis of DIe. 52 The thcrapeutic aim is directed 
to the cause, also maintenance of normovolemia and 
careful replacement therapy of the deficient clotting fac
tors by fresh frozen plasma and platelet conccntratc, 
and rarely heparin may be used to help prcvent microth
rombi formation, 53 although its use is controversial and 
may even be dangerous in patients with head injuries, 
as it may cause subarachnoid hemorrhagc, 

Metabolie 

1. Body temperature (B) 
2. Serum albumin (E) 
3. Serum lactate (E) 
4. BUN and creatinine (E) 
5. Urine osmolality (E) 
6. Serum ammonia and SGPT/SGOT (S) 

(B) Basic (E) Enhanced (S) Specialized. 

Metabolic derangements may complicate acute trauma, 
major neurosurgical procedures, and prolonged 
coma. 54,55 Thc prcsence of serum albumin of less than 
3.5 g/100 ml is a an indication of a sevcre degree of 
negative nitrogen balance and rcflects the increased ca
loric demands associated with the aforementioned con
ditions, although chronic administration of steroids 
mayaiso cause low serum albumin. 56 Adequate caloric 
intake should be provided via a nasogastric tube in pa
ticnts incapable of oral fecding, nevcrthclcss in a minor
ity of patients who develop gastrointcstinal complica
tions, such as bleeding, may require total parenteral 



nutrition (TPN) through a centrally placed indwelling 
catheter. The basic considerations for TPN are as fol-
10ws57 : 

1. Nitrogen 0.2-0.4 g/kg/day 
2. Energy 40-45 cal/kg/day 
3. Nitrogen: energy ratio 1: 200 
4. Glucose: fat emulsions energy provision ratio 1: 1 
5. Potassium (mmol): nitrogen (g) ratio 6.0: 1. 
6. Magnesium (mmol): nitrogen (g) ratio 1.0: 1.0. 
7. Phosphate 0.5-0.75 mmol/kg/day 
8. Adequate electrolytes and water-soluble vitamins 
9. Essential fatty acids 

10. Even distribution over 24 hours 

Central Nervous System Monitoring 

1. Clinical assessment (B) 
2. EEG (E) 
3. CTT scan (E) 
4. Ultrasound sc an (E) 
5. Evoked potentials (S) 
6. CSF measurement (S) 
7. Cerebral venous blood measurement (S) 

(B) Basic (E) Enhanced (S) Specialized 

Despite the recent development ofvarious sophisticated 
monitoring techniques for the functional evaluation of 
the CNS, clinical assessment still plays an essential role 
in evaluating patient's response to treatment or the de
velopment of further complications. The Glasgow 
Coma Scale6 provides a practical approach to clinical 
monitoring of patients with head injuries as well as 
other neurosurgical conditions in NICU, particularly 
if other variables such as the vital signs, lateralization, 
and signs of brainstem functions are also incorporated 
as suggested by Marsh59 (Fig. 17.1). The CCS is prefer
able for children. Furthermore, there is evidence that 
such clinical scoring systems may be of value in predict
ing the outcome in patients with sever head injuries, 
also in nontraumatic coma. 60.61 One of the enhanced 
functional monitoring tools of the CNS is the EEG, 
which is recognized as a sensitive indicator of brain 
hypoxia and hypoperfusion,62 nevertheless, it was 
shown that the presence of severe EEG abnormality, 
which appears in younger patients undergoing cardio
pulmonary bypass, does not reflect the presence of irre
versible brain damage. 63 It has been also recommended 
that EEG should not be used as the only method of 
confirming brain death.64 Continuous EEG monitoring 
may be accomplished by either the cerebral function 
monitor (CFM)65 in which both the frequency and am
plitude of the EEG are integrated and displayed as a 
single line, although specific information regarding 
dominant frequencies is unobtainable. The other meth
od used for continuous EEG monitoring is the com
pressed spectral array (CSA), which provides informa-
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tion about frequency and amplitude through Fourier 
analysis of the EEG spectrum66 and more recently the 
introduction of the density-modulated spectral array 
(DSA),67 which allows a three-dimensional display of 
the EEG. 

The determination of CSF acid-base balance and gas 
tensions helps to detect the changes in cerebral perfu
sion,8 although they reflect only global rather than re
gional changes. Nevertheless, the severity of the meta
bolic acidosis due to accumulation of lactic acid in the 
hypoxic or injured tissue is related to the extent of the 
cerebral insult. 46 Serial evoked potentials and CTT 
scans are useful prognostic tools and also for the assess
ment of progress of the disease. 

Guidelines for Management of Patients 
with Intracranial Pathology 

Control of Blood Pressure 
The loss of cerebrovascular autoregulation in patients 
with intracranial pathology leads to an increase in cere
bral blood flow in the presence of arte rial hypertension, 
which in turn promotes the development of cerebral 
edema by translocating water to the extracellular space, 
thus increasing tissue hydrostatic pressure, which leads 
eventually to regional reduction in cerebral perfu
sion. 68.69 Hypotension, on the other hand, causes a 
reduction in CBF, which, if excessive, may result in 
brain ischemia. 70 Hence it is essential to maintain the 
me an arterial pressure within normal limits by the infu
sion of 5% albumin or the use of vasoactive infusions 
such as dopamine if fluid in take is restricted. While 
arterial hypertension may require the use of vasodilator 
drugs such as trimethaphan or sodium nitroprusside, 
yet their use in patients with intracranial mass lesion 
may lead to an initial rise in the intracranial pressure, 
and for that reason, they should be started gradually 
in patients with monitored ICP. 71 lt should also be 
no ted that the reduction in me an arterial press ure in 
patients with critical cerebral blood flow may cause fur
ther reduction in CBF. Thus the advantage of control
ling arterial hypertension must be assessed in individual 
patients. 

Control of ventilation 
The indications for controlling ventilation in neurosur
gical patients were discussed in Chapter 16, Table 16.4. 
In addition to controlled respiration, hyperventilation 
has long been the recognized method of reducing intra
cranial press ure during neurosurgical procedures 72 and 
also results in clinical improvement in a variety of intra
cranial catastrophes, 73.74 which is probably due to nor
malization of CSF pH. Nevertheless hyperventilation 
may have an unpredictable effect on regional cerebral 
blood flow in areas of the brain with lost autoregula-
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tion. 75 Also there is a potential for the development 
of cerebral hypoxemia due to the extreme vasoconstric
tion that accompanies hyperventilation, yet moderate 
degrees of hyperventilation caused improvement in the 
outcome of head-injured patients with elevated intra
cranial pressure. 76 

Sedation and Neuromuscular Blockade 
The undesirable effect of painful stimuli, even in coma
tose neurosurgical patients, was recently stressed. 77 

Also the presence of an endotracheal tube may promote 
bucking, which in turn decreases the cerebral perfusion 
pressure by its effect on the intrathoraeie pressure. For 
these reasons, mild sedation is always advisable. Among 
the commonly used drugs 15 chlorpromazine in small, 
repeated doses intravenously with careful watch on the 
arterial blood pressure, as it may cause hypotension, 
particularly in hypovolemic patients; long-acting barbi
turates, diazepam, and droperidol mayaiso be used for 
sedation with an added beneficial effect of reducing the 
cerebral metabolic rate and cerebral blood flow. 78.79 

Muscular relaxation with long-acting nondepolar
izers such as pancuronium helps to control the respira
tion, and by reducing the central venous press ure, im
proves cerebral perfusion. The absence of afferent im
pulses from proprioceptors in muscles and joints in a 
paralyzed patient decreases the general neuronal traffic 
in the brain and may explain the beneficial effect of 
immobilization on postischemic brain damage. 80 

Control of Temperature 
Hypothermia produces a predictable drop in cerebral 
metbolic rate and oxygen consumption, which is fre
quently used during surgical correction of complex con
genital cardiac defects in infants and children, and also 
during clamping of arteriovenous malformations and 
vascular tumors of the brain. In contrast hyperpyrexia 
causes an increase in cerebral oxygen consumption and 
may increase the severity of experimentally induced ce
rebral injury. 81 The antimetabolie and protective effects 
of hypothermia was suggested by different authors for 
the management of global hypoxic, and metabolie ence
phalopathies such as in drowning, Reye's syndrome, 
and even spinal cord injuries. 23.82.83 Nevertheless, be
cause hypothermia adds a tremendous burden on the 
nursing staffin NICU, together with the high morbidity 
due to lowered defense mechanisms against infections, 
increased blood coagulability and viscosity, and cardiac 
irritability and shivering, which may increase the total 
oxygen consumption severalfold, limit the routine use 
of hypothermia. The tendency at the present time is 
to maintain normothermia and particularly to avoid 
hyperthermia in all neurosurgical patients. 

Hematological and Metabolie Homeostasis 
Normalization of acid-base balance in patients with in
tracranial pathology prevents central hyperventilation, 

which results from metabolic or respiratory acidosis, 
and central hypoventilation from metabolie alkalosis 
seen frequently after blood transfusion due to metabolic 
breakdown of citrates to bicarbonates. This pharmaco
logical control of acid-base status is usually supple
mented with mechanical support of respiration, as the 
response of the respiratory centers may lag after the 
corrected acid-base balance. Maintainence of a hemat
ocrit value of not less than 30% will insure an optimum 
oxygen-carrying capacity, as weil as improved perfusion 
due to decreased viscosity. Water and electrolyte re
quirements are given via an intravenous route during 
the first few days following admission to NICU. Bal
anced salt solutions with added dextrose are preferred 
to dextrose in water. It must be also noted that these 
patients will be in a negative nitrogen balance after the 
second or third day, so adequate caloric intake should 
be provided by a nasogastric feeding tube or by the 
institution of TPN. 

Drug Therapy 
Steroids 
Steroids cause clinical improvement in so me focal neu
rologie lesions associated with cerebral edema, particu
larly some brain tumors and abscesses, while they are 
less effective in generalized brain injuries, as in head 
trauma. Neurological improvement often precedes any 
reduction in intracranial pressure, 84 which may be at
tributed to the edema-reducing effect of steroids,85 and 
also by stabilization of cellular membrane,86 and possi
bly by reduction in CSF formation. 87 The recom
mended daily dose is 0.25-0.5 mg/kg up to 40 kg. 88 

Osmotherapy 
Hyperosmolar agents reduces intracranial pressure by 
withdrawing water from normal rather than edematous 
tissues. 89 Urea suffers the disadvantage of rebound in
crease in the water content of the brain after the initial 
diuresis as it slowly crosses the blood-brain barrier, 
causing an increase in intracellular osmotic pressure 
leading to intracellular translocation of water. Manni
tol, a carbohydrate with a molecular weight three times 
larger than that of urea, causes minimal rebound and 
is widely used. For a rapid effect, mannitol 0.5-2.0 g/kg 
is given intravenously as 20% solution. A transient hy
pervolemia and hypertension invariably follow the ad
ministration of mannitol, which usually disappear after 
the start of diuresis. Occasionally, mannitol may be ad
ministered chronically to control elevated intracranial 
pressure, where the dose is limited to 4--8 g/kg/day.88 
Monitoring of plasma osmolality is essential so as to 
prevent renal failure, which is Iiable to occur if plasma 
osmolality is allowed to exceed 330 mosml/l. It should 
be also noted that the range of dosage of mannitol 
may widely vary, and may be minimized if combined 
with steroids84 or hyperventilation.9o The use of glyc
erol as an osmotic dehydrating agent is also described91 



in a dose of 1.5-2.0 g/kg orally or 3-6 g/kg/day via 
a nasogastric tube. 88 However, it tends to cause gastric 
irritation and possible aspiration, as weIl as intravascu
lar hemolysis and hemoglobinuria.92 Chemical or loop 
diuretics such as furosemide mayaiso be used as a de
hydrating agent. In addition, it inhibits cerebrospinal 
fluid production93 and may be preferred in patients 
with cardiac or renal disease. 94 

Barbiturates 
The pharmacological and metabolic effects of barbitu
rates on te brain and their potential for protection 
against hypoxic insults are weIl documented. 95 - 97 AI
though in sedative doses barbiturates have no signifi
cant effect on CBF and CMR02,98 yet higher doses 
produce progressive reduction of both CBF and 
CMR02, and will also cause a drop in intracranial pres-
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A 
AICA (anterior inferior cerebellar artery), 

258-260 
Altered consciousness, 510 
Ambient cistern, 145 
Ambient cistern lesions, 143 
American Society of Anesthesiologists' 

(ASA) physical status c1assifica
tion, 510-51 I 

Amyelia, 424 
Anesthesia in neurosurgery, 15-16, 

18-19,493-504 
induction of, 501 
maintenance of, 501 

Anesthetic adjuncts, 503-504 
Anesthetic management, 500-503 
Anesthetics, inhalation, 496-497, 503 
Aneurysmal bone cyst, 197 
Aneurysmal tumors, 372, 373 
Aneurysms 

dissecting, 373 
false, 369-373 
internal carotid bifurcation, 30 I, 303 
posterior inferior cerebeller artery, 30 I , 

304-308 
saccular, 301-308 
of trifurcation of middle cerebral 

artery, 303-304 
Anterior cone tumors, 201, 204 
Anterior fontanel encephalomeningoceles, 

411 
Anterior fossa craniotomy, 73 
Anterior inferior cerebellar artery 

(AICA), 258-260 

Anterior temporal dural opening, 
125-126 

Anterior temporal flaps, 87, 88 
Apert's syndrome, 398, 400 
Aponeurosis, 4 I; see also Galea 
Aqueductal stenosis, 456-458 
Arachnoid, exposed, 102 
Arachnoid c1osure, 139 
Arachnoid membrane, 141 
Arachnoidal cysts, 295, 401-405 

lateral, 401, 404-405 
midline, 401-403 

Arterial blood gases, 496 
Arterial blood pressure, 496 
Arterial carbon dioxide tension, 493-494 
Arterial dural bleeding, 178-179 
Arterial oxyge"n tension, 494 
Arterial pressure, mean (MAP), 

494-495 
Arteriovenous fistulae 

dural, 311-312 
of Galenic system, 321-329 
hydrocephalus and, 460 
transcranial, 309, 311 

Arteriovenous malformations, 308-329 
brainstem, 314-320 
cerebellar hemisphere, 314 
hemispherical, 312-314, 315 
intraventricular, 320-321 
parenchymal, 312-315 
third ventricle, 321 

ASA (American Society of Anesthesiolo
gists') physical status c1assifica
tion, 510-511 

Index 

Assistants, positioning of, around patient, 
14-15 

Astrocytoma 
cystic, 210 
solid,296 

Asymmetrical hydrocephalus, 219 
Avascular hemispheral tumors, 208-209 
Avitene, 175-176, 177 

B 
Barbiturates, 515 
Bifrontal dural opening, 118, 120-121 
Bifrontal flaps, 46, 75-77 
Bifrontal incisions, 52-53 
Bilateral coronal synostosis, 396-399 
Biopsy 

brain, 165 
of parasellar glioma, 275-276 

Biparietal craniotomy, 86, 87 
Biparietal dural openings, 123, 125 
Bleeding, see also Hemostasis 

arterial dural, 178-179 
bone, 176 
bone surface, 176 
choroid plexus, 186, 190 
cisternal artery, 181 
cisternal vein, 186 
cortical, 181, 185-186 
cortical arterial , 181 
cortical bridging vcin, 186-189 
cortical vein, 181 
diploic, 176-178 
dural, 178-181 
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Bleeding (cont.) 

dural sinus, 178-179, 182-185 
Galeal, 189-190, 192-194 
intraventricular, 368-369 
muscle, 190 
parenchymal, 190 
specific types of, 176-194 
sulcal artery, 181 
sulcal vein, ISI, 186 
techniques for stopping, 175-176 
tissue, 186, 189 
tumor, 190-191 
venous, 181-185 

Blockade, neuromuscular, 514 
Blood flow, cerebral (CBF), 493-494 
Blood gases, arterial, 496 
Blood pressure 

arterial, 496 
control of, 513 

Bone bleeding, 176 
Bone chips into burr hole sites, 108 
Bone closure, 105-109 
Bone cyst, aneurysmal, 197 
Bone flaps, see Flaps 
Bone surface bleeding, 176 
Bone tumors, 197-198 
Braden flushing reservoir, 486 
Brain abscess, 336-338 
Brain biopsy, 165 
Brainstem arteriovenous mal formations, 

314-320 
Brainstem gliomas, 247, 260, 261 
Burr hole abscess drainage, 336-337 
Burr holes 

C 

bone chips into, 108 
frontoparietal, 54-55, 75 
in newborn, 73 
parasagittaL 75 

Cannula abscess drainage, 336-337 
Cannulation 01' ventricles, 465-468 
Capsule, tumor, 209,211,212 
Carbon dioxide tension, arterial, 493-494 
Cardiovascular system 

monitoring of, 511 
preoperative, 499 

Carotid bifurcation aneurysms, internal, 
301, 303 

Cauda equina ependymoma, 296 
CBF (cerebral blood flow), 493-494 
CCS (Children's Coma Score), 346-347 
Ceiling-mounted microscope, IL 
Central nervous system (CNS) 

monitoring, 513 
preoperative, 500 
Shapiro's evaluation classification, 

500,511 

Cerebellar hemisphere arteriovenous mal-
formations, 314 

Cerebellar hemisphere tumors, 269-271 
Cerebellar lobectomy, 169-172 
Cerebellar triangles, superior and inferior, 

91 
dural openings in, 129-131 
tumors in, 260-264 

Cerebellitis, 339, 340 
Cerebellotomy, 162 

laser, 252-253 
Cerebral artery, middle, aneurysms of 

trifurcation of, 303-304 
Cerebral atrophy, 360, 454 
Cerebral blood flow (CBF), 493-494 
Cerebral contusion, 352 
Cerebral edema, 352, 456 
Cerebral perfusion pressure (CPP), 494 
Cerebra I resection, 165-173 
Cerebral retraction, 141-153 
Cerebritis, 339 
Cerebrospinal fluid (CSF) leaks, 360, 364 
Cerebrospinal fluid volume, 454-456 

flow rate, 487-489 
Cerebrotomy, 155-162 

gyral, 156-157 
sulcal, 157-159 
through white matter, 158, 160-162 

Cerebrovascular injuries, posttraumatic, 
364-369 

Cervical meningoencephaloceles, 
411-412 

Chiari I "malformation," 412-413 
Chiari II mal formation , 414-417 
Chiari III mal formation , 411-412 
Chiari IV malformation, 401 
Chiari mal formations, 412-417 
Chiasmatic eistern, 143 
Children's Coma Score (CCS), 346-347 
Children's Outcome Scale (COS), 346 
Chondrocranium, 405 
Choroid plexus bleeding, 186, 190 
Choroid plexus papillomas, 219-223, 

258-260, 460 
Cistern openings, 141-147 
Cisterna magna, 146 
Cisternal artery bleeding, 181 
Cisternal vein bleeding, 186 
Cisternography, metrizamide, 235, 236 
Closed technique 

f Jr III ventriculostomy, 482 
for lumbar peritoneal shunt, 478-479 

Closure, 67-70, 138-139 
arachnoid, 139 
bone, 105-109 
cranial, 67-68, 138-139 
craniotomy, 105-108 
duraL 138-139 
erector capitis muscle, 67-68 

Galeal, 68, 69 
laminac, 106-109 
laminotomy, 68. 70 
skin, 68, 69 
spinal, 139 
temporalis muscle, 67 

Cloverleaf skull deformity, 40 I 
Cloward stitch, 68, 69 
CNS, see Central nervous system 
Coagulation, 155 
Colloid cysts, 230 
Coma, state 0[, 5 10 
Communicating hydrocephalus, 456 
Computed transmission tomography 

(CTT) scans, 343-344 
Congenital anomalies, 379-449 involving 

craniocerebrum and craniocervical 
junction, 379-423 

vertebrospinal 423-449 
Connective tissue, loose, incisions in, 46 
Consciousness, altered, 510 
Constrictive hydrocephalus, 459-460 
Continuous positive airway pressure 

(CPAP),498 
Convexity epidural hematoma, 354 
Convulsions, intractable, 510 
Coronal synostosis, 389-399 

bilateral, 396-399 
Corpus callosum tumors, 291, 294 
Cortical arterial bleeding, 181 
Cortical bleeding, 181, 185-186 
Cortical bridging vein bleeding, 

186-189 
Cortical vein bleeding, 181 
COS (Children's Outcome Scale), 346 
Cotton fluffies, 148, 149 

in stopping bleeding, 175-176 
CPAP (continuous positive airway pres-

sure), 498 
CPP (cerebral perfusion pressure), 494 
Cranial anomalies , 'synostotic, 379-383 
Cranial c1osure, 67-68, 138-139 
Cranial encephaloceles, 405 
Cranial encephalomeningocelcs, 410-412 
Craniectomies, suboccipital craniotomies 

versus, 91-92 
Craniocerebral disproportions, 412-417 
Craniocerebral trauma, 343-375 
Craniocerebrum, cogenital anomalies in-

volving, 379-423 
Craniocervical junction, cogenital anom

alies involving, 379-423 
Craniofacial anomalies, synostotic, 

383-398 
Craniofacial dysostosis, term, 398 
Craniofacial encephalomeningoceles, 

405-410 
basaL 406 
sphenoidal, 406 



Craniomeningocele, 405 
Craniopagus twins, separation 0[, 

417-423 
Craniopharyngioma, 273, 275, 276-277 

atypical, 283 
classification of, 280 
hydrocephalus complicating, 283 
intrasellar, 281 
prechiasmatic, 280--282 
retrochiasmatic, 73, 281, 284 
supplemental surgical management of, 

283,285 
surgical anatomy of, 277-280 
surgical approaches to, 285-291 

direct transventricular, 291 
interopticocarotid, 287-290 
prechiasmatic, 286-287 
retrochiasmatic, 287, 291, 292-293 
rhinoseptal transphenoidal, 286 
subfrontal, 286-291 
unilateral subtemporal, 291 

Cranioplasty, 373-375 
Cranioschisis, 410 
Craniosynostosis, suturectomy for, 379 
Craniotome, 48-49 

power, 74 
Craniotomies 

anterior fossa, 73 
for arachnoidal cysts, 401 
biparietal, 86, 87 
closure of, 105-108 
frontal, positioning for, 17, 21 
frontopterional, see Frontopterional 

craniotomies 
hemispheral, 98 
infratentorial, 98, 106 
middle fossa, 73 
parietal, positioning for, 21-28 
posterior fossa, 73, 502-503 
resection of abscess and, 337-338 
suboccipital, see Suboccipital cranioto-

mies 
supratentorial, 98 

Cribriform plate, transfrontal approach to, 
79-84 

Crouzon's syndrome, 398, 400 
CSF, see Cerebrospinal fluid entries 
CTT (computed transmission tomogra-

phy) scans, 343-344 
Cystic astrocytoma, 210 
Cystic cerebellar hemisphere tumors, 

269-271 
Cystic fluid, 210 
Cystic hemispheral tumors, 209, 210 
Cystic intramedullary tumors, 296 
Cystic meningomyelocele, 426, 432-434 
Cystic myelocele, 424 
Cystic myelos('hisis, 424, 425 
Cystoperitoneal shunting, 40 I 

D 
Dandy-Walker cyst, 339, 340 
Dandy-Walker syndrome, 459 
Oe Martell retractor, 151, 152 
Decompressive laminectomy, 98-100 
Deep infections, 340 
Deep Sylvian cistern, 144 
Dermal thickness, I 
Dermoid hamartoma, 441-444 
Dermoid tumors, 197, 198 
Diastematomyelia, 435, 437 

lipoma of, 437 
Diploid bleeding, 176-178 
Diplomyelia, 435 
Dissecting aneurysms, 373 
Dolichocephaly, 459 
Double trapdoor dural openings, 132 
Drug therapy, 514-515 
Dura mater 

opened, 102, see also Dural openings 
use of periosteum and fascia to recon

struCt, 138-139 
Dural arteriovenous fistulae, 

311-312 
Dural bleeding, 178-181 
Dural closure, 138-139 
Dural fibrolipoma, 440, 441 
Dural flaps, 117-139 
Dural openings, 117-137 

anterior temporal, 125-126 
bifrontal, 118, 120--121 
biparietal, 123, 125 
double trapdoor, 132 
enlarged temporal, 126 
frontal, 117-119 
hemispheral, 134, 135 
inferior cerebellar triangle, 129, 131 
lateral frontal, 118-119 
lateral occipital, 127 
lateral suboccipital, 131, 133 
medial frontal, 117-119 
medial occipital, 126 
medial suboccipital, 129-132 
middle temporal, 125 
midsagittal, 137 
occipital, 126-129 
parietal, 121-125 
parietotemporal, 123 
po,terior temporal, 125-126 
spinal, 134-137 
suboccipital, 127, 129-133 
superior cerebellar tri angle , 131 
superior parietal, 123 
temporal, 125-126 

Dural sarcoma, 198-199 
Dural sinus bleeding, 178-179, 182-185 
Dysraphic hamartoma, 437 
Dysraphic state, 423-444 

skin closure of, 434, 436 

Index 521 

E 
Echoencephalography, 14 
Electrolyte balance monitoring , 512 
Empyema 

epidural,331-333 
subdural, 333-335 

Encephaloceles 
cranial, 405 
ethmoidal, 406, 407 
orbital, 410 
sincipital, 406-407 
sphenoethmoidal, 406 
sphenoorbital, 406 
transsphenoidal, 406 

Encephalomeningoceles 
cranial, 410-412 
craniofacial, see Craniofacial encephal

omeningoceles 
fontanel, see Fontanel encephalomenin-

goceles 
interfrontal, 410-411 
interparietal, 411 
nasal ethmoidal, 408-409 
nasal frontal, 408, 410 
nasal orbital, 408 

Encephalopathy, post circulatory 
arrest, 510 

Endocrine disturbances, preoperative, 500 
Endodermal hamartoma, 444-446 
Eosinophilic granuloma, 197 
Ependymal tumors, lateral ventricle, 

213-217 
Ependymoma, 255, 258 

cauda equina, 296 
intramedullary, 296 
plastic,213 

Epidermoid tumors, 197 
Epidural empyema, 331-333 
Epidural hematoma, 352-354 
Erector capiti muscles, 50-52 

closure of, 67-68 
Ethmoidal encelphalomeningoceles, na

sal, 408-409 
Ethmoidal enccphaloceles, 406, 407 
Exorbitism, 397 

F 
False aneurysms, 369-373 
Fascia, use of, to reconstruct dura, 

138-139 
Fibrolipoma, dural, 440, 441 
Fibrous dysplasia, 198 
Flanged catheters, 483 
Flaps, 75-92 

anterior temporal, 87, 88 
bifrontal, 75-77 
dural, 117-139 
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Flaps (cant.) 

frontal, 77. 78 
laminar, 103-105 
lateral occipital, 90-91 
medial occipital, 90 
midtemporal, 87-90 
occipital, 90-91 
parietal, 84-86 
parietotemporal, 86 
posterior temporal, 87, 89 
suboccipital, 91 
suturotomy for, in newborn and infant, 

111-115 
temporal, 86-90 

Fluffy cotton, see Cottom f1uffies 
Fluid monitoring, 512 
Flushing devices, 483. 486 
Focal neurologic signs, 510 
Foltz f1ushing reservoir, 486 
Fontanel encephalomeningoceles 

anterior, 411 
posterior. 411, 412 

Fontanels, 41-42 
Foramen magnum tumors, 264-269 
Foramina of Luschka and Magendie, 

458-459 
"Formes geantes, les" (giant forms), 283 
Fourth ventricIe cannulation, 468 
Fourth ventricIe tumors. 227-228, 243, 

247,249-250 
Fracture dislocation, vertebral, 374 
Fractures, see Skull fractures 
Frontal craniotomies. positioning for, 17, 

21 
Frontal dural openings, 117-119 
Frontal encephalomeningoceles, nasal, 

408, 410 
Frontal ethmoidal encephaloceles, 

406-407 
Frontal flaps, 77. 78 
Frontal horn cannulation, 468 
Frontal incisions, 54 
Frontallobectomy. 166-167 
Frontoethmoidal stenosis, 396-397 
Frontonasal stenosis. 396-397 
Frontoparietal burr holes, 54-55, 75 
Frontoparietal incisions, 54-55 
Frontopterional craniotomies 

bilateral. 25 
unilateral, 24 

Frontosphenoidal synostosis. 389-394 

G 
Galea. 41, 42-46 
Galea clips. 44, 189 
Galeal bleeding, 189-190, 192-194 
Galeal cIosure. 68, 69 
Galenic system. arteriovenous fistulae 

of. 321-329 

Gardner-Wells headholders, 5, 7, 8 
GCS (Glasgow Coma Score), 343, 

345-346 
Gelfoam, 175 
Germ ceH tumors, 233 
Germinoma, 273-274 
Giant forms ("Ies formes geantes"), 

283 
Gigli saw, 74 
Gigli saw guide. 75, 76, 385 
Glasgow Coma Score (GCS), 343, 

345-346 
Glial tumors, 217 
Gliomas 

brainstem, 247, 260, 261 
hypothalamic, 274, 276, 277 
optic, 206 
optic pathway, 273 
parasellar, see Parasellar gliomas 
of septum pellucidum. 218-219 
subependymal,217-218 

Glyceryl trinitrate (GTN), 503-504 
Gravitational retraction, 141-142, 147 
"Growing skull fracture." 364 
GTN (glyceryl trinitrate). 503-504 
Gyral cerebrotomy, 156-157 
Gyrus, small vessels at depth of, 158, 

159 

H 
Hamartoma 

dermoid, 441-444 
dysraphic, 437 
endodermal, 444-446 
Iipomatous, 437 

"Hanging veins," 358-361 
Head injuries, severe, management of. 

509-510 
Head size 

increase in, 459 
range in, 1 

Heat lamps, 15-16 
Hemangioma, 199,200 
Hemato10gical homeostasis, 514 
Hematology monitoring, 512 
Hematoma 

epidural, 352-354 
subdural, 344, 355-360 

Hemispheral craniotomy, 98 
Hemispheral dural opening, 134, 135 
Hemispheral incisions, 60, 65 
Hemispheral tumors, 207-211 

avascular, 208-209 
cystic, 209, 210 
highly vascular. 207-208 
solid, 207 

Hemispherectomy, 172-173 
Hemispherical arteriovenous maIforma

tions, 312-314. 315 

Hemorrhages, see Bleeding 
Hemostasis, 175-194; see also Bleeding 

monitoring. 512 
scalp, 41-52 

Hockey stick incisions, 66 
Hormonal abnormalities, preoperative, 

500 
Horseshoe headrest. 5, 7, 8 
Hydrocephalus, 148, 453-489 

acute meningitis with, 336 
arteriovenous fistula and, 460 
asymmetrical, 219 
cIassified, 455 
communicating, 456 
complicating craniopharyngioma, 283 
constrictive, 459-460 
diagnosis of, 462 
external, 454 
infratentorial tumors and, 460 
intellectual development and quality of 

survival in, 463-464 
internal, 453 
obstructive, 456, 457 
shunts for, 468-489 
surgical treatment of, 464-489 
tetraventricular, 465 
treatment for, 462-463 

Hydromyelia, 414, 444 
Hypercapnia, 496 
Hyperosmolar agents, 514-515 
Hypertelorism, 398. 400-401 
Hyperthermia, 514 
Hypocapnia, 496 
Hypotension, deliberate, 503 
Hypothalamic gliomas, 274. 276, 277 
Hypothermia, 497. 514 

in neurosurgery. 504 
Hypovolemia. 498 

ICP (intracranial pressure), 
495-497 

Incision line. 43 
Incisions, 41-70 

bifrontaL 52-53 
combined supratentorial and infra-

tentorial, 60, 64-65 
frontal, 54 
frontoparietal, 54-55 
hemispheral, 60, 65 
hockey stick, 66 
for laminotomy, 65-67 
occipital, 60, 61 
parasagittal, 55, 57 
parietal. 55. 56 
question-mark, 64 
sine-wave, 65 
specific, for surgical approaches. 

52-67 



suboccipital, 60, 62, 63 
temporal, 58-60 

Infants 
neurocranium of, 112 
newbom, see Newbom 
positioning for neurosurgery, 2--4 
suturotomy for flaps in, 111-115 

Infections, 331-340 
severe intracranial, 510 
wound, 339-340 

Inferior cerebellar triangle, 91 
dural opening, 129, 131 
tumors, 263-264 

Inferior suboccipital craniotomy, 91-95, 
97 

Infratentorial and supratentorial 
craniotomy, 98 

Infratentorial and supratentorial incisions, 
combined, 60, 64-65 

Infratentorial tumors, 460 
Inhalation anesthetics, 496--497, 503 
Intensive care units, neurologic, see 

Neurologic intensive care units 
Interfrontal encephalomeningoceles, 

410--411 
Interhemispheral cistem, 144 
Interopticocarotid cistem, 143 
Interparietal encephalomeningoceles, 411 
Interpeduncular cistem, 145 
Intracranial fluids, 455 
Intracranial infections, severe, 510 
Intracranial pathology, management 

guidelines for patients with, 
513-515 

Intracranial pressure ((CP), 495--497 
Intracranial shunting, 480--489 
Intradural-extramedullary tumors, 

295-296 
Intramedullary ependymoma, 296 
Intramedullary tumors, 296 
Intrasellar craniopharyngioma, 281 
Intraspinal tumors, 460 
Intratentorial craniotomy, 106 
Intraventricular arteriovenous maIforma-

tions, 320--321 
Intraventricular hemorrhages, 368-

369 
Intraventricular tumors, 460 

J 
Jane, supraorbital approach of, 79 
Jones, extended lateral orbitotomy of, 

78-79 
Jugular veins, avoiding compressing, 6, 7 

K 
Keyhole openings, 75 
Kleeblattschädel, 40 I 

Krönlein approach (lateral orbitotomy), 
78 

Kyphoscoliosis, postoperative, 70 
Kyphosis following multiple-level 

laminectomies, 99-100 

L 
Lamina affixa, 224 
Laminae c1osure, 106-109 
Laminar flap, 103-105 
Laminar osteotomy, 104 
Laminectomy 

decompressive, 93-100 
laminotomy and, 100 
laminotomy versus, 439 
multiple-level, scoliosis and kyphosis 

following, 99-1 ()() 
"Laminectomy membrane," 100 
Laminotomy, 98--105 

c10sure of, 68, 70 
incisions for, 65-67 
laminectomyand, 100 
laminectomy versus, 439 
positioning for, 31-32 
postoperative treatment and follow-up 

of, 107 
procedure of, 102-105 

Laser cerebellotomy, 252-253 
Lasers, 11-13 

in spinal cord injury, 103 
Lateral foramen magnum tumors, 

265-267, 269 
Lateral frontal dural opening, 118-119 
Lateral occipital dural opening, 127 
Lateral occipital flaps, 90--91 
Lateral orbitotomy 

extended, of Jones, 78-79 
Krönlein approach, 78 

Lateral suboccipital craniotomy, 92, 
97-98 

Lateral suboccipital dural opening, 131, 
133 

Lateral Sylvian fissure, 144 
Lateral ventric1e choroid plexus papil

loma, 223-225 
Lateral ventric1e ependymal tumors, 

2\3-217 
Lateral ventric1e malformation, 320--321 
Lateral ventric1e papillomas, 219-227 
Lateral ventricular tumors, 213-227 
Leptomeningitis, 336 
Leptomyelolipoma, 440, 441 
Lipoma, 437-441 

of diastematomyelia, 437 
surgical technique for, 439-441 

Lipomatous hamartoma, 437 
Lobectomy, 165-172 

cerebellar, 169-172 
frontal, 166-167 

occipital, 168-169, 170 
parietal, 165 
temporal, 168, 169 

Lounging position, 7-8 
procedures in, 31, 33-39 

INDEX 523 

Lumbar peritoneal shunt, 478-479 
Luschka and Magendie, foramina of, 

458-459 

M 
Magendie, foramina of Luschka and, 

458-459 
Management guidelines for patients with 

intracranial pathology, 513-515 
Mean arterial pressure (MAP), 494--495 
Medial frontal dural opening, 117-119 
Medial occipital dural opening, 126 
Medial occipital flaps, 90 
Medial suboccipital dural opening, 

129-132 
Medulloblastoma, 215-257 
Meningeal arteries, ligature 0[, 179 
Meningitis, acute, with hydrocephalus, 

336 
Meningocele, 426, 430--432 

tethered, spinal cord variety of. 426, 
432 

Meningocele spuria, 364 
Meningoencephaloceles, occipital or 

cervical, 411-412 
Meningomyelocele, 426, 431-434 

cystic, 426, 432-434 
Meningomyelohydrocele, 431, 434-435 
MEP (multivariant evoked potential) 

recordings, 13-14 
Metabolic homeostasis, 514 
Metabolic monitoring, 512-513 
Metastatic spinal tumors, 295 
Metopic synostosis, 379-381 
Metrizamide cistemography, 235, 236 
Microscope, operating, positioning of, 

11-13 
Middle fossa craniotomy, 73 
Middle temporal dural opening, 125 
Midline suboccipital craniotomies, 92-

97 
Midline suboccipital craniotomy, 91 
Midline syndrome, 213, 217, 460 
Midline ventricular tumors, 227-228 
Midsagittal dural openings, 137 
Midtemporal flaps, 87-90 
Moya-Moya cffect, 310 
Multivariant evoked potential (MEP) 

recordings, 13-14 
Musc1e bleeding, 190 
Muscular relaxation, 514 
Musculotendinous flaps, 52 
Myelocele, 424-429 

cystic, 424 
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Myelocele (cont. ) 

nonscarified, 426-427 
scarred, 424, 425 

Myeloschisis, 424 
cystic, 424, 425 
simple, 424, 425 

N 
Nasal ethmoidal encephalomeningoceles, 

408-409 
Nasal frontal encephalomeningoceles, 

408,410 
Nasal orbital encephalomeningoceles, 408 
Nasal stenosis, 396-397 
Neuroanesthesia, see Anesthesia in 

neurosurgery 
Neuroblastoma, 200 
Neurocranium, infant, 112 
Neurofibroma, 295-296 

plexiform, 199,200 
Neurogenic pulmonary edema (NPE), 

509-510 
Neurologic intensive care units (NICU), 

509-515 
criteria for admission to, 509-510 
monitoring in, 510-513 
system monitoring in, 511-513 

Neurologic signs, focal, 510 
Neuromuscular blockade, 514 
Neurosurgery 

anesthesia in, see Anesthesia in neuro
surgery 

hypothermia in, 504 
positioning for, see Positioning for 

neurosurgery 
Newborn 

burr holes in, 73 
premature, positioning for neuro-

surgery, 1-2 
preoperative evaluation 0[, 498-499 
respiratory distress in, 498 
suturotomy for flaps in, 111-115 
term, positioning for neurosurgery, 2-4 

NICU, see Neurologic intensive care 
units 

Nodules, tumor, 210, 211 
Nondysraphic spinal cord anomalies, 

444-449 
NPE (neurogenic pulmonary edema), 

509-510 

o 
Obstructive hydrocephalus, 456, 457 
Occipital dural openings, 126-129 
Occipital flaps, 90--91 
Occipital horn cannulation, 465-467 
Occipital incisions, 60, 61 

Occipital lobectomy, 168-169, 170 
Occipital meningoencephaloceles, 

411-412 
"Ocular hypertelorism," term, 398 
Olfactory cistern, 142 
Open technique 

for III ventriculostomy, 481-482 
for lumbar peritoneal shunt, 478 

Operating table, 9, II 
Optic cistern, 142 
Optic glioma, 206 
Optic nerve, 142 
Optic nerve sheath tumors, 201, 204, 205 
Optic nerve tumors, 204, 206 
Optic pathway gliomas, 273 
Orbit 

approaches to, 77-84 
transfrontal approach to, 79-84 

Orbital encephaloceles, 410 
Orbital encephalomeningoceles, nasal, 

408 
"Orbital hypertelorism," term, 398 
Orbital tumors, 201-206 

intracranial approach to, 201-206 
Orbitotomy, lateral, see Lateral 

orbitotomy 
Osmotherapy, 514-515 
Osteoma, 198 
Osteomyelitis, 331, 332 
Osteotomy, laminar, 104 
Oxygen tension, arterial, 494 
Oxygen transport monitoring, 511-512 

p 

Papillomas, 219-227 
choroid plexus, 219-223, 258-260, 

460 
lateral ventriele, 219-227 
lateral ventriele choroid plexus, 

223-225 
trigone, 220-222 

Parasagittal approach to pineal tumors, 
244-245 

Parasagittal burr holes, 75 
Parasagittal incisions, 55, 57 
Parasellar anatomy, 271-273 
Parasellar area, 142 
Parasellar gliomas, 274-276 

biopsy of, 275-276 
Parasellar tumors, 271-291 
Parenchymal arteriovenous maIforma-

tions, 312-315 
Parenchymal bleeding, 190 
Parenchymal destruction, 461-462 
Parietal craniotomies, positioning for, 

21-28 
Parietal dural openings, 121-125 
Parietal flaps, 94-96 

Parietal incisions, 55, 56 
Parietal lobectomy, 165 
Parietotemporal dural opening, 123 
Parietotemporal flaps, 86 
Pediatric neuroanesthesia, see Anesthesia 

in neurosurgery 
Pediatric neurosurgery, see Neurosurgery 
PEEP (positive and expiratory pressure), 

509-510 
Pentobarbital, 515 
Perfusion pressure, cerebral (CPP), 494 
Pericallosal artery, 165 
Pericallosal eistern, 145 
Periorbital tumors, 199-200 
Periosteal elevator, 47, 4X 
Periosteal flaps, 47, 48 
Periosteal stripping, stages in, 384-3X5 
Periosteum, use of. to reconstruct dura, 

138-139 
Periosteum-suture lines, 51-52 
Peritoneal catheters, 487 
Peritoneal shunt, subdural, 360 
PICA, see Posterior inferior cerebellar 

artery 
Pineallesions, 143, 145-14X 
Pineal region, tumors of, 227 
Pineal tumors, 73, 232-243 

intra(III)ventricular. 236-241 
parasagittal approach to, 244-245 
posterior and inferior occipitalltrans-

tentorial approach to 1lI ventriele, 
242-243, 246, 248-249 

superior to III ventriele, 239, 242-245 
Pinealoma, term, 232-233 
"Ping-pong" skull fractures, 349, 350 
Plagiocephaly, 388-399 

bilateral, 396-399 
unilateral, 3X9-396 

Plastic epcndymoma, 213 
Plexiform neurofibroma, 199,200 
Pontocerebellar cistern, 147 
Positioning for neurosurgery, 1-39 

anesthesia and, 15-16, 18-19 
of assistants and nurse around patient, 

14-15 
general positions in, 16-19 
of operating microscope, 11-13 
premature newborn, 1-2 
specific positions, 4-8 
surgeon's line of sight and, 9-10 
of television monitors, 15 
term newborn and infant, 2-4 
toddler,4 
for ventriculoperitoneal shunt, 29 

Positive and expiratory pressure (PEEP), 
509-510 

Post circulatory arrest encephalopathy, 510 
Posterior fontane! encephalomenin

goceles, 411,412 



Posterior fossa 
opening of dura in, 127, 129-133 
venographic study of, 246 

Posterior fossa craniotomy, 73, 502-503 
Posterior fossa epidural hematoma, 354 
Posterior inferior cerebellar artery 

(PICA), 258-260 
aneurysms of, 301, 304-308 

Posterior temporal dural opening, 
125-126 

Posterior temporal flaps, 87, 89 
Posttraumatic cerebrovascular injuries, 

364-369 
Posttraumatic seizures, 347 
Posttraumatic syndrome, 346 
Power craniotomes, 74 
Prechiasmatic cistern, 142 
Prechiasmatic craniopharyngioma, 

280-282 
Premature newborn positioning for neuro

surgery, °1- 2 
Pressure f1ow-rate curves, 487-489 
Prone position, 2, 4, 5, 7 

procedures in, 28-32 
Pseudoaneurysms, 371 
Pterional approach, pure, 17 
Pulmonary edema, neurogenic (NPE), 

509-510 
Pyocephalus, 338 

Q 
Quadrigeminal cistern, 146 
Question-mark incisions, 64 

R 
Raimondi clip, 43 
Rainey clips, 45 
Respiratory distress in newborn infant, 

498 
Respiratory distress syndrome, 498 
Respiratory system 

monitoring of, 51 I 
preoperative, 499 

Retinoblastoma, 200 
Retractors, self-retaining, 151-152 
Retrochiasmatic craniopharyngioma, 73, 

281,284 
Rhabdomyosarcoma, 200 

S 
Saccular aneurysms, 301-308 
Sagittal synostosis, 381-388 
Sarcoma, dural, 198-199 
Scalp, 41--42 
Scalp hemostasis, 41-52 
Scalp injuries, 348 

Scaphocephaly, 381-388 
Scarred myelocele, 424, 425 
Scleral hook, 117 
Scoliosis 

following multiple-level laminectomies, 
99-100 

postoperative, 70 
Sedation in patients, 514 
Seizures, posttraumatic, 347 
Self-retaining retractors, 151-152 
Separation of craniopagus twins, 417-423 
Septum pellucidum gliomas, 218-219 
Septum pellucidum tumors, 291, 

294-298 
Shapiro's CNS evaluation classification, 

500,511 
Shunt revisions, 479--480 
Shunting, intracranial, 480-489 
Shunts for hydrocephalus, 468--489 

basic structure of, 483, 486--489 
Sincipital encephaloceles, 406--407 
Sine-wave incisions, 65 
Sitting position, 2, 7-8 
Skin, 41-42 

incisions in, see Incisions 
Skin closure, 68, 69 
Skull deformity, cloverleaf, 40 I 
Skull fractures, 348-352 

basal linear, 349 
compound, 350-352 
depressed, 349-350 
diastatic, 349 
"growing," 364 
linear, 348-349 
"ping-pong," 349,350 

Skull x-rays, 343 
Sodium nitroprusside (SNP), 503-504 
Solid astrocytoma, 296 
Solid cerebellar hemisphere tumors, 

269 
Sphenoethmoidal encephaloceles, 406 
Sphenoidal encephalomeningoceles, 406 
Sphenoorbital encephaloceles, 406 
Spinal closure, 139 
Spinal cord 

arteriovenous malformations of, 
296 

defects in closure of, 424-435 
exposed, 102 
lasers in injury of, 103 
nondysraphic anomalies of, 444-449 
tethered, 449 
variety of tethered meningocele, 426, 

432 
Spinal dural openings, 134-137 
Spinal tumors, 295-296 
SSS, see Superior sagittal sinus 
Steroids, 514 
Stitch abscesses, 339 

INDEX 525 

Subarachnoid bleeding, 367-368 
Subarachnoid spaces, 141 
Subdural abscess, 333 
Subdural effusions, 338-339 
Subdural empyema, 333-335 
Subdural hematoma, 344, 355-360 
Subdural peritoneal shunt, 360 
Subependymal gliomas, 217-218 
Suboccipital craniotomies 

craniectomies versus, 91-92 
inferior, 91-95, 97 
lateral, 92, 97-98 
midline, 91, 92-97 
superior, 96, 97 

Suboccipital dural openings, 127, 
129-133 

Suboccipital flaps, 91 
Suboccipital incisions, 60, 62, 63 
Sulcal artery bleeding, 181 
Sulcal cerebrotomy, 157-159 
Sulcal vein bleeding, 181, 186 
Sulcus, small vessels at depth of, 158, 

159 
Superior cerebellar triangle , 91 

dural opening, 131 
tumors, 260-263 

Superior lateral approach to orbit, 78 
Superior parietal dural openings, 123 
Superior sagittal sinus (SSS), 73 

operative technique for lowering, 
359-364, 365, 368 

Superior suboccipital craniotomy, 96, 97 
Supine position, 1-3, 4-5 

procedures in, 17-28 
Supracerebellar cistern, 145 
Supraorbital approach of Jane, 79 
Supraorbital rim, unroofing, 82-83 
Supratentorial and infratentorial 

craniotomy, 98 
Supratentorial and infratentorial incisions, 

combined, 60, 64-65 
Surface infections, 340 
Surgeon, line of sight of, 9-10 
Surgeon's Chair, Universal, 11, 12 
Surgicel, 175 
Surgicel "sandwich," 175, 179, 184-

185 
Suture placement, 45 
Sutures, wire, 74, 105-106 
Suturectomy for craniosynostosis, 379 
Suturotomy for flaps in newborn and 

infant, 111-115 
Sylvian branches, 165 
Sylvian fissure, 142-143, 144 
Sympathetic ganglion blockers, 503-504 
Synostotic cranial anomalies, 379-383 
Synostotic craniofacial anomalies 

383-398 
Syringomyelia, 446-448 
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T 
Television monitors, positioning 0[, 15 
Telfa, 148, 150-151 
Temperature, control of, 514 
Temporal dural openings, 125-126 
Temporal flaps, 86--90 
Temporal incisions, 58-60 
Temporallobectomy, 168, 169 
Temporalis muscle, 49-50 

closure of, 67 
incision in, 48 
retraction of, 49 

Term newbom positioning for neurosur-
gery, 2-4 

Tessier's technique, 400-401 
Tethered spinal cord, 446, 448 
Tetraventricular hydrocephalus, 465 
Thermocautery unit, 46 
Third ventricle arteriovenous maIforma

tions, 321 
Third ventricle tumors, 228-249 

anterior, 230 
comments conceming access to, 

230-231 
posterior, 230, 232-243 
superior, 230 
tumors of root of III ventricle, 231 

Tissue bleeding, 186, 189 
Toddler positioning for neurosurgery, 4 
Torkildsen procedure, 482, 483 
Transcranial arteriovenous fistulae, 

309,311 
Transcranial venovenous shunts, 309 
Transethmoidal approach to orbit, 78 
Transfrontal approach to orbit or cribri-

form plate, 79-84 
Transsphenoidal encephaloceles, 406 
Trauma, 343-375 
Trigone papillomas, 220-222 
Trigonocephaly, 379-381 
Trilobed skull deformity, 401 
Tumor bleeding, 190-191 
Tumors 

aneurysmal, 372, 373 
anterior cone, 201, 204 
approach and removal, 197-298 
bone, 197-198 
cerebellar hemisphere, 269-271 

corpus callosum, 291, 294 
dermoid, 197, 198 
epidermoid, 197 
foramen magnum, 264-269 
fourth ventricle, 227-228, 243, 247, 

249-250 
germ cell, 233 
glial, 217 
hemispheral, see Hemispheral tumors 
inferior triangle, 263-264 
infratentorial, 460 
intradural-extramedullary, 295-296 
intramedullary, 296 
intraspinal, 460 
intraventricular, 460 
optic nerve, 204, 206 
optic nerve sheath, 201, 204, 205 
orbital, see Orbital tumors 
parasellar, 27 1-291 
periorbital, 199-200 
pineal, see Pinea1 tumors 

of pineal region, 227 
septum pellucidum, 291, 294-298 
spinal, 295-296 
superior triangle, 260-263 
third ventricle, see Third ventricle 

tumors 
ventricular, see Ventricular tumors 
vermian, 260-264 

Twins, craniopagus, separation 0[, 

417-423 

U 
Universal Operating Microscope, 11, 

12 
Universal Operating Table, II 
Universal Surgeon's Chair, 11, 12 
Unroofing supraorbital rim, 82-83 

V 
Vascular disorders, 301-329 
Vascular malformations, 308-329 
Vasodilators, 503-504 
Venous bleeding, 181, 185 
Venovenous shunts, transcranial, 309 
Ventilation, control of, 513-514 

Ventral foramen magnum tumors, 
268, 269 

Ventricular cannulation, 465-46); 
Ventricular catheters, 483, 4);6 
Ventricular dilation, 214-215 
Ventricular drainage, extemal, 337, 338 
Ventricular enlargement, 461 
Ventricular tumors, 211-250 

fourth, 227-22);, 243, 247, 249-250 
lateral, 213-227 
midline, 227-228 
third, see Third ventricle tumors 

Ventriculitis, 33); 
Ventriculoamniotic shunt, 476-478 
Ventriculoatrial shunt, 473-474 
Ventriculocistemostomies, 481-487 

IV procedure, 482-485 
Ventriculogallbladder shunt, 474-476 
Ventriculoperitoneal shunt, 468-474 

positioning for, 29 
Ventriculopleural shunt, 474 
Ventriculoventricular shunting, 480-4); I 
Vermian tumors, 260-264 
Vertebral fracture dislocation, 374 
Vertebrospinal congenital anomalies, 

423-449 
Vi-drape, 18 
Visual evoked potential stimulators, 13 

W 
White matter, cerebrotomy through, 15);, 

160-162 
Wire sutures, 74, 105-106 
Wound infcctions, 339-340 

X 
X-rays, skull, 343 

y 

Yarzagaray technique for ventriculo
gallbladdcr shunting, 475-476 

Z 
Zygomaticofrontal synostosis, 394-396 
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